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PREFACE

Therapeutic exercise is one of the core skills upon which the profes-
sion of physiotherapy is based. Although there are many different
professionals involved in delivering advice on physical activity and
cxercise, physiotherapists are equipped to provide therapeutic exercise
programmes in light of their knowledge of the impact of pathologi-
cal processes on an individual. Physiotherapists prescribe exercise to
manage both acute and chronic conditions and to maximize an indi-
vidual’s functional ability.

Irom our experience of working with pre- and post-registration
physiotherapy students in this field we have identified a need for a
quick reference guide to exercise prescription that can be used both
in the cdassroom and in clinical practice. This book provides essen-
tial information to prescribe exercise safely and effectively in condi-
tions commonly seen by physiotherapists. As such it will be useful
for physiotherapists working in specialist areas and when prescrib-
ing exercise for patients who have co-morbidities which may affect
their response to exercise. It is beyond the scope of this book to
provide detailed information on all aspects of therapeutic exercise pre-
scription; therefore reference and further reading lists are provided at
the end of each chapter.

‘The early chapters of this book focus on important principles of exer-
cise physiology, design and prescription. Later chapters apply these
principles to exercise prescription in patient populations. The final
chapter contains some examples of case studies to illustrate the appli-
cation of exercise prescription.

There has recently been some controversy about who has the neces-
sary skills to prescribe exercise. lI'rom our work in this area we firmly
believe that physiotherapists should be taking a lead in exercise
prescription. We hope that this book will help to provide a basis to
support this role.
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CHAPTER ONE

Introduction to Exercise Physiology

Muscle

Determinants of muscle strength
Energy systems

The cardiorespiratory system

0 O AN R

‘This chapter provides a broad introduction to exercise physiology.
Physiology of muscle, the cardiovascular system and energy supply are
considered here. This chapter is not intended to be an in-depth study
of this area but contains the underpinning knowledge with which
physiotherapist who prescribes exercise in practice should be familiar.
More details of any of the topics covered can be found in other exer-
cise physiology texts and there are some suggestions of these at the
end of the chapter.

MUSCLE
Skeletal muscle accounts for 40-50% of total body weight. It has
three main functions:

force generation for movement

postural support

heat production during periods of cold stress.

Structure

Skeletal muscle is made up of fascicles or bundles of muscle fibres
and is surrounded by and held together with connective tissue. This
connective tissue forms three layers, the epimysium which surrounds
whole muscles, the perymysium which surrounds fascicles or bundles
of 10-100 muscle fibres and the endomysium which surrounds indi-
vidual muscle fibres. The connective tissue layers hold the muscle
together, connect muscle to other structures in the body and form ten-
dons to connect muscle to bone. When a muscle contracts, tension is
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Actin filaments Myosin filaments

The components of a sarcomere showing Z lines, the A band
and the | band. From Borell D, Nimmo M and Wood L (1996) Principles of
Physiology. London: WB Saunders Ltd, p. 105

transmitted through the connective tissue which pulls on the muscle
insertion and produces movement.

Muscle fibres are long cylindrical cells which lie parallel o one
another. The plasma membrane of the muscle cell (sarcolemmma)
contains many myofibrils lying lengthways, within which are the
contractile elements of the muscle. The myofibrils are composed of fil-
aments, which are arranged in compartments called sarcomeres. These
filaments are both thick and thin and overlap by differing amounts
depending on whether the muscle is relaxed, contracting or stretched.
This causes the striated (alternate light and dark bands) appearance of
skeletal muscle at microscopic level. The component parts of a sarco-
mere are illustrated in ligure 1.1. Cach sarcomere lies between Z lines.
‘The A band is mostly made of myosin and does not change in length
with contraction. The | band is mostly made of actin but there is also
overlap of myosin here. This band alters in length with contraction.

Contraction

Muscles contract according to the sliding filament theory first
described by lluxley in the 1960s. The thick filaments made up of
the protein myosin have crossbridges which extend towards the
thin filaments. These are formed mainly of the protein actin but
also contain troponin and tropomyosin. Tropomyosin is attached
to troponin. These are regulatory proteins to stop myosin and actin
from making contact (ligure 1.2a). At the start of a muscle contrac-
tion, calcium attaches to troponin, changes its shape and moves
the tropomyosin. The myosin heads (crossbridges) can then attach
to the actin and pull on the thin filaments to generate force (I'igure
1.2b). When a muscle relaxes tropomyosin again covers the myosin
binding site.
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Protein crossbridges during muscle contraction and relaxation.
T, troponin; TR, tropomyosin; Ca, calcium. Adapted from Borell D, Nimmo M
and Wood L (1996) Principles of Physiology. London: WB Saunders Ltd, p. 106

Nerve supply

Motor neurones stimulate muscles to contract. Lach motor neurone
supplies a group of muscle fibres within a muscle; this is called a
motor unit. As all the muscle fibres contract together in a motor unit,
the number of fibres in a unit depends on the quality of the move-
ment being produced by a muscle, i.e. few fibres for a precise move-
ment and vice versa.

Blood supply

Muscles are well supplied with blood vessels. There are many capillar-
ies in the endomysium to deliver oxygen and other nutrients and to
remove waste products. These capillary beds are under local and central
control to allow adequate blood supply as a muscle starts to contract.

Skeletal muscle fibre types

Different types of muscle fibres have been described and there are
many ways of classifying these according to functional characteris-
tics. In Table 1.1 muscle fibre types are classified according to speed
of contraction.

Most muscle groups within the body have an equal amount of
type 1 and type 2 muscle fibres. Vifty per cent of the type 2 muscle
fibres are 2a and 50% 2b. Some muscles have higher proportions
of type 1 or type 2 fibres depending on the type of activity which
they usually perform, e.g. postural muscles have a high proportion
of type 1 fibres as they are used almost continuously throughout
waking hours.

3
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Characteristics of human skeletal muscle fibres

Characteristic Slow twitch Intermediate Fast twitch
type 1 fibre type 2A fibre type 2X fibre
Diameter Small Intermediate Large
Motor neurone size Small Large Large
Nerve conduction Slow Fast Fast
Contractile speed Slow Fast Fast
Fatigue resistance High Moderately high Low
Motor unit strength Low High High
Oxidative capacity High Moderately high Low
Glycolytic capacity Low High High
Capillarity Dense Dense Sparse

Myoglobin content High Intermediate Low

Adapted from Bruton A (2002) Muscle plasticity: Response to training and detraining.
Physiotherapy, 88(7). 399.

DETERMINANTS OF MUSCLE STRENGTH

There is a large individual variation in the amount of force that mus-
cle can generate. This is largely determined by genetics but can also be
attributed to the following.

Nerve supply

The number of motor units recruited. Slow twitch motor units are
recruited more easily but fast twitch motor units contain more muscle
fibres and so generate more force.

Muscle length

Muscles generate most force when working in mid-range. This is the
position where there is optimal overlap of thick and thin filaments
at sarcomere level and is usually the resting length of most muscles
in the body.

Speed of shortening

The slower the movement, the more force is generated. More force
is generated when a muscle produces movement than with an iso-
metric contraction of the same muscle where no movement is
produced.

Introduction to Exercise Physiology

Effort

Muscle

Fulcrum

To illustrate how quadriceps works across the bone levers of the
femur and tibia as a third-class lever

Mechanical advantage

Most muscles work at a considerable mechanical disadvantage
owing to the position of their point of insertion in relation to the
portion of the limb being moved. This is illustrated in Figure 1.3,
which shows how quadriceps acts across the bone levers of the
femur and tibia, the knee joint being the fulcrum and inserts into
the upper end of the tibia. Small changes in how quadriceps inserts
into the tibial tubercle can lead to big changes in force generation
when measured at the ankle.

Muscle fibre pennation

Muscles have different shapes and the fascicles are arranged accord-
ingly. Those muscles where the fascicles are parallel with the longi-
tudinal axis of the muscle will produce force more effectively.

Connective tissue

The connective tissue matrix within and around a muscle offers sup-
port to the muscle and increases the muscle’s ability to generate
force. l'ollowing a strength training programme, increased collagen
synthesis has been found in animal muscle. After training human

5
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m P i
; u?c]es h.avc been found to be denser radiologically and this could
€ due to increased connective tissue.

ENERGY SYSTEMS

The source of energy used for muscle contraction is adenosine tri-
phosphate (ATP). When ATP breaks down into adenosine diphos-
phate (ADP) and inorganic phosphate (Pi) energy is released that
can be usejd for muscle contraction. Only limited amoumaj of AIP
are stored in muscle cells. For exercise, muscles require a continuous

source of energy and muscle cells can produce energy by one or any
combination of three ways. o

ATP-CP system or direct phosphorylation — As AID is bro.
ken down 1{)[0 ADP + Pi at the start of exercise, AT is reformed
by the creatine phosphate (CP) reaction. A phosphate is donated
to the ADP from CP and ATP is reformed. This is the fastest and
simplest method of producing energy for muscle contraction
Muscle cells store only a small amount of AIP and CP so thia:
energy source lasts for only about 5 seconds, producing energy
for the start of exercise and for short-term high-intensity exercise.

I'his is an anaerobic method of energy production, i.e. without
oxygen.

Glycolysis - This is the mobilization and breakdown of glucose
or g'lycogen which transters energy to rejoin Pi to ADP resultil;

n A”_’ production. This process also results in the production ogg
pyruwc aci.d and lactic acid. Although this is an anaerobic pro-
cess, e without oxygen, the pyruvic acid can be utilized in the
]71‘0(111(?1011 of ATP aerobically if oxygen is present in the mito-
chondria and so is the first step towards aerobic ATP production.

his is the prgdommant source of energy for exercise lasting up
to about a minute and a half.

gﬁl)datlvg phosphorylation - This is the aerobic production of
» L.e. with oxygen, and occurs in the mitochondria of the celi
TW(? metabolic pathways, the Krebs cycle and electron tmnspor£
chain, work together to remove hydrogen from food substances
(carbohydrates, fats and proteins) so that the potential energy in
the hydrogen can be used to produce ATD. This pathway is qued
for longer-term, aerobic exercise, o

Thes ) : i
¢ three methods of energy production work together when an

individual is exercisin X g P
al 8 to produce ATP. Figure 1.4 illustrates this :
the start of exercise. ¥ his
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100 i
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Length of exercise (seconds)

Contribution of energy systems during initial phase of exercise

A certain energy pathway will usually predominate in a particu-
lar type of exercise. For instance, short-term, intense exercise, such
as weightlifting or resistance training for increasing muscle strength,
will utilize the ATP-CP system whilst a steady-state, sub-maximal
exercise such as a 30-minute brisk walk will use the aerobic energy
pathways. Most types of exercise however will require the energy sys-
tems to work together. A person playing a game of rugby will use the
aerobic pathways to sustain low-intensity movements around the
pitch and the anaerobic pathways for short intense activities such as
sprints or tackles. In general anaerobic energy systems are used for
short high-intensity exercise and aerobic pathways for longer bouts
of exercise.

Lactate threshold

During near-maximal, high-intensity exercise the aerobic energy
pathways do not supply sufficient energy and the reliance shifts back
towards the anaerobic pathways. This leads to an increased produc-
tion of lactic acid. The point at which the amount of lactate in the
blood rises above the pre-exercise level is termed the lactate thresh-
old (I:l). The point at which the systemic level of lactic acid in the
blood reaches 4 nM is termed the onset of blood lactate accumula-

tion (OBLA).

7
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THE CARDIORESPIRATORY SYSTEM

The supply of oxygen for aerobic respiration and the removal of met-
abolic waste products are dependent on the integrity of the cardio-
respiratory system. During aerobic exercise the oxygen required for
oxidative phosphorylation is delivered to the working muscle com-
bined with the haemoglobin carried by red blood cells. The blood
is carried to the muscle in an extensive capillary network that is in
close contact with each muscle fibre. The increase in temperature and
acidity at the site of exercising muscle causes the oxyhaemoglobin
dissociation curve to shift so that haemoglobin releases oxygen more
readily at the muscle. During exercise additional blood is brought to
the muscle by diverting blood flow into the capillary network of the
exercising muscle and by increasing cardiac output.

Oxygen uptake

Oxygen uptake (VO,) is the amount of oxygen that the body takes
up and utilizes. This is an outcome used in exercise physiology as it
is reflective of the oxygen uptake at the exercising muscle. Oxygen is
taken up in the lungs and is carried around the body by the blood
until it is released at the exercising tissues. Oxygen uptake can be
measured by gas analysis of the oxygen content of inspired air vs.
the oxygen content of expired air. During exercise at a constant
workload, VO, increases exponentially at the start of exercise until it
reaches the point at which oxygen supply matches oxygen demand
and then it plateaus, this plateau is termed steady-state (ligure 1.5).

End point of exercise
maximal exercise

| l
VoZmax

Incremental maximal exercise

VO
2 Steady-state exercise

Exercise time

- Oxygen uptake over time during steady-state and incremental
maximal exercise

Introduction to Exercise Physiology

Maximal oxygen uptake

Maximal oxygen uptake (VO, ) is the maximal amount of oxygen
that the body can uptake and utilize and is the gold standard mea-
sure of exercise capacity. VO, is the point at which oxygen uptake
plateaus and shows no further increase in response to additional work-
load (Figure 1.5). VO, is dependent on a person’s gender, height,
weight, lung function and fitness level and also on the activity they
are performing. VO, s exercise-specific and is greater for activities

involving large muscle groups. VO, . increases with aerobic training,

Arteriovenous oxygen difference

‘The arteriovenous oxygen difference is a measure of the amount of oxy-

gen taken up from the blood by the tissues. The greater the amount
of oxygen extracted by the tissues, the greater the arteriovenous oxy-
gen difference. Cardiac output and arteriovenous oxygen difference
are the two factors that determine the overall oxygen uptake. At rest
5 ml of the 20 ml of oxygen in every 100 ml of blood is extracted,
producing an arteriovenous oxygen difference of 5 ml. During exer-
cise blood flow to the tissues increases, and haemoglobin dissociates
more easily; therefore the arteriovenous oxygen difference widens
during exercise. With aerobic training the tissues become more effi-
cient at taking up oxygen; therefore the arteriovenous oxygen differ-
ence is still greater in trained individuals.

Heart rate

lleart rate (HR) increases alongside oxygen uptake during exercise
to reach steady-state HR during constant workload sub-maximal
exercise, and up to maximal HR (IIR_ ) in incremental maximal
exercise. Cardiac output during exercise increases initially due to an
increase in stroke volume and then, with increasing workload, fur-
ther increase becomes dependent on HR. In healthy people maximal
exercise is limited by HR__ , which can be estimated using the equa-
tion 220 - age. In trained subjects the stroke volume is increased,
therefore allowing a greater cardiac output for a given lIR. The lin-
ear relationship between HR and VO, can be used to predict VO,
from incremental exercise without requiring the person to work up
to maximum exercise intensity. By plotting 1IR vs. VO, through a
range of workloads the linear relationship can be extended to reach
the predicted 11R_ .. The corresponding VO can then be esti-
mated from the graph (Figure 1.6).

2max

Ventilation
Ventilation increases linearly with oxygen uptake and carbon diox-
ide production during light- to moderate-intensity exercise in order

CHAPTER ONE
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Respiratory compensation

Ventilatory threshold\

Ventilation (I/min)

VO, (mlikg)
* Ventilation over oxygen uptake during incremental exercise

to meet the oxygen requirements and expire the additional carbon
dioxide produced. The increase in ventilation is initially achieved by
increasing tidat volume, and with increasing demand by increasing
respiratory rate. A rise in veatilation is seen during heavy to maxi-
mal exercise in response to the lactate threshold, this is called the
ventilatory threshold. With continued exercise a further rise in ven-
tilation is seen at the OBLA in order to expel more carbon dioxide in
an effort to reduce the acidity in the blood. 'This rise is called respi-
ratory compensation (Tigure 1.7).

Introduction to Exercise Physiology

Blood flow and pressure during exercise

Local factors in exercising muscle, such as an increase in tempera-
ture, decrease in oxygenation and metabolic products, cause
vasodilation and opening of dormant capillaries. This produces a
significant increase in blood flow to the muscle. Systemically vaso-
constriction causes blood to move from the periphery into the cen-
tral circulation in order to maintain a sufficient blood pressure.
This balance of vasodilation and vasoconstriction ensures that,
apart from a slight initial increase in systolic pressure, there is little
change in blood pressure during steady-state exercise. During incre-
mental exercise the systolic pressure may increase up to around
200mmlilg due to the large increase in cardiac output required at
high levels of exercise; diastolic pressure remains relatively stable.

Thermoregulation during exercise

The increase in metabolism during muscular activity produces heat
which must be dissipated to prevent a dangerous increase in core
temperature. This is achieved by vasodilatation of the blood ves-
sels in the skin causing the heated blood to pass close to the body
surface, losing heat through radiation and conduction. The heated
blood also stimulates the sweat glands, which increase sweat produc-
tion to lose more heat through evaporation. The evaporation of sweat
leads to fluid and electrolyte loss, which may lead to dehydration.
Dehydration may impair cognitive and exercise performance and
predispose the person to heat stroke. Vasoconstriction occurs at the
viscera to maintain blood pressure in response to the fluid loss and
the redirection of blood to the skin. The effects of fluid loss are mag-
nified when exercising at high ambient temperatures; therefore the
room temperature should be considered before exercising patients.
Patients should be advised to drink some fluid before exercising and
small amounts of fluid during and after exercise rather than drinking
large amounts of fluid, which stimulates urine production.

Further reading

Borell D, Nimmo M, Wood L (1996) Principles of Physiology. London: WB
Saunders L.td.

Bruton A (2002) Muscle plasticity: Response to (raining and detraining.
Physiotherapy 88(7): 398-408.

McArdle W, Katch E Katch Vo (1994)
Philadelphia, PA: Lea and Febiger.

Powers S, Howley £ (2004) Exercise Physiology: Theory and Application to Fitness
and Performance: 5th edition. New York: McCraw Hill.

lortora G, Nerrickson B (2005} Principles of Physiology and Anatomy: 11th edi-
tion. New York: Wiley International.

Essentials of Exercise Physiology.
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Principles of Therapeutic Exercise
Design
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This chapter describes the underlying principles for designing a
therapeutic exercise programme. Treatment goals, adherence, safety
and training principles are addressed. Specific considerations such
as motor learning, physical principles and starting positions are
discussed.

THERAPEUTIC EXERCISE

Therapeutic exercise is one of the core skills upon which the profes-
sion of physiotherapy is based. By considering definitions of ther-
apeutic exercise, physical activity and exercise, it is possible to see
that, although therapeutic exercise contains the components of both
physical activity and exercise, it also provides a systematic exercise
programme for remediation of impairments and improvement of
function.

‘Physical activity is any bodily movement produced by skeletal
muscles that results in an expenditure of energy’ (www.cdc.gov/
ncedphp/dnpa/physical/terms/). Examples of physical activity could
include housework, walking, dancing, gardening or exercise.

‘Exercise is physical activity that is planned or structured. It
involves repetitive bodily movement done to improve or maintain
one or more of the components of physical fitness - cardiorespira-
tory endurance, muscular strength, muscular endurance, flexibility
and bodily composition’ (www.cdc.gov/nccdphp/dnpa/physical/
terms/).

13
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‘Therapeutic exercise is the systematic implementation of
planned physical movements, postures, or activities designed to:

remediate or prevent impairments

enhance function

enhance fitness and well-being’ (APTA 2001).

DESIGNING A THERAPEUTIC EXERCISE PROGRAMME

A programume may include a range of different types of exercise
such as those for improving or preventing deterioration in aerobic
capacity, muscle strength, power and endurance, flexibility or range
of movement, balance, coordination and agility. Although there are
many different professionals involved in delivering advice on physi-
cal activity and exercise to various population groups, physiothera-
pists are equipped with special skills to provide therapeutic exercise
programmes. To be able to do this, a physiotherapist requires an
understanding of the underlying disease process or pathology, exer-
cise physiology, biomechanics, physical principles and the evidence
base supporting the area as well as an awareness of psychological
and safety issues. The physiotherapist must also be able to iden-
tify appropriate treatment goals in conjunction with the patient.
'This section discusses the general principles to be considered when
designing a therapeutic exercise programme.

Identifying treatment goals

To identify suitable treatment goals for a person, the physiotherapist
needs to carry out a thorough assessment which covers general infor-
mation about the patient such as age, pathology, health status and
how accustomed to activity the person is. Specific information about
the presenting condition, for which the patient is being prescribed
the exercise, will also need to be gathered, along with the patient’s
perception of the problem and how it affects them. Appropriate
clinical and exercise tests should be carried out so that an individu-
alized exercise prescription can be made. Some information about
the patient’s lifestyle may be gathered so that the exercise prescrip-
tion can be tailored 1o fit in with this if possible.

Once this information has been obtained, the main problems to
be addressed can be identified. Treatment goals should be set with
the patient. The range of appropriate exercise options should be dis-
cussed with the patient so that they can make an informed decision
in collaboration with the physiotherapist about what would be the
best treatiment for them. Any treatment goals which are set should be
SMART - specific, measurable, achievable, realistic and timely - for

Principles of Therapeutic Exercise Design

the patient concerned. Setting agreed goals with patients will improve
their adherence to the exercises.
‘Table 2.1 shows some examples of treatment goals.

Adherence

Many people who begin an exercise programme drop out once their
initial enthusiasm dies or they have achieved enough improvement
from the programme so that they are fit enough for their current life-
style. This usually means that they can carry out everyday activities
without undue feelings of strain. It should be noted that there may be
differences in how well people adhere to an exercise programme. A
person who has sustained an injury which limits their ability to walk
because of weak leg nuscles may adhere strictly to their strengthening
programme, so that they are able to walk normally again. If a person
is very weak or unfit before starting an exercise programme, the effort
involved in carrying out the simplest programme may be unsustain-
able. Tach individual's experiences and beliefs will affect their sub-
sequent behaviours and influence their adherence to an exercisc
programme. It is therefore important to consider psychosocial factors
that relate to individual patients to try to find the best approach to
help the person adhere to their exercise programme. Certain factors
have been shown to improve adherence to an exercise programme.

Treatment goals

It is important to identify individual treatment goals and make these
realistic and achievable. Breaking down the main goal into achiev-
able steps may make adherence easier.

Exercise programme

‘This should be enjoyable and varied, carried out in regular sessions
and supervised by a pleasant, enthusiastic physiotherapist. The phys-
iotherapist should be encouraging and praise any improvements.
Using moderate exercise intensities which are also effective will help
to avoid injury and muscle soreness. Progress charts and periodic
re-assessiment to illustrate improvement from carrying out the exer-
cise programme will all encourage the participant. The exercise pro-
gramme should be adapted to the available environment so that it is
easy to carry out. Some people prefer to participate in group exercise
programmes, as the social benefits of these will help with adherence.

Support from others
Research into patient adherence to cardiac rehabilitation programmes
has shown that patients adhere more if their doctor has emphasized

15

CHAPTER TWO



CHAPTER TWO

16

The Physiotherapist’s Pocket Guide to Exercise

Example treatment goals

Example of a prescribed

treatment

Example of a treatment

aim

Patient’s treatment goal

Patient’s presenting

condition

Functional resistance training
programme for right knee

extensors

Increase strength of right

knee extensors

To be able to climb the
stairs leading with

either leg

60-year-old woman

following right total

knee replacement for

osteoarthritis

Resistance training programme
for right knee extensors and

flexors

Increase strength of large

To return to playing football

25-year-old footballer

muscle groups around the

knee

following fractured right
tibia now full weight-

bearing

To return to playing golf Increase aerobic capacity 30 min brisk walking daily

50-year-old man 4 weeks
following coronary artery

bypass grafting

Repeated sit to stand

Increase cardiorespiratory
and muscular fitness

To catch bus into town

75year-old woman

Progressive walking

programme

following a prolonged

hospitalization for chest

infection

Principles of Therapeutic Exercise Design

the importance of exercise in their recovery. People also tend to stick
to exercise programmes when their family and friends offer support.

Stages of rehabilitation

As a patient progresses through their exercise programme, they
may pass through early, intermediate and late stages of rehabilita-
tion. This will most commonly be true of patients who have had
an acute illness or injury from which they are expected to recover.
‘These stages of rehabilitation correspond to the healing process
and the common symptoms with which the patient may present.
Therefore there will be common features as to the type of exercises
which are most suitable for the patient at a particular stage of reha-
bilitation. Moving through the stages of rehabilitation can signify
important steps in progress for the patient; for example a patient
who has fractured their tibia may be able to move from non-weight-
bearing in the early stage of rehabilitation to partial weight-bearing
in the intermediate stage. More detail about the stages of rehabilita-
tion can be found in Chapter 11.

Common training principles
There are four common principles which apply to any training pro-
gramme that is prescribed for an individual.

Overload

A system must be exercised at a level beyond which it is presently
accustomed for a training effect to occur. The system being exer-
cised will gradually adapt to the overload or training stimulus being
applied, and this will go on happening as long as the training stimu-
lus continues to be increased until the tissue can no longer adapt.
‘The training stimulus applied consists of difterent variables such as
intensity, duration and frequency of exercise. It is important to give
the system being exercised enough time to recover and only apply
a training stimulus again when the system is no longer fatigued.
Loading a fatigued system will not result in a training effect. This is
illustrated in Figure 2.1.

Specificity

Any exercise will train a system for the particular task being carried
out as the training stimulus. This means that, for example, a training
programme including muscle strengthening will train the muscle
in the range that it is working and the way that the muscle is being
used, i.e. isometrically, concentrically or eccentrically. It is important
that any exercise to strengthen muscle targets the muscle range and
type of muscle work specific to the task required. l'or example, riding

17
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(a) Loading Overcompensating

Fatiguing Recovering

(b) Load

Based on incomplete recovery

Application of a training stimulus. Adapted from Boreli D, Nimmo M
and Wood L (1996) Principles of Physiology. WB Saunders Ltd, p. 196

a bicycle requires concentric knee extension from mid- to inner
range, as the pedal is pushed down to propel the bicycle along. A
cyclist wishing to increase the strength of his quadriceps will need
{0 train concentrically in mid- to inner range. Depending on the pre-
senting problem, the required task should become part of the train-
ing programme at an appropriate stage.

Reversibility
'The beneficial effects of training begin to be lost as soon as training
stops. This happens in a similar timeframe as it takes to train the

system.

Individuality

Variation in rtesponse to a training programme will occur in a
population as people respond differently to the same training pro-
gramme. This response can be explained by the initial fitness level
of the individual, their health status and their genetic makeup.
Training programmes should be designed to take this into account.

Principles of Therapeutic Exercise Design

Some individuals will have a predisposition to endurance training
and some to strength training. Some will respond well to a training
programme and others much more slowly. Those individuals with
a lower fitness level before starting an exercise programme show
improvement in fitness more quickly than those who are relatively
fit before training begins. Some individuals with health conditions
may not be able to work at the same kind of intensity as a healthy
individual and so will take longer to achieve a training goal.

Motor learning

To be able to teach and supervise an exercise programme effectively,
the physiotherapist needs an understanding of how people learn
motor skills. Motor learning is not just concerned with the acquisi-
tion of motor skills but also with how the individual interacts with
the task to be learnt and the environment. This uses perception or
sensing, cognition and motor processes. Learning a skill is a rela-
tively permanent change in an individual and there are several stages
that the person will go through before the skill is retained.

Initially a person may be unable to perform a task. With practice,
they will achieve the task but it will not be carried out efficiently.
with further practice and feedback the person will be able to carry
out the task to a reasonable standard but they may forget how to do
it if they do not do the task regularly. In the final stage the person
will carry out the task efficiently, in a skilled manner and will not
forget how to do the task.

When teaching a patient an exercise, the physiotherapist should
explain or demonstrate how to carry out the exercise, doing this as
a whole if the exercise is simple or breaking a complex exercise into
parts. When the patient is able to carry out the component parts, the
exercise should be practised as a whole. The patient needs to think
about and practise the exercise. Both the physiotherapist and the
patient should evaluate how well the exercise was performed and if
the exercise task was completed. The physiotherapist should allow
the patient a short time to evaluate their own performance, before
providing feedback prior to subsequent practice. Practising a skill
(or exercise) in a varied manner, for example at different speeds or
in different environments, will help with learning.

Safety

Whenever an individual exercises there is a risk that they may injure
themselves. Safety factors are considered here in relation to the
physiotherapist, the environment and the patient or person carrying
out the exercise.
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The physiotherapist should:

have a knowledge and understanding of pathology, physiology,
psychology and the evidence base relating to exercise prescription
carry out a thorough assessment of the patient to identify factors
that will affect the exercise prescription, such as age, health status
and how much activity the person is normally accustomed to

be able to assess the risk involved with a person doing a particu-
lar exercise and adapt the exercise appropriately, e.g. provide sup-
port for an unsteady person carrying out an exercise that involves
challenging their balance

be able to teach the patient how to carry out the exercise correctly;
this may involve breaking down the activity into parts initially
and then allowing the patient time to practise, with adequate
supervision and feedback, until they can perform the activity
monitor intensity of the activity to make sure that the patient is
carrying out the exercise at the appropriate level

follow guidelines for specific patient groups

have up-to-date skills in basic life support and other relevant
policies and procedures that relate to the area that the patient is
exercising in.

The patient should:

be suitably dressed for the activity to be carried out

begin slowly and build up the intensity if not used to exercising;
generally there is less risk involved in increasing the duration of
an activity before increasing the intensity

be adequately hydrated before, after and throughout the exercise
session and have enough nutrition on board to provide energy
before exercising

work at a level appropriate to their level of fitness, how much exer-
cise they are accustomed to and understand how this should feel;
usually the risk of injury increases in relation to the intensity of an
exercise versus the initial level of fitness of the individual and how
accustomed they are to doing the exercise

be aware of signs that they are working too hard or need to stop
such as chest pain, excessive shortness of breath or dizziness
have appropriate medication such as drugs for the management
of angina or asthma inhalers or dextrose tablets nearby if they
suffer from pathologies which may be affected by exercising

be aware of times when it is not appropriate to exercise, for
example immediately after a meal.

The environment:

'The space being used should be large enough for the activity
with a non-slip floor and any obstacles or trip hazards removed.
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The temperature of the room should be considered. People
respond differently doing the same exercise programme in different
temperatures. When it is hot, the intensity of the activity may need
to be reduced if the temperature of the room cannot be adjusted.
Any equipment should be checked, cleaned and maintained
properly. Risk assessments and guidelines for equipment use
must be in place. People should be taught to use equipment
safely and utilize safety straps or be aware of emergency stop
buttons where appropriate.

First aid and resuscitation equipiment, including an automatic
defibrillator, should be in place with trained personnel available.

DESIGNING A SPECIFIC EXERCISE
This section will discuss principles that should be considered when
designing the specific exercises that make up an exercise programme.

An understanding of the following physical principles is needed
so that the influences of these factors on the body can be consid-
ered, and exercises can be designed to produce the desired effect:

centre of gravity

base of support

levers

momentum

inertia

friction.

Centre of gravity (COG)
The centre of gravity is the point in the body where the body mass is
centred. In the anatomical position the COG is thought to be in the
midsagittal plane, several centimetres anterior to the second sacral ver-
tebra inside the pelvis (Figure 2.2). As the body changes position the
centre of gravity will move towards the greater concentration of mass.
If a person is carrying a load, the load also becomes part of their
total mass and influences the position of the centre of gravity. For
example lifting a load with both arms to a position of 90° of shoul-
der flexion will move the centre of gravity forwards and upwards. In
this situation the centre of gravity may be located outside of the body.

Considerations for exercise design
The most stable positions are those in which the centre of gravity is
closest to the supporting surface, and well within the base of sup-
port (see below).

The centre of gravity will change throughout an exercise as
movement is performed, and even small alterations to the position
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-

. - Centre of gravity. Adapted from Panjabi M, White A (2001)
Biomechanics in the Musculoskeletal System. Philadelphia, PA: Churchili
Livingstone. p. 35

of a person, such as raising their arms, may cause sufficient change
in centre of gravity to challenge their balance. Therefore the starting
position of an exercise may be stable, but the person may become
unstable as the centre of gravity moves during the activity.

The use of equipment, such as a dumbbell, may also cause balance
disturbances as the weight becomes part of the person’s total mass and
shifts their centre of gravity.

Base of support

Base of support (BOS) is the supporting area of a body or object
(Figure 2.3a, b). When more than one part of the body is in contact
with the supporting surface the BOS includes the area in between the
contact surfaces (I'igure 2.4a, b). If a walking aid is being used, the
base of support is the feet, the part(s) of the walking aid in contact
with the ground and the area in between (Figure 2.5a, b).

The greater the area of the BOS, the more stable the object.
Standing on the tiptoe of one foot is the most unstable modifica-
tion of standing, as the BOS is only the surface area of the toes; close
standing is more stable as the BOS is the surface area of both feet.
Stride standing is more stable still, as the BOS is increased to the
surface area of both feet and the area in between.

Principles of Therapeutic Exercise Design

C—

(a) Base of support, long sitting. (b) Base of support aerial view,
long sitting

(a) Base of support, standing. (b) Base of support aerial view,

standing
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(a) Base of support, standing with a frame. (b) Base of support
aerial view, standing with a frame

Considerations for exercise design

If the centre of gravity falls outside of the BOS the person will be
unstable, and if it falls far outside the BOS some movement of the
body towards the centre of gravity is required. During walking, the
forward movement towards the COG allows an upright position to
be maintained despite the disturbance to stability.

Stability can be increased by keeping the centre of gravity well
within the base of support by avoiding movements that shift the
mass in one direction only, for example reaching to one side.

Stability can also be increased by making the BOS cover a greater
surface area; for example when sitting on the edge of a plinth a
patient with both feet flat on the floor is more stable than one with
their legs dangling from the plinth (high sitting) as the BOS incorpo-
rates a wider area.

Principles of Therapeutic Exercise Design

Levers

\ lever is a rigid bar pivoted around a fixed point or fulcrum. In the
hody the lever is the bone, which moves about the articular surface,
which is the fulcrum. The effort required to move the lever is pro-
duced by the muscles in the body.

The ditferent relative positions of the fulcrum, the distance from
the fulcrum to the weight or resistance (the resistance arm) and the
distance from the fulcrum to the effort or muscle (effort arm) pro-
vide the characteristics of different types of lever.

First-class levers. First-class levers have the fulcrum positioned
in between the effort and the resistance. The length of the effort
and weight arms may or may not be equal. There are very few
first-class levers in the body, and the feature of these levers in
the body is stability and equilibrium. An example of a first-class
lever in the body is neck extension. The anterior part of the skull,
with gravity acting upon it, is the resistance, the atlas and occipi-
tal bone form the fulcrum and the neck extensors are the effort
(Figure 2.6).

First class lever: neck extension
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Second-class levers. Second-class levers have the resistance posi-
tioned in between the fulcrum and the effort. This means that the
effort arm is always longer than the resistance arm. There are few
second-class Ievers in the body; a commonly quoted example is
the action of standing on tiptoe in which the ball of the foot is
the fulcrum, the body weight acts in a line falling between the
ankle and the toes and is the resistance, and the calf muscles,
which act behind the ankle, are the effort (Figure 2.7).

Effort

Fulcrum

Second class lever: standing on tiptoe

Third-class levers. Third-class levers have the effort positioned
between the fulcrum and the resistance; therefore the effort
arm is always smaller than the lever arm. This is the most com-
mon type of lever found in the body as the attachments of most
muscles are nearer to the joint than to the external resistance
of gravity on the limb. This lever is related to speed and range
of movement. An example of a third-class lever in the body is
adduction of the leg, where the fulcrum is the hip, the resistance
is the weight of the whole leg with gravity acting upon it, and the
effort is the adductor muscles (Figure 2.8).
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Effort

Muscle

CHAPTER TWO

Third class lever: hip abduction in standing

Considerations for exercise design

A long resistance arm will make movement more difficult;
therefore this is a way of progressing exercise. This should also
be considered when applying manual resistance, as if the phys-
iotherapist uses a long resistance arm they will have to use less
effort to resist the patient’s movement.

A shorter resistance arm will make the production of movement
easier, i.e. performing shoulder flexion and abduction in the
upright position with the elbow flexed requires less effort than
with an extended arm. This is a useful way of facilitating move-
ment in a joint.

Inertia

Inertia relates to Newton’s first law of motion. It describes the resis-
tance of a body to a change in velocity, which is its speed in a cer-
tain direction. This means that, once a certain speed of movement
is achieved, the body will require application of a force to either
increase or decrease the speed.
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Momentum

Momentum also relates to Newton’s first law of motion, which states
that a body in motion will remain in motion unless acted on by an
outside force. The amount of momentum a body possesses is the
product of its mass and velocity and is related to its inertia. The more
the mass and the greater the speed of the body, the more momentum
the body has. 'This means that a body possesses more momentum to
keep it moving and requires a greater force to overcome the inertia and
stop movernent.

Considerations for exercise design

A very weak person may require some assistance to overcome the
inertia to initiate movement, but once movement is started and they
possess some momentum they may have sufficient muscle force to
continue. it may be helpful to start movement with the muscle in
its strongest position and ask the person to move into their weaker
range.

Pendular exercises of the shoulder are a common example of
using momentum to facilitate movement, the whole mass of the
arm is used to develop momentum to facilitate shoulder movement,
as the greater the mass the more momentum the arm will have, and
the easier movement will be.

It is also important to consider whether a person is able to gen-
erate sufficient muscle force to decrease the speed of movement as
this could become a safety risk; for example a limb moving into a
painful range due to poor muscle control.

Friction

The movement of two surfaces over one another is opposed by
the force of friction. When the two surfaces move the force of fric-
tion converts the movement (kinetic) energy to thermal energy,
which is released as heat; this is why rubbing hands together when
cold warms them. Friction converts the kinetic energy of the mov-
ing hands to thermal energy. Conversion of kinetic energy to ther-
mal energy creates a resistance to movement known as ‘drag’. The
amount of drag produced will vary according to the properties of the
two surfaces moving over one another.

Considerations for exercise design

Drag can make it more difficult to perform an exercise that requires
movement of a body part across a surface. To allow easy movement
a low friction interface should be provided. For example there can
be considerable drag on the leg when performing hip abduction in
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long sitting on a plinth; however provision of a sliding sheet reduces
friction.

It is possible that a person may get a burn when performing an
exercise in which an area of skin is repeatedly moved across a surface
that produces heat due to friction.

Starting positions
It is important to consider the position of the body at the start of an
exercise, as a change in the starting posture may change the effect of
the exercise. There are five fundamental ‘starting positions’, these are
the postures from which the movement can take place and are illus-
trated in Figure 2.9.

(a) Standing. (b) Kneeling. (c) Sitting.
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Continued (d) Lying or supine. (e) Hanging

All other positions are derived from these fundamental starting
positions and are illustrated in Figures 2.10-2.15.

Considerations when selecting a starting position

Safety of the position
The position should be stable so that the patient is not in danger
of falling.
If the patient requires assistance to get into or out of the posi-
tion, for example on or off the floor, then someone should stay
with them.
Consideration should be given to ensure that there is adequate
space around the patient for them to perform the exercise; for
example that chair arms or other equipment is not in the way.
Contraindications to the position should be borne in mind; for
example is the patient able to weight bear through the affected
limb if standing is selected?
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Positions derived from standing. (a) High standing (High St).
(b) Step standing (Step St). (c) Half standing (1/2 St). (d) Toe standing (T. St)

Comfort and accessibility of the position

Some patients will find certain positions uncomfortable; for exam-
ple a patient with breathing problems may find supine lying makes
them more breathless, a pregnant woman will not be able to adopt
prone lying and a patient with knee pain may not tolerate kneel-
ing. Some patients may also have limitations to range of movement

e
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Positions derived from kneeling. (a) Kneel sitting (Kn. Sitt).
(b} Side sitting (Side Sitt). (c) Half kneeling (1/2 Kn). (d) Prone kneeling (Pr Kn)

that prevent them from actually getting into a starting position; for
example a fixed flexion deformity at the hip would make it very dif-
ficult to adopt prone lying.

Range of movement

The starting position should allow full access to the desired range
of movement. For example in supine lying the supporting surface
will prevent hip extension beyond neutral, whereas side lying allows
access to full range.
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Positions derived from sitting. (a) High sitting (High sitt). (b} Long
sitting (supported) (Supp Long Sitt). (c) Forward lean sitting (Fwd Ln Sitt).
(d) Crook sitting (Crk Sitt)

Stability of the position

If an unstable starting position is selected then patient effort is
required to maintain this position. Unless balance retraining is the
aim of the exercise this will detract from performance of the exercise.
A stable posture can help to localize muscle activity and provide a
solid base from which to produce movement. l'or example a person
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i

Positions derived from lying. (a) Side lying (S Ly). (b) Prone lying

Principles of Therapeutic Exercise Design

Continued (c) Half lying (1/2 Ly). (d) Quarter turn lying
(from supine) (1/4 Ly).
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Continued (e) Crook lying (Crk Ly)

Positions derived by moving the arms. (a) Stretch kneeling
(Str Kn). (b) Yard standing (Yd St).
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Continued (¢) Reach sitting (Rch Sitt). (d) Wing standing (Wg St).
(e) Prone lying with forearm support (Pr Ly fore A supp)

carrying out strength training of the external rotators of the shoulder
in standing (Pigure 2.16a) is relatively unstable and the movement
of the arm is not localized to focus on shoulder rotation, whereas
the desired movement can be achieved from the more stable posi-
tion of sitting with the arm positioned on a table to allow more
focused movement into external rotation (Figure 2.16b).

Effect of gravity

The effect of gravity on the part or parts of the body to be moved

should be considered. The starting position of an exercise can be

O
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Strength training of the external rotators of the shoulder.
(a) In standing (movement not localized). (b) In sitting with arm supported

adjusted so that movement is performed with gravity, against grav-
ity or with gravity counterbalanced. Gravity can be used to make the
production of movement easier by positioning the patient so that the
limb moves downwards with gravity; for example in prone lying knee
extension from 90° flexion to full extension is assisted by gravity
(Figure 2.17a). Knee extension performed in side lying is done with

CHAPTER TWO
CHAPTER TWO

Positions derived by moving the legs. (a) Stride standing (Std.
st.). (b) Walk standing (Wk. st.). (c) Oblique stride standing (Obl. st.). The effect of gravity on knee extension exercises. (a) Pr Ly, with

(d) Forward lunge standing (Fwd. Lunge st.) (e) Fallout standing (fallout st.) gravity.
-

.
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» Continued (b) S Ly, kn ext, gravity counterbalanced. (c) Sitt, kn
ext, against gravity

gravity counterbalanced (Figure 2.17b). In sitting the same move-

ment is again performed upward against gravity (ligure 2.17¢).
When performing movements with gravity, eccentric muscle activ-
ity is required to control and regulate the movement, the muscle
group performing this action should have sufficient available

.
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strength. Movements with gravity are useful during exercise to
increase range of motion as little effort is needed to access the
range.

Movements against gravity are used in strength training to allow
resistance to be applied. The effect of gravity will change during
movement, and those movements with a wide arc, such as shoul-
der flexion, require several starting positions in order to move
through the complete range against gravity (Figure 2.18a-c).

Shoulder flexion against gravity. (a) Ly. Outer range shoulder
: flexion. (b) Sitt. Mid-range shoulder flexion.

R
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Continued (c) Pr Ly. Inner range shouider flexion

Movements in the horizontal plane, with gravity counterbalanced,
are often useful in weaker patients who do not have sufficient
concentric or eccentric muscle strength to maintain control in the
vertical plane. Tt is desirable to provide support for the limb dur-
ing the horizontal movement, such as a sliding board on a bed
to allow hip abduction in supine, or placing the arm on a plinth
to allow supported elbow flexion and extension in sitting. If it is
not possible to place the patient in such a supported position
it should be remembered that the stabilizing muscles of the
proximal joints are working to maintain a stable base for the
movement and the patient may tire; for example if performing
hip flexion and extension in side lying the hip abductors will be
working isometrically to support the leg.

Specificity

It is desirable where possible to use functional starting positions
related to the patient’s goals, as this will ensure that training effects
are specific to the task required. If lower limb strength training is
being carried out to help with stair climbing, early training may
be carried out in sitting or lying positions but should progress to a
starting position of step standing.
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This chapter gives an overview of cardiovascular fitness. Training adap-
tations seen following a successful cardiovascular training programme
are outlined, along with the principles of assessment and prescription
and example exercises for increasing cardiovascular fitness. These prin-
ciples are related to current guidelines for cardiovascular training.

DEFINITION

Cardiovascular fitness, aerobic capacity and endurance are all terms
used to describe the body’s ability to sustain exercise over a period of
time. Exercise designed to increase cardiovascular fitness is often termed
‘aerobic exercise’ as sustained exercise uses the aerobic pathways of oxi-
dative phosphorylation for energy supply and training adaptations
result in a more efficient aerobic energy pathway. Such exercise gener-
ally targets large muscle groups and aims to overload the cardiovascular
systern), thus increasing heart rate and respiratory rate during exercise.

FACTORS DETERMINING CARDIOVASCULAR FITNESS

An individual's cardiovascular fitness is dependent on a number of
factors, which combine to form the oxygen uptake chain. Oxygen
must be delivered to the lungs by adequate ventilation, and then
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Factors determining cardiovascular fitness

Determining factor

Ability of the
respiratory
system to supply
oxygen to blood

Ability of the blood
to carry the oxygen

Ability of the heart
to pump the blood to
the working muscle

Ability of the
muscles to uptake
and utilize the
oxygen from the
blood

must pass into the blood at the alveolar level. The circulatory system
carries the oxygenated blood to the working muscle where the oxy-
gen is laken up by the mitochondria (lable 3.1).

Influencing factors

Respiratory pathology

Neuromuscular
pathology

Altitude

Anaemia

Circulatory disorders

Aerobic training — volume
of circulating plasma

Cardiac pathology

Aerobic training - left
ventricular hypertrophy

Aerobic training —
increased capilliarization
of trained muscle

Aerobic training —
number and size of
mitochondria

Oxyhaemoglobin
dissociation curve

TRAINING ADAPTATIONS

Effect

Limits gas exchange
and ventilation

Limits muscles of
ventilation

Fraction of inspired
0, available

Reduced carrying
capacity

Restricts delivery of
oxygenated biood to
working muscle

Oxygen-carrying
capacity

Reduced cardiac
output

Increased cardiac
output

Increased oxygen
delivery to muscle

Increased ability to
uptake and utilize
oxygen

Ease of transfer of

oxygen from blood to
working muscle

The physiological training adaptations that take place following
aerobic training can be divided into local adaptations, seen in the
muscles used during the training exercises, and systemic adaptations.
These physiological adaptations are seen approximately 6 weeks into
a training programme. Performance in exercise tests may improve
before physiological adaptations are detectable, and this may be
due to other factors such as improved skill in task performance and
increased confidence during exercise.

..
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Local training adaptations
l.ocal adaptations occur in trained skeletal muscles which enable
them to uptake and utilize oxygen more efficiently. These adapta-

tions are as follows.

Capillaries .
An increase in the number and size of capillaries within the trained

muscle, providing a greater surface area for delivery of oxygen and
removal of waste products by the blood.

Mitochondria

An increase in both the size and number of mitochondria in all
skeletal muscle fibre types within the trained muscle. ‘This increase
in mitochondrial material also results in a doubling of the oxidative
enzymes, thus increasing the capacity to produce adenosine triphos-
phate (ATP) using the aerobic pathways.

Lipolysis
An increase in lipolysis, resulting in a greater use of fatty acid for

energy supply.

Muscle fibre type
There is some evidence to suggest that aerobic training leads to con-

version from type 2 to type 1 muscle fibres.

Hypertrophy
Selective hypertrophy of the type 1 fibres occurs, resulting in a
greater surface area of slow-twitch fibres.

Systemic training adaptations
Systemic training adaptations increase the body’s ability to deliver
oxygen to the exercising muscle. These adaptations are as follows.

Cardiac hypertrophy

The left ventricle increases in size and thickness. This results in
greater end-diastolic volume and stroke volume. The increase in
stroke volume leads to a decrease in resting heart rate and heart rate
during sub-maximal exercise.

Plasma volume

An increase in plasma volume leads to a greater circulatory reserve.
‘This allows blood to be redistributed for increased delivery to exer-
cising muscle and temperature regulation.

Blood pressure
A decrease in both systolic and diastolic blood pressure is seen in both
normotensive and hypertensive subjects at rest and during exercise.

a7
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PRINCIPLES OF CARDIOVASCULAR EXERCISE DESIGN
When designing an exercise programme to increase cardiovascular
fitness the following principles should be considered.

Energy source

The exercise duration should be long enough for the aerobic path-
ways to become the main source of energy production, which occurs
after approximately 5 minutes of exercise.

Rhythmical

Cardiovascular exercises use large muscle groups and are often
thythmical in nature.

Specificity

Although cardiovascular training has systemic effects that contribute
to an overall increase in exercise capacity, it is also muscle- and task-
specific. Therefore the exercises should be designed with individual
patient goals in mind.

Range of exercises
I'or the greatest training effect both upper and lower limb activities
should be included in the programme of exercise. i using a variety of
exercises it is desirable to alternate the emphasis on particular muscle
groups when sequencing the exercises to avoid local muscle fatigue;
for example adding a ‘throwing and catching’ exercise in between sit
to stand’ and ‘stair climbing’ allows the quadriceps to recover.

‘the exercise programme may be one continuous activity, such as
jogging, or comprise a combination of exercises such as circuit training,

Intensity level

When designing a circuit, care should be taken to ensure that the heart
rate is maintained within the required parameters for training during
all activities, although there may be a combination of high- and lower-
intensity activity throughout the circuit. Using a range of cxercises at
different training intensities allows recovery periods in between bursts
of higher-intensity activity. A baseline level of activity should be main-
tained to prevent rapid decreases in heart rate (see Cool down).

Safety

Before prescribing a cardiovascular exercise programme the person’s
cardiovascular system should be assessed and safe limits of exer-
cise clearly set. Healthy individuals can exercise within the normal
guidelines, but individuals with respiratory, cardiac or circulatory
disorders could become severely compromised by the stress placed
on their cardiovascular system, and they should be carefully assessed

Exercise to increase Cardiovascutar Fitness

and specific levels of activity applied. It is good practice. to mor}itor
the heart rate during the exercises whilst under supervision of The
physiotherapist to check for any unexpected response 1o exercise,
before instructing the person to catry out the exercises In an unsu-
pervised environment. .

Activities that include a jumping, running or bouncing com-
ponent are classed as high impact and will be of higher .intcnsit)./.
There is an increased risk of injury with high-impact exercise and it
may not be appropriate for some people, in which case the activity
should be maodified to remove the jump component.

WARM UP AND COOL DOWN

A warm up and cool down should always be incorporated into a car-
diovascular training routine.

Warm up _ . .
A warm up may comprise exercises that are included in the exercise

programme itself, but should start at a low imensity.and graduavlly
build up to the required training intensity over a period of 10 min-
utes. This is to allow a gradual redistribution of blood to the exercis-
ing muscles, in particular the cardiac muscle.

Cool down _ ' _ _
A period of around 10 minutes, during which the intensity of exercise

is gradually reduced, is important immediately following exe.rcise. This
cool-down period maintains muscle contraction of the exercised mus-
cles, which aids the redistribution of blood after exercise and prevents
blood pooling in the peripheral muscles, which can lead to fainting. .

Therefore the main purpose of the warm up and cool down is
the gradual change in heart rate and the redistrib}ltion of blooq.
Warm up is often seen as essential for injury prevention, and there is
some evidence in the literature to suggest that warm muscles are less
vulnerable to injury as they have increased extensibility.

Stretching is often incorporated into the warm up and cool
down; however stretching before exercise can reduce performance
and has little effect on injury (Stone 2006).

Example exercises
Walking
Skipping
Jogging
Rowing
Cycling
Aerobic dance
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Feamperte (hipe 301)

Kapud thiow and catch
Stan climbing

Tuniping jack’ (Ligure 3.2)
Arm ergometry (Figure 3.3)
Step-ups

Repeated sit to stand.

‘Jumping jack’

Arm ergometry

Exercise to Increase Cardiovascular Fitness

ASSESSMENT OF CARDIOVASCULAR FITNESS

Principles of assessment

Cardiovascular training is exercise-specific; therefore the mode of
assessment is best linked to the type of training and the desired out-
comes. The most common modes of assessing cardiovascular fitness
are walking, running and cycling. The testing activity can also be mod-
ified to suit the person being tested; a timed swim for a swimmer in
training, or a more functional repeated sit to stand test for a decondi-
tioned patient.

Walking and running can be assessed using overground or tread-
mill walking. A treadmill allows control of the work rate; however it
should be remembered that overground walking is more functional
when considering a patient population.

Cycle ergometers are commonly used for exercise testing; how-
ever cycling is often limited by local muscle fatigue in people who
are not regular cyclists, so unless cycle training has been included in
the exercise programme it may not be so sensitive to changes follow-
ing training.

"The test protocol, which is how high the work rate should be set
or how much and how quickly the workload should be increased,
should be selected to suit the person being tested. Ideally a cardio-
vascular exercise test should last 10-12 minutes. If the workload is
increased too slowly during an incremental test the person may ter-
minate the test due to boredom or general fatigue before maximum
exercise parameters are reached. If the initial workload is set too high
the test will be terminated before sufficient data have been collected.

Encouragement has been shown to have a significant effect on
the outcome of exercise testing; therefore any encouragement given
should be standardized as much as possible.

Safety should be considered when selecting the appropriate exer-
cise test. It may not be desirable to exercise some patients to maxi-
mum capacity; in these cases a steady-state test may be preferable.
Also, the general ability of the person to be tested should be consid-
ered; for example treadmill testing would be inappropriate for a per-
son who is very frail, and overground walking may be more suitable.

All people involved with the exercise test should be familiar with
the end points of the test. This includes the person being tested, who
should be instructed how to signal that they wish to terminate the test.

Emergency equipment should be available when exercise test-
ing is taking place, and staff should be appropriately trained to deal
with an emergency.

Cardiovascular fitness can be assessed by testing incremental
maximum exercise capacity or steady-state exercise capacity.

Al L o S
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Maximum incremental exercise testing

During incremental maximal exercise testing the work rate is gradu-
ally increased, either at regular intervals or at a continuous gradual
rate, until the person being tested can no longer sustain the exercise.
The outcomes of the test are the length of time the test was sustained
and the level of work rate reached during the test.

The increase in work rate may be achieved by an increase in the
required speed, resistance or gradient.

If one of the physiological parameters reaches a maximal value
the test is terminated and the end point of the test is termed ‘maxi-
mum exercise’. This would be determined by reaching the predicted
maximal heart rate (1 IR, ), or a plateau in oxygen uptake despite
an increase in workload (VO, ).

If exercise is terminated before one of the physiological parame-
ters reaches a maximum then the end point is termed ‘peak exercise’.
In this case the exercise test is often stopped by the person being
tested due to factors such as general fatigue, local muscle fatigue,
pain, shortness of breath or boredom.

For some patients, such as those in the ‘relative contraindica-
tions’ column in Table 3.2, the end point of the test may be set at a
lower level for safety reasons. For example if §5% of predicted maxi-
mal HR is reached, or oxygen levels drop below a desired level.

After cardiovascular training an increase in work rate at maxi-
mal/peak exercise is often seen along with an increase in maximal
oxygen uptake. The maximal HR does not increase, but HR will be
less for a given work rate.

‘The safety aspect of incremental maximal testing should also be
considered as it puts a significant stress on the person being tested;
i some patients it may be preferable 1o use steady-state testing.

Steady-state (endurance) exercise capacity

During steady-state exercise testing a constant work rate is main-
tained, and the outcomes of the test are the length of time the test
was sustained or the distance covered during the test. Other out-
comes may be HR and VO, during the steady-state exercise.

The work rate is set at a pre-determined level, often at between
40% and 60% of the person’s maximum ability. This may be done
by initially performing a maximal incremental test and selecting
the work rate that produces 40-60% of maximal HR, or by estimat-
ing the 40-60% of maximal HR (See Monitoring exercise intensity
below) and determining the correct work rate by trial and error.

The alternative to setting a constant work rate is to use a set time,
and record the distance covered. This does not necessarily ensure
that the person is in true steady state as their work rate may vary

e
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Contraindications to maximal exercise testing

Absolute confraindications Relative contraindications

Severe arterial hypertension
(systolic BP of >200mmHg
and/or diastolic BP of >120 mmHg)

Recent acute cardiac event
(within 2 days) or unstable angina

Uncontrolled symptomatic Moderate stenotic valvular disease

dysrhythmias

Uncontrolled symptomatic heart
failure

Electrolyte or metabolic
abnormalities

Complete heart block Tachydysrhythmia or bradydysrhythmia

Symptomatic severe aortic Left main coronary stenosis

stenosis

Hypertrophic cardiomyopathy
and other forms of outflow tract
obstruction

Acute pulmonary embolus or
pulmonary infarction

Neuromuscular, musculoskeletal
or rheumatoid disorders that are
exacerbated by exercise

Acute myocarditis or pericarditis

Suspected or known dissecting High degree atrioventricular block
aneurysm

Known intracardiac thrombi Ventricular aneurysm

Acute systemic infection Chronic infectious disease

Mentai or physical impairment Advanced/complicated pregnancy
leading to inability to exercise

safely

throughout the test as their speed changes. Whether this kind of test
is sub-maximal or maximal depends on how hard the person exerts
themselves, and whether they correctly judge the pace to ensure that
they have exercised maximally at the end of the test time period.

Exercise testing may take the form of a formal laboratory-based
test or, more commontly in clinical practice, a field-based test.

Laboratory testing .
Integrated cardiopulmonary exercise testing, such as that descrlbe'd
here, gives much information, including oxygen uptake, and is
regarded as the gold standard of exercise testing.

Multiple physiological parameters are monitored during formal
laboratory cardiopulmonary exercise testing. A gas analyser is used
to measure oxygen and carbon dioxide levels. This equipment also
measures gas volumes, giving information on ventilation parameters

53

CHAPTER THREE



CHAPTER THREE

H

the Physiotherapist’'s Pocket Guide to Exercise

dining cxercise. eart rate and rhythm are monitored using ECG.
lixercise testing staff may also take blood at the start and end of exer-
cise to measure blood gas values and/or lactate levels. From these
basic measurements other values, such as respiratory quotient and
oxygen pulse, can be derived.

Laboratory tests use either treadmill or cycle ergometry to enable
control of the work rate during the test and because it is easier to
record data when a stationary exercise task is used.

'This degree of monitoring of the physiological parameters allows
exercise testing to be used for diagnostic purposes as it is possible to
identify the body system that is the limiting factor to exercise by study-
ing the results to see which system reaches its maximum capacity first.

‘The physiological information gained can also identify physi-
ological training effects following an exercise intervention; therefore
these tests may also be used when researching the effectiveness and
mechanism of action of exercise programmes.

Laboratory testing is also advantageous as it allows exercise to
take place in a controlled environment with close monitoring, which
may be safer for some patients.

Laboratory testing is relatively expensive, as it requires laboratory
time, a minimum of two staff per test, and the use of sophisticated
equipment. These tests can also be quite daunting for the patient due
to the array of equipment and the invasive nature of blood testing.

An example of a commonly used protocol for incremental tread-
mill testing is the Balke protocol. During this test the treadmill speed
is set at 3.3 mph and the gradient is set at 0% for the first minute
and 2% for the second minute; thereafter the gradient is increased
by 1% every minute.

Field-based exercise testing
Field-based exercise tests are widely used in clinical practice as they
require little equipment and use simple activities that are familiar to
patients.

These tests most often use walking, running or step-ups, but may
be made up of more functional tasks such as sit to stand.

lield-based exercise tests may be internally paced, that is the
patient determines how fast they walk or step, or they may be exter-
nally paced, that is when the patient is required to pace their activity
in time with a signal, such as the bleep test or a metronome.

Externally paced tests allow a standardized protocol, and may
be less influenced by encouragement. The use of pace setting also
allows an incremental test to be carried out, as pacing can produce a
gradual increase in speed up to maximal exercise.

Exercise to Increase Cardiovascular Fitness

The Multistage Fitness Test, commonly known as the ‘bleep test’,
is a standardized, externally paced, incremental field running test.
It is based on a series of recorded tiined signals (bleeps). The signals
indicate the time allowed to run a 20 m course between two mark-
ers. Every minute a triple signal indicates that the bleeps are getting
closer together; therefore the person under testing must increase
their speed in order to reach the marker before the next timed bleep
sounds. The end points of the test are the second time the person
fails to reach the marker before the bleep sounds, the person termi-
nating the test voluntarily or the tester halting the test due to safety
factors, e.g. excessively high 11R.

‘The Incremental Shuttle Walking Test (ISW1) was developed from
the Multistage Iitness Test to provide a standardized, externally paced
exercise test suitable for a more limited population. The pace of the
test is initially very slow, which allows testing of severely compro-
mised subjects. The person being tested is required to walk a distance
of 10 m between the timed bleeps. The Modified Shuttle Walking test
contains additional increments to allow testing of fitter patients.

The outcome of these shuttle tests is the number of completed
shuttles, i.e. the distance covered. A relationship between the number
of shuttles completed and maximum oxygen uptake has been demon-
strated; therefore it is possible to estimate maximal oxygen uptake from
the distance covered during the [ISW1 and the Multistage Titness Test.

The 1SWT was developed for exercise testing in patients with
chronic obstructive pulmonary disease (COPD), but has been vali-
dated in other patient groups such as those with cardiac failure and
low back pain.

The Endurance Shuttle Walking test had been developed to allow
sub-maximal steady-state exercise testing. The test has a series of
recorded bleeps the same distance apart to allow a set pace to be
maintained in between the cones. There are a range of set walking
speeds provided in the test, from 1.8 to 6km/h. The appropriate
walking speed can be selected based on the patient’s performance
in the incremental shuttle walking test, or by estimating the correct
speed for the individual.

Cooper’s 12-minute running test is an example of an internally
paced test in which the subject is asked to cover the greatest distance
possible in the set time of 12 minutes. When performed with maxi-
mal effort by fit subjects the distance covered in the 12-minute run
has been shown to correlate with maximum oxygen uptake.

The 6- and 12-minute walking tests are widely used field tests
that have been developed from the Cooper’s test to allow testing of
a patient population. The person being tested is instructed to walk
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as far as possible during the time allowed, but they may not run or
jog during the test. They should ideally pace themselves to maintain
walking throughout the test and reach maximum exercise at the end
of the test; however, they may stop and rest throughout the test as
required. The 6-minute walk test (6MWT) should be carried out in
a straight corridor which has a hard, flat surface and allows a 30m
walking area to be marked out. 'The corridor should not be in general
use during the performance of the test, as this may affect the results.
‘The American Thoracic Society (2002) has published guidelines for
the performance of the 6MWT, and these guidelines include very pre-
cise wording to give the instructions to the participant, and also exact
wording for feedback regarding the time elapsed during the test.

As the 6MWT more closely mimics functional activity than the
externally paced tests it has been suggested that it is more reflective
of functional ability.

For both the 6MWT and the ISWT one practice test is recom-
mended for repeatability.

The Harvard Step Test uses an externally controlled pace of 30
step-ups per minute onto a 50 cm high bench which is maintained for
5 minutes. The heart rate recovery time is used as the main outcome
measure. Modifications of a step test can be used in clinical practice;
for example how many step-ups can the patient complete in a set time,
or how long can they maintain a set rate of steps. Step testing can be a
useful alternative to walking tests when space is limited.

Interpretation of exercise test results
l'ollowing cardiovascular training the following changes may be seen
on exercise testing as the training adaptations make the uptake and
distribution of oxygen more efficient.
Icart rate and oxygen uptake for a given work rate will decrease.
Maximal oxygen uptake will increase.
The subject will cover a greater distance or achieve more repeti-
tions in a given time or sustain a set work rate for longer during
a steady-state test.
The subject will reach a higher maximum work rate and longer
testing time in an incremental test.

GUIDELINES FOR PRESCRIPTION OF AEROBIC EXERCISE
These guidelines are for a healthy population; guidelines for specific
patient groups are given in the relevant chapters.

Intensity
Intensity can be monitored by heart rate in most patients, although
some patients may have pathology or be on drug treatment that

Exercise to Increase Cardiovascular Thines:

affects their 1IR response to exercise in which case 1R cannot be
used to monitor exercise intensity.

The recommended training IR zone is from 55-65% to 90% of
maximum heart rate. Maximum 1R can be estimated by 220 - age.

The Karvonen method, which takes into account resting TR, can
also be used to calculate an individual’s training HR band using the
following calculation.

Maximum heart rate {(MHR) is estimated by 220 - age in years,

and resting heat rate (RHR) measured.

Heart rate reserve {HRR) is calculated as: MHR - RHR = TIRR

60% and 80% of HRR are calculated and added onto RHR to

give the parameters of the 60-80% training band.

[leart rate can be monitored using heart rate monitors during super-
vised sessions, and some patients purchase their own monitors so
they can continue to accurately monitor HR at home.

In the absence of a heart rate monitor people can monitor their
own pulse to ensure that they are working at the correct intensity.
Patients should be taught how to take their carotid pulse within the
first 10 or 15 seconds of terminating exercise and multiplying up the
beats counted by 6 or 4 respectively to provide beats per minute.

Oxygen uptake can also be used to set exercise intensity, and
an intensity of 40-50% to 85% of the oxygen uptake reserve is rec-
ommended. This is not often used in clinical practice as VO, is not
commonly measured in the patient population.

lor HR or VO, reserve the lower part of the recommended train-
ing band should be used in individuals who are quite unfit. Greater
training effects are seen following higher-intensity training; however
there is more injury risk associated with high-intensity work.

‘The Borg Rating of Perceived [Lxertion (RPE) scale (1998)
(Figure 3.4) can also be used to set exercise intensity (production
protocol) or it can be used to measure exercise intensity {estima-
tion protocol). It has been shown to correlate well with blood lac-
tate, heart rate, pulmonary ventilation and oxygen uptake during
exercise. The RPE is a useful tool in clinical practice, as patients can
continue to monitor their exercise easily at home.

The Borg scale is an interval ratio scale and is numbered from
6 to 20. The numbers run from 6 to 20 owing to the relationship
between exercise intensity and heart rate, 60 being an average resting
IR, and 200 being the upper end of maximal heart rate. The rating
numbers are anchored with descriptions of how the person should
feel at that particular exercise intensity to increase the validity of the
scale. The numbers at either end of the scale are anchored, along
with a selection of the numbers throughout the scale.

(4

CHAPTER THREE



CHAPTER THREE

3

T Physiothegnats Pocket Guide to Exercise

6 No exertion

7 Extremely light J
8

9 \Very light

10

11 Light

12

13 Somewhat hard
14

15 Hard (heavy)
16

17

18

9 Extremely hard

-

20 Maximal exertion

The Borg Rating of Perceived Exertion scale (1998)

lsing the RPE as a production protocol the person is introduced
10 the Borg scale and asked to exercise to a certain level on the scale,
for example level 13 'somewhat hard’. The scale should be visible
throughout the exercise to allow the person to modify their exercise
intensity as needed. In patient groups that require specific monitor-
ing of 11R for safety reasons, such as some cardiac patients, the Borg
scale is not sufficient. Familiarization with the Borg scale is needed
before it can be accurately used for setting exercise intensity.

If using the Borg scale in an estimation protocol the scale is
shown to the person whilst they are exercising and they are asked
to rate how hard they are working; in this case the scale is used as
an outcome measure.

Frequency

Exercise should be carried out 3-5 days a week. Training three times
a week produces significant training effects; however training 5 days
a week at a lower-intensity exercise may be more manageable for
some people.

Little additional benefit is seen with more than five training ses-
sions a week, and the risk of injury is increased. Training twice a week
does not produce increases in VO, . however it may produce some
functional changes and it is probably better than no exercise at all.

Exercise to Increase Cardiovascular Fitness

Duration

A total of 20-60 minutes of continuous or intermittent aerobic activ-
ity a day should be performed. The activity can be divided into a
minimum of 10-minute bouts throughout the day.

The duration of training is dependent on the intensity. Unfit
individuals starting at the lower end of the training band need to
sustain exercise longer (30-60 minutes) to achieve training effects.

PROGRESSION AND REGRESSION OF AEROBIC EXERCISE
Aerobic activities can be progressed by increasing the intensity of
training to a higher point in the training band and by increasing the

duration of the activity.

Intensity can be increased by using both upper and lower limbs,
using the upper limbs above shoulder height, increasing step size

and speed of activity.

A regression activily using lower-impact activities, without upper
limbs and at a slower pace, should also be offered to patients (Table

3.3, Figures 3.5-3.7).

Examples of progression of aerobic exercise

M
|4

Low
intensity
Step on March on spot
spot with high knees
Sit to stand  Sit to stand from
from perch lower seat
sitting
Seated Standing throw
throw and and catch ball
catch ball with some
stepping and
reaching required
Walking Increased pace
of walking
Alternate Add arms with
side steps side steps to
form ‘half jacks’
Walking on Light jog on
trampette trampette

March on spot
with high knees
and upper limbs

Sit to stand
more rapidly

Rapid throw and
catch requiring
running to reach
ball

Walking up hill

Increase to full
‘jumping jack’

Light bounce on
trampette with
arms to shoulder
height

High intensity

Step-ups

Sit to stand rapidly
with arms

Add in additional
activity, e.g.
clapping or touching
ground before
catching ball

Increase speed
and length of walk

Increase intensity by
adding larger jump,
increase speed

Bigger bounce
on trampette
with arms above
shoulder height
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Step-up

Step-up with arms

Bench step

Exercise to Increase Cardiovascular Fitness
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An overview of muscle strength is provided in this chapter
Assessment of muscle strength and training adaptations following
a successful resistance training programme are considered. Exercise
design, based on current guidelines for increasing muscle strength,
is discussed and example exercises given.

DEFINITION

Muscle strength is the ability of a muscle to generate force. This may
be by isometric or static muscle contraction, concentric muscle con-
traction, where the muscle shortens as it contracts, or eccentric mus-
cle contraction, where the muscle lengthens as it contracts.

FACTORS DETERMINING MUSCLE STRENGTH
An individual’s muscle strength is determined by several factors.
These are considered in Table 4.1.

TRAINING ADAPTATIONS

l'ollowing a properly designed strength training regime various
adaptations will be seen. Systemically a muscle-strengthening pro-
gramme, which targets several muscle groups, may result in a more
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Factors determining muscle strength

Determining
factor

Influencing factors Effect

Muscle tissue Pathology of muscle,

e.g. muscular dystrophy

Muscle’s ability to
generate force reduced

Nerve supply Pathology of the nervous  Limited ability to recruit
system, both upper and motor units
lower motor neurone

problems

Range in which muscle
is working

Muscle injury

Joint pathology

Muscle will not be able to

Muscle length
generate maximal force

Connective Connective tissue
tissue disease

Supporting matrix weak so
reduces muscle’s ability
to generate force

Muscle insertion  Fractures

Tendinopathies

Alteration in force
generation in relation to
the portion of limb being

moved
Muscle fibre Type of muscle being Most force generated
pennation used when muscle fibres are

parallel to the longitudinal
axis of the muscle

positive body image and increased self-confidence as body compo-
sition changes and muscle mass increases. Local adaptations within
the muscle or muscle group being trained include the following.

Local adaptations

Neural

There is an increased ability to recruit motor units and the recruit-
ment of motor units is better synchronized. Co-ordination may
be improved along with decreased activity in antagonist muscles
to those being trained. This is an early change demonstrated by an
increase in muscle strength over baseline measurement and is usually
seen after about 2 weeks of a strength training programme.

Musculiar hypertrophy
The cross-sectional area of muscle fibres wili enlarge. l'or a strength
training programme, this will be seen in both type 1 and type 2

Exercise to Increase Muscle Strength

muscle fibres but mostly in type 2. This is a late change secn after
8-12 weeks of an appropriate training programme.

Muscular hyperplasia

This refers to an increase in the number of muscle fibres. Although
this has been shown in animal studies following strength training,
the results of these studies have not been definitively reproduced in
humans.

Changes in capillary density and mitochondria

As muscle fibres enlarge following a high-resistance, strength training
programme, the densities of both capillaries and mitochondria decrease
in proportion to muscular hypertrophy. With moderate-intensity resis-
tance training programmes, capillary density may in fact increase. These
changes may become important when training for specific sports and
occur 8- 12 weeks after the start of a strength training programme.

Changes in metabolic activity
‘There is an increase in enzymes and stored nutrients following a
training programme.

PRINCIPLES OF EXERCISE DESIGN TO INCREASE
MUSCLE STRENGTH

‘Ihe training principles of overload, specificity, reversibility and indi-
viduality, which have been covered in Chapter 2, should always be
considered when developing a strength training programme. Other
principles which are also important in exercise design to increase
muscle strength include the following.

Energy source

‘Ihe adenosine triphosphate (AlP) - creatine phosphate (CP) and
glycolysis energy pathways are utilized during strength training pro-
grammes. Exercise duration is short, usually less than a minute per
muscle or muscle group being trained.

Starting position

This must be considered before beginning a programme to increase
muscle strength. The person must be stable in whichever position
is chosen. It may be appropriate to fix the joints above or below
the muscles to be exercised to isolate the work being performed. At
the same time the person should be able to work the muscle group
freely in the desired manner. If an individual has very weak muscles
a larger base of support is usually appropriate at the start of the pro-
gramme, e.g. side lying for weak hip flexors and extensors. Starting
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poration also needs to be considered as it may be appropriate to use
pravity alonce as the training stimulus or to position an individual
in such a way that they do not have (o lift their limb against gravity
(cf. previous example).

Range of exercises

A strength training programme may target a particular muscle or
muscle group or several muscle groups. It is important to think
about the needs of the individual when designing a strength training
programme, particularly in terms of incorporating functional activity
Into a training programme in its latter stages.

Rest intervals

To avoid training a fatigued muscle, adequate rest time is needed
between training sessions. For strength training 24-48 hours are
recommended between sessions training the same muscle group. In
general, the higher the intensity of the training, the longer the rest
period required between sessions.

Safety
Safety factors which are especially important to consider when pre-
scribing and supeivising strength training programmes are:

Cardiovascular stress. When a person is lifting a weight, their
blood pressure will increase in proportion to the effort involved
in lifting the weight. As the effort intensity is highest as the person
reaches fatigue, people with increased cardiovascular risk should
dvoid high-intensity training.

Breathing. To avoid breath holding or Valsalva manoeuvre, it is
recommended that the person carrying out a resistance training
programme should breathe out during the concentric phase of the
weight lift.

Injury. 1f individuals are using large weights, they should work
with a training partner or a supervisor particularly if using tech-
niques where there is a risk of dropping the weight on themselves.
Certain patient populations, for example those who are frail, may
also need constant assistance and supervision. If weights have not
been properly secured to a limb there is also the risk of these drop-
ping onto feet. Muscle strains may occur if a weight is too heavy
for an individual or if they are using a poor movement technique.

= Delayed-onset muscle soreness. This usually occurs 24-48 hours

after excessive unaccustomed physical activity and is thought to
be due to damage to the connective tissue supporting the muscle.
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There is a higher risk of delayed-onset muscle soreness with eccen-
tric training. This may discourage people from continuing with
their training programme. Progressive training regimes should min-
imize this problem.

EQUIPMENT
One of the main differences in equipment used for weight training
is that it can provide a constant or variable resistance.

Constant resistance equipment

This provides a resistance which does not change through range of
motion. Examples of constant resistance equipment are free weights
and the Westminster Pulley System.

Variable resistance equipment

'This allows the muscle to work maximally through its entire range
by varying the resistance offered to the muscle and so accommo-
dates to muscle strength through range. Variable resistance machines
are designed to isolate muscle work and are associated with a lower
risk of injury than free weights because they control body position
and speed of movement. They can be expensive and take up a lot of
space. Examples of variable resistance equipment include isokinetic
machines and Nautilus equipment. At the opposite end of the spec-
trum elastic resistance bands offer variable resistance and have the
advantages of being cheap and portable.

Not everyone will have access to or need the complete range of
different strength training equipment. Cost, available space or the
situation in which somebody works is more likely to dictate the type
of equipment available. It is important to be able to adapt a strength
training programme to different situations. Equipment which is
more commonly available to physiotherapists is discussed below.

Free weights

This is probably one of the commonest methods used in clinical
practice to strengthen muscle. Free weights can easily be used in
many settings such as the ward, the gym and the home. o be able
to carry out resistance training programines effectively, a variety of
different weights are needed as well as different methods of attach-
ing them to the body. Commonly used weights include dumbbells,
barbells and wrist and ankle weights, which are all most useful when
adjustable. The appropriate training load can then be applied and
increased gradually (see Figure 4.1). If there is not an adequate range
of weights available the training programme may become ineffective
or dangerous.
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A range of different free weight equipment

Using free weights is a very effective way of increasing muscle
strength but the muscle being exercised needs to be relatively strong
to benefit from this kind of training, i.e. able to work against gravity
with a resistance. The person carrying out the exercise also needs
to be able to safely lift and attach the weight they are going to use.
There is a higher risk of possible injury with this type of activity
than with some other kinds of resistance training. The added benefit
of using free weights is that other muscles are recruited during the
programme to stabilize the body and maintain posture. The activity
ol attaching a weight will generate a training stimulus for the other
muscles which assist in this.

"I'he type of muscle work carried out using free weights will be a
hybrid concentric/eccentric programme. The muscle will shorten as
it works to lift the weight against gravity and then lengthen as the
weight is lowered in a controlled manner. Figure 4.2 shows a dumb-
bell being used to strengthen the elbow flexors.

Westminster Pulley System

This is a wall-mounted frame with a weight carrier and more than one
pulley in circuit to allow loading of muscle to occur, Muscle loading
can occur in different muscle ranges and planes of movement whilst
the person exercising is lifting a known weight which is often visible. It
is a much neglected piece of therapeutic equipment, probably because
it takes a little time to develop the skill necessary to set up the pulley
system quickly and effectively. To be able 10 use a pulley system for
resistance training, a set of different weights which fit on the weight
holder are needed along with devices to attach the pulley systemn to

Exercise to Increase Muscle Strength

A dumbbell being
used to strengthen the elbow
flexors

The Westminster Pulley System being used to strengthen elbow
flexors

the person, such as handles or three-ringed loops. Figure 4.3 shows the
Westminster Pulley System being used to strengthen the elbow flexors.
The process for setting up the Westminster pulley is as follows:
position patient in appropriate starting position
localize muscle to be strengthened
check targeted range of movement is available
ensure that there is no weight on the pulley
attach the pulley to the patient
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ask the patient to move through the range to be strengthened
and identify the mid-point of the movement

set the angle of the pulley rope to 90° at the mid-point of the
range

ask the patient to move the limb so that the muscle to be
strengthened is in the outer part of the range to be worked (this
is where the rope will be most slack); tighten up the rope so
that there is no slack and the weight will be applied as soon as
the patient begins the movement

ensure there are no dangling ropes

ask the patient to perform the movement and check the set up
apply appropriate weight and begin the exercise.

Elastic resistance bands
There are several types of elastic resistance bands available on the
market. Most manufacturers produce a range of bands which offer
different resistances to movement. This resistance is generally deter-
mined by the percentage elongation of the band. If these are to be
used clinically, it is therefore important to have a range of bands
available. There is a growing body of evidence to support the use
of elastic resistance bands as a useful tool for increasing muscle
strength, and the gains in muscle strength, physiological responses
and patterns of muscle activation are similar to those produced by
other strengthening methods. One big advantage of elastic resistance
bands is that they are easily portable and, as long as the person exer-
cising has been taught how to use the band correctly, they can con-
linue to exercise at home using the same equipment. When using
clastic resistance bands, attention should be paid to the following.

If the person who is to use the band has a latex allergy, an alter-

native strengthening method should be sought unless a latex-free

elastic resistance band is available.

Bands should be checked for nicks and tears before each use.

Bands should be anchored securely to a sturdy object or attach-

ment before use.

Bands should not be tied tightly around extremities so that cir-

culation is impaired.

Avoid using very short pieces of band - the user will have more

control when exercising with a longer piece.

The correct resistance band for strengthening a muscle group

would allow the person exercising to complete 812 repetitions

with mild fatigue on completion,
Figure 4.4 shows an elastic resistance band being used to strengthen
the knee flexors.

Exercise to Increase Muscle Strength

Elastic resistance band being used to strengthen the knce Hexorr.

Isokinetics

Isokinetic machines are expensive pieces of equipment and nay ol
be available to all clinical physiotherapists. Although these machines
may be used for muscle strengthening, wh'ere they have been_ sho‘wn
to be effective in producing strength gains, they are more ()I{cn
used for assessment, research and measurement as they can provide
detailed information such as peak torque duripg a muscltj contrac-
tion. These machines became popular in an (‘“%)l'l o maximize the
gains of a strengthening programme over the entire range that a mus
cle works and so are a type of variable resistance machine. Isokinetic
machines allow a person to exert force against a resistance thal. maove
at a pre-set constant speed. In practice muscles (lg not work like thiu
and other more specific training may also be required.

OTHER METHODS TO INCREASE MUSCLE STRENGTH
Free exercise o v

‘This type of exercise is a valuable clinical tool. [t is suitable for pu i
ple with very weak muscles and easily trallsfgrqble to the hf""" i
ation as no equipment is required. Body position and gravity e e
used to alter the amount of resistance applied to a particular mirm b
group. For example, the person doing the exercise may be positiv o
in such a way that gravity is ‘neutral’ - it offers neither resistaine 1nn
assistance to the working muscle (see Figure 2..] 7‘), Body weipha
may also be used as the resistance in a strength training propsnme
For instance moving from sitting to standing could be vt a= o
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resistance training exercise for the knee or hip extensor muscles. It
would be particularly suitable if the person doing the exercise could
only manage this 8-10 times. Lowering the height of the chair or
weighting the individual around the waist would be ways of pro-
gressing the exercise. It is important to incorporate functional activi-
lies into a strength training programme. The activity chosen would
depend on the needs of the individual.

Manual resistance

‘Ihis technique may also be particularly useful when working with
peaple with very weak muscles. The therapist may apply resistance
to a single muscle or muscle group and placing their hands carefully
on the person gives instant feedback about how a muscle should
work to produce a movement. The therapist can alter resistance
through range in response to the varying muscle strength. Resistance
may also be given to whole patterns of movement in specific ways to
help strengthen muscle groups. This is called proprioceptive neuro-
muscular facilitation (PNFF) and there are several techniques within
PNF which can be used to strengthen muscle. For instance the tech-
nique of ‘slow reversals aims to stimulate as many motor neurones
as possible in a normal pattern of movement so that the maximum
number of motor units are utilized as a muscle contracts,

ASSESSMENT OF MUSCLE STRENGTH

An initial assessment of muscle strength should be made before a
resistance training  programme is commenced. This assessment
will produce a baseline value for an appropriate exercise prescrip-
tion. This value can be monitored to show where progression of a
programme is needed and also demonstrate the effectiveness of a
strengthening regime at its conclusion. If muscle strength is the abil-
ity of a muscle to generate force, the appropriate unit for measuring
muscle strength is Newtons. FHowever, strength is usually expressed
in terms of the weight being moved, i.e. kilograms.

Principles of assessment
Measurements of muscle strength repeated over the time span of a
strengthening programme should be carried out in a standardized
manner using;
the same starting position
the same assessment test
the same type of muscle work (isometric, concentric or eccentric)
in the same range at the same speed.
Muscle strength can be assessed either statically or dynamically.

Exercise to Increase Muscle Stiengtth

Static muscle strength »
Ihis type of testing only gives information about the strength of
A static or isometric muscle contraction at the point in the mgscle
range where the static strength is assessed. It can be measured using;

Dynamometry 4 '
I'his type of myometer consists of a digital display, an electrlcal-ampll—
licr and transducer. It can usually be attached to a handle, which can
measure hand or finger grip strength, or a tensiometer, used to mea-
sure static strength of other muscle groups. The strength of the mus-
«le being tested can be read directly from the digital display.

Manual muscle testing ' )
Therapists may use manual muscle testing as a quick means of
assessing whether muscle strength is normal by comparing mus-
cle strength of a certain muscle group on the right with the left. If
abnormalities are found, more detailed testing is usually necessary.
It is not usually appropriate to prescribe a resistance training pro-
gramme from this type of assessment.

Dynamic muscle strength

This is measured when movement of an external load or body part
takes place and the muscle changes length. The type of mu:s*cl_c work
and range that the muscle moves through during the test is impor-
tant here as the test result will be specific to these variables. Dynamic
muscle strength can be measured using one of the following means.

Medical Research Council (MRC) scale
This scale is commonly used in clinical practice and provides a sub-
jective view of muscle strength. If applied in a standardized manner,
it has the advantage of being easy to use without the need for expen-
sive equipment. The disadvantages of the MRC scale are that it is
subjective, huge strength gains may be needed to.c_hange grade.and
the person being tested may need to change position several times
to record the grade accurately. The scale is:

0 - no muscle contraction

1 - a flicker of muscle contraction

2 - the muscle contracts through full range with gravity neutral

3 — the muscle contracts through full range against gravity

4 - the muscle contracts through full range against gravity and

aload

5 - normal muscle contraction.
The value recorded should only be in whole numbers and the per-
son being tested must be able to contract their muscle through the
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whole available range to achieve a specific grade. This scale is par-
ticularly useful for weak muscles.

Isokinetic muscle testing
As described above, an isokinetic dynamometer may be used for
assessing muscle strength through range at a pre-set constant speed.

Repetition maximum (RM)

This is the standard measure for assessing muscle strength. As train-
ing regimes are usually described in terms of nRM, it is probably
the simplest test to use clinically for people who can lift a load
against gravity. The 1 RM is the greatest resistance that can be moved
through a defined muscle range in a controlled manner with good
posture. There is skill required in identifying a RM without overly
fatiguing the person being tested and so the technique requires
practice. Rather than identifying a 1 RM for measurement of muscle
strength a 4 or 6RM may be just as useful for tracking changes in
muscle strength over time and reduce the risk of injury involved in
performing a 1 RM test. There are different equations available with
varying amounts of error to convert nRM to 1RM. Other nRMs can
then be identified as a percentage of the 1 RM, for example 10RM is
about 75% of 1 RM. This may not always be completely accurate but
Is an accepted method of calculating the required RM. One example
of such an equation (Brzycki 1993) is shown here:

Predicted 1 RM = Weight lifted/1.0278 — 0.0278n

where n = the number of repetitions performed.

"This formula is valid only for predicting a 1 RM where the num-
ber of repetitions to fatigue is less than 10. If the repetitions (x)
exceed 10, the prediction of 1 RM becomes much less accurate.

The following steps should be taken to test for 1 RM or nRM.

Decide on starting position and muscle range then ask the per-

son to warm up by doing some sub-maximal contractions at a

slow speed and through the required range.

Choosean initial weight which is a reasonable estimate of 50-75%

of the person’s maximal capacity. Take into account the age of

the person, the muscle group being tested, the gender of the per-
son and whether the person is accustomed to weight lifting.

Count how many times (1) the person can lift the weight before

the onset of muscular fatigue. This weight will be the nRM for

the muscle work that has been assessed. Signs of fatigue include

Exercise to Increase Muscle Strength

being unable to maintain a strict posture, the muscle quivering
and a slower or lesser range of moveinent.
If a 10RM has been identified and a smaller RM, i.e. 1RM, is
required then the muscle can be loaded incrementally and the
test repeated to directly measure this value. Alternatively an esti-
mation equation may also be used to calculate this.
The RM should be identified within four trials with 3-5-minute rest
periods between trials. If this has not been achieved the person will
be excessively fatigued and the testing will need to be carried out at
another time when the person has fully recovered.

GUIDELINES FOR PRESCRIPTION OF EXERCISE TO
INCREASE MUSCLE STRENGTH

Exercises to increase muscle strength are specific to the muscle group
used, the type of muscle contraction, the muscle range, the velocity
of movement and the type of equipment being used. It is therefore
important to assess the person carefully so that a suitable resistance
training programme can be devised. This will include considering
the age of the individual, their health status and fitness level, the
rationale for increasing muscle strength and their personal goals.
The variables which can be manipulated in a resistance training pro-
gramme are the resistance, the number of repetitions and the speed
of movement.

Type of muscle work
The strength training programme may include muscle work which
is concentric, eccentric or isometric and should mimic the muscle
work required for function. The speed and range of movement also
need to be considered.

Intensity, duration and frequency

Research evidence would suggest that a programme of one set of

6-8RM, practised 2-3 days a week to allow time for recovery, at a

slow speed (allowing about 3 seconds for concentric then 3 seconds

for eccentric work), would provide the best training stimulus for

increasing strength in muscles which are able to work against gravity.
l'or a very weak muscle, one able to produce a flicker of contrac-

tion it is important to:

position the person so that the muscle/muscle group to be

re-educated is in mid-range

give clear instructions and a demonstration of the muscle work

expected

try to work the muscle as it normally would, i.e. isometrically or

isotonically
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constder usmg sliding boards or other devices which reduce the

lncnon gencrated by the movement produced by the muscle; this

may help to increase the range through which the muscle works.
Stanelard guidelines and position statements exist for general resis-
tance training. ‘These have been developed for both healthy individ-
vals and other groups and are based on the best evidence available.
lor healthy individuals unaccustomed to resistance training the
rccommended training prescription would be:

Frequency - 2-3 days a week.
Intensity - one set of 8-10RM to volitional fatigue.

Duration - 3 seconds for the concentric phase and 3 seconds for
the eccentric phase of the activity (about 1 minute in total}.

A general strengthening programme would include 8-10 exercises
which target all the major muscle groups in the body. Other patient
groups such as those with cardiac disease are considered in more
detail in other relevant chapters.

Progression and regression
For a very weak muscle, graded atr 2 on the MRC scale, a muscle-
strengthening regime can be progressed in several ways:

if the person is unable to work the muscle through full range,

the muscle range can be gradually increased

increasing the number of repetitions

working the muscle against gravity.

‘The therapist may start to offer some manual resistance to the move-
ment being produced by the muscle, using a short lever arm at first,
then gradually increasing the length of the lever arm.

Once the person can work their muscle against gravity the nor-
mal reccommendations for training should be followed. The intensity
of the resistance training programme can be progressed by increas-
ing the weight, the number of repetitions or reducing the speed of
movement. Improvements in muscle strength normally occur within
2 weeks of starting a programme and this will mean that the per-
son can carry out their exercise prescription with ease. The training
intensity should be increased.

Iixercises would need to be regressed if the person experienced
untoward pain with the exercise programme. Training may need to be
stopped in the unlikely case of muscle injury. When the person re-starts
the programme, it should be at a lower intensity than when the injury
occurred. A new assessment of muscle strength should be carried out.

Figures 4.5-4.8 show a progressive muscle-strengthening pro-
gramme for the elbow extensors.

Exercise to Increase Muscle Strength

Elbow extension
with elastic resistance band

Elbow extension
with gravity counterbalanced

Elbow extension with a free weight
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’ Strengthening the elbow extensors using tricep dips. Here body
weight acts as the training stimulus
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This chapter defines muscle endurance. It also explains ow to assess
muscle endurance and produce a suitable exercise prescription for
increasing local muscle endurance.

DEFINITION

Muscle endurance is the ability of a muscle to carry out repeated
contractions over a period of time. The term ‘endurance’ implies
prolonged use and the ability to avoid fatigue. In any individual
there is a relationship between muscle strength and muscle endur-
ance and both are important for everyday life. People need adequate
muscle strength to be able to complete functional activities, such as
picking up a reasonably heavy object, and muscle endurance so that
they are able to do this repeatedly throughout the day or sustain the
activity. In the healthy population muscle strength and endurance
can be considered together as muscular fitness. There is an associa-
tion between muscular fitness and quality of life.

Local muscle endurance can be trained in a similar manner to
muscle strength by altering the exercise prescription. General muscle
endurance may be trained by using the principles of aerobic exercise
design, which have been considered in Chapter 3. This chapter will
concentrate on local muscle endurance.
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FACTORS DETERMINING MUSCULAR ENDURANCE

l'actors determining muscle endurance are a combination of those
which determine cardiovascular fitness and muscle strength. Tables
illustrating these factors can be found in Chapters 3 and 4 respectively.

TRAINING ADAPTATIONS

Many training adaptations will be similar to those for strength train-
ing, for example neural changes in terms of motor unit recruitment.
The training adaptations will depend on the exercise programme
being followed. For an individual muscle group, local muscle endur-
ance exercises will take only slightly longer to complete than strength
training exercises. This will mean that the energy pathways being uti-
lized are similar, that is the adenosine triphosphate (ATP) - creatine
phosphate (CP) and glycolysis systems.

If aerobic activity is being used to improve muscle endurance, the
training adaptations will be similar to those described in Chapter 3,
as the person exercising becomes reliant on aerobic metabolism as
the method of producing energy for the exercising muscles.

PRINCIPLES OF EXERCISE DESIGN TO INCREASE
MUSCLE ENDURANCE

Local muscle endurance may be improved by utilizing a progressive
resistance training programme similar to that for muscle strengthen-
ing except that the prescription will use a lower weight and larger
number of repetitions {15 RM) than that for pure strength training
(8RM). For people with low muscular fitness, one set of exercises
will produce training gains and is time efficient. For those with good
initial muscular fitness, for example athletes, more sets (up to five
or six) may be needed to produce training gains. If multiple sets
are used, rest intervals should be incorporated into the programme
between sets. These should be long enough to allow the next exer-
cise to be performed in good form.

Considerations such as starting position, safety and equipment
are similar to those for strength training.

General muscle endurance may also be improved by using aero-
bic exercise. Many exercise programmes for improving muscle endur-
ance may start with an exercise programme for specific local muscle
endurance and progress to a programme which incorporates this into
a functional, general endurance training programme.

ASSESSMENT OF MUSCLE ENDURANCE

As with strength training, accurate assessment of muscle endurance is
important to provide an appropriate exercise prescription. Assessment
of muscle endurance relies on looking at a person’s ability to carry out

Exercise to Increase Muscle Endurance

repeated contractions of a muscle or muscle group to fatigue. For this
reason muscle endurance testing is usually dynamic. There are vari-
ous methods to measure muscle endurance.

The absolute method

Count the number of repetitions that an individual can perform at a
given amount of resistance over time; for example, count how many
times an individual can lift a 5kg weight with their knee extensors
in a minute.

Repetition maximum method

Assess muscle strength and then with a fixed percentage of the 1RM,
normally 70%, count how many times the person can successfully
lift this weight. This is usually 12-15 times. Any gains in the num-
ber of times the person can lift the weight will show an increase in
muscular endurance.

Callisthenic exercises

These can be used when other muscle-testing equipment is not
available. Whaley (2005) recommends using a press-up test (o
assess upper body strength but there are test protocols and normal
values for other commonly performed muscle endurance tests such
as abdominal curls and pull-ups (Johnson and Nelson, 1986). 1o
perform a press-up test count how many consecutive press-ups the
person can do without resting and compare with published age
and gender normal values. Starting position for men is the standard
press-up position and for women the starting position is modified
by allowing the person to kneel with knees flexed to 90°, ankles
crossed and hands placed shoulder width apart on the floor as illus-
trated in Figure 5.1.

=4

The press-up test carried out by a woman
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Isokinetic dynamometer

Do an initial trial to find the peak torque of the muscle group being
tested, at a speed setting of 120-180° a second and then count
the number of repetitions that the person can do until the torque
reaches 50% of the peak value.

PRINCIPLES OF ASSESSMENT
Measurements of muscle endurance repeated over the time span
of an exercise programme should be carried out in a standardized
manner using:

the same starting position

the same assessinent test

the same type of muscle work (dynamic, concentric or eccentric)

in the same range.
The amount of encouragement provided as well as the motivation
level of the person being tested and time of day should also be
considered.

GUIDELINES FOR EXERCISE TO INCREASE MUSCLE
ENDURANCE

The principles of overload, specificity and reversibility apply to mus-
cle endurance training as they do to strength training programmes.
Exercises to increase muscle endurance are specific to the muscle
group used, the type of muscle contraction, the muscle range, the
velocity of movement and the type of equipment being used. It is
therelore important to assess the person carefully so that a suitable
training programme can be devised. This will include considering the
age of the individual, their health status and fitness level, the ratio-
nale for increasing muscle endurance and their personal goals. 'The
variables which can be manipulated in an endurance training pro-
gramme are the resistance, the number of repetitions, the number of
sets and the speed of movement.

Type of muscle work

An endurance training programme usually includes dynamic, concen-
tric or eccentric muscle work and should be translated into the mus-
cle work required for function as the training programme progresses.
The speed and range of movement also need to be considered.

Intensity, frequency and duration

o train local muscle endurance rather than strength, evidence would
suggest that a lower resistance and more repetitions than that used for
strength training should be used. Gains in muscle endurance are made
when the training load is less than 60% of 1RM (15-20RM) and one

Exercise to Increase Muscle Endurance

w1 of the training is carried out 3 days a week. A rest day is important for
muscle groups being trained to allow the muscle to recover from fatigue.

Progression and regression .
Progression and regression of a muscle endurance training pro-

gramme is carried out in a similar manner to that for strength
training, as described in Chapter 4. The regime can pe progres§ed
by increasing the number of repetitions, sets or the Tesistance being
used. The regime can be regressed by decreasing the intensity and by
reducing the resistance being used. o

Figures 5.2-5.4 show a progressive muscle endurance training
programme for the hip extensors.

The hip extensors working against gravity. Excessive lumbar
extension should be avoided

The hip extensors working against gravity and resistance
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The hip extensors
working functionally during
stair climbing
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This chapter defines muscle power and the factors which determine
this. It explains how to assess power output and the principles of
exercise prescription for improving power.

DEFINITION

Power is the rate of doing work and may be referred to as anaerobic
power or muscle power. The concept of power is important as it relates
to exercise. When exercising the work rate or power output describes
the intensity of the exercise, that is how quickly an individual can
complete an exercise. Two individuals may both be able to carry out
a similar amount of work but a highly trained individual will be able
to carry out the work in a shorter time and so have a higher power out-
put than the individual who is less highly trained. Power may need to
be considered most commonly for athletes competing in events such
as sprinting and jumping. However it may be just as important for
ordinary functional activities. An example of this is that of somebody
being able to cross a road at a fast enough pace whilst the green light is
showing at a pedestrian crossing. For many older people or those with
other mobility problems this can be extremely difficult.
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individual and based on the principles of overload, specificity and
reversibility. For athletes this may involve multiple sets of 4-8 RM. For
those with lower initial muscular fitness one set of 8-10RM may be
suitable. The exercise should be carried out at the specific speed and
in the range of the required muscle work if possible. Considerations
such as safety, starting position and equipment are similar to those for
strength training.

Once a good base of muscle strength has been developed, fast
force development exercises can be added to the training regime.

The task required should be practised as part of the training pro-
gramme and can be utilized within it. l'or example a sprinter may
practise sprinting using a tyre to drag along behind them to increase
the intensity of the task.

Energy pathways can be stressed using short, high-intensity activi-
ties which use the muscles required for the task in a repeated manner.
This is a type of interval training.

There may be a higher level of risk of injury when training for
performance as the exercises used may require heavier loads, the
exercise task may need to be carried out quickly and the person may
be exercising repeatedly to a point of maximal effort. These factors
should be taken into account when supervising this type of training.

ASSESSMENT OF POWER

To assess power the test used should involve the muscle groups used
in the performance of the activity for which the person is being
traincd and the energy systems used in the performance of these
tasks. There are standard anaerobic power tests but task-specific tests
have also been devised. For patients this type of test may be more
suitable. Certain functional tests such as the timed up and go test or
the timed 10-metre walk will also test the work rate of the patient.
"There are various tests to measure the power output.

The Margaria power test

This is a test of the ATP — CP energy system. To carry out this test the
subject has to run up a flight of nine steps as quickly as possible.
Timing switches are placed on the third and ninth steps to start and
stop the clock. The power output can be calculated by multiplying the
weight of the person carrying out the test by their vertical displacement,
divided by the time they took to do the test.

The Wingate test
"This test has been developed to assess power output in cycling. There
have been modifications to this test since it was first developed as a

Exercise to Improve Power

s0-second maximal effort test. Depending on the protocol, it can be
used to assess the ATP — CP system or glycolysis for energy produc-
rion. Details of how to carry out the test can be found in the further
reading list at the end of this chapter.

Timed running or walking power tests

short-distance, timed walks or sprints of maximal effort have been
used to assess power output. These can be used for patients or ath-
Ictes and the distance covered in the test can be related to the task
lor which the person is training. The person may perform two or
three tests with full recovery between efforts and the fastest comple-
tion time is recorded. Other functional activities such as sit to stand
can be used in a similar timed test to assess performance.

PRINCIPLES FOR ASSESSMENT
As with other types of testing, power tests should be carried out in a
slandardized manner using the same:

activity or test

type of muscle work at the same range in the same speed

level of encouragement.

GUIDELINES FOR EXERCISE TO INCREASE POWER

‘The principles of overload, specificity and reversibility apply to muscle
power training as they do to strength training programmes. Exercises
to increase muscle power are specific to the muscle group used,
the type of muscle contraction, the muscle range and the velocity
of movement. It is therefore important to assess the person care-
fully so that a suitable training programme can be devised. This will
include considering the age of the individual, their health status and
fitness level, the rationale for increasing muscle power and their per-
sonal goals. The variables which can be manipulated in a muscle
power training programme are the resistance, the number of repeti-
tions, the number of sets and the speed of movement.

Type of muscle work

A power training programme usually includes dynamic, concentric or
eccentric muscle work at slow and high velocity. The activity for which
the person is training should be used within the training programme.

Intensity, frequency and duration
To improve muscle power a muscle-strengthening programme, as
described in Chapter 4, should be used. Once a good base of muscle
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strength has been developed, a power component or fast force devel-
opment exercises can be introduced as well. This requires one to three
sets of three to six repetitions performed at 30-60% of 1 RM to be car-
ried out at high velocity in the muscle group being trained but not to
fatigue. [f power needs to be improved in a specific activity, this can be
incorporated into the training programme by using the activity to do
interval training. The frequency of training should be similar to that for
a strength training regime.

Progression and regression

Progression and regression of a muscle power training programme is
carried out initially in a similar manner to that for strength training
as described in Chapter 4. The regime can be progressed by increas-
ing the number of repetitions, sets or the resistance being used. The
fast force development component of the programme can be pro-
gressed by increasing the number of repetitions or sets. To regress the
activity toad, repetitions or sets can all be reduced. Iligures 6.2-6.4
show a progressive training regime to improve muscle power for sit
to stand. The final exercise in Figure 6.4 may then be carried out at
speed.

Sit to stand from a Sit to stand from a chair

high plinth using arms

Exercise to Improve Power

Sit to stand
weighted from a stool

Further reading

ACSM Position Stand (2002) Progression models in resistance training, for healthy
adults. htlp//www.acsm-msse.org

Jones D, Round ] (1990) Skeletal Muscle in lleatth and Disease. Manchester, UK:
Manchester Universily ress.

Powers S, Howley [ (1994) Exercise Physiology - Theory and Application
to Fitness and Performance; 2nd edition. Madison, WL WCB Brown and
Benchmark
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This chapter discusses factors affecting normal and limited range of
movement. Methods of assessing range of movement are considered.
Principles of exercise design, exercise prescription for increasing
range of movement and the training adaptations seen in response to

a successful exercise programme are addressed.

DEFINITION

Range of movement (ROM) refers to the range through which the

bones of a joint can be moved.

Active ROM refers to the range of joint movement produced by
a voluntary muscle contraction. Passive ROM is the range through 93
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which the joint can be moved by the application of an external
force, such as that produced by a physiotherapist. For some joints
active and passive ROM may be different.

Range can also be described in terms of the excursion of the mus-
cle producing the movement; the position when the muscle is in its
shortest position is termed ‘inner range’ (Figure 7.1), and the position
when the muscle is at its longest is termed ‘outer range’ (Figure 7.3),
with ‘mid-range’ falling in between the two (Figure 7.2).

Flexibility can be defined as the ROM of a joint or joints, or
alternatively the freedom to move.

It is important that joints have a balance between stability, which
limits abnormal direction and range of movement, and flexibility,
for ease of movement. The type and position of a joint will deter-
mine the amount of movement available at the joint, along with
some of the other specific factors listed below.

Elbow flexors in
inner range

Efbow flexors in
mid-range

Exercise to increase Range of Movement and Flexibility

Elbow flexors in
outer range

FACTORS LIMITING NORMAL RANGE OF MOVEMENT

Joint articular surfaces

The structure and shape of the articulating surfaces provide a com-
plementary surface area over which the two bone ends can move.
The specific bony shape determines the direction of movement
available at the joint. The end of normal ROM may occur when the
contact of the bony surfaces prevents further movement; for exam-
ple, apposition of the posterior talus and the posterior tibia limit
plantarflexion.

Ligaments around a joint

The length and tension of the ligaments limit joint movement as most
ligaments are inelastic because they are made up of white fibrous col-
lagen. When a ligament or tendon is at its full length no further move-
ment in that direction is possible. In this way ligaments both restrict
movement and direct the movement of the articulating surfaces over
one another. An example of normal ROM, limited by ligaments, is the
limitation of knee extension by the anterior cruciate ligament which
prevents anterior sliding of the tibia on the femur.
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Muscles

The position and tension of muscles can limit joint movement.
Muscles are able to lengthen and allow movement; however they may
restrict normal movement when they reach the limit of their exten-
sibility, for example the length of the hip adductors limits the range
of hip abduction. This is particularly seen in muscles that cross two
joints. 1f a muscle is already approaching full length due to the posi-
tion of one joint, there will be little extensibility remaining to allow
movement of the second joint crossed by that muscle. For example
when gastrocnemius is lengthened during knee extension, there may
be insufficient extensibility remaining in the muscle to allow full dorsi-
flexion to take place.

Soft tissue

Apposition of soft tissue, or the point at which two surfaces touch
each other, can also limit ROM; for example elbow flexion is nor-
mally limited by the forearm coming into contact with the biceps
brachii in the upper arm.

FACTORS CAUSING ABNORMAL RANGE OF MOVEMENT
Mechanical disruption

Articular surfaces

Changes in the articular surfaces may restrict the movement of the
joint. Deterioration of cartilage and formation of osteophytes on the
joint surface in osteoarthritis limits ROM.

Loose body

A loose body within the joint can block the movement of the artic-
ular surfaces; the degree of limitation may vary as the loose body
moves within the joint.

Bone

Iracture of a bone is likely to limit movement due to the altered
mechanics of the fractured bone providing an unstable surface and
disrupting the muscle action.

Ligaments

Damage to the joint ligaments can disrupt movement by failing to
limit movement, hence producing an abnormal increase in ROM.
They may also limit the movement through the loss of the ability to
direct the movement of the articular surfaces.

Exercise to Increase Range of Movement and Flexibility

Immobility

Imposed restriction of movement

Immobility may be due to an imposed restriction at a specific joint
or joints secondary to injury or surgery. For example a period in
plaster following a fracture, or deliberate restriction of movement
lollowing skin grafting.

Muscle
Immobility may also be due to the inability of the patient to access
full ROM actively due to muscle weakness. This may be due to spe-
cific muscle weakness following local injury. Muscle weakness may
also be the result of general deconditioning, as seen in some long-
lterm intensive-care patients.

Tear or rupture of a muscle will disrupt the muscle filaments and
the ability of the muscle to contract.

Neurological disorders
Absence of or change in neural control, due to upper or lower motor
neurone disorders or brain injury or pathology, may cause a muscle to
become denervated or have altered muscle innervation and therefore
restrict the ROM available actively. An example of this is the loss of
range of dorsiflexion secondary to foot drop.

Imbalance of muscle activity secondary to neurological dis-
orders, such as that seen in spasticity, may also limit the ability to
move through range resulting in the loss of range.

Decreased functional range

Immobility may also be due to a person not using the full normal
ROM during their daily activities and therefore losing the extremes
of movement; for example an older person who may spend a lot of
time sitting and walks with a stooped posture is likely to lose some
range of hip extension.

Articular structures

After prolonged immobilization, 32 weeks, the articular struc-
tures become the main limiting factor to movement (lrudel and
Uhthoff 2000). The mechanism of intra-articular limitation is not
clear, although the proliferation of intra-articular connective tissue,
increase in collagen cross-linking and adaptive shortening of the
capsule have all been suggested (Trudel and Uhthoff 2000).

Muscle
The lack of longitudinal force through a muscle during immobilization
leads to tissue remodelling to accommodate the new shortened resting
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length. Muscles immobilized in a shortened position over a period of
time demonstrate a reduction in sarcomeres (Goldspink et al 1974),
and an increase in the proportion of connective tissue which results
in a decrease in joint ROM and compliance of the muscle (Williams
1988). These changes in sarcomeres can be seen as early as 24 hours
after immobilization (McLachlan 1983). There is evidence from ani-
mal studies demonstrating that after a period of 2 weeks of immobili-
zation the main factor limiting movement is muscle shortening.

Collagen

After a period of immobilization there is a change to the organization
of the collagen within the muscle, leading to an increase in the num-
ber of perpendicularly orientated collagen fibres, which connect two
adjacent muscle fibres (Jarvinen et al 2002). Chains of collagen mol-
ecules contain cross-links which weld them into a strong unit. it has
been suggested that during iminobilization there is a change in chemi-
cal structure and loss of water within the collagen which leads to the
fibres coming into close contact with one another. This close contact is
thought to lead to the formation of abnormal crossbridges, leading to
an increase in tissue stiffness (Alter 2004).

Scar tissue and adhesions

Following soft-tissue injury fibrous adhesions forin between struc-
tures, and the healing process of the damaged structures produces
fibrous scar tissue in place of the original tissue. This fibrous tissue is
not very extensible, and therefore may limit ROM. In active scar tissue
the production of collagen exceeds the breakdown of collagen and
more cross-links are formed, which causes the tissue to become more
resistant to stretching. ‘This may occur following trauma 1o the joint
itself, such as following an anterior cruciate ligament tear, or trauma
unrelated to the joint, for example a burn to the anterior aspect of
the lower limb may limit knee flexion due to the tight scar tissue.

Abnormal apposition of soft tissue

‘The movement of a joint may be prematurely blocked by apposition
of soft tissue, for example in obesity or extreme muscle hypertrophy.
Swelling of, or around, a joint may also physically restrict movement,
although pain may limit movement before a physical restriction.

Pain

In the acute stages of injury or inflammation pain may often be the
limiting factor to movement; however pain may also limit move-
ment in chronic conditions such as arthritis.

Exercise to Increase Range of Movement and Flexibility

Psychological factors
Movement may also be limited by psychological factors such as fear
of movement, for example fear of pain or injury.

TRAINING ADAPTATIONS SEEN FOLLOWING EXERCISE

TO INCREASE RANGE OF MOVEMENT

Exercise is able to increase ROM that is limited by soft-tissue short-
ening, adhesions, scar tissue or muscle weakness. Exercise may also
decrease pain and oedeina, and allow a subsequent increase in ROM.
Exercise cannot influence ROM which is limited due to mechanical
problems such as a loose body.

Soft tissues

Stretching increases the extensibility of soft tissues and can therefore
increase ROM. Stretching produces viscous deformation that is a
mechanical response to a stretch.

Muscles

Muscles adapt to their habitual length by the addition or removal
of sarcomeres in series. The muscle can be lengthened by sustained
stretching with casts or serial splinting which produce sustainable
structural changes (1larvey et al 2002). It is thought that the isomet-
ric tension produced by a passive stretch stimulates protein synthe-
sis and increases growth of muscle when it is in a lengthened state
(Goldspink 1977). Decreases in muscle tension of 30% have been
demonstrated after a 90-second stretch; however this adaptation is
reversed within minutes of removing the stretch, suggesting that short-
duration stretching may not be effective in increasing muscle length
(ITarvey et al 2002). The studies investigating the effects of stretching
on muscle length have mainly been carried out with subjects without
clinically significant contractures; therefore further research to under-
pin clinical practice is required.

Connective tissue

Changes that occur in the connective tissue within immobilized
muscle can be prevented by a regimen of regular passive stretching;
however this is not sufficient to prevent the loss of muscle length
(Williams 1988).

Collagen

Ixercise has been shown to decrease the number of cross-links and
decrease passive stiffness, although this work was undertaken in rats
(Gosselin et al 1998).
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PRINCIPLES OF RANGE OF MOVEMENT AND FLEXIBILITY
EXERCISE DESIGN

Exercise to maintain ROM

‘These exercises may be used in the healthy population to maintain
normal flexibility and joint range, or by people at risk of losing ROM,
for example a person confined to bed or a person with an area of
denervated muscle.

End of available range

Exercises to maintain ROM should take the movements to the end
of the available range. The purpose of these exercises is to maintain
the strength and soft-tissue length required to access the full range.

Exercise to increase ROM

‘These exercises may be used in the healthy population to increase a nor-
mal range, for example in ballet dancers or gymnasts, or by people with
abnormally limited ROM in an attempt to regain normal movement.

Cause of limitation

The cause of limitation and the effect on the structures involved
should always be considered when prescribing the exercises. In
some people full ROM may not be desirable due to the possibility of
causing damage, for example in the early stages following a tendon
repair, in which case activity within the permitted range would be
cncouraged. Tn other cases the person should aim to gain full ROM
with the help of pain relief, for example following a burn injury.

Free active exercise

Starting position

Starting position should be selected to place the person in the opti-
mal position for accessing the desired range. It is likely that the per-
son will also have decreased muscle strength; therefore it is helpful
to use a position in which gravity assists movement, or is counterbal-
anced. For example when working into the last third of shoulder flex-
ion supine lying allows gravity to assist the movement (l'igure 7.4),
rather than working against gravity (Figure 7.5) in the upright posi-
tion. In order to use eccentric muscle activity the person should have
sufficient control over the movement.

Access range as it becomes available

If ROM is limited by pain or oedema then ROM exercises aim to
access range as it becomes available. Exercise can reduce pain and
oedema by increasing blood flow and lymphatic drainage to the area;

B— - . —

Exercise to Increase Range of Movement and Flexibility

Shoulder flexion with gravity assisting

Shoulder flexion
with gravity resisting
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therefore gentle movement to the end of the available range may
increase ROM.

Muscle strength and endurance

If muscle weakness is the primary cause of limitation then a muscle-
strengthening programme will be the main exercise intervention. In
addition for all people with restricted ROM as an increase in range is
achieved the exercise regimen should be adapted to include strength-
ening and local muscle endurance into the new range to ensure that
the person is able use the new range in daily activities.

Facilitate the movement

It may be useful to provide some kind of assistance to help the per-
son reach the end ROM. This may be achieved by using support
to counter the effects of gravity, for example ‘walking the arm up a
wall’ for shoulder flexion (Figure 7.6) or resting the arm over a small
gymball and reaching to the side for shoulder abduction (Figure
7.7). Reducing friction makes the production of movement easier,
for example this can be achieved by placing the foot on a sliding
board or sheet for lower limb movements (Figure 7.8). Auto-assisted
exercises are also useful, whereby the unaffected limb can support
the other limb through range; for example shoulder flexion can be
assisted by clasping the hands together and moving the unaffected
arm with the affected side (Figure 7.9). Stretch at the end of range
can be applied in the absence of pain and where no further injury

Shoulder flexion
with support of wall

IS

Exercise to Increase Range of Movement and Flexibility

Shoulder abduction with assistance of ball

Knee flexion with reduced friction

would be caused, for example in late-stage rehabilitation. Body
weight is often used to provide the stretching force (Iigure 7.10).

Targets
It is important that the movements are performed to the end of
the available range, and setting targets can help people achieve this
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Shoulder flexion with
autoassistance

Dorsiflexion with assistance
of body weight

consistently; for example if a person is reaching up a wall to increase
shoulder flexion, the wall can be marked at the highest point they
can reach, they can then aim to reach further than that mark.

Static stretching exercises

When aiming to increase normal ROM or ROM limited by soft-tissue
shortening, the exercises often take the soft tissues to the absolute
limit of their available length and are also termed stretching exer-
cises. In order to produce change in length the soft tissues must be
taken to their elastic limit. [t is recommended that stretching should
be to the point of "discomfort’ or ‘tension’ but not into ‘pain’. Alter
(2004) suggests that the ‘pain threshold’, which is the lowest point

e e e e A
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of pain that the subject can recognize, can be used. This approach
is not appropriate for people in the early or intermediate stages of
rehabilitation following an injury or surgery, as damage may occur
to healing tissues before the person reaches their pain threshold.

Ballistic stretching exercises

Ballistic stretching uses the momentum of the activity to move into
the end of range and the elastic recoil of the muscle under stretch to
move back away from the end of range. At one time ballistic stretches
were thought to cause injury due to their rather uncontrolled nature,
and also to cause increased tension in the muscle under stretch due
to repeated activation of the tendon stretch reflex. However these
concerns do not seem to be supported by the literature, and ballistic
stretches form part of the American College of Sports Medicine’s rec-
ommendation for activities to increase flexibility.

Proprioceptive neuromuscular facilitation (PNF)

The PNF techniques of ‘hold-relax’ and ‘contract-relax’ are specifi-
cally used to increase the range of movement. The principle of hold-
relax is to achieve maximal relaxation in the tight inuscle group that
is limiting the movement by using the maximal relaxation achieved
after a maximal contraction. During the technique the limb is taken
to the end of available ROM and the patient is instructed to ‘hold’
the position whilst the physiotherapist applies measured resistance
to build up a maximal isometric contraction in the muscle group
that requires lengthening. Following this inaximal contraction the
instruction to relax is given whilst the limb is fully supported to
allow maximal relaxation. The liinb is then taken to the new end of
ROM and the technique repeated.

Contract-relax works on the principle of reciprocal inhibition,
whereby a maxiinal contraction is built up in the antagonistic mus-
cle group to produce relaxation in the tight muscle group.

Qther PNF techniques are also useful to increase ROM, the facili-
tatory nature of PNI' can help to move into new ROM and PNF is
also effective in muscle strengthening,

EXAMPLE EXERCISES

These are some example exercises to illustrate the points above.
To increase knee flexion sitting with the foot on a ball, moving
into tlexion (Ligure 7.11)

To increase hip extension standing on a step holding onto a wall
bar, swing leg back into extension (Figure 7.12)

To increase external rotation of the shoulder, sitting with the arm
supported on a plinth, moving to pick up beanbags (l'igure 7.13).
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srperes 0%

Knee flexion with

i Hip flexion with
assistance of ball

assistance of momentum

External rotation
of shoulder with targets

ASSESSMENT OF RANGE OF MOVEMENT

Joint ROM is often assessed clinically by visual estimation or goni-
ometry. Both of these methods are subject to error, although they
are often sufficient in practice. l1ealthcare professionals have been
shown to be more accurate in visual estimation of ROM than the
general public. The accuracy of goniometry varies by as much as
45% according to the joint movement being assessed, and also the

Exercise to Increase Range of Movement and Flexibility

part of the range being measured. Intrarater reliability has been
shown to be moderate for goniometry; therefore it may be an accept-
able means of assessment if used by the same physiotherapist. I low-
ever as there is poor interrater reliability it may be less suitable for
use if different physiotherapists are assessing the same person.

A tape measure is also used in clinical practice to measure range
of movement; for example in the thoracic spine the increase in dis-
tance between C7 and T12 can be used to measure flexion. More
specific tools are also available to measure spinal curves and ROM,
such as the J'lexicurve, which is a flexible tape measure.

If a high degree of accuracy is required in the assessment of
range of movement then computerized electronic motion analysers
may be more useful; however these are not used in day-to-day clini-
cal practice.

Functional goals and markers can also be used to monitor prog-
ress; for example whether a person can reach to brush their hair, or
reach a target during an exercise.

The sit and reach test is a standardized test to assess flexibility of
the back and hamstrings. The person undergoing testing sits on the
floor with shoes off, knees against the floor and feet against a 'sit and
reach table’ or bench. After three practice attempts they reach their
hands as far along the tabletop in front of them as possible and the
distance is recorded. The table has a 15-cm overhang, so reaching
15 cm along the table top would bring them in line with their toes.

PRINCIPLES OF ASSESSMENT
A standard starting position should be used and measurements
taken from the same place each time.
It should be clear whether the recorded ROM is active or passive.
The limiting factor to movement should be noted.
Normal ROM varies; therefore movement should be compared
with the other limb where relevant.
The position of adjacent joints should be considered 1o account
for passive insufficiency.

GUIDELINES FOR PRESCRIPTION OF EXERCISE TO
INCREASE OR MAINTAIN RANGE OF MOVEMENT

Owing to the conflicting published research the guidelines below
are general recommendations; however if pain or inflammation are
experienced following ROM exercises, or ROM is reduced follow-
ing exercise, then the intensity and frequency of exercise should be
reduced.
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Intensity
For increasing soft-tissue length, the movement should be taken
to the point of discomfort, provided this is not causing damage
to healing tissues.

Frequency
Exercises to maintain flexibility should be performed 2-3 days a
week on all major muscle groups.
There should be at least four repetitions per muscle group.
In healthy groups wishing to increase ROM beyond the normal
ROM then stretching up to twice daily may be desired.
Research seems to suggest that the more often the movement is
undertaken the more improvement is seen.

Duration
Stretch should be maintained at the end of ROM for 10-30 seconds.
For long-term structural changes in shortened tissues longer-term
casting or serial splinting is required.

PROGRESSION AND REGRESSION FOR EXERCISES TO
INCREASE RANGE OF MOVEMENT

Movement should be facilitated by using gravity, but well controlled
in the early stages to prevent further injury (ligures 7.14 and 7.15).

Exercise to Increase Range of Movement and Flexibility

As range increases the target should be moved to ensure that end
ROM is reached in order to gain further improvement. If there is no
danger of causing further damage or pain, stretch can be applied to
the end of range of movement (Lligure 7.16). As range is gained more
functional tasks should be introduced along with muscle-strengthen-
ing activities (Figure 7.17).

Shoulder extension in side lying with gravity counterbalanced

Shoulder - Shoulder extension
extension with stretch during functional activity
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This chapter discusses the prescription of exercises to be carried out

at home, and the importance of home exercise programmes in pro-
ducing and maintaining change in exercise ability. Considerations
specific to home exercise design, including equipment and safety, are
highlighted. The challenges of monitoring and progression of home
exercises are addressed, and some examples of exercises suitable for
the home are given.

THE IMPORTANCE OF HOME EXERCISES

In order to achieve optimal training effects, cardiovascular exercise
should be performed 3-5 times a week, and muscle strength and power
training should be performed 2-3 times a week. To achieve this it will
usually be necessary for a patient to carry out some exercises indepen-
dendy in between visits to the physiotherapist. When designing an
exercise programme it is essential to consider which exercises will be
carried out at home, as it may be necessary to make modifications to
some exercises in order to adapt them for the home environment.

[n many cases it will be necessary to continue the exercise pro-
gramme after discharge from the supervision of a physiotherapist,
in order to maintain and build on the training effects achieved.
Implementing independent, home-based exercise early in the treat-
ment programme may help to develop new exercise habits and
increase long-term exercise adherence.

PRINCIPLES OF HOME EXERCISE DESIGN

Clear instruction
[t is important that home exercises are performed correctly, and suffi-
cient time should be allocated during the treatiment session to ensure
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that the exercises are understood. Most physiotherapists provide a
handout of the home exercise programme with a written explanation
and pictures, and computer packages are available to help produce
these. Although these handouts are a useful ‘aide-memoire’ they
should never be given in place of an explanation and demonstration,
and should be individually tailored to the patient’s requirements.
This is particularly important if the exercises to be carried out inde-
pendently are not the same as the exercises that have been carried
out during the supervised treatment with the physiothérapist.

When teaching exercises the principles of motor learning (Chapter
2) should be considered, and the exercise should be explained, dem-
onstrated and the patient asked to carry it out for themself as part of
the learning process. Breaking down the exercise into its component
parts, by teaching the starting position and then the activity required,
may make it easier for the patient to remember the exercise correctly.
It is advisable to be specific about the starting position for each exer-
cise, as a change in starting position may change the effect of an exer-
cise. For example, if using ‘sitting” as the starting position, the type of
chair to be used should be specified; sitting in an old armchair which
may be quite low will produce more hip and knee flexion than sitting
on a firm dining chair (Figure 8.1).

Once the patient is clear how to perform the exercise, the specific
frequency, intensity and duration required should be prescribed.

The home exercises should be reviewed at the next visit. This
is best done by asking the patient to demonstrate the exercises

Prescription of Home Exercise Programmes

that they have been performing independently. It is not sufficient
to ask if they are doing the exercises, as what is important is how
they are doing the exercises. It is quite possible that a patient may
be performing the exercises regularly but they may be ineffective
(Figure 8.2), or more importantly unsafe (Figure 8.3), due to a small
alteration in the way that the patient is carrying out the exercise.

(a) Correct performance of exercise to increase range of movement
(ROM) shoulder flexion. (b) Ineffective performance of the exercise due to back
extension compensating for poor shoulder flexion

(a) Low chair leading to increased hip flexion in starting position.
(b) Correct starting position in firm chair

(a) Safe performance of repeated sit to stand exercise. (b) Unsafe
performance of repeated sit to stand exercise using a chair with wheels
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Practicality

A home exercise programme is unlikely to be followed if it is
impractical for the person to carry out; therefore the physiotherapist
should discuss with the patient how their exercise programme will
fit into their daily life. This should address where they will do the
exercises, what equipment is available to them and when they can
identify time to do the exercises.

Environment

It should not be assumed that home exercises will be carried out in
the home - the person may attend a gym, or may prefer to do the
exercises in their lunch break at work; therefore the exercises must be
adapted to the setting used.

The exercises may need to be tailored to fit the space available;
for example walking could be adapted to marching on the spot to
achieve the same result. In addition to modifying the exercise, the
physiotherapist can also make recommendations about changing
the environment, for example walking outside. Changing the envi-
ronment can also be used to modify exercises; for example chang-
ing a walking route to incorporate a gradient can be used to increase
exercise intensity.

The physiotherapist needs to ensure that the home exercises will
be carried out in a safe manner, as they may not be in a position to
carry out a home visit. 11ighlighting common safety issues for low-risk
patients is sufficient. For example, if a bar is needed for stability dur-
ing an exercise the physiotherapist should check what will be used at
home: a kitchen sideboard or stair rail would be suitable alternatives; a
high-backed chair which may be unstable would not be suitable. Trip
hazards are another common issue when exercising in the home.

Equipment
Many exercise goals can be achieved without specific exercise equip-
ment; however it is always useful to ask the patient if they have access
to any equipment that can be incorporated into the programme.
Cardiovascular exercise is relatively easy to perform without spe-
cialized equipment. If a treadmill or an exercise bicycle is available
then the patient should be advised how to use it safely and effec-
tively. Some people attend a local gym and it is useful to discuss with
them which pieces of gym equipment would be most appropriate for
them to use. In the absence of equipment, activities such as walking,
stair climbing, step ups and repeated sit to stand are some examples
of exercises that can be used to increase cardiovascular fitness without
specialist equipment.

Prescription of Home Exercise Programmes

Providing resistance for muscle strength, power and endurance
training can be more challenging as once the appropriate weight has
been prescribed it needs to be reproduced at home. Some people will
have access to weights through local gyms, or may prefer to invest in
their own set of weights. However it is usually possible to produce
home-made weights which are just as effective. Resistance can be
added to the upper limbs by lifting everyday items such as cans of
food of the appropriate weight. Ilome-made weights can be made
by filling small water bottles with rice, sand or water to produce the
required weight. Adding resistance to the lower limb is a little more
challenging due to the difficulty of fixing the weight to the ankle.
A pair of tights can be weighted with rice and then secured (not too
tightly) around the ankle to produce an ankle weight (Iigure 8.4).

Clastic resistance bands can easily be provided for home use once
the correct level of resistance has been determined. If these are used it
is vital that the correct use of the band is clearly demonstrated as sim-
ple alterations, such as doubling up the band or attaching the band
at a different angle, will significantly change the exercise by altering

the resistance applied or the range through which it is applied. The £
bands should be checked for wear and tear prior to every use and %
it should not be forgotten that resistance bands become stretched o
through repeated use and do not last forever. 1f it is necessary to attach E
the elastic resistance band to something to carry out the exercise, this <
should be done in a secure and stable manner. More details on using ©
elastic resistance bands safely can be found in Chapter 4.
Selection of home-made weights
e
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Prescription
The recommended prescription for home exercise programines is,
of course, no different from any supervised programme. It is very
important to give the person specific guidance as to the amount of
exercise required in order to achieve training effects whilst avoiding
over-training.

Frequency

[Tow often people are asked to carry out their home exercise pro-
gramme should be related to the total amount of exercise that the
person will carry out in a week. For example if a patient is attending
physiotherapy twice a week to carry out strengthening exercises in the
department, then, according to guidelines, they should carry out their
exercises only once a week at home. This is in contrast to a patient
who has been discharged from a cardiac rehabilitation programme
who should be advised to continue their cardiovascular exercise 3-5
times a week at home.

Intensity
Anecdotal evidence suggests that intensity is the hardest parameter
to target correctly at home. It is vital to get intensity right, as exercise
performed at too low intensity will be less effective, and if the inten-
sity is too high there is a danger of injury or untoward cardiovascu-
lar event.

Intensity of local muscle exercise is set by the weight prescribed,
and the number of repetitions; therefore if the physiotherapist has
been specific, and the weight has been accurately reproduced at
home, the exercise should fall within the target intensity.

Intensity of cardiovascular exercise is more difficult to control,
as it is more easily affected by motivation and needs to be sustained
over longer periods of time.

Studies that have found home exercise programmes to be less
effective than supervised hospital-based programmes have sug-
gested that differences seen were because the unsupervised home
programmes were carried out at a lower intensity. Education regard-
ing the importance of training intensity, a realistic target intensity,
reinforcement and reassurance when working with the patient
should all help them continue to work at the correct intensity. Some
patients monitor their intensity by checking heart rate, using either
their own heart rate monitor or by checking their pulse. Borg {1998}
can also be used to monitor exercise intensity; however general
guidance explaining to the patient how they should feel whilst

Prescription of Home Exercise Programmes

exercising, for example ‘warm and sweaty’ or ‘short of breath but
still able to hold a conversation’, is often used in the home setting
for determining exercise intensity.

Duration

If the exercise programme requires a large variety of exercises to be
performed they may be split up to make smaller, more manageable,
daily exercise sessions to fit in with the person’s lifestyle. For exam-
ple it may be desirable to alternate cardiovascular exercises one day
with strengthening exercises the next. It may also be more manage-
able for a person to chunk their exercise into three sets of 10 min-
utes of cardiovascular exercise than to identify a 30-minute period
in the day when they can do the whole programme.

Progression/regression

Unless the person is attending for regular review by the physio-
therapist progression of home exercise programmes can be difficult
to manage without specific instruction at the time of providing the
programme.

Muscle strength, power and endurance

An example of the challenges when progressing resistance training is
the use of an elastic resistance band for a strengthening programme;
over time the training effects will allow the patient to perform the
exercise more easily and the tendency is to continue to pertorm
more and more repetitions of the exercise. Whilst this may have
some local muscle endurance benefits, it is not progressing strength
gains. If they remain under the supervision of a physiotherapist the
patient should be reviewed and progressed to the next resistance
band. If the patient is expected to progress their own exercise they
should be told that when they are able to do 10-15 repetitions eas-
ily they should move on to a heavier resistance, bringing them back
into the range of 6-10 repetitions.

Cardiovascular exercise

Cardiovascular exercise can also be challenging to progress. As train-
ing effects occur, the person will be able to sustain the activity for lon-
ger, and although this increase in duration will continue to produce
beneficial effects, the exercise programine can become impractical due
to the time commitment required. It is often useful to advise patients
that once they can carry out 30 minutes of exercise and still feel quite
comfortable then they should perform the exercise harder or faster,
rather than continue to increase the exercise time indefinitely.

e £ o o .
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If patients are correctly monitoring their heart rate or perceived
exertion they will automatically increase the work rate with which
they perform the exercise, because as the benefits of the training
effects start to show a higher work rate will be required to produce
the same heart rate or Borg rating. However people often get accus-
tomed to performing the exercise at a certain speed, or for a set time
period. It is important to teach patients how to progress their pro-
gramme by increasing the intensity or the duration to continue to
gain further benefits.

Safety

It is essential that the patient is able to carry out the exercise pro-

gramme safely when following their programme independently.
Some key safety considerations are as follows.

Accurate performance of the exercise

It is vital that the exercise is performed correctly to avoid undue
stress or risk of injury. The actual movements being carried out
and the intensity with which they are being performed should be
checked at each review appointment.

Correct prescription

Some patients may push themselves beyond the safe limits that have
been recommended for the exercise. It is a common belief that ‘the
more the better’ applies to exercise, and patients may be perform-
ing far more than the recommended amount of exercise, which may
be detrimental in terms of overtraining or cause specific irritation
o their condition. The amount of exercise that people are doing
should be regularly reviewed.

Effect of exercise/change in condition

As it is impossible to predict the effect that a particular exercise will
have on an individual it is also important to check for any adverse
responses to the exercises. It is important to ask how the person
feels during and after performing the exercise, and to check that they
are not experiencing pain or other undesirable symptoms during or
after the exercises.

When instructing the patient in the exercise programme in the
tirst instance they should be given the appropriate cautions and
warnings about when to stop performing the exercises. They should
clearly understand the limits of the exercise in relation to their stage
of rehabilitation, for example ‘do not move into pain’. Patients
should be aware of adverse changes in their signs and symptoms,

i
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such as increased pain and swelling, and be advised to cease exercis-
ing until they have been reviewed by their physiotherapist. Patients
should also be advised when and how to seek urgent help in case of
a serious untoward event.

Equipment

‘The physiotherapist is responsible for any equipment that they pro-
vide or advice given to the patient regarding exercising at home.
Cquipment should regularly be checked for safety, for example elas-
tic resistance bands should be checked for tears. How patients are
adapting and carrying out exercises at home should be checked reg-
ularly and noted. General advice can be given about the use of exist-
ing home equipment and equipment in the local gym, but without
a home visit it is impossible to check the safety of this equipment;
therefore it is advisable to tell patients to seek induction from the
exercise advisors in the gyms and to ensure their own equipment is
well maintained in line with the manufacturer’s guidelines.

EXAMPLES OF EXERCISES ADAPTED FOR HOME

A stable item, at a suitable height, should be used to help the patient
balance when performing exercises in standing, for example to
increase range of movement at the hip (Figure 8.5).

ITome-made weights can be used to provide resistance for endur-
ance training of the elbow flexors (Iigure 8.6).

Cardiovascular training at home may be carried out by stair climb-
ing in restricted space (Figure 8.7) or outdoors through walking pro-
grammes which can also provide a variety of gradients and more
interest (I'igure 8.8).

Exercise to
increase hip extension

119 [

CHAPTER EIGHT



120

CHAPTER EIGHT

The Physiotherapist’'s Pocket Guide to Exercise

~+ v " Cardiovascular
training using outdoor walking

Cardiovascular
training using stairs

Reference
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‘This chapter gives an overview of group exercise. Tt explains the
points to consider when deciding whether a group exercise pro-
gramme is suitable in relation to the patient, the physiotherapist
and the available space. The chapter also discusses how to plan and
set up an appropriate exercise programme for a group of patients.

THE VALUE OF GROUP EXERCISE
Group exercise is widely used by physiotherapists for a variety of rea-
sons. It may pe used for:
people with a specific condition, for example a cardiac rehabili-
tation class for patients following myocardial infarction or for
those with heart failure
patients at a similar stage of rehabilitation such as a group of
patients who are now able to weight bear fully following knee
injury
people who require a particular treatment approach, for example
a group of people learning to manage chronic back pain whilst
exercising.
There are many advantages to exercising in a group for both
patients and the people taking the group. The transition into a group
may mark an important step in the patient’s recovery and show
that progress is being made. For these patients and those who start
their rehabilitation in a group, there are both psychological and
social benefits to exercising in a group such as the opportunity to
mix with people who are in a similar situation to themselves, to
share experiences and to offer mutual support and encouragement.
These benefits may enhance the overall improvement that may be
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made by an individual patient during the rehabilitation process.
Patients may also be more likely to attend for a group exercise class
because of the social support offered by the other members of the
group and the feeling of ‘letting the others down' if they do not
attend.

lor the people taking the group, it is usually an enjoyable,
rewarding experience. There is also the obvious benefit of treating
several patients together; however patients should be treated in the
group situation only if they will benefit from this type of treatment.
Groups should not be used for purely economical reasons.

CONSIDERATIONS FOR GROUP EXERCISE

When planning to set up a group exercise class, considerations fall
into three broad areas: the patient, the physiotherapist and the envi-
ronment. Safety considerations encompass all of these.

The patient

Assessment

Some patients will join a class as their primary treatment interven-
tion and others will transfer into the class after a period of individ-
ual treatment or even continue to have some individual treatments
alongside their attendance at the class. Prior to joining an exercise
class, an individual patient assessment should take place. The assess-
ment should include consideration of whether the patient is suitable
(o join the class.

For a patient who has been receiving individual treatment,
the stage of rehabilitation and ability must be appropriate for the
exercise group that they will join. Relevant past medical history or
co-morbidities which could make the group exercise class unsuitable
for the patient may become apparent at the assessment. If a patient
with chronic obstructive pulmonary disease who was to join a pul-
monary rehabilitation class also had osteoarthritis in their right knee
and used a walking aid, it would usually be possible to safely adapt
the exercises in the class for the patient without disrupting the class
for other individuals. However certain other co-morbidities such as
cardiac disease may make it impossible or unsafe for the patient to
exercise in a group environment.

The person running the class would need to be aware of the
patient's other relevant co-morbidities which may be affected by par-
ticipating in the exercise class, for example diabetes or asthma, and
should make sure that the patient has appropriate medication for
the management of these conditions with them.

S U
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A full assessment also allows identification of appropriate out-
come measures and baseline measurement so that the patient’s
progress can be monitored and the correct intensity of exercise can
be prescribed. linally the assessment is an opportunity to explore
whether the group exercise class is the appropriate environment for
the patient to continue their rehabilitation.

Ability/suitability to join the group exercise class
Other factors that should be considered before placing a patient in a
group exercise class include:

Supervision. The patient moving into a group should be able
to work effectively in a situation with less supervision than that
which they would receive during an individual treatment.

Physical ability. The patient should be fit enough to effectively
participate in the exercise programme for the duration of the
class. The patient’s ability to balance should allow them to par-
ticipate safely in the class.

Ability to work with others. The patient should have the ability to
work with others and understand and carry out instructions.

Functional ability. The patient’s functional ability should allow
them to do any functional activities related to participating in
the class, for example taking shoes and socks off. It may also be
important for the patient to be able to get up and down from
the floor independently depending on the type of class they are
joining.

Timing of exercise class. As group exercise classes take place
at a regular tiine in the same place, it is important to consider
whether the patient is able to attend the class regularly in terms
of their other commitments.

Preparation to join the group exercise class

If the patient is moving from an individual treatment situation to a
group exercise class, they should have this explained to them as early
as possible in the rehabilitation process so that there is the oppor-
tunity to discuss any worries or queries. The transition to the group
exercise class will be smoother if the patient is familiar with any
equipment used in the class and if some of the exercises used in the
class have been introduced into their individual rehabilitation pro-
gramme. Any patient joining a group exercise class should ideally be
introduced to the physiotherapist who takes the class and also have
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an opportunity to see some or all of the class, so that they are aware of
how the class runs and what they will be required to do in the class.

The patient should be given a full explanation about the inten-
sity at which they will be working and how they can monitor that
intensity, the exercises that they will do and how to use any equip-
ment involved safely. The patient should also be given an explana-
tion about what to do if they experience any untoward symptoms in
the class, such as a sudden onset of pain in a joint or muscle, severe
breathlessness or dizziness.

Clothing

The patient must wear appropriate clothing and footwear for
the type of class that they are going to participate in. A minimum
requirement would usually be sports shoes and tracksuit bottoms
with a T shirt. For a knee class, it would be preferable for the patient
to wear shorts. Any items that the patient is wearing that could stop
the patient exercising safely should be removed. Long hair should be
tied back. People who are not used to exercising will need specific
advice about this so that they wear appropriate dress.

The physiotherapist

The physiotherapist leading the exercise class is responsible for the
patients in the class and anyone else who may be helping with the deliv-
ery of the class. They are responsible for making sure that the class starts
on time, that any equipment to be used has been set up and that they
have an appropriate set of exercises for the patients in the class. It is use-
ful for the physiotherapist to know the names of the patients who are
in the class so that if anyone starts to exercise in an unsafe manner the
problem can be quickly addressed.

Other staff involved in the class

‘The physiotherapist may be taking the class alone or with the help of
one or more physiotherapy or rehabilitation assistants or colleagues
from other professions. There needs to be enough staff present to
supervise the patients properly. For classes for patients with certain
conditions there are guidelines in place for the recommended staff-
patient ratio. The physiotherapist leading the class should be aware of
these and adhere to them. The other staff involved in the class should
be introduced to the patients in the class and an explanation given to
the patients about their role. This means that the other staff involved
in the exercise class need to be clear about their role. They may be
involved in helping patients use certain pieces of equipment safely
or giving extra guidance to patients so that they are able to monitor
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cxercise intensity. Evaluating how a patient carries out the prescribed
cxercises, progressing the prescription and adapting exercises to make
them easier for the patient to carry out should be the responsibility
of the physiotherapist leading the class.

Presentation

‘The way in which the physiotherapist leading the class presents
themself to the patients in the class is important. Presentation should
be professional and also appropriate to the participants in the class.
‘The way a physiotherapist addresses a group of children will be dif-
lerent from the approach that they take with a class of older peaple.
It is important not to be ‘over casual’ or too formal. Patients will be
more likely to attend the class if the physiotherapist is enthusiastic in
presenting the exercises. The physiotherapist should be dressed in a
manner appropriate to the class in case they need to demonstrate an
exercise to the group.

Voice

'The physiotherapist must speak clearly when running an exercise class.
If patients cannot hear what the physiotherapist is saying, there is the
danger that they may carry out an exercise in an unsafe manner. The
physiotherapist needs to be sure that all participants can hear them
properly. Patients will hear best if the physiotherapist stands at their
front or side. Instructions should be given in a firm, assertive manner.

The physiotherapist should use simple language in short sen-
tences to instruct the class and avoid the use of jargon. For example,
rather than ask a class to ‘extend’ their knee, it is much clearer for
the patient if they are asked to ‘straighten their leg’.

Voice can be used to indicate to patients how they should move
by varying speed and tone. If the physiotherapist wants to empha-
size that an exercise is carried out slowly, they can slow the delivery
of their instructions a little. If they want the patients to lift a limb,
then the command ‘up’ at the end of the instruction can be given in
a higher tone.

Teaching the exercises

It is important that the physiotherapist considers their position in
the room where the exercise class takes place in relation to that of
the patients. The patients need to be able to see the physiotherapist
so that they can hear him or her clearly and see any demonstra-
tion of an activity. The physiotherapist needs to be able to see the
patients so that they can make sure that the patients are managing
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An example of a suitable room layout for a hand class. Note that
the physiotherapist can sit at their table to demonstrate exercises but also
has room to walk between the tables to observe and give individual feedback

to carry out the exercises effectively and safely. A suitable room lay-
out for a hand class is shown in Figure 9.1.

If there is an individual patient who is unable to carry out an
exercise, the physiotherapist may need to adapt the exercise so
that the patient can do it or provide feedback on the steps that the
patient needs to take to improve their performance of the exercise.
If there are new patients in a class or patients who may require a
little more help and feedback with the exercise class, these should
be positioned within the class so that the physiotherapist can reach
them easily. The front or sides of the class are good positions for
these patients so that any assistance can be easily given.

The physiotherapist should continually evaluate how effectively
all the patients in the class are carrying out the exercises and provide
praise, feedback and encouragement both when the exercises are
going well and when the patients need more explanation or help.
leedback on performance should be given in a suitable manner.
Where more explanation and help are required with an individual
exercise, the physiotherapist should direct this at the whole group
first of all. It is important to remember to correct one problem at a
time. Patients will feel uncomfortable if they are singled out for per-
forming an exercise incorrectly.

Each exercise within the class should be taught with a clear start
and end. It is important that the patient begins the exercise from
the appropriate starting position. The exercise can be explained or
demonstrated or taught by using a combination of both explanation

Group Exercise

and demonstration. Whichever method is chosen, the physiothera-
pist should demonstrate the exercise and then return to a position
in the class where they can observe how the patients are continu-
ing to carry out the exercise to give feedback on performance. This
should continue whilst the exercise is in progress and then a clear
instruction should be given to terminate the activity. This may be
after a particular time interval or at the point where performance of
the activity would reduce if the patients were to continue.

At the end of the class it is important for the physiotherapist to
praise the patients’ efforts and remind them of any exercises that
they should continue with at home until the next class.

Environment

A physiotherapist may take group exercise classes in different places
such as the gymnasium or treatment room in a physiotherapy out-
patient department, at a community or leisure centre or in a residen-
tial home for older people. Wherever the class takes place, careful
consideration should be given to the environment.

Space

Space is very often at a premium in many places where an exercise
class could be carried out. The space is often shared and only available
for the period of time that the exercise class is being carried out. It is
important that the space is big enough to accommodate the people
in the group comfortably. The patients in the group should be able to
carry out the exercises in the class without bumping into each other or
into the equipment that may be used.

The room should have adequate ventilation and heating so that
the room temperature can be controlled and kept within a suitable
range for exercising. There should be adequate lighting and the floor
should be smooth and covered in a non-slip surface.

The room should be free from any unnecessary furniture or objects
which may obstruct the patients as they are exercising. The walls
should be as free as possible from pictures or other decorations so
that wall space is available to use for exercises in the class if required.

In some group exercise situations, it is important that partners
or carers of the patients in the class can observe what the patient is
doing, for example the partner of a patient who is coming to a cardiac
rehabilitation class following a myocardial infarction. By involving the
patient’s partner in the rehabilitation class they can see how much the
patient can do, and there is a higher probability that the partner will
support the patient to achieve this level of activity at home. Adequate
space needs to be allowed within the class for observers to be present.
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Waiting and changing areas

If group exercise classes are running one after the other in a par-
ticular venue, it is important that there is an appropriate area in
which patients may wait prior to their class. They may also wish to
use this space after the class to talk to other patients in the class to
offer advice and support. Adequate seating should be available here
and the area may be suitable for providing some refreshments for
patients. As a minimum, drinking water should be available for
patients participating in the exercise class.

‘There should be a changing area and toilets available for patients
to use. The changing area is particularly important if the physiother-
apist is expecting patients to wear appropriate clothing. People who
are participating in a class and then going on to work afterwards will
need somewhere suitable to change.

Equipment

Any equipment to be used in the exercise class should have regular
maintenance checks, and appropriate risk assessments in relation to
its use should be in place. The equipment should be cleaned thor-
oughly and regularly. PPatients should be taught how to use equip-
ment that will be used in the class in a safe manner. There should
be adequate space around equipment so that it can be accessed and
used safely.

Small equipment should be stored in a suitable area or container
close to the exercise space. It should be put away when not in use so
that it does not become a trip hazard.

Any equipment to be used in the class should be collected
together or put into position beforehand so that it is available when
needed.

lor certain types of classes and depending on where a class
is taking place there will normally be some emergency resuscita-
tion equipment available in case of an untoward medical emer-
gency. This type of equipment should be clearly marked and stored
securely in or adjacent to the exercise area. The physiotherapist and
other staff involved in the class should be trained in its use where it
is available.

Timing

The timing of an exercise class should be considered in relation
to the type of class it is and the type of patients who may need 1o
access the class. For example, patients participating in a late-stage
knee rehabilitation class may already be back at work and may pre-
fer to come to the exercise class first thing in the morning or late in
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the afternoon so that the timing of the class causes minimal disrup-
tion to their working day. For patients with moderate to severe lung
disease who are participating in a pulmonary rehabilitation pro-
gramine, their exercise class may be better timed in the middle of the
morning or afternoon. It may not always be possible to choose the
time of the exercise class due to space limitations. Ilowever atten-
dance at the class will be better when the timing of the class suits
the needs of the majority of participants.

Punctuality

‘The consideration of punctuality spans the patient, the physiothera-

pist and the environment. It is important for exercise classes to run
in a timely manner for several reasons. The space where the exercise
class is taking place may be used for many other purposes on the
same day as the exercise class. An exercise class cannot begin until
the person leading the class arrives. If the physiotherapist arrives late
the patients in the class may not have time to carry out the whole
exercise programme. If patients arrive late for a class, they will not
benefit from the whole exercise programme and may need to do
soIme separate warm-up exercises prior to joining in with the exer-
cise class at the point it has reached. This can be disruptive for other
patients in the group.

Patients should be advised not to start exercising or using any
cquipment until the person leading the class arrives.

DESIGN OF THE EXERCISE PROGRAMME

‘The design of an exercise programme for an exercise class should be
given careful thought. The physiotherapist needs to put together a
suitable exercise programme for the patients in the class in terms of
the reason they are attending the class and the group’s other charac-
teristics such as age and level of mobility. The exercise should main-
tain the interest of the group, use the allotted class time effectively
and be based on the best evidence for the particular type of exercise
programme being used. Areas for consideration when designing a
group exercise programme are discussed below.

Fixed or rolling programme

The physiotherapist designing the exercise programme should
decide whether the exercise class will be for a fixed time where all
the patients start and finish the programme together or whether the
patient will join an ongoing, rolling exercise programme. Most group
exercise classes will fall into the latter category. Choosing which
type of programme to design will depend largely on the number of
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patients who are being referred to the exercise group. A rolling exer-
cise programme also offers the advantage of patients being able to
join the programme at any time and attend for as long as they need
to achieve treatment goals. This may not always be possible for
financial reasons, in which case fixed programmes offer an advan-
tage. If there are only small numbers of a particular type of patient
who would benefit from group treatment, it may be better to use a
fixed programme and start the class when enough patients have been
recruited.

Exercise circuit or exercise class

Another major consideration for the physiotherapist running the
class is whether to carry out the exercise programme as a circuit
training programme where patients will be doing different activ-
ities at the same time for a fixed period of time or as an exercise
class where patients will all be doing the same exercise at the same
time. There are advantages and disadvantages to both types of pro-
gramme. A circuit training programme is well suited to a rolling pro-
gramme. It is possible to have similar exercises of differing intensity
at each exercise station which will suit individual patients in terms
of working at the correct intensity for their stage of rehabilitation.
An example of this would be one station for training the shoul-
der flexors with three exercises of differing intensity, as shown in
Figure 9.2. The first exercise could be auto-assisted shoulder flex-
ion with a walking stick (ligure 9.2a), the second exercise would be
throwing a ball overarm against a wall (Ligure 9.2b) and the third

“ I (a) Auto-assisted shoulder flexion with a walking stick. (b) Throwing
a ball overarm against a wall.

Rt
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Continued (c) Shoulder
flexion against resistance using a
medicine ball

exercise would be shoulder flexion against resistance using a medi-
cine ball (ligure 9.2¢).

Patients can progress through the differing work intensities as
appropriate for their needs and combine different intensities of exer-
cise at different stations so that the exercise programme is suitable
for their stage of rehabilitation. Patients would need to record the
number of exercises that they completed at each point in the circuit
so that progress can be monitored.

Circuit training is a type of interval training and so the physio-
therapist needs to consider how long each training interval should
be at each station and how long each rest interval should be between
stations.

The other advantage of circuit training is that it can normally be
carried out with less equipment than would be needed if patients
were all doing the same exercise at once.

An exercise class may be more suitable for people with certain
types of conditions and those at an earlier stage in the rehabilitation
process. For example an exercise class for people who have just come
out of plaster following a wrist or Colles fracture is a good way of pro-
viding effective treatment for several patients together. Some examples
of the kind of exercises that might be suitable for this group are shown
in Figures 9:3-9.5. An exercise class may be more appropriate for
patients who would have difficulty moving from one exercise station
to another; for example for those people who have a problem with bal-
ance. If patients are to do the same exercise at the same time in a class,
there needs to be enough equipment for this to happen. The physio-
therapist also needs each patient in the group to recognize the intensity
at which they should be working as some patients will need to work
harder than others at the same exercise to achieve training effects.
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Wrist

circumduction to increase
range of movement

Resistance
training for wrist
extensors

Twisting
a towel, which is
held firmly using the
unaffected hand, using
the affected arm

Group Exercise

Competition

Whenever a group of people start to exercise together, particularly
those with similar conditions or at a similar stage of rehabilitation,
they will start to compare how well they think they are doing with
others in the group. Depending on the personalities of those in the
group, some patients will inevitably start to try to see if they can do
more repetitions of an exercise or lift more weight than the person
next to them. The physiotherapist leading the group needs to moni-
tor this carefully and either encourage competition where it would
help achieve the aims of rehabilitation or discourage where it would
be unhelpful or even prove dangerous. Competition can be used to
motivate patients who may not be working as hard as necessary in a
group situation. It is also useful in the later stages of rehabilitation,
particularly when patients may be returning to competitive sport.
Competition must always be carefully monitored and controlled so
that patients do not overtrain or injure themselves in the excitement
of the activity. In certain situations competition needs to be avoided
and patients need to be reminded to think about the individual
intensity at which they should be working.

Competition should usually be avoided in the earlier stages of
rehabilitation where there is a greater risk of damage to healing tis-
sues. Another area where competition should be avoided is during
a cardiac rehabilitation class, because exercise intensity should be
carefully controlled.

Music

Music is very often played during exercise classes for healthy individu-
als, and physiotherapists may also choose to play music during their
exercise classes. Careful consideration should be given to the pos-
sible effects of playing music during an exercise class. There are many
studies which have looked into the effect of exercising with music. In
general, the evidence would suggest that exercising whilst music with
a fast beat is playing increases the intensity at which people work,
although the person feels that they are not actually working as hard
as if they performed the same exercise without the music playing. This
may seem a beneficial effect for patients in an exercise class; however
it may be an unhelpful or even dangerous effect in some situations.
Examples of this type of situation would be classes for patients in the
early stages of rehabilitation where there is a risk of damaging healing
tissue by working harder than the prescribed intensity. Music may also
be distracting for patients in an exercise class. Not all the people in
the class will enjoy the same type of music and so it can also have the
adverse effect of removing a patient’s concentration from the activity
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they are performing and reduce their performance. The physiothera-
pist has to work much harder to make themself heard if they choose
to play music during an exercise class.

Aims of exercise class

The aims of any exercise class depend on the patients in the group.
lor each exercise class that a physiotherapist leads, they should
spend time planning the class. This involves thinking about the
common goals of the patients who will be participating, relating
these to the aims of the exercise class and then devising a suitable
exercise programme to achieve the aims. Some common examples of
treatment aims would be to increase range of movement, to increase
cardiorespiratory fitness and to increase muscle strength. Table 9.1
shows some specific aims for a class for patients who have just had
their plaster removed following wrist or Colles fracture and the exer-
cises chosen to achieve these aims.

‘The number of repetitions of each exercise will depend on how
many the patient can do whilst maintaining good form. The exer-
cises chosen must be suited to the patients in the class. For a person
who has sustained a Colles fracture the exercises chosen for treat-
ment will focus on general function such as those required for self-
care. Individuals may also have specific goals, suich as a person who
is also interested in sewing; emphasis must then also be placed on
regaining fine hand movements.

Phases of the exercise programme
The physiotherapist needs to consider how the exercise programme
will progress during the planning stage. This means thinking about

To show some specific aims for a class for patients
who have just had their plaster removed following wrist or
Colles fracture and the prescribed exercises

Aim of exercise class Exercise

Sitt forearm in supination resting on arm table
with hand over far edge of table. Extend
wrist X 10

1. To improve range of
movement of wrist
extension

2. To improve hand Sitt Elbow resting on arm table flex and extend

mobility fingers X 10
3. To improve hand a. Sitt Wringing towel with both hands X 10 into
function wrist flexion, X 10 into wrist extension
b. Sitt Taking the lid off and putting it back on

ajar X 10

Group Exercise

how the aims of the exercise programme can be achieved safely in
the allotted time.

An exercise class normally starts with a warm-up phase to increase
cardiac output so that blood flow to the heart and exercising muscles
increases and to start to mobilize joints gently. A warm-up period
will vary depending on the type of class that is being carried out.

The exercise class will then move into the next phase of the pro-
gramme, which will contain the exercises which meet the main aims
of the class. These will be specific training or conditioning exercises.
It is important to consider the order of the exercises in this phase so
that an individual muscle group or part of the body is not targeted
for several exercises in a row. This will lead to fatigue and poor per-
formance. Exercises should be given to the group in an order which
targets different muscle groups or parts of the body in different ways
during subsequent exercises. This will contribute to the exercises feel-
ing varied but the physiotherapist also needs to plan the exercises
that they will use in a class so that they are varied and interesting.
This will encourage good performance and adherence.

The class should end with a period of gentler or cool-down exer-
cise designed to prevent blood pooling and allow the cardiovascular
system to gradually return to normal.

Further reading

Beauchamp MR, Carton AV, McCutcheon S, et al (2007) Older adults preferences
for exercising alone versus in groups: Considering contextual congruence.
Annals of Behavioural Medicine 33(2): 200-206.

Grindrod D, Paton C, Knez W1, et al (2004) Six minute walking distance is greater
when performed in a group than alone. British Journal of Sports Medicine 40:
876-877.

Hollis M (1976) Practical Txercise Therapy. Oxford, UK: Blackwell Scientific
Publications.

Nykanen M, Koivisto K (2004} Individual or group rehabilitation lor people
with low back pain: A comparative study with 6 month follow up. Journal of
Rehabilitation Medicine 36: 262-266.

Polteiger JA, Schroeder JM, Goff KL (2000) Influence of music on ratings of per-
ceived exertion during 20 miinutes of moderate intensity exercise. Perceptual
and Motor Skills 91(3): 848-854.

Uziel L (2006) Individual differences in the social facilitation effect: A review and
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Previous chapters of this book have discussed exercise guidelines and
prescription for adults. This chapter considers how exercise should
be tailored for the specific life stages of childhood, pregnancy and
older age. Physiotherapists need to have an understanding of exer-
cise in relation to life stage for three main reasons:
to understand the normal activity levels of children, pregnant
women and older people
to understand how to safely treat children, pregnant women and
older people with an exercise programme
to understand how children, pregnant women and older people
may respond to treatment with an exercise programine.

137



138

CHAPTER TEN

The Physiotherapist's Pocket Guide to Exercise

EXERCISE AND CHILDREN

Healthy children are usually active by nature; some activities are aerobic
but many others are short-term bouts of intense activity interspersed
with short periods of rest. Children's physiology is different from that
of adults and children respond to exercise differently from adults.
As children develop at different rates, it is important to consider each
child as an individual. There are several factors which will determine
an individual child’s response to exercise. These factors include the
chronological age of the child, the size of the child in relation to this
and their stage of biological and sexual maturation,

PHYSIOLOGICAL DIFFERENCES AND RESPONSES TO
EXERCISE IN CHILDREN

This section considers some of the physiological differences and
responses to exercise in children compared with adults.

Differences in the ventilatory system

Many markers of ventilatory capacity such as forced expiratory volume
in one second (FEV,) and vital capacity are related to the size of the
child. There is little difference in these values between the sexes before
puberty although some studies have shown a small increase in these
values in favour of boys when comparing boys with girls. Small chil-
dren have to work harder to breathe for each litre of oxygen consumed
compared with adults so this means that they may not be able to sus-
tain long periods of activity. As the child grows, breathing rate at rest
falls and maximal breathing rate progressively declines. Resting tidal
volume increases with age but also declines slowly relative to body
size. Maximal exercise ventilation increases in proportion to height as
the child gets older and their ability to sustain activity increases.

Differences in the cardiovascular system

Ventricular size and stroke volume increase in relation to the size of the
child. Young children have a small heart and so have a higher heart rate
and a comparatively small stroke volume. At maximal and sub-maxi-
mal exercise levels cardiac output is lower in children than in adults.
‘To compensate for this the arteriovenous oxygen difference in children
is larger so that the required amount of oxygen can reach exercising
muscles during aerobic work. As the sinus node matures, resting heart
rate falls in children. Myocardial contractility remains fairly constant
between adults and children. Maximal changes in cardiac output paral-
lel those of maximal oxygen uptake as the child grows. This again leads
to an increased ability to sustain activity as the child grows.

Exercise Through the Life Span

Differences in oxygen uptake

Resting metabolic rate in children decreases relative to body size as
children grow. Also as children grow, maximal oxygen uptake increases
in relation to body size with little difference between the sexes in
young children. As children go through puberty differences between
boys and girls in maximal oxygen uptake of as much as 50% less in
girls become apparent, particularly with boys in training. ‘These dif-
ferences between the sexes are related to body composition and size.
Girls tend to be smaller and have more body fat than boys, and these
differences persist into adulthood.

Differences in skeletal muscle

Muscle strength improves throughout childhood due to an increase in
muscle size as the child grows and due to neural adaptation. At puberty,
hormones play a large role in muscle development and result in much
greater increases in lean body mass in boys than in girls.

Differences in other factors

Blood haemoglobin concentration and so the oxygen-carrying capacity
of blood rises with age in boys more than in girls. Walking and run-
ning economy improve during childhood and so percentage of maxi-
mal oxygen uptake used at a given exercise intensity declines as the
child gets older. Endurance performance improves as the child grows.
Anaerobic performance also improves as the child grows - anaerobic
power in children is smaller relative to size than that in adults.

THE EFFECTS OF EXERCISE TRAINING IN CHILDREN

Cardiovascular training

If an endurance programme is applied to young healthy children,
any gains in maximal oxygen uptake will be less than those seen
where an endurance training programme is applied to young adoles-
cents or adults. The reasons for this are not clear and may be linked
to the fact that children are usually active by nature so training pro-
grammes are not as effective or because of the hormonal changes
which happen at puberty. Where children are hypoactive, for exam-
ple those with chronic diseases, cardiovascular training may produce
improvements in the child’s ability to carry out functional activities.

Resistance training

More tecent evidence suggests that it is possible to increase the
strength of muscles in pre-pubertal children with resistance training
programmes. Muscle hypertrophy is not seen in these children to the
same degree as that in an older child or adult following a resistance
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training programime, suggesting that neural adaptations are largely
responsible for strength gains. Larger strength gains, which may have
a positive effect on function, have been seen when resistance train-
ing programmes have been applied to hypoactive children.

BENEFITS OF EXERCISE IN CHILDREN
Children may benefit from exercise in many different ways depend-
ing upon their reason for doing the exercise.

Healthy children

As has already been stated, healthy children are usually active by
nature, although in the last 10-15 years there has been increasing
concern that children are becoming less active than they were previ-
ously. Children are often driven to school now when previously they
may have walked or cycled. Many of the activities which children now
enjoy such as playing computer games or watching the television may
have replaced more active pastimes. This has prompted consideration
of how being a less active child may track into adulthood in terms of
developing conditions such as obesity, osteoporosis, coronary artery
disease or hypertension. All of these diseases are linked to physical
inactivity as a risk factor. A definitive study looking into this area has
not been carried out but the available evidence supports the notion
that a child’s activity pattern tracks into adulthood. If a child is very
active, they are more likely to be active as an adult. The child’s par-
ents have also been shown to be important in acting as a role-model
in developing their child’s activity patterns. Children’s fitness has
been studied over the last 50 years and there appears to be no trend
in decreasing maximal oxygen uptake in children over this period.
Neither does there appear to be a strong relationship between activ-
ity levels and fitness in children. Ilowever it is important to encourage
children to be active so that they are more likely to maintain higher
levels of activity as an adult.

Children participating in sport

More younger people are now participating in elite sport or regular
training. Training of this type should be carefully monitored, par-
ticularly in terms of intensity to avoid injury.

Children with chronic conditions

For children who have a condition such as juvenile rheumatoid
arthritis, cerebral palsy or cystic fibrosis it is important that exercise is
encouraged in their daily life. Many of these children are hypoactive
compared with healthy children of a similar age. They may also have

Exercise Through the Life Span

to work at near maximal intensity to carry out simple functional tasks.
Some evidence is starting to emerge which is showing the benefits of
resistance training and fitness training on function in these children.
This may be related to their ability to propel a wheelchair or in econ-
omy of function in terms of carrying out activities of daily living.

SPECIAL CONSIDERATIONS WHEN EXERCISING
CHILDREN

To prescribe exercise safely for children the physiotherapist should
be aware of the expected outcome of training for both cardiovascu-
lar fitness and resistance training.

Activities should be chosen that are easy and interesting for the
child to carry out. Active play should be encouraged in younger chil-
dren and older children may be involved in selecting activities which
they would like to do and are possible for them to carry out. Special
consideration should be given to the specificity of the activity or
game being used in relation to the training programme.

RECOMMENDED EXERCISE PRESCRIPTION

Cardiovascular training

Current recommendations suggest that healthy children should do
at least 60 minutes of moderate activity with some vigorous activity,
which is intermittent in nature, on most days of the week.

Resistance training
Where resistance training programmes are applied to children, for
example in specific conditions such as cystic fibrosis or for sports
trammg, the following guidelines should apply:
maximal (1 RM) or high-intensity programmes should not be used
young children should not lift a heavier weight than 8 RM and
up to 15RM for each exercise, intensity being increased only
when the child can easily perform the required number of rep-
etitions in good form
training should be carried out under supervision with focus on
good technique
activities should be varied to maintain interest.

EXERCISE AND PREGNANCY

For healthy women, pregnancy is a normal part of life. Exercise
and physical activity may also play an important role in the lives of
healthy women. However pregnant women who are normally physi-
cally active may wonder whether continuing with physical activity
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durir?g their pregnancy will adversely affect their baby or themselves.
Physiotherapists working in all kinds of fields may come across preg-
nant women and so require some knowledge about exercise durinbg
pregnancy to answer questions and prescribe exercise safely.

PHYSIOLOGICAL DIFFERENCES AND RESPONSES TO
EXERCISE DURING PREGNANCY

in early pregnancy response to moderate activity is similar to that
of nprmal healthy women. As pregnancy progresses blood volume,
uterine size and metabolic rate start to increase. Fatigue is often a
lea.ture of early pregnancy and if the pregnant woman finds that
fatigue is coming on more quickly than usual during exercise, she
shquld moderate her level of activity accordingly. Early pregnancy is
an ll'n'portant time for (oetal development and so rest, hydration and
nutrition are particularly important at this time.

. During the later stages of pregnancy blood volume and weight
increase significantly. As the weight gain is centred around the
al?domen, posture and centre of gravity will alter, affecting balance.
(?lrculating hormones will relax ligaments around joints in prepara-
tion fo‘r the birth, so some consideration should be given to joint
protection, 1t can take 4-6 weeks after giving birth for the physiol-
ogy of the mother to return to normal.

. Foetal response to maternal exercise has been studied and an
increase in foetal heart rate has been shown in response to short
bouts of maternal activity.

BEN.EFITS OF EXERCISE DURING PREGNANCY

Slud.les have shown that regular aerobic exercise during pregnancy
can improve or maintain maternal fitness, prevent excess weight gain
fmd speed recovery from giving birth. There is currently insufficient
information available to be certain about other risks or benefits to
the mother or foetus.

As the benefits of exercise in the management of hypertension
have .become recognized, consideration has been given to whether
exercise during pregnancy could be useful in the prevention of
pre-ecla.mpsia. At present there is no clear evidence to support this
suggestion.

SPECIAL CONSIDERATIONS WHEN EXERCISIN
DURING PREGNANCY ¢

The main consideration for exercising during pregnancy is that no

harm should come to the mother or foetus as a result of doing this.

Exercise Through the Life Span

Absolute contraindications 1o exercise during pregnancy include pre-
cclampsia or pregnancy-induced hypertension, premature labou,
ruptured membranes, persistent bleeding during the second or third
(rimesters, incompetent cervix, placenta praevia after 26 weeks’ ges-
tation, heart disease and restrictive lung disease. Relative contra-
indications include severe anaemia, poorly controlled diabetes,
hyperthyroidism, seizure disorder and hypertension, extreme over- or
underweight, lung disease or heavy smoker and orthopaedic problems.
It is advisable for a pregnant women who is not used to exercising to
seek medical advice before commencing an exercise programme.

At all times the mother should monitor exercise intensity; the
Rating of Perceived Exertion (RPE) is particularly useful for this during
pregnancy. If any untoward symptoms such as vaginal bleeding, con-
(ractions, reduced foetal movement, unexplained breathlessness, undue
fatigue, headache, dizziness, calf pain or muscle weakness occur, exer-
cise should be discontinued and medical advice sought. Most women
reduce their activity level naturally in the third trimester of pregnancy.

Women should avoid sports where there is a risk of contact, trip-
ping, falling or excessive joint stress during pregnancy and also those
that are very vigorous during the third trimester. Walking and swim-
ming are both activities that could be recommended.

To allow adequate heat dissipation and avoid tisk to the foetus,
pregnant women should wear loose clothing and drink plenty of
water to avoid dehydration during exercise. ‘They should avoid exer-
cising in hot humid weather.

Exercises that include periods of standing still should be avoided
to prevent blood pooling and those which require supine lying
should be avoided after the first trimester to prevent any obstruction

of venous return.

RECOMMENDED EXERCISE PRESCRIPTION
Recommendations for exercise during pregnancy are similar to those
for otherwise healthy individuals if the mother is accustomed to exer-
cise, i.e. 30-40 minutes of moderate activity on most days of the week.
If the mother is beginning to exercise during the pregnancy, provided
there are no contraindications, a light exercise intensity is recom-
mended to begin with.

There is very limited information available about strength train-
ing in relation to pregnancy. In non-pregnant adults blood pressure
increases when a heavy weight is lifted. If technique is poor, there is
the possibility of performing a Valsalva manoeuvre as the weight is
lifted. Large increases in blood pressure and straining manoeuvres
should be avoided in pregnant women.
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EXERCISE AND OLDER PEOPLE

[t is a cultural expectation in today’s society that older adults will
reduce their physical activity levels and enjoy a rest after retirement.
Although some older people do maintain or even increase their
activity levels, many people reduce their activity levels in older age.
‘This leads to a detraining effect, just as in a younger person; however
the resulting decrease in exercise ability is often accepted as part of
the ageing process. Loss of muscle mass is seen in older people and
is thought to be a key risk factor in the development of dependence
and disability in the older population.

Co-morbidities, such as osteoarthritis, and balance problems
can make it difficult for older people to maintain a healthy level of
activity.

This section considers the impact of the physiological changes
that occur with ageing on exercise ability and discusses the benefits
of resistance and cardiovascular training in older people alongside
the special considerations for exercise prescription in this group.

PHYSIOLOGICAL DIFFERENCES AND RESPONSES TO
EXERCISE IN OLDER PEOPLE

Muscle strength

Loss of muscle mass, known as sarcopenia, is associated with age-
ing and is thought to occur at a rate of 1-2% a year after the age of
50 years. 'This muscle atrophy may be attributable to a loss of mus-
cle fibres, in particular the type Il fibres. Imaging of muscles shows
4 decrease in cross-sectional area, decreased muscle density and an
increase in intramuscular fat. This loss of muscle mass is reflected by
a decrease in muscle strength of 30% between the ages of 50 and 70
years, and more rapidly than that in older adults. The loss of muscle
mass is related to a decline in muscle strength, and is seen alongside
decreases in activity levels and health scores.

Muscle power
Contractile velocity also decreases with age. Muscle power is the
product of muscle strength and the velocity of contraction and,
as both of these factors decline with ageing, muscle power shows a
more marked decline than strength at a rate of 3-4% per year. When
investigating local muscle endurance in older people, fatigue has
been demonstrated in the form of reduced contractile velacity during
repeated contractions.

This loss of muscle power can lead to functional limitations, as
lower-limb muscle power is required for normal gait and activities such

P
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as stair climbing and standing from sitting. Loss of muscle power is
also a risk factor for falls due to the inability to produce a force quickly
enough to counteract a loss of balance. This suggests the need for the
inclusion of power training modalities in an exercise programme for
older people.

Muscle endurance
There is generally thought to be no reduction in local muscle endur-
ance in older people.

Cardiovascular exercise

Although there are physiological changes that occur with ageing
that affect the capacity of the cardiovascular system for exercise,
many older people decrease their activity levels for other reasons.
Maximum oxygen uptake decreases by 9-15% per year in sedentary
adults after the age of 25 years. This decrease in oxygen uptake is
due to a decline in maximum cardiac output and also a decrease in
the maximum exercise arteriovenous oxygen difference. The decrease
in cardiac output is largely due to an age-related decrease in maxi-
mum heart rate, which occurs at a rate of around 6-10bpm per
decade. Cardiac output is also decreased due to difficulty in main-
taining a high central blood volume; this is due to age-related elas-
tic changes causing distention and increased flow to the peripheral
blood vessels. The arteriovenous oxygen difference is in part due to
a change in the distribution of the blood flow in older people, in
which relatively less blood flows to the exercising muscle and more
blood is delivered to the skin and viscera. The increase in blood flow
to the skin is to aid in temperature regulation, as older people have
decreased sweating and a thicker layer of subcutaneous fat.

Older adulis have a lower oxygen uptake, lower cardiac out-
put, lower stroke volume, greater arteriovenous oxygen difference
and higher blood pressure than a younger person at the same rela-
tive workload. During sub-maximal exercise the arteriovenous gap
is maintained at a normal or even higher value as the older person
is able to adequately perfuse the exercising muscle. Higher systolic
and diastolic blood pressures than those seen in younger adults are
needed in order to perfuse the muscle; this is due to the increased
muscle contraction required to produce force in a muscle with fewer
fibres and also the circulatory system which has an increase in resis-
tance due to the connective tissue changes seen with ageing.

These differences highlight the limitation of the cardiovascular
system, rather than the oxygen uptake at the tissues, as the main
limiting factor.
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Flexibility

Age-reluied decrease in the extensibility of collagen, joint destruction
secondary to arthritis and decline in muscle strength all contribute to
a decrease in range of movement. In addition many people no lon-
ger perform activities that access the extremes of joint range, which
leads to loss of movement through disuse. It has been demonstrated
that loss of range of movement is associated with increasing age.

THE BENEFITS OF EXERCISE TRAINING IN OLDER ADULTS

Resistance training

Resistance training is recommended to maintain muscular fitness in
the face of age-related muscle loss and a decrease in activity levels.
Muscle-strengthening activities are often neglected by this popula-
tion, with one study identifying that only 12% of people over the
age of 65 years currently participate in such activity.

Resistance training programmes in older people have been
shown to produce increases in strength that are similar to, or pos-
sibly greater than, those in the younger population suggesting that
such an intervention is effective in this group.

Training programmes have also produced gains in muscle power.
Interestingly these gains in power were attributable to an early
increase in both peak velocity and strength, which is in contrast to
the younger population, in whom initial power gains are largely
due to increases in strength alone. Heavier loading during resistance
training produces greater increases in strength and endurance; how-
ever loading does not appear to have a dose effect when power train-
ing, which reinforces the importance of the velocity component in
the muscle power of older people.

An important benefit of resistance training, aside from local
muscle adaptation, is the maintenance and improvement of bone
mineral density.

Cardiovascular training

Cardiovascular training programmes in older populations have
been shown to produce similar increases in VO, as those seen in
younger adults. As with younger people the amount of increase in
VO, isrelated to the training intensity.

In older women this increase seems to be due to an increase
in the arteriovenous oxygen difference, rather than cardiovascular
adaptations. There have been some cardiovascular adaptations dem-
onstrated in older men in the form of an increased stroke volume
secondary to an increase in end-diastolic pressure.

Exercise Through the Life Span

Older adults also exhibit similar improvements to younger peo-
ple in glucose tolerance, reductions in body fat and reduced blood
pressure after cardiovascular training.

High-intensity training may reduce the age-related changes in
oxygen-uptake capacity, although general benefits in terms of func-
tion and reduction in cardiovascular risk factors are seen following
low- to moderate-intensity training.

Flexibility training

Ixercise programmes including a range of active exercises to access
the full available range of movement of several joints have demon-
strated positive benefits. There is a body of evidence demonstrating
improvements in flexibility following activities such as yoga and
Tai Chi, which also involve moving through full range in a con-
trolled and often sustained manner. There is, however, very little evi-
dence to support specific increases in range of movement following
exercise programmes, but, owing due to the relationship between
decreased range of movement and falls, flexibility is a recommended
component of an exercise programme for older people.

SPECIAL CONSIDERATIONS FOR EXERCISE

IN OLDER ADULTS

There are no contraindications to exercise specific to older people,
but all exercise programmes should be individually prescribed bear-
ing in mind the full medical history, functional level and goals of the
person. Physiological changes associated with ageing place additional
risk in even the healthy older person. In addition many older people
will have several co-morbidities that need to be taken into consider-
ation when designing an exercise programme. Overall it is thought
that the risks of inactivity are far greater than any risk associated with
exercise.

Balance and falls

Age-related changes in posture along with decreased muscle power,
strength and visual problems all place the older person at higher
risk of falling. As many older people have decreased bone density
they are at a higher risk of sustaining a fracture in the event of a fall;
therefore careful consideration needs to be given to balance when
implementing an exercise programme. linless the aim of the exer-
cise is to specifically challenge balance, the most stable starting posi-
tion should be selected and the physiotherapist should ensure that
the person is able to perform the required movement without loss

of balance.
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It may be necessary to design a seated exercise programme to
increase the cardiovascular fitness of a person with insufficient bal-
ance to perform the more common walking and stepping activities.

1t should also be remembered that due to the changes in blood
vessels and baroreceptors older adults may be affected by postural
hypotension; therefore particular care should be taken with position
changes during the exercise programme to prevent falls secondary to
fainting.

Mobility and flexibility

The physiotherapist should assess the patient’s mobility to ensure
that they can move sufficiently well to get into and out of the starting
position; for example the use of floor exercises is often inappropriate
in the very elderly as they may be unable to get up from the floor.

Vision

Many older people function well in their own environment despite
limited vision; however particular attention should be given to safety
of the environment when carrying out exercise programimes to ensure
that equipment is not left in a position that could lead to a trip or slip.
Limited vision should also be taken into consideration when produc-
ing written instructions by using large font.

Cognition and memory

As with any patient the physiotherapist should be clear and specific
when explaining the exercise programme; however this is particu-
larly important in patients who may have some cognitive impair-
ment or short-term memotry loss. The use of written information
and pictures is vital here, and exercise diaries may help people to
remember when to do their exercises.

Heat tolerance

Owing to poor thermoregulation older adults are less tolerant to
heat during exercise and careful attention should be paid to the tem-
perature of the environment.

Co-morbidities

All patients should have a full screening to identify any other medical
conditions and the effects of each condition considered in relation to
exercise. Contraindications to exercise are the same as in any adult and
include uncontrolled cardiac failure or angina, uncontrolled diabetes,
acute illness and pyrexia. Many older people will have some degree
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ol cardiovascular disease, chronic respiratory disease, osteoarthritis or
ostcoporosis. These conditions should not preclude exercise, and the
physiotherapist should prescribe exercise bearing in mind the specific
exercise guidelines for patients with such conditions.

RECOMMENDED EXERCISE PRESCRIPTION FOR
OLDER ADULTS

For muscular strength
Frequency: 2 or 3 non-consecutive days a week

Repetitions: 1-3 sets of 10-15 repetitions for 8-10 of the major
muscle groups, one and two joint muscles

Intensity: 60-80% of 1 RM

Duration: Lift at slow to moderate pace, with 1-2 min in between
sets.

For muscular power
Training as recommended to increase muscular strength and

Frequency: 2 or 3 non-consecutive days a week

Repetitions: 1-3 sets of 6-10 repetitions for 8-10 of the major
muscle groups, one and two joint muscles

Intensity: 40-60% of 1RM

Duration: Lift at fast pace.

For local muscle endurance
Guidelines are as for younger adults.

For cardiovascular fitness

A baseline level of muscular fitness and balance is required in order
to perform many of the activities used in cardiovascular training. Tt
is recommended that aerobic training is introduced after strength
and balance training when rehabilitating the frail older person.

Frequency: 2 or 3 non-consecutive days a week

Intensity: 40-60% of heart rate reserve or Borg rating 11-13.
Start at low intensity and build up gradually. In previously active
individuals higher-intensity exercise may be used. Increase inten-
sity by increasing load, e.g. slopes rather than by increasing the
speed in the first instance

Duration: Build up to 20 minutes, or 3 X 10 minutes per day.

149

CHAPTER TEN



150

CHAPTER TEN

The Physiotherapist’s Pocket Guide to Exercise

For flexibility

Owing 1o the lack of evidence to date there are no specific guidelines
for flexibility. It is recommended that activities such as walking, aero-
bic dance, Tai Chi and stretching should be included in the general
activity programmes for older people. Tt should be ensured that all
joints are put through their full available range at least three times a
week.
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I'his chapter will consider how exercise can be used through the
stages of rehabilitation following an acute injury or illness. The
chapter will define acute conditions, the importance of exercise in
the rehabilitation process, the stages of rehabilitation and how suit-
able exercises may be prescribed and progressed during the recovery
process.

ACUTE CONDITIONS

An acute condition is one which comes on suddenly and may be
severe in onset. Acute conditions usually last for a limited time
span as they have the capacity to improve and recover with the cor-
rect treatment. Much of the recovery from an acute condition may
be due to the natural healing process but correct treatment will has-
ten, and help to ensure, a full recovery. This is in contrast to chronic
conditions which last over long periods, may have no cure, are often
progressive and are characterized by exacerbations and remissions.
Exercise may be used to aid recovery in a wide range of acute condi-
tions and illnesses. Some examples of where exercise may be used
to help ensure a full recovery include fractures, muscle sprains and
tears, ligamentous injuries, following surgical intervention for joint
replacement, plastic surgery or skin grafting, coronary artery bypass
grafting, and following a severe illness which required treatment in
the intensive care unit. 153
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THE IMPACT OF ACUTE CONDITIONS ON EXERCISE
ABILITY

When a person is subject to an acute injury or illness, a non-specific
inflammatory response is triggered. The extent and severity of the
injury or illness will determine the magnitude of the inflammatory
response. Normally acute inflammation is localized to the tissue
around the site of injury, for example the foot and ankle may swell
in response to a lateral sprain of the ankle. In response to a severe
injury, such as a large surface area burn, or a severe illness, such as
septicaemia, a whole-body inflarnmatory response may be triggered.
The inflammatory process will act as a trigger for healing to occur
in most cases. However in some situations, for example where the
injury is too great or other factors such as infection are involved,
healing may not occur and the condition may become chronic. In
extreme cases of whole-body inflammation, multiple organ failure
and death may result.

In the acute inflammatory process, tissue injury or infection
occurs and cells are damaged. Various chemicals such as kinin and
histamine are released, blood vessels dilate, capillaries become leaky
and white blood cells move into the area. This results in increased
blood flow to the affected tissues. Tissue oedema develops and dam-
aged cells and pathogens are removed from the site. Clotting occurs,
the metabolic rate of the tissue cells increases and healing begins
usually resulting in tissue repair. The common signs of an inflam-
matory process are redness, heat, swelling and pain.

It is not the purpose of this text to examine inflammation and
wound healing in detail - there are many other texts on this subject,
examples of which can be found in the further reading section at the
end of the chapter. However it is important for the physiotherapist
to understand how these processes impact on exercise ability.

Acute conditions will impact on exercise ability in different ways
depending on the nature and severity of the acute injury or illness.
If a person suffers a lower limb muscle sprain, there will be swelling
and pain in the affected area and this may lead to associated muscle
inhibition and loss of joint range of movement. The person may be
unable to weight bear or may require a walking aid. If the person
has problems weight-bearing and their normal activity pattern is
interrupted, this may result in loss of cardiovascular fitness and local
muscle atrophy.

Following more severe injuries or illnesses, the patient may
require a period of bed rest or limb immobilization. The changes in
cardiorespiratory function and muscle function following imposed
periods of bed rest have been researched and are well documented.

Exercisc in Acute Conditions

Maximal oxygen uptake has been shown to decrcase by between
0% and 30% following 4 weeks of bed rest. 'The loss in cadiovas
cular fitness depends on the duration of the bed rest and how il
(he individual was before the period of bed rest. Those with a highe
maximal oxygen uptake prior to the period of bed rest tend to show
. bigger reduction in VO, than those who are sedentary.

When a person is confined to bed and muscles are inactive,
niajor changes in muscle function can be detected after a few hours.
Protein synthesis starts to decrease and this results in muscle atrophy
and loss of muscle strength. There is general agreement that muscle
atrophy occurs at a rapid rate initially and then slows, and also that
lower limb muscles atrophy at a faster rate than those of the upper
timb. When a limb is immobilized, for example following a fracture,
(his causes absorption of sarcomeres, particularly when the muscle
is held in a shortened position, and this results in loss of muscle
strength. Other types of acute injuries or illnesses will impact on
exercise ability in different ways. Some examples of the main ways
that acute injuries and their symptoms can affect exercise ability are
summarized in Table 11.1.

BENEFITS OF EXERCISE IN ACUTE CONDITIONS

[t is important to begin an exercise programme as soon as practically
possible, to minimize muscle atrophy and loss of cardiovascular fit-
ness. Unaffected joints and limbs should be exercised to maintain
range of movement and cardiovascular and muscular fitness. Pain and
swelling can inhibit muscle function and cause loss of range of move-
ment during the initial stages of the inflammatory process; therefore
it may be impossible to exercise the injured area through range at this
stage. As soon as swelling and bleeding start to subside and the heal-
ing process starts, an exercise programme can be prescribed for the
injured area. Ixercise at this stage may help to reduce swelling and
pain, as well as increase range of movement and muscle function.
The exercise programme should be progressed throughout the heal-
ing process to minimize adverse effects from the injury or illness and
to enable the person to return to normal function as soon as possible.

STAGES OF REHABILITATION

The exercises prescribed for the patient will be determined by the
stage of healing of the acute condition; in general the exercises will
become more strenuous as healing progresses. Stages of rehabilitation
are referred to as early, intermediate and late. Each stage of rehabili-
tation can be described by the stage of healing of the patient which
relates to their presenting symptoms. The stages of rehabilitation
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Examples of how acute injuries and their symptoms
can affect exercise ability
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The end point of rehabilitation will be different for each individ-
ual depending on their age, occupation, functional ability and nor-
mal activities. The final aim of treatment for a patient following an
acute injury or illness would be to return them to their normal levels
of function and fitness. Prior to discharge the physiotherapist should
be certain that the patient has the necessary skills to undertake their
normal activities confidently. The injury should have recovered with
no residual swelling or pain on activity and movements should be
through the full range. Cardiovascular fitness and muscle strength
should be similar to that before the injury. lor those returning to
sport or strenuous occupations, it may be necessary for the physio-
therapist to liaise with sports coaches or occupational health staff to
ensure a safe and successful return to sport or work.

SPECIAL CONSIDERATIONS FOR EXERCISE IN ACUTE

CONDITIONS

< Exercises should be appropriate for the stage of healing of the
acute condition. If untoward pain or swelling occurs during or
following exercise, the exercises should be regressed.

Exercises will normally start in static positions or move through
small ranges of movement following an acute injury. They will
become dynamic and the intensity will increase as the patient
progresses to the late stage of rehabilitation.

lixercises should be prescribed in suitable and stable starting
positions, taking into account the weight-bearing status of the
patient to avoid inadvertent weight-bearing through the affected
limb.

At the end of the rehabilitation process the patient should have
the necessary skills and fitness to carry out their activities confi-
dently and without pain.

# Besides losses in mmuscle strength, cardiovascular fitness and
range of movement, other changes associated with bed rest and
decreased activity can occur such as a decrease in bone den-
sity, a decrease in visual acuity and changes in blood pressure
responses. These factors should be considered when designing
an appropriate exercise programine for individual patients.

RECOMMENDED EXERCISE PRESCRIPTION

There are no specific exercise prescriptions for people with acute
conditions; therefore training should be adapted from the recom-
mendations for cardiovascular and muscular fitness training for
healthy people. However each patient should be thoroughly assessed
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(o ensure that the exercises prescribed are suitable for the stape ol
whabilitation and the stage of healing of the injury.

Further reading

yppell ] (1990) Muscular atrophy following immobilisation: a review. Sports
Medicine 10: 42-58.

Iuton A (2002) Muscle plasticity: response 1o training and dctraining.
Physiotherapy 88(7): 398-408.
Convertino A (1997) Cardiovascular consequences of bedrest: effect on maximal
oxygen uplake. Medicine and Science in Sports and Txercise 29(2): 191-196.
Marich E (2009) Issentials of 1luman Anatomy and Physiology: 9th edition. San
Irancisco, CA: Pearson Benjamin Cummings.

Shamley D {ed.) (2005) Pathophysiology: An Essential Text for the Allied liealth
Professions. Ldinburgh, UK: Lisevier.

senith G (1998) Orthopaedic Physiotherapy. London, UK: Mosby.
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I'his chapter considers common chronic conditions which will be
encountered by the physiotherapist. Physiotherapists should be
aware of the impact of these conditions on exercise ability, the ben-
efits of exercise and special considerations for prescribing exercise in
these conditions. Patients with one of these chronic conditions may
present for physiotherapy treatment to manage the condition itself,
or the chronic condition may be a co-morbidity which requires con-
sideration when prescribing exercise.

In view of the current healthcare priorities this chapter also con-
siders exercise prescription for patients who are referred for exercise
programmes to reduce the risk factors associated with the develop-
ment and progression of some chronic conditions.

EXERCISE FOR PEOPLE WITH OBESITY
Obesity is defined as an accumulation of excess fat to the extent
that it has a negative effect on health and is often quantified using
the measurement of body mass index (BMI). The World Health
Organization defines a BMI of >25 as overweight, and a BMI of >30
as obese.
This section will discuss the role of exercise in the prevention
and management of obesity, as well as considerations for exercise in
the obese population. 161
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Benefits of exercise for obesity prevention and management
Obesity is caused when more energy is consumed than expended.
‘There are many factors contributing to the cause of obesity; how-
ever obesity tends to occur after several years of inactivity as physi-
cal activity plays an important part in maintaining the amount of
energy expended. Physical activity levels often decline from child-
hood to adult life; however there is not usually an accompanying
decline in energy intake through the diet - this leads to a gradual
increase in body weight.

Obesity can lead to many other health problems, most notably
non-insulin-dependent (type 2) diabetes, cardiovascular disease and
some types of cancer; therefore any intervention that can manage
obesity is important for health.

In terms of exercise, the management of obesitly can be
approached from two perspectives: exercise for health and exercise
for weight loss.

Regular physical activity reduces many of the health risks associ-
ated with obesity regardless of weight loss. Active obese individuals
have lower morbidity and mortality than normal weight individu-
als who are sedentary; it appears that cardiorespiratory fitness is an
important predictor of morbidity in obese individuals. Therefore it is
important to educate people that regular exercise has health benefits
in the absence of weight loss.

The management of weight loss tends to focus primarily on diet,
and exercise is often recommended as a secondary activity. This may
be due to the fact that exercise alone produces a somewhat modest
weight loss of 0.5-1.0kg per month; however implementation of
an cxercise programme and dietary intervention together have been
demonstrated to produce greater weight loss than either interven-
tion alone. Ixercise in combination with diet affects the body com-
position by producing a greater loss of body fat and conservation of
muscle. The inclusion of exercise is important for long-term weight
loss, as diet in combination with exercise has been shown to pro-
duce long-term weight loss in comparison with diet alone.

When prescribing an exercise programme it should be remem-
bered that individuals have differing responses to exercise for weight
loss. This is thought to be due to genetic make up and gender —
whereby men lose more weight in response to exercise than women.

In the guidelines below ‘physical activity’ can be exchanged for
‘exercise,” as exercise to prevent obesity and/or to maintain long-term
weight loss needs to be incorporated into the person’s lifestyle and
carried out on an ongoing basis. Although some people do get into
the habit of attending a gym on a regular basis many people will not,

Exercise for Peaple with Chronic Conditions

and adapting their daily routine to include such activities as wallany
o work or taking the stairs may be more cffective than a formal exe
cise programme.

Special considerations for exercise in people with obesity
If the person has been sedentary for some time the exercise pro-
gramme will need to be staged to produce a gentle increasc in
duration.
Before embarking on an exercise programme the person should
be screened for co-morbidities that may have an influence on the
exercise prescription, such as diabetes or cardiac conditions.
I ligh-impact activities such as jogging should be avoided due to
the excessive strain that is placed through the joints.
Before using exercise equipment with morbidly obese people
the individual's weight should be checked against the maximum
weight limit of the equipment to ensure safe use.
Fluid balance is not well regulated in people who are overweight
and they are more susceptible to dehydration; therefore they
should be advised to drink regularly.
Temperature regulation is also affected in obesity, and people
should be advised to wear light clothing and exercise in a cool
environment.

Recommended exercise prescription

For prevention of obesity
Intensity: Moderate intensity.
I'rrequency: Split to 30 minutes, 5 times a week.
Duration: 150 minutes of physical activity a week.

An alternative target is 10000 steps a day, as people achieving this
are likely to be sufficiently physically active.

Exercise in the management of obesity

Exercise for health

2@ Intensity: Moderate.

2 Frequency: 30 minutes, 5 titnes a week — however this may not
be achievable for a previously sedentary individual. When initi-
ating an exercise programme several 10-15-minute activity ses-
sions can be carried out over the course of a day to gradually
build up the exercise programme to the required amount.

& Duration: A gradual build up to 150 minutes of physical activity
a week.
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Mode: Predominantly cardiovascular exercise. Resistance exercise
for muscular strength and endurance is also recommended to
improve function, such as sit to stand.

Exercise for weight loss
Intensity: Moderate.
Frequency and duration: In order to achieve long-term weight
loss 200-300 minutes of exercise a week is recommended.
Mode: Cardiovascular exercise. There is no conclusive evidence
to support the use of resistance training for weight loss.

EXERCISE FOR PEOPLE WITH DIABETES

‘This section will discuss the role of exercise in the prevention and
management of types 1 and 2 diabetes and consider the effect of
exercise on the control of diabetes.

The impact of non-insulin-dependent (type 2) diabetes on
exercise ability

Exercise increases insulin sensitivity and helps with glycaemic con-
trol. Glucose levels drop during moderate-intensity exercise, as dur-
ing activity there is a decrease in glucose production at the liver.
The amount of change in glucose level varies with the intensity and
duration of exercise. When people with obesity perform a period
of short-term intense exercise, glucose levels often rise during the
exercise and remain raised for an hour afterwards. The increases in
insulin sensitivity following a single bout of exercise are relatively
short-lived; therefore regular exercise is recommended.

The benefits of exercise in non-insulin-dependent (type 2)
diabetes
‘Type 2 diabetes is defined as a combination of insulin resistance
and insulin deficiency and is caused by a combination of factors.
Insulin resistance is manifested as a decreased amount of glycogen
stored in the liver and muscle, and decreased insulin transport and
receptor substrate in the muscle restricting the amount of phos-
phorylation that can occur. The insulin deficiency is due to abnor-
mal secretion of insulin and reduced secretion of insulin due to
hyperglycaemia.

Type 2 diabetes can lead to the development of many co-morbid
conditions, such as cardiovascular disease, neuropathy, cerebro-
vascular disease and susceptibility to infection. There appears to

Exercise for People with Chronic Conditions

be a genetic tendency to develop the discase and other Tactors such
as older age, ethnicity and obesity are also linked to developing,
diabetes.

If normal blood glucose levels can be maintained, then the onset
ol these conditions can be delayed.

Special considerations for exercise in people with type 2
diabetes
Regular exercise at low to moderate intensity is recommended to
increase insulin sensitivity and lower glucose levels.
If insulin dependent, it may be preferable to exercise on a
daily basis to allow a regular and stable insulin dosage to be
established.
Although additional cardiovascular fitness may be achieved by
working at higher intensity, the low to moderate level recom-
mended optimizes the risk/benefit balance for people with type
2 diabetes.
Heart rate may not be a suitable means of monitoring exercise
intensity in this group as development of autonomic neuropathy
will affect the heart rate (HR) response to exercise.
Patients with complications such as peripheral neuropathy may
require modified exercises so that they can be safely performed
without causing themselves injury.
In people with advanced stages of cardiovascular or retinal com-
plications resistance exercises should be modified to reduce the
weight lifted, reduce the number of repetitions to avoid exhaus-
tion and limit the amount of sustained grip time to prevent an
untoward increase in systemic blood pressure.

Recommended exercise prescription

Cardiovascular exercise
Activities for which it is easy to control the intensity and that are eas-
ily maintained are recommended for this patient group. Low-impact
activities are preferable in the presence of some complications, such
as peripheral neuropathy.
Intensity: Low- to moderate-intensity activity is recommended. It
is suggested that at the start of the exercise programme exercise
intensity is very low, and is increased to moderate throughout the
programme.
Frequency: Exercise should be spread over at least 3 non-consecutive
days.
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Duration: A minimum of 100 minutes a week. Exercise periods
of 15 minutes at the start of the exercise programme are advised,
building up to the desired 30 minutes per session.

Resistance training
Although there is little direct evidence for the use of resistance train-
ing in type 2 diabetes it is thought to produce similar benefits in
maintaining fat-free mass, increasing muscle strength and endur-
ance and reducing glucose levels and insulin resistance as seen in
the non-diabetic poputation. It is recommended that a minimum of
8-10 resistance exercises involving the major muscle groups should
be performed as part of an exercise programme.
Frequency: At least 2 days a week.
#  Repetitions: A minimum of one set of 10-15 repetitions to near
fatigue.

The impact of type 1 diabetes on exercise ability

In type 1 diabetes the pancreas does not produce insulin, which
must be replaced by injections of insutin to regulate blood glucose
levels. The response o exercise in people with type 1 diabetes needs
to be understood so that a physiotherapist prescribing exercise to
manage a co-morbid condition can take them into consideration. In
addition people with type 1 diabetes may wish 1o take part in sports
and exercise for pleasure or at a competitive level,

Blood glucose levels tend to decrease during and after aero-
bic exercise in people with type 1 diabetes; there are several factors
which contribute to this. During aerobic activity there is an increase
in the rate of absorption of subcutaneously injected insutin due to
the increase in circulation. In addition the increase in body tem-
perature produced during exercise leads to an increase in the rate
of insulin absorption. Plasma levels of insulin do not decrease
during exercise; therefore any insulin injected prior to exercise will
remain present and impair glucose production. Exercise produces
an increase in the insulin sensitivity of skeletal muscles, which may
be sustained for several hours. Finally there is an increase in glu-
cose uptake through non-insulin-mediated pathways, which leads
to a decrease in insulin requirement. This produces an imbalance
between glucose depletion and insulin levels, resulting in low blood
glucose levels. If a person has repeated hypoglycaemic episodes,
then the counter-regulation of insulin response becomes dampened,
which makes a person who has been experiencing hypoglycaemia
more prone to further episodes.

Exercise for People with Chronic Conditions

‘The combination of the factors above may lead the person to
become hypoglycaemic both during and for several hours after the
exercise. As hypoglycaemia can be fatal in extreme cases it is vital
that both the physiotherapist and the person with diabetes are aware
ot the signs and symptoms of hypoglycaemia.

High-intensity, short-burst, anaerobic exercise in people with
type 1 diabetes tends to cause blood glucose levels to rise, as it stim-
1lates over-production of glucose from the liver and impairs glucose
utilization. Blood glucose levels often stay raised for some time. The
resulting hyperglycaemia and ketoacidosis leads to dehydration and
an increase in the acidity of the blood, both of which can impair
exercise performance.

These effects are seen at an exercise intensity of over 75% of
maximum heart rate.

The benefits of exercise in people with type 1
(insulin-dependent) diabetes

‘There is no evidence to support the recommendation of exercise
to improve the control of blood glucose levels in people with type
1 diabetes. People with type 1 diabetes are, however, at a much
increased risk of cardiovascular disease, and regular exercise can
reduce the risk of developing cardiovascular disease in this group as
in any other population.

Consideration for exercise prescription in type 1 diabetes

#  As with type 2 diabetes.

® Prevention and management of hypoglycaemia: particular atten-
tion to monitoring blood glucose before, during and for several
hours after exercising should be given when establishing an exer-
cise programme. [t may be necessary to reduce the insulin dose
or increase the intake of carbohydrates before exercise, which
should be done in proportion to the intensity of the exercise to
be undertaken.

# Lnsure that there is an immediate source of sugar to hand. I'ruit
juice or glucose tablets are recommended, and anyone with type
1 diabetes should carry these sugar sources with them when
exercising.

= Be aware of the signs and symptoms of hypoglycaemia in the
early stages of diabetes:
» shakiness
» palpitations
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excessive sweating

hunger.
Be aware of the signs and symptoms of hypoglycaemia in the
later stages of diabetes:

slow speech/movement

confusion

irritability

irrationality

blurred vision

pallor

headache

fatigue.
Prevention and management of hyperglycaemia: blood glucose
should be monitored before and for some period after high-
intensity exercise.
If blood glucose levels are found to be high then supplementary
insulin may be required.
Be aware of the high incidence of cardiovascular disease in this
population and ensure that any cardiac conditions are stable
before exercising.

Recommended exercise prescription
For guidelines for exercise for health see type 2 diabetes.

EXERCISE FOR PEOPLE WITH CARDIOVASCULAR
DISEASE

Cardiovascular diseases are the most common type of diseases which
affect the population of the United Kingdom. These diseases include
coronary heart disease, angina and myocardial infarction, heart fail-
ure and hypertension. As these diseases are so common, physiothera-
pists will come across patients suffering from these types of disorder
either as a primary reason for referral for treatment, for example to a
cardiac rehabilitation class, or as a co-morbidity when a patient has
been referred for treatment for another condition, for example back
pain. Much has been written about exercise in relation to people with
cardiovascular disease and so this section of the chapter will give only
a broad overview of this area (o allow the physiotherapist to safely
prescribe exercise to patients with cardiovascular disease.

The impact of cardiovascular disease on exercise ability
People with cardiovascular disease may suffer from a variety of
symptoms depending on the nature and severity of their disease.

Exercise for People with Chronic Conditions

Symptoms can include angina, dyspnoea and latiguc, all of which can
cause discomfort whilst exercising and so reduce (he patient’s activity
levels. Patients can become fearful of exercising because ol hringing,
on symptoms and this can lead to a decrease in activity and furthes
reduction in exercise tolerance. If this process is left unchecked, the
reduction in exercise tolerance will start to affect the patient’s ability
(o carry out normal daily activities. Physical inactivity is also a major
risk factor in the development of coronary heart disease.

Benefits of exercise in cardiovascular disease
There is a large evidence base to support the therapeutic benefits of
exercise in those with cardiovascular disease. These include reductions
in symptoms and cardiovascular mortality and improvements in exer-
cise tolerance and well-being. Most research in this group has been
carried out using aerobic or endurance training. As a result, cardiac
rehabilitation programmes are offered to those with coronary heart
disease and controlled, chronic heart failure. Exercise is the cornerstone
of these programmes but they also include an education component.
There is a large amount of evidence which supports using exer-
cise to reduce the tisk of onset of cardiovascular disease. Those who
participate in exercise regularly reduce their risk of suffering from
coronary heart disease and hypertension.

Cardiovascular training

This has been specifically shown (o affect both central and periph-
eral physiology. Centrally an increase in myocardial perfusion and a
decrease in myocardial oxygen consumption at a sub-maximal work-
load have been shown. This will lead to a reduction in heart rate and
systolic blood pressure at sub-maximal workload. An increase in end
diastolic volume and subsequent increase in stroke volume have
also been shown. YO, peak improves during exercise and there is a
reduction in resting blood pressure. Peripherally an increase in cap-
illary beds and mitochondrial enzymes in muscles allows more effi-
cient use of oxygen during exercise. The changes seen will be subject
to the frequency, intensity and duration of exercise. This in turn will
be affected by the severity of the patient’s symptoms, due (o their
cardiovascular disease. These patients will be limited maximally by
their cardiovascular symptoms.

Cardiovascular training also confers benefit on blood cholesterol
levels. Raised blood cholesterol is another risk factor for the develop-
ment of coronary artery disease. Regular exercise has been shown to
increase levels of high-density lipo protein (IIDL) cholesterol and
reduce triglycerides and low-density lipo protein (LDL) cholesterol.
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Coronary artery disease is associated with raised levels of triglyceride
and LDL cholesterol, which deposits on the endothelial wall of the
arteries. DL cholesterol is thought to move cholesterol away from
the arterial wall to the liver, where it is catabolized.

Psychological benefits including an enhanced sense of well-
being, reduced anxiety and improvement in self-confidence have
been shown in people with cardiovascular disease who have under-
gone a cardiac rehabilitation programme.

Resistance training

As resistance training is associated with increases in blood pressure
and the possibility of straining manoeuvres if an incorrect technique is
used, it has not been used as widely as aerobic training for those with
cardiovascular disease. More recently resistance training, using moder-
ate loads, has been used safely in cardiac rehabiliation programines
for those with normal left ventricular function and good cardiorespira-
tory fitness. Improvements in muscle strength will help with functional
activities such as carrying shopping, Resistance training should not be
used for high-risk patients with coronary artery disease or those with
severe hypertension. Resistance training to fatigue is not recommended
for high-risk patients. I'atigue should be kept to a moderate level (Borg
scale < 15). Little research has been carried out to support the use of
resistance training in those with chronic heart failure and current rec.
ommendations suggest using aerobic exercise only in this group.

Special considerations for exercise in

cardiovascular disease

lixercise prescription for people with cardiovascular disease should
be of adequate intensity to produce a training effect. Although this
may not be the optimum intensity for the individual, the initiation
of symptoms should be avoided. A mild to moderate exercise inten-
sity is usually more suitable and exercise intensity should be moni-
tored using the Borg scale or heart rate. For progression, frequency
and duration of exercise should be increased before intensity.

Warm up and cool down should be given special attention. Warm
up should be progressive in intensity so that the conditioning period
of exercise is at the same intensity as the end of the warm-up period.
The period of warm up should also be extended to allow the blood
flow to the myocardium to adapt to the required exercise intensity.
Cool down should be the opposite of warm up with a gradual reduc-
tion in exercise intensity,

Excessive upper body work increases blood pressure and this
should be avoided. If upper body work is required, leg movements,
for example walking on the spot, should be carried out at the same

= N —c e
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time. This helps 1o avoid large increases in blood pressure. Abrupt
changes in position should be avoided to allow time for thlc car-
diovascular system to adjust to the position change. Exercise inten-
sity should be adapted to the environmeut. In hot weather exercise
intensity may need to be reduced.

Contraindications to exercise training in people with cardiovas-
cular disease are uncoutrolled arrythmias, heart failure and hyper-
tension, unstable angina, complete heart block and certain other
systemic disorders such as a recent or acute infection. N

Further guidelines for cardiac rehabilitation classes or exercising
people with cardiovascular disease in a group environment mcl.udgz

All staff working with the class should be trained in basic life

support, and one person present should be trained in advanced

life support.

Resuscilation equipment, especially a defibrillator, should be to

hand.

Alert the cardiac arrest team if the class is taking place in a hos-

pital or have a procedure in place for contacting the ambulance

service in case of emergency.

A staff/patient ratio of 1:5 is recommended.

High-risk patients should be monitored with an FCG.

Appropriate risk assessments should be completed for tasks car-

ried out in the class.

Competition should be minimized within the exercises pre-

scribed in the class.

Participants should be observed for 30 minutes after they have

finished exercising.

Recommended exercise prescription

Cardiorespiratory training

Current guidelines for those with cardiovascular disease are:

= Frequency: 1 or 2 times per week al rehabilitation class and exer-
cise at home 1 or 2 times per week. Walking other days.

+ Intensity: 60-75% LIR  , 12-13 Borg scale, 40-60% VO, peak.

Time: 20-30min conditioning with 15-20min warm up and

10 min cool down.

‘lype: Aerobic endurance involving large muscle groups and

dynamic movement.

Resistance training

A low-resistance, high-repetition programme is recommended for
strength training. Cight to ten large muscle groups should be exer-
cised with one set of 10-15RM, 2 or 3 days a week,
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EXERCISE FOR PEOPLE WITH CHRONIC

RESPIRATORY DISEASE

Chronic respiratory diseases such as asthma, chronic obstructive pul-
monary disease {COPD), cystic fibrosis and interstitial lung disease
can all impact on the patient’s exercise ability as the disease pro-
gresses. The effects of respiratory disease are due to both the disease
pathology and the secondary effects of deconditioning as a result of
activity avoidance.

The impact of chronic respiratory disease on

exercise ability

All respiratory conditions produce breathlessness in the patient as
the disease progresses, although the pathological changes that occur
to produce this breathlessness may be different. Initially the patient
tends to feel breathless only on exertion, when there is an increased
demand on the respiratory system due to the need for more oxygen
to support aerobic energy production. As the sensation of breathless-
ness is unpleasant, patients often start to avoid the sensation by reduc-
ing the amount of physical activity undertaken. This leads to general
decline in cardiovascular and muscular fitness due to inactivity. lhe
decrease in fitness then completes the vicious cycle, as the patient then
feels breathless at lower activity levels due to the body's less efficient
response to exercise. This leads to a further reduction in activity levels.

The symptom of breathlessness is very complex, and its causes
are multifactorial, being both physical and psychological. From a
physical point of view, the ventilatory demand, or requirement to
breathe in and out, is increased in patients with respiratory disease
due to inefficient ventilation and gas exchange. This increase in ven-
tilatory demand is paired with a decreased ventilatory capacity, and
this mismatch leads to ventilation being the limiting factor to maxi-
mal exercise in this group of patients.

Although ventilation is the limiting factor to maximal exercise
in this patient population, many patients stop exercising before
reaching maximum capacity due to breathlessness or muscle fatigue.
Fatigue in the leg muscles is commonly cited as a reason for the
termination of exercise. This muscle fatigue may be due to a combi-
nation of the decrease in muscle strength, power and endurance seen
in this population. In addition COPD is known to affect the muscles
directly, with a decrease in fat-free body mass seen in this group.

Benefits of exercise in chronic respiratory disease
Exercise training has been used as part of the management of
chronic respiratory disease for many years. There is now a strong

Exercise for People with Chronic Conditions

body of evidence to support the inclusion of pulmonary rehabilita-
tion in standards of care for chronic respiratory disease. Pulmonary
rehabilitation is a comprehensive, multidisciplinary intervention for
patients with limited exercise ability secondary to respiratory disease.

‘The aim of pulmonary rehabilitation is to reduce symptoms, maxi-

mize function, increase participation and reduce healthcare burden.
Exercise training is an essential component of pulmonary rehabili-
tation, the other components being an education programme and
psychosocial support.

Cardiovascular training

Cardiovascular training modalities, such as walking, stair climbing
and cycling, have been shown to produce increases in exercise ability
and health-related quality of life in patients with respiratory condi-
tions. Increases in walking distance and exercise endurance time and
lower oxygen uptake and breathlessness for a given workload have all
been demonstrated following a cardiovascular training programme
in this patient group. Increases in maximal exercise parameters
have been demonstrated, but these findings are not consistent and
it appears that high-intensity training (>60% VO, ) is needed to
produce physiological changes. Improvements in functional perfor-
mance are seen after lower-intensity training in the absence of physi-
ological adaptations. These functional improvements are thought to
be due to improvements in confidence, desensitization to breathless-
ness and improved co-ordination of task performance.

Resistance training

Strength training is also recommended for patients with respiratory
disease due to the peripheral muscle weakness present in this group.
Lower limb strength training has been demonstrated to increase
walking distance and quality of life as well as muscle strength.

In addition to the direct training effects, patients become better
able to anage their breathlessness and are more confident when
exercising. These changes lead to an increase in activity levels and
increased quality of life.

Special considerations for exercise in chronic respiratory
disease
Contraindications to exercise training
In addition to the normal contraindications to exercise the condi-
tions listed below need to be considered in this patient group:
uncontrolled heart failure
uncontrolled pulmonary hypertension
acute chest infection.
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Precautions for exercise training

In addition to the normal precautions to exercise the conditions

listed below need to be considered in this patient group:

= Current or recent haemoptysis, as the increase in blood flow may
exacerbate any bleed.

@  Significant oxygen desaturation on exercise, >5% desaturation,
or desaturates to <<90%. These patients should exercise with sup-
plementary oxygen.

Cross-infection. Patients are more likely to cough when exercis-
ing and this may spread infection. If the patients are attending
exercise groups, as is common in pulmonary rehabilitation, they
should only exercise with other patients who are culturing simi-
lar bacteria. A common example of this would be that patients
with and without Pseudomonas should not exercise together.
Particular attention should be given to the patient’s pattern of
breathing during exercise training, as they may tend to hold their
breath on exertion which will exacerbate their breathlessness.
Advice regarding expiration on lifting a weight, and pacing of
breathing during cardiovascular training, is often useful.

Recommended exercise prescription

Cardiovascular training
= Intensity: It is recommended that an exercise intensity of
60-70% VO, s used for cardiovascular training in patients
with chronic respiratory disease. In practice this intensity may be
too high for many patients, and good results are obtained from
exefcise training at lower intensities in the initial stages of the
programme.
In COPD the heart rate does not increase linearly with increas-
ing work rate; therefore it is unreliable for monitoring or set-
ting exercise intensity. The Borg scale is most commonly used
in this patient population.
% Irequency: lTaining is recommended 3-5 times a week.
Duration: As with the healthy population the recommended
exercise session duration is 20-30 minutes. As patients require
time to recover their breath in between activities the training is
in reality a form of interval training and usually takes up to an
hour a session.
= Patients with COPD show training response after 6-12 weeks
of training.
= Mode: Patients with COPD report particular breathlessness
when performing functional tasks with their upper limbs. This is
because when the upper limbs are being used the shoulder girdle

Exercise for People with Chronic Conditions

cannot also be used to fix the accessory muscles of breathing.
It is recommended that endurance and strength training of the
upper limbs is included in the exercise programme.

Resistance training
Resistance training is in accordance with guidelines for healthy
subjects, with particular recommendation for training the mus-
cles of ambulation.

EXERCISE FOR PEOPLE WITH CHRONIC NEUROLOGICAL
CONDITIONS

Chronic neurological conditions often limit a person’s ability to
produce controlled movement, and this movement limitation
has an impact on their exercise capacity. Historically neurological
rehabilitation has focused very much on neurological impairment
and activity-based problems; however there is now a move 10 spe-
cifically address cardiovascular fitness and muscle strength in this
population.

This section will specifically consider stroke, multiple sclerosis
(MS) and spinal cord injury as common neurological conditions
seen by physiotherapists; however some of the principles discussed
may also be applicable (o other neurological conditions.

The impact of chronic neurological conditions on
exercise ability

Cardiovascular exercise

In patients who have altered patterns of movement secondary to
impairment of movement and balance, the performance of functional
tasks often has a higher energy cost than in healthy people, as the
task is not performed with optimum efficiency; for example oxygen
uptake during walking in people with hemiplegia has been shown
to be increased to as much as double that of an unaffected person.
‘This increase in oxygen uptake during activity places an additional
demand on the cardiovascular system. The additional demand is cou-
pled with decreased cardiovascular fitness due to decreased activity
levels, thus markedly limiting exercise capacity.

It is likely that some degree of deconditioning is present in
patients with neurological disorders due to a decrease in habitual
activity levels or enforced periods of decreased activity such as bed
rest. Direct effects of the neurological disorder, such as altered mus-
cle tone and decreased sensation, will also limit the person's ability
to perforim exercise.
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Left ventricular dysfunction has been identified in some people
following stroke, and this will contribute towards a limitation in
cardiovascular performance. People who have had a stroke are likely
to have artherosclerotic lesions throughout their vascular system and
are at increased risk of cardiovascular disease.

Fatigue is a prominent feature of MS, and people with MS usu-
ally terminate a maximal incremental exercise test due to peripheral
fatigue before reaching maximal predicted exercise, thus indicating
that fatigue is a major limiting factor to exercise in this group. Exercise
responses during sub-maximal exercise in people with MS are normal,
with 11R and VO, showing a linear increase with increasing workload;
however VO, is reduced.

Maximum work capacity and cardiovascular fitness are reduced
in people following spinal cord injury. This is in part due to a
decrease in functional muscle mass and sympathetic control and, in
many people, also secondary to a sedentary lifestyle.

During cardiovascular exercise in healthy people blood is
diverted to the exercising muscle from the inactive muscle; how-
ever in people with spinal cord injury this vasoregulatory response
is wholly or partially absent. In addition the inactive muscle in
the lower limbs is not able to contribute to the muscle pump, thus
reducing the venous return to the heart and the end-diastolic vol-
ume. These abnormal central responses to cardiovascular exercise
limit stroke volume, blunt the heart rate response and reduce the
myocardial contractility during exercise. The maximum [IR is usually
less than 130bpm in this group. Although some people with spinal
cord injury are very active, literature reports that activity levels are
generally low in this group, and that activities of daily living do not
cause people (o work within the training zone required to increase
cardiovascular fitness.

Muscle strength
Muscle strength is decreased in people following stroke and in those
with MS. Muscle strength of the affected limb following stroke
has been shown to be 20-34% of age-matched controls. This may
not be surprising; however the strength of the unaffected limb has
also been shown to be reduced to only 60-89% of normal muscle
strength. Muscle strength in MS is extremely variable, depending on
the stage of the disease. Lower limb muscle strength has been shown
to be particularly affected in people with MS.

Increased muscle tone has long been thought to be the main cause
of muscle weakness in people with neurological conditions; however
research in people following stroke has found that both the agonist
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and antagonist muscle groups are weak, and it has been suggested that
weakness may be more attributable to lack of motor recruitment and
inco-ordination rather than muscle tone.

Muscle strength will vary in people with spinal cord injury
depending on the level and pattern of innervation below their
lesion.

Causes of muscle weakness in these groups are atrophy of type 2
muscle fibres and loss of motor units. In MS there is also decreased
recruitment due to conduction block from the demyelinated fibres.

Flexibility

Neurological conditions affecting the ability to produce controlled
movement through full range potentially lead to a decrease in range
of movement due to adaptive tissue shortening and decreased mus-
cle strength. In addition sustained postures, for example sustained
sitting in a wheelchair or increased muscle tone maintaining a limb
in position, also lead to adaptive shortening.

Benefits of exercise in chronic neurological conditions

Cardiovascular training

Cardiovascular training is important in people with neurological
problems, as they are often performing with decreased efficiency due
to their neurological impairments.

It has been demonstrated that cardiovascular exercise training
following a stroke can produce similar training effects to those seen
in healthy people.

Functional activity is often used as part of the exercise rehabilita-
tion programme for people following stroke. It has been shown that
performing these functional tasks in the early stages of rehabilitation
brings people into their target IIR for aerobic training; therefore if
sustained for sufficient time this will increase cardiovascular fitness.

It is difficult to distinguish how much of the limitation to activ-
ity is caused directly by the disease pathology in MS, and what pro-
portion is secondary to a decrease in activity levels. The secondary
decline in exercise ability should be reversible, and indeed cardio-
vascular training programmes have demonstrated increases in exer-
cise endurance time and a decrease in submaximal VO,. In addition
to these changes following cardiovascular exercise, a new body of
emerging literature suggests that physical activity may have a direct
influence on brain health in MS which is associated with cytokine
activity, and a relationship between physical activity levels and cogni-
tive function has been described.
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A decrease in cardiovascular fitness is particularly significant in
people with spinal cord injury, as cardiovascular disease is a com-
mon cause of mortality in this group. There appears to be an increase
in the risk factors for cardiovascular disease in people with spinal
cord injury, specifically glucose metabolism, lipid profile and obe-
sity. As these factors are known to be modifiable by cardiovascular
exercise it is recommended that cardiovascular exercise should be
included in an exercise programme for spinal-cord-injured patients
not only to increase exercise ability but also to reduce these risk fac-
tors. Cardiovascular exercise training has been demonstrated to
increase VO, in this patient group and has also been associated
with improved quality of life.

Resistance training

Strength training is important to maximize function following a
stroke, in particular for those muscles that play a key role in gait.
Contrary to historical concerns, research has demonstrated that
resistance training in people with increased tone following stroke
does not cause a further increase in muscle tone.

Resistance training programmes in people with MS, lifting 10-15
repetitions maximum, twice a week, have been shown to increase
muscle performance and overall physical function with no adverse
effects. Fatigue is an important consideration when carrying out
exercise with people who have MS. It has been demonstrated that
people with mild to moderate MS are able to perform repetitive
exercises involving the same muscle group; however they show a sig-
nificantly greater loss of strength in the exercised muscle group after
exercise than that seen in healthy people.

The unaffected muscle groups should be optimized in people
following spinal cord injury, and a programme of strength training
twice a week has been demonstrated to produce significant increases
in strength. The magnitude of the increases in strength was directly
related to the length of time that the person had been participating in
the training programme, with continued increases in strength being
seen after a year of training. Functional electrical stimulation (IES)
may also be used to train some of the muscle groups affected by the
spinal cord lesion; however this specialist intervention is beyond the
scope of this text.

Special considerations for exercise in chronic neurological
conditions

In addition to the normal precautions and contraindications to
exercise training the factors below need to be considered when
prescribing exercise in these patient groups.

e
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Stroke

Cardiac disease is prevalent in this patient group, and paticnts
should be screened for undetected cardiac disease before com-
mencing an exercise programme.

Care should be taken with intense isometric work as it can cause
a marked rise in blood pressure.

Iixercise in the acute period following stroke: there are no abso-
lute guidelines, but literature suggests that exercise can commence
14 days post stroke, and blood pressure should be monitored to
maintain systolic pressure <250mmllg and diastolic pressure
<115mmHg. It is recommended that training HR should remain
10bpm below the level that produces this maximum blood
pressure.

Multiple sclerosis

Some people with MS show an abnormal autonomic system
response to cardiovascular exercise, which is seen as a blunted
heart rate response and a drop in blood pressure. If such a reac-
tion occurs the patient should be monitored, and a lower-inten-
sity exercise programme may be needed.

‘Thermal sensitivity is a significant problem in people with MS.
‘the environment should be maintained at a cool temperature. A
rise in core temperature can cause the onset of fatigue, balance
problems and poor co-ordination.

Spinal cord injury

+ Warm up is particularly important in this group due to blood
pooling in inactive muscles and the decreased venous return to
the heart.
Autonomic dysreflexia. This is a potentially life-threatening
increase in blood pressure occasionally seen in response to
exercise in people with lesions above T6. The physiotherapist
working with these people should be aware of the signs and
symptoms, such as swelling, flushing and goosebumps above the
lesion, pounding headache, blurred vision and nasal congestion.
If a patient exhibits such symptoms they should be sat upright,
their blood pressure monitored and they should be referred to
the emergency department.
Temperature regulation is often impaired; therefore close moni-
toring of temperature should take place during and after exercise
and appropriate ventilation, towels and warm clothes should be
available as needed.

= Patients with spinal cord injury often have a significant decrease in
bone density due to disuse; therefore they are at risk of sustaining
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a fracture in response to relatively minor (rauma, so particular
care should be taken to avoid this.

Recommendations for exercise prescription

There are no specific exercise prescriptions for people with chronic
neurological conditions; therefore training should be adapted from
the recommendations for cardiovascular and muscular fitness train-
ing for healthy people bearing in mind the points below.

Stroke
Strength training should be carried out on both affected and
unaffected sides of the body.
The ability to participate in cardiovascular training may be lim-
ited due to poor trunk and lower limb control. If walking is the
desired mode of training the body weight support harness may
be used 1o support the patient while they are exercising.

Spinal cord injury
In lesions above T6 maximum heart rate is limited o between
110 and 130bpm.

Multiple sclerosis

Studies investigating the effects of exercise in people with MS
have focused on those with mild-moderate MS, and the benefits
and risks of exercise in those with more severe disease are not
clear.

Resistance training should start at 15RM and increase to 8 RM,
2 or 3 days a week, with priority being given to lower limb training,.
Cardiovascular training should start at 10 minutes and increase
gradually, working at 50-70% maximun HR. It is recommended
that the exercise is progressed over the first 6 months of training
by increasing the duration of the training session and the num-
ber of sessions per week. A further increase in intensity can be
considered with caution after that time.

EXERCISE FOR PEOPLE WITH OSTEOARTHRITIS

Exercise is a key intervention in the management of osteoarthritis
(OA), and has been demonstrated to decrease pain and increase
function in people with OA. This section outlines recommendations
for exercise in OA; however it should be highlighted that the major-
ity of the evidence for exercise in OA is based on OA of the knee,
fm'd the evidence base to support exercise for OA affecting other
joints is sparse.

Exercise for People with Chronic Conditions

The impact of osteoarthritis on exercise ability

Cardiovascular exercise

’cople with OA tend to have a general decline in activity levels as the
condition progresses. Patients with severe OA have been shown (o
have a significantly decreased maximal oxygen uptake. This decrease
in cardiovascular fitness has been found to be reversible following
joint replacement surgery, with continuing improvements demon-
strated up to 2 years post surgery.

Muscle strength

Muscle strength has been shown to be reduced around joints affected
by OA by as much as 45% in comparison with strength in aged-
matched controls. This decrease in muscle strength is often attributed
to the reduction in activity levels as a result of an increase in pain on
movement or loading of the affected joint. However this is not the
sole mechanism, as decreased muscle strength has been found around
symptom-free joints with radiographic changes indicating OA. More
recently arthrogenic muscle inhibition, a reflex inhibition of muscle
contraction around a damaged joint to prevent further damage occur-
ring, has been thought 1o be a cause of decreased muscle strength.

Flexibility

Joint movement in QA may be limited due to pain, altered bio-
mechanics in the joint and decreased short tissue length. A study
investigating the flexibility of the lower limbs in people with symp-
tomatic OA of the knee found that they had decreased flexibility in
both the affected and unaffected limb, suggesting that limitation of
movement is not only due to specific joint changes.

Benefits of exercise in osteoarthritis

Cardiovascular training
Clinical guidelines for people with OA recommend the use of aero-
bic exercise training.

Cardiovascular training programmes have been found to have ben-
eficial effects on pain, muscle strength and functional ability in people
with OA. The small number of studies that have compared the effects
of aerobic and strength training have found no significant difference in
the benefits of the two modes of exercise.

[n addition to the effects on pain and muscle strength, regular
cardiovascular exercise can contribute to a weight-loss programme.
A decrease in body weight reduces loading through the joints and is
recommended in people with OA.
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Resistance training

There is some evidence in the literature to suggest that strength
training the muscles around a joint may decrease the development
and progression of OA. tlowever there is also evidence that strength
training can result in redistribution of the load through a joint, and
can contribute to the degeneration of a joint. It is recommended
that the effects of strength training are monitored on an individual
basis to prevent these possible detrimental eftects.

Decrease in quadriceps strength has been correlated with pain in
OA affecting the knee, and has also been associated with decreased
activity levels. Strength training is effective in this patient group, has
been shown to decrease pain and increase function, and is recom-
mended in the clinical guidelines.

Isokinetic, isometric and dynamic resistance training have all
been shown to be effective in people with OA, and there is some
debate in the literature as to which mode of training should be used.

Isometric resistance muscle work, such as ‘static quadriceps” exer-
cises, are often used. Isometric exercise may be beneficial in OA, as
they do not produce movement and avoid loading the joint; there-
fore they are often less painful for the patient to perform. However,
it should be remembered that isometric exercises only train the mus-
cle in the specific part of the range in which they are performed and
this may not carry over into functional activity.

Conversely dynamic exercise trains the muscle through the full
range of the exercise; however this movement may produce pain.

Isokinetic exercise has been demonstrated to increase muscle
strength and walking speed, although accessing the exercise equip-
ment may restrict the used of this mode of training.

In addition to increasing strength, it has been suggested that resis-
tance training in OA also re-educates motor control and improves
proprioception, although the evidence base for the benefits of these
changes has not been established.

Flexibility

Flexibility exercises are not included in the recommendations for
the management of OA; however there are several studies that dem-
onstrate activities such as 'lai Chi can increase flexibility in people
with OA.

Special considerations for exercise in osteoarthritis
4 Patients should be educated to recognize the signs and symp-
toms of acute inflammation in their joint, and be advised not

Exeroise or Peoplie with Cheonie Conhibin:

10 exercise if the joint is showing any signs of swelling, heat, red
ness and increased levels of pain.

Patients should stop exercising and seek advice in the event ol
new, sharp pain, as this may be a sign of injury. ‘
High-impact activities that cause jarring or excessive loading to
the joints should be avoided.

‘The use of hydrotherapy in people with OA has been shown to
be effective, and this mode of exercise should be particularly
considered in this group. '
Co-morbidities should be considered when designing an exercise
programme in this patient population, as OA generally affects
people over the age of 45 years.

Recommendations for exercise prescription

Cardiovascular exercise )
Cardiovascular exercise is recommended in line with guidelines for
the healthy population (see Chapter 3). It should be remem'be.red
that this group is generally deconditioned, and the prescription
should start at a low level and build up.
Intensity: Low to moderate intensity (50-75% HR ) is recom-
mended, to avoid excessive loading through the joints.

Resistance training o
There are no specific guidelines for strength training in OA; therefore
it should be prescribed in accordance with guidelines for healthy

individuals (see Chapter 4).

EXERCISE FOR PEOPLE WITH OSTEOPOROSIS

Osteoporosis is a common systemic disease of older people, char-
acterized by low bone mass with micro-architectural deterlorgtlon,
leading to increased risk of fractures. It is suggested that one-thl.rd of
wormen and one in 12 men over the age of 50 years will sustain an
osteoporotic fracture. People with osteoporosis have been shown to
have decreased quality of life even in the absence of fractures, report-
ing chronic pain and decreased physical activity levels.' Although a
significant proportion of an individual’s risk of developing osteopo-
rosis is thought to be dependent on their genetic makeup, it is pos-
sible to influence the remaining 20% of their risk through diet and
exercise. Exercise programmes have been shown to have benefits in
both the prevention and management of this condition.

Jriy
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The impact of osteoporosis on exercise ability

Cardiovascular exercise

Self-reported physical activity levels have been found to be decreased
in people with osteoporosis. This may be due to pain, but also to the
fear of physical activity resulting in a fracture. Lligh-impact activities
should be avoided in this group, as there is a risk of sustaining a
fracture; however people should be reassured that low- to moderate-
impact exercise does not pose a specific risk, and may be beneficial.
In addition to the exercise itself causing a fracture directly, the fear of
falling during activity may also limit a person’s activity, as falls lead
to a significant proportion of fractures in this group.

Muscle strength

Osteoporosis has no direct effect on muscle strength, although
muscle strength may be decreased as a consequence of the gen-
eral decrease in physical activity and as a direct result of a fracture.
Unlike cardiovascular exercise, high-intensity training for muscular
fitness has been found to be safe in this patient group.

Flexibility

Flexibility may be reduced if movement is limited due to pain, and
vertebral fractures can lead to the development of kyphosis. Some
movements performed during the course of activities of daily liv-
ing can result in vertebral fractures, and excessive spinal flexion and
rotation should be avoided.

Benefits of exercise in osteoporosis
Cardiovascular training

Prevention

Much of the literature advocates aerobic exercise as important in the
prevention of osteoporosis as it promotes the laying down of bone.
For maximum benefit this must be done during childhood and ado-
lescence, as more than half of the peak bone mass is accumulated dur-
ing the adolescent years, although there is some evidence to show that
higher activity levels in older people may help to prevent osteoporo-
sis. Activities such as jogging, aerobic classes, dancing and walking are
recommended. Although these activities are cardiovascular in nature,
the benefit gained from them in terms of osteoporosis is due to their
moderate- to high-impact weight-bearing characteristics.

Management
Low-impact weight-bearing activities can be used to try to decrease
the rate of decline in bone density. It is recommended that activities

Exercise for People with Chronic Conditions

particularly target the hip and spine as these are the main fracture
sites seen in this group.

In addition maintaining activity levels may reduce the chance
of falls, and thus decrease risk of fracture. However owing to the
complex relationship between these factors it is difficult to demon-
strate this link.

Resistance training

Prevention

It has been suggested that the action of the tendon pulling on the
bone during activity produces an increase in bone mineral den-
sity, although it is difficult to separate the effects of resistance and
weight-bearing impact activities in practice.

Management
Iligh-intensity strength training over a period of at least 6 months
has been demonstrated to produce a significant increase in bone
mineral density in women with osteoporosis. Several studies have
shown resistance training to maintain bone density in comparison
with control groups.

In addition increased muscle strength may also decrease the risk
of falls and subsequent fracture.

Special considerations for exercise in osteoporosis
High-impact activities should be avoided in people with osteo-
porosis due to the risk of fractures as a result of the activity itself.
When selecting exercises the risk of falls should be considered
and minimized.

Excessive spinal flexion and rotation should be avoided.
The person should be advised to stop exercising and seek advice
in the event of pain due to the possibility of a fracture.

Recommendations for exercise prescription

Cardiovascular training

For prevention moderate- to high-impact aerobic activities are rec-
ommended, to be carried out in line with the recommendations
for cardiovascular training in healthy people (see Chapter 3). These
should be reduced to low-impact activities, such as walking, for
people with osteoporasis.

Resistance training

For both prevention and management of osteoporosis high-intensity
strength training is recommended at a level of 80% 1RM, with pre-
scription in accordance with the guidelines for strength training in
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healthy people (see Chapter 4). This should be targeted towards the
hip, spine and wrist.

Flexibility
Patients should be encouraged to maintain their available range of
movement, although movement into pain should be avoided.
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These case studies have been developed to illustrate exercise pre-
scription in practice. They demonstrate how appropriate exercise
programmes can be developed to treat an individual patient’s pre-
senting problems, giving the rationale for the exercise and noting
any precautions and special considerations needed for the patient’s
stage of rehabilitation. Each exercise programme has been designed
to show how they may be progressed as the patient’s condition
changes.

The exercise programmes outlined in this chapter have been
developed specifically for the patient cases described, and are not
intended to be used as standard treatment for patients with these
conditions. Each patient should be assessed and prescribed treat-
ment on an individual basis.
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An older person following total hip

replacement

Mary is a 70-year-old lady who has a long history of OA in her left
hip. She had a total hip replacement 2 days ago, with no compli-
cations. She is otherwise fit and well, and lives alone in a terraced

house.

Since her surgery she has sat out in a chair, and is able to walk

short distances with the aid of a walking frame.

Problem

| ROM
L hip
abduction

I ROM L
hip flex

Risk of |
lower limb
strength
and
endurance

Exercise/Activity

Supine, hip abd
with sliding board
Use target
markers

on board to
encourage
movement to end
of available range
10 reps X 1 day

Supine, hip flex
with sliding board
Use target
markers

on board to
encourage
movement to end
of available range
10 reps X 1 day

Daily walking
over increasing
distances with
walking aid

Rationale

T ROM hip abd
[ Motor unit
recruitment in
abductors

[ ROM hip flex
1 Motor unit
recruitment in
hip flexors

Maintain
muscular
fithess and
independence

Precautions/
Considerations

Pain — Move within
pain tolerance.
Surgical incision -
monitor condition.
Risk of dislocation —
avoid excessive

hip add and flex
according to local
protocol

As above

Pain - Walk within
limit of pain
tolerance

Surgical incision —
monitor condition
Risk of dislocation —
ensure any chair
used for resting

is high enough to
prevent excessive
hip flex

Mary is now at home, 4 weeks after her surgery. She is walking inde

Cirse Studnes,

pendently with two sticks. Her recovery has been uncomplicated.

. Problem

| mm

. strength hip

abd

[ mm
strength hip

Cext

i
! | lower limb
muscle

¢ endurance
and

l
cardiovascular
fitness

Standing with

Exercise/

Activity

Standing with
one hand
support at side;
hip abd. 8 reps,
building to 15
reps. X 1 day,
alternate days

one hand
support at side
or front; hip ext
8 reps, building
to 15 reps. X 1
day, alternate
days

* Walking

increasing
distances with
sticks

Walking outside
Climbing stairs
Build up to
20min/day, can
be 3 X 10min,
5 days a week

Rationale
Early strength

training
against gravity

As above

It is likely

that her
cardiovascular
fitness level
was decreased
before surgery,
due to the hip
limiting her
activity levels
Ptacing demand
on aerobic
pathways
Using
functional
activity

Precautions/

Considerations

Balance - ensure
support used is
stable

Supporting leg —
should be pain free
and strong enough

:

Risk of dislocation - |

avoid excessive

swing into add

As above

Risk of dislocation — i

avoid excessive
swing into flex

Incorrect exercise
intensity — excrcise
to point of slight
fatigue to reach
overload, but not
to the point of
exhaustion

Pain — activities
should not irritate
pain

Balance — assess
environment for
slip/trip hazards
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poor weather

fitness

exercises

charged from the supervision of a physiotherapist, and she should
be encouraged to continue her walking programme and some lower

limb muscle-conditioning exercises in order to maintain her new

It is important that Mary maintains her activity levels once dis-
fitness level.
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Once weaned from the ventilator, Bernard was transferred from ITU to a general ward and his tracheostomy was
removed. After a week on the ward he is no longer requiring oxygen and is able to transfer independently and walk

short distances.

: Problem

| Globally , muscle
strength

GIobaIIy L muscle
endurance and

| Cardiovascular
endurance

Exerclse/Acthlty

Using the Westminster
pulley strengthen:
Knee extensors

Hip flexors

Hip extensors

8-12 reps

Toe standing 8-12 reps

Do on alternate days

Sit — stand

Step-ups on low step
Cycle ergonometer
Exercise to fatigue,
building to 10 min per
exercise 3 X week

Walking - encourage
daily

Rationale

Overload both

Strength training for
walking, stair climbing
and other functional
activities

cardiovascular system
and local muscle
endurance activity to
place demand on aerobic
pathways

Functional activities

As above

Precautlons/Con5|derat|ons

Nutrition and fluid — ensure that he is taklng on
adequate nutrition and fluid to meet the additional
demands of the exercise programme

Rest — ensure periods of rest in between activity
Psychological issues — be aware of the impact of an
acute illness resulting in an ITU admission

Adverse cardiovascular reaction to exercise — monitor

heart rate, O, saturation and BP during initial exercise

s5es5si0ns

i

On discharge form hospital Bernard was invited to participate in an exercise rehabilitation programme for people
who had been on ITU. The programme was based on a circuit training programme including a balance of cardiovas-
cular and strength training exercises as is commonly used in cardiac rehabilitation. After attending the programme for
6 weeks Bernard was fit to return to work.

Tom is a 6-year- old boy who sustained a scald to the lateral aspect of his left leg, including nis xinve a8 208

. A child with a scald to the leg

This scald did not require skin grafting and is healing. Tom is reluctant to move his knee and ankle and this 15 afrect

ing his gait pattern.

Problem

\ Fear of moving left

i knee and ankle causing
i decreased ROM at both
oints, in particutar knee
flex/ext ankle inversion
¢ and plantar flexion

Abnormal gait pattern

Exercise/Activity

Sitting;

— moving ball under foot, forward &
back, side to side

— using foot to slide beanbag
between markers

- scrunching up a piece of paper
with toes and placing on marker

- picking up a bean bag and
throwing it with foot

Standing on left leg to Kick football
with right leg

Games such as ‘Simon says’
Obstacle course encouraging
normal movement

Rationale

Increase ROM of

— knee flex/ext and DF/PF, inv/ev
— knee flex/ext and DF/PF

— knee flex/ext and DF/PF

— knee flex/ext and DF/PF

Focus for Tom is on the fun of the
activity rather than the specific
movements of his leg and foot
The physiotherapist monitors the
ROM achieved during the activities
and adapts to maximize ROM

Focus of activity on unaffected leg
Achieves full weight-bearing and
stance phase of gait
Concentrating on game whilst
achlevmg movement

CHAPTER THIRTEEN

Precautions/
Contraindications

Working into pain is not
contraindicated; however
Tom should not become
distressed as this will
reinforce avoidance of
movement

He may need pain relief
before physiotherapy
session

As above
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Tom responded well to these exercises and became confident at moving his leg during normal activity within the ses-
sion. He returned to the physiotherapy department 2 days later. I1is mother reported that he has been playing indoors
with his older brother and did not seem to be so conscious of his leg, although he is still reluctant to join in with the
other children when playing outside.

! Problem Rationale

N Exer0|se/Act|v1ty Precautions/Contraindications
| ROM and Games incorporating; Full stretch to scar tissue knee If the scald is continuing to heal activities to
| normal - toe standing extension with PF produce a stretch on the healing tissue should
function - DF/PF in long sitting Full knee flex be incorporated to encourage the collagen to

— kneel sitting
— wobble board

Inversion/eversion

All producing stretch, full ROM
in normal functional positions
for 6 year old

Functional physical activities
for 6 year old

Increase confidence

lay down in an organized manner

Activities should be age-appropriate and
related to the functional activities of a
6-year-old

- kneeling

- side sitting

- cross leg sitting
— running

— jumping

— skipping

~- balancing

- trampette

9s1048X3 0} APINY 194004 S1sIdelayloisAyd ayl

After a further 2 weeks Tom regained full active range of movement and had resumned his normal activities. Tom was
discharged from treatment and his parents were advised to monitor his range of movement and gait over the follow-
ing 12 months, during the period of active scar tissue formation.

TSGR R A person with chronic obstructive pulmonary disease

Frederick is a 67-year-old man who has shortness of breath on exertion due to his long-standing chronic obstructive
airways disease. He has recently completed a 6-week outpatient pulmonary rehabilitation programme. tollowing the
programme his exercise tolerance has increased from a baseline 6-minute walking distance of 210m to a post rehabili-

tation distance of 320 m. He has asked for some advice to help him continue his exercise programme independently.

capacity, limited
by SOB and leg
muscle fatigue

At intensity level Borg 13

‘Somewhat hard’

Once easily achieving 20 min start to
include hills

Alternatives for variety:

- Stair climbing or step ups

- Repeated Sit -+ stand

- Rapid throwing and catching of a ball
— Static bike

— Shadow boxing

— Half jumping jacks

muscle endurance
activity to place
demand on aerobic
pathways
Functional activities

Includes upper limbs
in activities, as
people with COPD
become particularly
S0B during UL
activity

Problem Exercise/Activity Rationale Precautions/Contraindica'gi_pﬂs
Decreased Outdoor walking Overload both Maximize respiratory function
cardiovascular Start as able, build up to 20 min. cardiovascular Exercise is best carried out after any
exercise 3 days/week system and local required physiotherapy for chest clearance

and inhaled medication to give maximum
opportunity for gas exchange

Decreased Sa0,

Frederick's oxygen saturation levels during
exercise will have been monitored whilst
attending PR, and he will have home oxygen
to wear during exercise if needed

Acute exacerbation

He should be advised to stop exercising if

he is unwell. He should return to activity at
a lower level of intensity and build up again

Start as able, build up any combination o
for 20 min, 3 days/week at intensity z,
level Borg 13 o>
‘Somewhat hard’ g
Continued... o

H
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Problem Exerclse/Actlwty

CHAPTER THIRTEEN

Precautlons/Contralndmatlons

Ratlonale
Decreased mm Slttlng apply resistance band at ankle Increased muscle
strength and fasten behind, knee ext, fasten strength has been

above and in front, knee flexion

Standing holding firm support,

apply resistance band at ankle and
fasten in front, hip ext, fasten behind,
hip flex

Sitting, use hand-held weight for wrist

shown to increase
exercise ability in
people with COPD.
Muscle atrophy is

a distinctive feature
of COPD

flex, ext, elbow flex, ext, shoulder flex,

shoulder abd
Select resistance band and weights
for 8-12 reps, 2-3 X week

Use functional activities such as
lifting and carrying for increasing grip
strength

Usual precautions for use with resistance
bands

Avoid breath holding during effort as
exacerbates SOB. Breathe out on
concentric phase of muscle activity

Frederick can also be advised to attend a local gym to have access to a greater range of equipment, as variety is
important in developing a sustainable exercise programme. He may increase his activities of daily living now that he
has increased his exercise ability. If he participates in activities that produce an overload on his aerobic system, such
as dancing or gardening, these activities can be used as a substitute for the ‘formal’ exercise programme.

An elite badminton player following shoulder stabilization surgery

Dave is a 28 -year-old elite badminton plaver. He had right shoulder stabilization surgery 2 days ago. He is now at
home wearing a sling and body belt to protect his arm. He has been prescribed these exercises by the physiotherapist
before discharge from hospital. This early stage of rehabilitation will last from 0 to 6 weeks.

protraction/retraction

3 X a day
Decreased Statlc blcycle 30min
cardiovascular fitness 5 X aweek at 13 on

due to reduced activity Borg Scale

Ratlonale

Problem Exerclse/Actlwty
Immob|I|ty and pain R Finger, hand and wrlst movements Maintains ROM of
shoulder and arm - flex/ext, abd/add, circumduction

Forearm pronation and supination
Sh girdle elevation/depression,

Elbow flex/ext - remove sling for this
exercise 10 repetitions of each

Maintains some

Precautions/Contraindications

Exercise as pain allows so healing

other joints in R arm process is not disrupted

Stable position for cardiovascular

cardiovascular fitness activity to avoid undue strain on

for sport

healing shoulder
Exercise intensity as pain allows

CHAPTER THIRTEEN
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Three weeks after his operation Dave’s body belt and stitches are removed. He continues his early exercise programme
but is now able to begin gentle shoulder mobilization.

Problem Exercise/Activity Rationale Precautions/Contraindications
Decreased ROM R Remove arm from sling, small range  Start Exercise in small range of specified movements only
shoulder pendular exercises — sh flex/ext mobilizing R and as pain allows so that healing process is not
and circumduction, 10 repetitions, shoulder disrupted
3 X aday

Six weeks after his operation, Dave’s sling is removed and he begins attending the physiotherapy department for fur-
ther rehabilitation. He is now in the intermediate stage of rehabilitation.

Problem

Exercise/Activity

Rationale

Precautions /Contraindications

Decreased ROM R
shoulder

Continue pendular exercises as
before working into more range
Active assisted sh flex in crook lying
Active assisted sh add and med rot
in standing

Progress to active movements
through range and against gravity
10 repetitions each, 3 X a day
Functional activities

Increase ROM
R shoulder

Exercise within pain limits
Do not exercise R shoulder into external rotation at
this stage as this may disrupt healing process

Continued...

Inhibition of and
decreased muscle
strength of major
muscles around R

Isometric exercises for major
muscle groups around R shoulder -
push R arm against wall in the
direction of movement, all in inner

Improves
muscle
function and
recruitment

shoulder range and hold 5 s and relax, repeat  to increase
10 X shoulder
Progress to active movement stability
through range, against gravity and by working
then resisted activity sh flexors,
10RM on alternate days extensors,

Functional activities

abductors and
medial rotators

As above

Decreased 3 point kneeling L arm, raise right Increases Should be able to lift R arm against gravity before
proprioception R arm and hold for 5 s, repeat 5 X proprioceptive carrying out exercise
shoulder joint Increase complexity by carrying out input to R Should be stable in 3 point kneeling to avoid falling

exercise with eyes closed

shoulder joint

onto shoulder

Decreased Continue with static bicycle 30min Maintains Stable position for cardiovascular activity to avoid
cardiovascular 5 % a week at 13-16 on Borg scale. cardiovascular undue strain on healing shoulder
fitness Increase intensity in intervals to 16 fitness for

on Borg scale sport
increase lower Major leg muscle groups — e.g. kn To improve Only exercise on a weight machine with a partner
limb muscle ext/flex. ankle PF and DF 8-10RM muscle who can adjust resistance to avoid undue strain on
strength on alternate days sirength fo- healing wound

Elelelad
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N
It is now 3 months since Dave had his operation. 11e has full, pain-free ROM in his R shoulder and the major muscle 3
. (9]
groups around his shoulder have been assessed as grade 4 on the MRC scale. -
2
N e e g
Problem Exercise/Activity Rationale Precautions/Contraindications | g
Decreased muscle Resistance training of major muscle Return R shoulder Make sure that there is a good base of | g.
strength and power groups around R sh 4-8RM on muscle strength and strength in the shoulder muscles before | 2
of major muscles alternate days power to normal for adding in exercise at speed | %
around R shoulder Fast force resistance training of sports participation 9
muscle groups around R sh — add 1 &
set of 6 reps at 30-60% 1 RM at fast ;-,’
speed g_.
Decreased 3 point kneeling on sit - fit (L and R arm)  Increases Should have adequate strength in R g
proprioception R Raise other arm and hold for 5 s with proprioceptive input shoulder to bear weight through shoulder m
shoulder joint eyes closed to R shoulder joint before attempting to lift L arm P
Add small movements into more S,
flex/ext/abd/add when arm is lifted 8
and hold
Standing on wobble board throwing
and catching ball
Decreased Running, cycling, Improves aerobic Ensure warm-up period at start of
cardiovascular step machine for 30-50min (carry energy production in cardiovascular exercise and cool down
fitness out exercise for average length preparation for return  at the end
of badminton match) at varying to sport
intensities of 13-16 on Borg scale on Preparation for return
most days of the week to playing badminton
Continued... |

w

Decreased sport Circuit training to include press-ups. Preparation for return Do not return to sport untl renanuitat,or
specific fitness tricep dips, sit-ups, throwing ball to playing badminton  is complete—full ROM and muscle
overarm and underarm to hit targets, Ensures confidence strength around shoulder, cardiovascular
jumping jacks, shuttle runs, etc to play badminton fitness, agility and power
Badminton drills and training again is built up

Practice matches gradually

Ensures necessary
skills are in place
before return to
sport

Dave completed his rehabilitation and played in his first tournament 8 months after his operation.
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CASE STUDY 13.6. An overweight woman referred for an exercise programme for health
Julia is a 45-year-old woman who works as a school receptionist. She recently saw her GI’ who was concerned about
her obesity and her blood pressure, which is consistently at the upper end of the normal range.

Julia has been referred for a supervised exercise programme to manage these risk factors, which predispose her to
the development of diabetes and cardiovascular disease.

Problem

Exercise/Activity

Rationale

Precautions/Contraindications

blood pressure
and generally low
activity levels

Obesity, borderline

Warm up 10min

Walking on treadmill

Static bike

Basket ball dribbling up and down the gym
Stair climbing or step-ups

Half jumping jacks

Trampette

Throwing and catching ball against a wall
Circuit training including the above activities
Circuit lasts 30 min, with rest at

10-min intervals

Borg intensity 13

Cool down

Attend supervised class X 2 week for

6 weeks, advise additional independent
walk at Borg 13 X 1-2 week

Gradual increase in
blood supply to cardiac
muscle

Activities overloading
the aerobic system, to
increase HR and RR

To prevent blood
pooling in periphery and
potential fainting

Start the programme graduaily by
allowing rest periods during the
circuit and increase exercise up to
recommended amount

Exercise restricted to moderate
intensity due to deconditioned
state and to avoid excessive
overload on cardiovascular system

Exercise generally low impact to
avoid excessive stress through
joints

At the end of her 6-week supervised programme Julia is encouraged by the fact that she has 10st sume wagnt an

keen to continue with exercise.

Problem

Exercise/Activity

Rationale

Obesity, difficulty
establishing an
independent
exercise
programme

Identify areas of Julia’s daily life that could be
easily changed to incorporate additional activity

Walking briskly to work or going out for a walk
during lunch time

Use some of the school exercise facilities during
or after school, become involved in supervising
after school clubs, e.g. netball

Take up new hobby with friends such as a form of
dancing, swimming or dog walking

Transfer exercises from programme to local gym,
e.g. treadmill, cycle or join exercise class

As further weight loss occurs the intensity of
exercise can be increased and higher impact
activities included such as skipping

To develop a more

active lifestyle and
reduce the need for
specific exercise
5es5i0ns

Increasing the

intensity of activity will

facilitate weight loss
in addition to gaining
health benefits

Precautions/
Contraindications

It is important that the
activities are carried out at
sufficient intensity to gain

benefits

CHAPTER THIRTEEN
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\bsolute method, assessment of muscle
endurance, 81
\ccessibility, starting positions, 31-32
Actin, 2-3
Acute condition(s)
case study, 193-194
definition, 153
Cxercise programmes
benefits, 155
prescription recommendations,
158-159
rehabilitation stages, 17, 155-15
special considerations, 158
impact on exercise ability, 154-155, 156
inflammatory response, 154
Adenosine triphosphate-creatinine
phosphate systermn see AIP-CP
(adenosine triphosphate-
creatinine phosphate) system
Adherence, therapeutic exercise, 15, 17
Adhesions, in limitation of range of
movement, 98
Acrobic excercise, 45
cardiorespiratory effects, 8-11
energy systems, 6, 7, 48
in people with type 1 diabetes, 166-167
physiological adaptations, 46-48
local, 46, 47
systemic, 47-48
during pregnancy, 142, 143
prescription see Aerobic exercise,
prescription guidelines
progression, 59-60
regression, 59
see also Cardiovascular training; specific
types of exercise
Aerobic exercise, prescription guidelines,
56-59
duration, 59
in chronic respiratory disease, 174
in older people, 149
in prevention/management of non-
insulin-dependent diabetes, 166
frequency, 58
in cardiovascular disease, 171
in chronic respiratory discase, 174

o

INDEX

in older people, 149
in prevention/management ol non-
insulin-dependent diabetes, 166
intensity, 56-58
in cardiovascular disease, 171
in chronic respiratory disease, 174
in older people, 149
in prevention/management of
non-insulin-dependent diabetes,
165
American Thoracic Society, 6-minute
walking test guidelines, 56
Anacrabic exercise
energy systems, 0, 7
in people with tvpe 1 diabetes, 167
Anaerobic power see Power
Angina, 168
Ankle sprain, impact on exercise ability,
156
Ankle weights, 67
Arm ergonometry, 50
Arm movement, positions derived from,
36-37
Arterio-venous oxygen difference, 9
Arthritis, pain in limitation of movement,
98
Articular surfaces, in limitation of joint
movement, 95, 96
Assesstnent(s)
cardiovascular fitness see Cardiovascular
fitness
muscle endurance, 80-82
muscle strength, 72-75
power, 88-89
prior to joining exercise class, 122-123
prior to prescription of exercise, 14
cardiovascular system, 48-49
range of movement, 106-107
Asthma, 172
AIP-CP (adenosine triphosphate-creatinine
phosphate) system, 6, 7, 65, 80
anaerobic energy pathways, 87
Margaria Power 'Test, 88
Wingate Test, 89
Auto assistance, 102
shoulder (lexion, 102, 104
Autonomic dysreflexia, 179
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B

Back pain, low, Incremental Shuttle
Walking Test, 55
Balance, older people, 147-148
Balke protocol, 54
Ballistic stretching exercises, 105
Barbells, 67
Base ol support (BQOS), 22-24
centre of gravity and, 24
exercise design considerations, 24
sitting, 23
standing, 22, 23
with frame, 22, 24
Bed rest, effects, 154-155
Bicycle, exercise, 114
Bleep tes(, 54-55
Blood cholesterol, cardiovascular training
benelits, 169-170
Blood flow, during exercise, 11
Bload glucose [evels
exercise and, 164
insulin-dependent (type 2) diabetes,
160-167, 168
non-insulin-dependent (type 2)
diabetes, 164-165, 166
Blood haemoglobin, in children, 139
Blood pressure
during exercise, 1
monitoring, in stroke patients, 179
systemic training adaplation, 48
Blood supply, muscles, 3
Blood testing, 54
Body weight, in stretching force provision,
103, 104
Bone fracture see Fractures
Bone mineral density, in osteoporosis, 183
benefits ol exercise, 184-185
Borg Rating of Perceived Exertion Scale,
57-58, 116
Breathing, during strength training, 66
Breathlessness, 172
in chronic obstructive pulmonary
discase, 174
Burns, friction, 29

c

Callisthenic exercises, 81
Capillary density, in trained muscle, 47, 65
Cardiac failure, Incremental Shutle
Walking lest, 55
Cardiac hypertrophy, 47
Cardiac rehabilitation programmes,
169-171
adherence, 15
avoidance of competition, 133
discharged patients, 116
guidelines, 171

psychological benefits, 170
see also Cardiovascular disease
Cardiorespiratory systern, 8-11
effects of bed rest, 154-155
Cardiovascular disease, 168
exercise training
benefits, 169-170
cardiovascular, 169-170, 171
contraindications, 171
prescription guidelines, 171
special considerations, 170-171
strength, 170, 171
impact on exercise ability, 168-169
symptoms, 169
sec also Cardiac rehabilitation
programimes
Cardiovascular fitness
assessment, 51-56
field-based exercise testing, 54-56
laboratory testing, 53-54
maximum incremental exercise
Lesting see Maximum incremental
exercise
steady state exercise capacity, 53
defnition, 45
determining factors, 45-46
following spinal cord injury, 176
impact of chronic neurological
conditions, 175-176
impact of osteoarthritis, 181
Cardiovascular stress, strength training
prograimmes, 66
Cardiovascular system
in children, 138
in older people, 145
Cardiovascular training
in cardiovascular disease, 169 170,
171
in children, 139, 141
in chronic neurological conditions,
177-178, 180
in chronic respiratory disease, 173,
174-175
home-based, 111, 116, 17-118
in older people, 145, 146-147, 149
in osteoarthritis, 181
in osteoporosis, 183
for prevention/management of
non-insulin-dependent diabetes,
165-166
programme design, 48-49
warm up/cool down, 49-50
see also Aerobic exercise
Carotid pulse, 57
Case studies, 189-205
acute illness requiring 'L admission,
193-194
child with scalded leg, 195-196

hionic obstructive pulmonary disease,
197-198
chie badminton player following shoulder
stabilization surgery, 199-203
older person following otal hip
replacement, 190-192
overweight woman referred for exercise
programme for health, 204-205
cunie of gravity (COG), 21
base of support and, 24
exercise design considerations, 21-22
« crebral palsy, 140
« hanging areas, for group exercise classes,
128
« huldren
with chronic conditions, 140-141
cxercise training, 138
benefits, 140-141
cardiovascular, 139, 141
prescription, 141
resistance, 139-140, 141
responses, 138-139
special considerations, 141
hypoactive, 139, 140
physiological differences, 138-139
cardiovascular system, 138
oxygen uptake, 139
skeletal muscle, 139
ventilatory system, 138
scalded leg case study, 195-196
Cholesterol, blood, cardiovascular training
benefits, 169-170
Chronic conditions
in children, 140-141
sec also specific conditions
Chronic neurological conditions
exercise (raining
benefits, 177-178
cardiovascular, 177-178
prescription recommendations, 180
special considerations, 178-180
strength, 178
impact on exercise ability, 175-177
see abso specific conditions
Chronic obstructive pulmonary disease
(COPD), 172,174
case study, 197-198
Incremental Shuttle Walking Test, 55
Chronic respiratory discase, 172
exercise training
benefits, 172-173
cardiovascular, 173, 174-175
contraindications, 173
precautions, 174
recommended prescription, 174-175
special considerations, 173-174
strength, 173, 175
Circuit training, 130-131

Index

Classes, exercise see Group exercise classes
Clothing, group exercise class, 124
Cognition, older peaple, 148
Collagen
exercise adaptation, 99
following immobilization, 98
Colles fracture, exercise class following,
131-132
specific aims, 134
Comfort, starting positions, 31-32
Compelition, group exercise classes, 133
Connective tissue, 1
in determination of muscle strength,
5-0, 64
exercise adaptation, 99
Coustant resistance equipment, 67-70
Cool down
cardiovascular training programme, 49
exercise in cardiovascular disease, 170
group exercise classes, 135
Cooper's 12-mintite running test, 55
Coronary artery disease, 170
physical inactivity as risk factor, 140, 169
see afso Cardiovascular disease
Crook lying, 35
Crook sitting, 33
Cyele ergonometry, in assessment of’
cardiovascular Nitness, 51, 54
Cycling, 49
in assessment of cardiovascular fitness, 51
Wingate Test, 88-89
Cyslic fibrosis, 140, 172

D

Dance, acrobic, 50
Dehydration, 11
Delayed-onset muscle soreness, 07
Diabetes mellitus
insulin-dependent see Insulin-dependent
{tvpe 1) diabetes
non-insulin-dependent see Non-insulin-
dependent {type 2) diabetes
Dietary interventions, for weight loss, 162
Direct phosphorylation, ¢
Drag, 28-29
Dumbbells, 67
centie of gravity and, 22
elbow flexor strengthening, 69
Dynamic muscle strength testing, 73-75
Dynamometer, isokinetic, 74, 82
Dynamometry, 73

Clastic resistance bands, 70-71
elbow extension with, 77
home use, 115, 117
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Elbow extensors, strength training,
76-78
Elbow flexors
range of movenent, 94, 95
slrcnglhcning, 69
Elderly see Older people
Emergency equipment, 21, 51, 128, 171
Endomysium, 1, 3
Fndurance, muscle
assessment, 80-82
in children, 139
definition, 79-80
determining factors, 80
in older people, 145
training
adaptations, 80
guidelines, 82-84
home-based, 115, 117
intensity, frequency and duration,
82-83
programme design, 80
progression, 83-84
regression, 83
Endurance shuttle Walking test, 55
inergy pathways, 6-7
anacrobic, 87
utilized during muscle endurance
exercises, 80
utilized during strength training, 65
Cnvironment
group exercise classes, 127
safe, for therapeutic exercise, 20-21
Inzymes, in trained muscle, 65
Ipimysium, 1
liquipment
emergency, 21, 51, 128, 171
group exercise classes, 128
home exercise, 114-115
safety considerations, 119
resistance, 67-71
safety considerations, 21
with obese individuals, 163
Lxercise(s)
in acute conditions see Acute
condition(s)
aerobic see Aerobic exercise
cardiovascular see Cardiovascular
training
children and see Children
classes see Group exercise classes
definition, 13-14
home-based see 1lome exercise
to increase muscle endurance sce under
Endurance, muscle
to increase muscle power see under
Power

to increase range of movemnent see under

Range of movement (ROM)

muscle-strengthening see Strength training
older people and see Older people
physiology, 1-11
cardiorespiratory system, 8-11
muscle see Skeletal muscle
during pregnancy sev Pregnancy
start of, energy systems, 6-7
therapeutic see Therapeutic exercise
see also specific conditions; specific
exercises

Exercise bicycle, 114
Txercise testing

field-based, 54-56

interpretation of results, 56

laboratory, 53-54

maximum incremental see Maximum
incremental exercise

steady state capacity, 53

F
Fallout standing, 38
lalls, in older people, 147-148
Fast twitch type 2X fibre, 4
latigue
in carly pregnancy, 142
in multiple sclerosis, 176
muscle power and, 87
ield-based exercise testing, 54-56
First-class levers, 25
Fitness, cardiovascular see Cardiovascular
fitness
Ilexibility
definition, 94
in neurological conditions, 177
in older people see under Older people
in osteoarthritis, 181, 182
in osteoporosis, 184, 186
sit and reach test, 107
see also Range of movement (ROM)
Flextcurve, 107
Fluid balance, in obese individuals, 163
Foetus, response to maternal exerctse, 142
l'ootwear, group exercise class, 124
l'orce-velocity relationship, in muscle, 86
Forward lean sitting, 33
rorward lunge standing, 38
Fractures
humerus, impact on exercise ability, 156
in limitation of range of movement, 96
osteoporotic, 183, 184, 185
wrist/Colles, exercise class following,
131-132, 134
t'ree exercise
to increase range of movermnent, 100-104
in strength training, 71-72

Free weiglts, 67-68

elbow extension with, 77

I'riction, 28

burn, 29
exercise design considerations, 28-29
reduced, 102, 103

l'anctional electric stimulation (I'ES), 178

Gas analyser, 53
Glucose, blood see Blood glucose levels
Glycolysis, 6, 7, 65, 80, 87
Goniometry, 106-107
Gravity
assisting (maovement with), 39, 40-41
shoulder extension, 108-109
shoulder tlexion, 100, 101
counterbalanced, 39, 40, 42
elbow extension, 77
effects, knee extension exercises, 39-40
resisting (movement against), 39, 40,
41-42
shoulder flexion, 41-42, 100, 101

Group exercise classes

advantages, 121-122
aims, 134-135
competition, 133

music during, 133-134
warm up/cool down, 135

Group exercise classes, practical aspects,

122-129

environment, 127-129
space, 127
waiting/changing areas, 128

equipment, 128

patient, 122-124
ability/suitability, 123
assessment, 122-123
clothing, 124
preparation, 123-124
supervision, 123

physiotherapist, 124-127
presentation, 125
teaching, 125-127
voice, 125

programme design, 129-135
circuit vs. class, 130-132
fixed vs. rolling, 129-130

punctuality, 128

timing, 123, 128

Cyim equipment, 114, 115

H

ITaemoglobin, in children, 139
[laemoptysis, 174

Hall kneeling, 32

Halfl lying, 35

ITand class, suitable room layout, 126

Index

1langing, as starting position, 30
Harvard Step Test, 56
Heart rate

in children, 138
maximum, 57
maximum incremental exercise testing,
52,53
monitoring, 57
during home exercise, 116, 118
in monitoring of exercise intensity, 56-58
oxygen uptake and. 9, 10
reserve, 57
resting, 57

steady state exercise, 53
Hemiplegia, impact on cardiovascular
exercise ability, 175
High sitting, 33
ITigh standing, 31
Hip abduction
drag, 28-29
as third-class lever, 26-27
tHip extensors, progressive muscle
endurance training, 83-84
Hip flexion
with assistance of momentwum, 105, 106
home exercise starting position, 112
tlip replacement
case study, 190-192
impact on exercise ability, 156
Ilome exercise, 111-120
adverse responses, 118-119
design principles, 111-119
clear instruction, 111-113
practicality, 114-115
safety, 114, 118-119
duration, 117
effective/ineflective performance, 113
environment, 114
equipment, 114115
safety, 119
examples, 119-120
frequency, 111, 116
hospital-based programmes 5., 116
importance of, 111
intensity, 116-117
progression/regression, 117-118
recommended prescription, 116-118
review, 112113
safe/unsafe performance, 113
ITome-made weights, 115
Ilospital-based exercise programmes, home
exercise programmes vy, 11a
Itumerus, fractured, impact on exercise

ability, 156

Tlydrotherapy, for osteoarthritis, 183
Iyperglycemia

insulin-dependent diabetes, 167, 168
non-insulin-dependent diabetes, 164
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Hyperplasia, muscular, 65
Hypertension

benefits of exercise, 142

physical inactivity as risk factor, 140

pregnancy-induced, 142, 143

see also Cardiovascular disease
Hypertrophy

cardiac, 47

muscular, 47, 65, 139-140
Hypoactive children, 139, 140
llypoglycaemia, in insulin-dependent

(type 2} diabetes, 166-167
signs and symptoms, 167-168

Immobility/immobilization, 97-98
effect on cardiorespiratory and muscle
function, 154-155
Incremental maximal exercise see
Maximum incremental exercise

Incremental shuttle Walking Test (1SWT), 55

Individuality, training programme
respounse, 18-19
Inertia, 27
exercise design considerations, 28
Inflammatory response, to acute illness/
injury, 154
Injury risk, strength training programmes,
66-67
Insulin deficiency, in non-insulin-
dependent diabetes, 164
Insulin-dependent (type 1) diabetes, 166
exercise prescription
benefits, 167
considerations, 167-168
impact on exercise ability, 166-167
Insalin resistance, in non-insulin-
dependent diabetes, 164, 166

Insulin sensitivity, exercise and, 164, 165, 166

Intermediate type 2A fibre, 4
Interstitial fung disease, 172
Isokinetic dynamometer, 74, 82
Isokinetic machines, 67, 71

[T admission, case study, 193-194

J

Jogging, 49

Joint, range of movement see Range of
movement (ROM)

‘Tumping jack’, 50, 59

Juvenile theumatoid arthritis, 140

K

Karvonen method, 57
Knee extension exercises, gravity effects,
39-40

Knee flexion
with assistance of ball, 105, 106
home exercise starting position, 112
with reduced friction, 102, 103
Knee flexors, elastic resistance band
strengthening, 70-71
Kneel sitting, 32
Kneeling
half, 32
prone, 32
as starting position, 29
positions derived from, 32, 36
stretch, 36
Kyphosis, 184

L
I,(lb()l’dl()l\" exercise tesling, 53-54
Lactate threshold (L), 7, 10
Latex allergy, 70
Leg movement, positions derived from, 38
lLevers, 25
exercise design considerations, 27
first-class, 25
second-class, 26
third-class, 26-27
Ligaments, in imitation ol joint
movement, Y5, 96
Limb immobilization, 97
effects on cardiorespiralory function,
155
eftects on muscle function, 155
Lipolysis, in trained muscle, 47
Tocal muscle endurance see Endurance,
muscle
Long sitting, 33
Loose body, in limitation of joint
movement, 96
Low back pain, Incremental Shutde
Walking 'lesy, 55
Lying
crook, 36
half, 35
prone, 34
with forearm support, 37
quarter turn, 35
side, 34
as starting position, 30
positions derived from, 34-36, 37

M

Manual muscle testing, 73
Manual resistance, in strength training, 72
Margaria Power Test, 88

Maximal oxvgen uptake (VO2max): 8.9, 10

[ollowing bed rest, 155

maximum incremental exercise testing, 52

Maximum heart rate (MHR), 57
NMaximum incremental exercise, 8
testing, 52-53
contraindications, 52
interpretation of results, 56
salely aspects, 53
Mechanical advantage, in muscle force
generation, 5
Medical Research Council (MRC), musele
strength scale, 73
Memory, older people, 148
Metronome, 54
AMitochondria, in trained muscle, 47, 65
Modified Shuttle Walking test, 55
Momentum, 28
Motivation, muscle power and, 87
Motor learning, 19
Motor neurones
in muscle contraction, 3
in muscle strength, 4, 64
Multiple sclerosis (MS)
excrcise training
benefits, 177, 178
prescription recommendations,
180
special considerations, 179
impact on exercise ability, 176, 177
thermal sensitivity, 179
Multistage Fitness Test, 54-55
Muscle, skeletal see Skeletal muscle
Muscular hypertrophy, 47, 65, 139-140
Music, during group exercise classes,
133-134
Myocardial infarction, 168
Myafbrils, 2
Myosin, 2-3

N

Nautilus equipment, 67
Neck extension, as fArst-class lever, 25
Neurological conditions, chronic see
Chronic neurological conditions
Neurological disorders, in range of
movenient abnormalities, 97
Newton's first law of motion, 27-28
Non-insulin-dependent (type 2} diabetes
co-morbidities, 164, 165
dehnition, 164
exercise in prevention/management
benelits, 164-165
cardiovascular, 165-166
prescription recommendations,
165-1606
resistance training, 166
special considerations, 165
impact on exercise ability, 164
Nutrients, stored, in trained muscle, 65

Index

0
Obesity
case study, 204-205
co-morbidities, 162, 163
definition, 161
exercise fur prevention/management,
162-163
prescription recommendations,
163-164
special considerations, 163
physical inactivity as risk factor, 140,
162
Oblique stride standing, 38
Older people
cardiovascular system, 145
exercise training
balance and falls, 147-148
henefits, 146-147
cardiovascular, 145, 146-147, 149
co-morbidities, 144, 148-149
cognition and memory, 148
exibility, 147
heal tolerance, 148
mobility, 148
muscle strengthening, 146, 149
prescription recommendations,
149-150
special considerations, 147-149
vision, 148
flexibility, 146, 148, 149
training, 147, 150
muscle endurance, 145
muscle power, 144-145
muscle strength, 144
physical activity levels, 144
physiclogical differences in, 144-146
thermoregulation, 145, 148
total hip replacement case study,
190-192
Onset of blood lactate accumulation
(OBLA), 7, 10
Osteoarthritis (OA)
exercise training, 180, 182
benefits, 181-182
cardiovascular, 181, 183
flexibility, 182
prescription recommendations, 183
special considerations, [82-183
strength, 182, 183
impact on exercise ability, 181
Osleoporosis, 183
exercise training
benefits, 184-185
cardiovascular, 184-185
in management of, 184-185
prescription recornmendations,
185-186

213



214

Index

Osteoporosis (Continued)
in prevention of, 184, 185
special considerations, 185
strength, 184, 185
Hexibility in, 184, 186
fractures in, 183, 184, 185
impact on exercise ability, 184
risk factors, 140, 183
Qverground walking, in assessment of
cardiovascular fitness, 51
Overload, 17,18
QOxidative phosphorylation, 6, 7
Oxygen uptake (VO,). 8
in children, 139
heart rate and, 9, 10
in setting of exereise intensity, 57
steady slate exercise, 53
see also Maximal oxygen uplake
(Vozmax)

[y

Paced tests, 54-56
Pain, in limitation of range ol movement,
98
Patient(s)
assessment, 14, 48-49
prior to joining exercise class,
122-123
group exercise considerations see under
Group exercise classes
therapeutic exercise safety
considerations, 20
treatment goal example, 16
Perimysium, 1
Physical activity, definition, 13
Physical inactivity
in children, 139, 140
obesity and, 140, 162
as risk factor in coronary artery disease,
140, 169
Physiology
children, 138-139
exercise see Exercise
older people, 144-146
pregnancy, 142
Physiolools, 112
Plasma volume, increased, as systemic
training adaptation, 47
Pneumonia, severe, impact on exercise
ability, 156
Power
assessment, 88-89
in children, 139
definidon, 85
determining factors, 86-87
muscle strength and, 86
in older people, 144-145

training
adaptations, 87
guidelines, 89-91
home-based, 111, 115
intensity, frequency and duration,
89-90, 149
in older people, 149
programme design, 87-88
progression, 90-91
Tegression, 90
Pre-eclampsia, 142, 143
Pregnancy
carly, 142
exercisce during, 141-143
benehts, 142
contraindications, 143
prescription recommendations, 143
Tesponses, 142
special considerations, 142-143
later stages, 142
physiology, 142
Press up test, 81
Prone kneeling, 32
Prone lying, 34
with forearm support, 37
Proprioceptive neuromuscular facilitation
(PNF), 72, 105
Pseudomonas inlection, 174

Psychological factors, in limitation of range

of movement, 99
Puberty, 139
Pulley system, 68-70
Pulmonary rehabilitation, 173
see also Chronic respiratory disease
Punctuality, group exercise classes, 128

Quater turn lying, 35

i

Range of movement (ROM)
abnormalities/limiting factors, 95-99,
96-99
in elderly, 146
immobilization, 97-98
mechanical disruption, 96
pain, 98
psychological, 99
scar tissue/adhesions, 98
soft tissue apposition, 98
active, 94
assessment, 106-107
definition, 93-94
exercise(s)
hallistic stretching, 105
design, 100-105

duration, 108
examples, 105-106
free active, 100-104
lrequency, 108
intensity, 108
prescription guidelines, 107-110
progression/regression, 108-109
proprioceptive neuromuscular
facilitation, 105
starting position consideration, 32,
100
static stretching, 104-105
training adaptations, 99
‘inner range’, 94
‘mid range’, 94
‘outer range’, 94, 95
passive, 94
Rapid throw and catch, 50, 59
Rating of Perceived I'xertion (RPE) scale,
57-58, 116
Reach sitting, 37
Rehabilitation, stages, 17, 155-158
Repetition maximum (RM), 74-75, 81
Resistance, manual, in strength training, 72
Resistance equipment, 67-7
Resistance training see Strength training
Respiratory compensation, 10
Respiratory disease, chronic see Chronic
respiratory disease
Rest intervals, strength training, 66
Resting heart rate (RIIR), 57
Restriction of movement, imposed see
Immohility/immobilization
Resuscitation equipment, 21, 51, 128, 171
Reversibility, training programme, 18
Rhythmical nature, of cardiovascular
exercises, 48
Room, suitable for group exercise class, 127
Rowing, 49
Running
in assessment of cardiovascular fitness,
51,54
Cooper's 12-minute test, 55
power (esl, 89

Safety aspects
cardiovascular exercise programme,
18-49
exercise testing, 51
home exercise, 118-119
incremental maximal exercise testing, 53
strength training, 66-67
therapeutic exercise, 19-21
Sarcomere, 2
Sareopenia, 144
Scalded leg in child, case study, 195-196

Index

Scar tissue, in limitation of range of
movement, 98
Second-class levers, 26
Shoulder
external rotation, with targets, 105, 106
external rotators, strength training,
37,39
pendular exercises, 28
Shoulder abduction, with assistance of ball,
102, 103
Shoulder extension, with gravity assisting,
108-109
Shoulder flexion
auto assisted, 102, 104, 130
circuit training programme, 130-131
against gravity, 41-42, 100, 101
with gravity, 100, 101
with support of wall, 102
Shoulder stabilization surgery, case study,
199-203
Shuttle tests, 55
Side lying, 34
Side sitting, 32
Sitand reach test, 107
Sit to stand, 59
home exercise, 114
progressive training regime, 50,
90-N
Sitting
base of support, 23
crook, 33
forward lean, 33
high, 33
kneel, 32
long, 33
reach, 37
side, 32
as starting position, 29
positions devived from, 33, 37
6-minute walking test (6MWT), 55-56
Skeletal muscle
adaptation to stretching exercise, 99
bload supply, 3
in children, 139
contraction, 2-3
effects of bed rest, 135
endurance see Endurance, muscle
energy systems, 6-7
fibre(s), 1, 2
aerobic training and, 47
pennation, 5, 64
types, 3-4, 47
functions, 1
hyperplasia, 65
hypertrophy, 47, 65, 139-140
in limitaton of joint movement, 96
nerve supply, 3
power see Power
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Skeletal muscle (Continued)
in range of movement ahnormalities,
97-98
strength
assessment, 72-75
in chronic neuwrological conditions,
176--177
definition, 63
determinants of, 4-6, 63-64
eXercises to increase see Strength
[l}llﬂll]g
impact of osteoarthritis, 181
Medical Research Council scale, 73
muscle power and, 86
in older people, 144
repetition maximum, 74-75
structure, 1-2
Skipping, 49
Sliding filament theory, 2
Slow twitch type 1 fibre, 4
Soft tissue
adaptation o strelching exercise, 99
in limitation of joint movement, 96, 98
Specificity
cardiovascular training, 48
starting position, 42
training programme, 17-18
Spinal cord injury
autonomic dysreflexia, 179
exercise (raining
benefus, (78
prescription recommendations, 180
special considerations, 179-180
impact on exercise ability, 176, 177
impaired thermoregulation, 179
Sport training, in children, 140, 141
Stability
centre of gravity and base of support
in, 24
starting position, 24, 37
Stages of rehabilitation, 17, 155-158
Stair climhing, 50, 84
home exercise, 114
Standing
base of support, 22, 23
failout, 38
forward lnnge, 38
with frame, base of support, 22, 24
oblique stride, 38
as starting position, 29
positions derived from, 31, 36, 37, 38
stride, 38
on uptoe, as second-class lever, 26
walk, 38
yard, 36
Starting positions
considerations, 30-42
comfort/accessibility, 31-32

effect of gravity, 37, 39-42
range of movement, 32
safety, 30
specificity, 42
stability of position, 33, 37
hanging, 30
home exercise instruction, 112
kneeling, 29
positions derived f[rom, 32, 36
lying (supinc), 30
positions derived from, 34-36
range of movement exercise, 100
sitting, 29
standing, 29
positions derived from, 31, 36, 37, 38
strength training, 65-66
Static muscle strength Lesting, 73
Static stretching exercises, 104105
Steady slate exercise
oxygen uptake, 8
(esting, 53
Step standing, 31
Step resting, 56
Step ups, 50
in aerobic exercise progression, 59, 60
in assessment of cardiovascular fitness, 54
home exercise, 114
Surength training
adaptations, 64-65
assessment prior to, 72-75
breathing during, 66
in cardiovascular disease, 169-170, 171
cardiovascular stress, 66
in children, 139-140, 141
in chronic neurological conditions,
178, 18¢
in chronic respiratory discase, 173, 175
elbow extensors, 76-78
energy pathways, 65
equipment, 67-71
external rotators of shoulder, 37, 39
(ree exercise, 71-72
home-based, 111, 115, 117
injury risk, 66-67
manual resistance technique, 72
in older people, 146, 149
in osteoarthritis, 182
in osteoporosis, 184, 185
during pregnancy, 143
prescription see Strength (raining,
prescription guidelines
for prevention/management of non-
msulin-depeadent diabetes, 166
programme design, 65-67
progression, 76-78
regression, 76
rest intervals, 66
satety, 66-67

starling position, 65-66
see also Skeletal muscle, strength
Strength training, prescription guidelines,
75-76
duration, 75, 76
in older adults, 149
in prevention/management of non-
insulin-dependent diabetes, 166
frequency, 75, 76
in older adults, 149
in prevention/management of non-
insulin-dependent diabetes, 166
intensity, 75, 76
in older adults, 149
Stretch kneeling, 36
Stretching exercises, 99, 102, 104
ballistic, 105
static, 104-105
in warm up/cool down, 49
Stride standing, 38
base of support, 22
Stroke
cxercise training
benefits, 178
prescription recommendations, 180
special considerations, 179
impact on exercise ability, 176-177
Supine position
as starting position, 30
positions derived Itom, 34-36
see also Lving
Support from family/[riends, exercise
programme adherence and, 17
Sweat production, 11
Swimining, as recommended exercise in
pregnancy, 143

g

kS
‘lai Chi, 147, 150, 182
‘Teaching, group exercise classes, 125-127
Testing see Assessment; Exereise testing
I'herapeutic exercise, 13
adherence, 15, 17
common training principles, 17-19
definition, 14
motor learning and, 19
programme design, 14-42
identification of treatment goals,
14-15, 16
physical factors, 21-29
specilic considerations, 21-42
starting pusitions see Starting positions
salely, 19-21
stages of rehabilitation, 17
see also Ixercise(s)
‘Thermoregulation
during exercise, 11

Index

in older peaple, 145, 118
in peaple with obesity, 163
in spinal cord injury, 179
Thivd-class levers, 26-27
loe standing, 31
as second-class lever, 20
Total hip replacement, case study, 190 192
‘Iraining
cardiovascular see Cardiovascular
training
common principles, 17-19
muscle endurance see under kndurance,
muscle
strength see Strength training
see also Therapeutic exercise
Trampette, 50, 59
Treadmill
in assessment of cardiovascular Atness,
51,54
home exercise, 114
Treatment goals, identification of, 14-15, 16
‘Iricep dips, 78
‘Tropomyosin, 2
Troponin, 2
12-inute running Lest, Cooper's, 5
12-minute walking test (6MWI1), 55-56
lype 1 diabetes see Insulin-dependent
(type 1) diabetes
Type 2 diabetes see Non-insulin-dependent
(type 2) diabetes

ti;j
Valsalva manoeuvre, 143
Variable resistance equipment, 67, 71
Vasoconstriction, 11
Vasodilation, 11
Ventilation

inefficient see Chronic respiratory

disease

oxygen uptake and, 9-10
Venltilatory system, in children, 138
Ventilatory threshold, 10
Vision, older people, 148

W
Wailing areas, for group exercise classes,
128
Walk standing, 38
walking, 49
in acrobic exercise progression, 59
in assessment of cardiovascular fitness,
51, 54-56
home exercise, 114
power test, 89
as recommended exercise in pregnancy,
143

217




218 Index

Walldng aids, base of support and, 22, 24 Westminster Pulley System, 68-70
Warm up Wing standing, 37

cardiovascular training programme, 49 Wingate ‘Test, 88-89

exercise in cardiovascular disease, 170 Women, pregnant see Pregnancy

group exercise classes, 135 Wrist fracture, exercise class following,
Weakness, muscle 131-132

in neurological conditions, 176-177 specific aims, 134

in range of movement abnormalities, 97 Wrist weiglts, 67
Weight loss

exercise for, 162-163, 164

recommended for people with

osteoarthritis, 181 Yard standing, 36
see also Obesity Yoga, 147
Weight training equipment, 67-71
Weights

(ree see Tree weights
home-made, 115
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