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PREFACE TO THE FOURTH EDITION

DENa GARDINER dedicated this book to the students of the London -

Hospital School of Physiotherapy where she taught from 1943 to 1960.
Many generations of students at the London Hospital and elsewhere have
benefited from this text, first published in 1953, which Miss Gardiner
revised in 1957 and 1963. Shortly before her death in September 1978,
her publishers asked Miss Gardiner if she wished to make any further
revisions before reprinting.  She expressed reticence and soon became too
ill. Subsequently, the teaching staff at the London Hospital decided to
undertake the considerable task as a meaningful and continuing tribute to
a much-respected colleague. »

Our guiding principle has been to maintain as much of the original
text as is compatible with modern practice. It contains a wealth of basic
knowledge and the bibliography points the student to the sources of more
advanced knowledge. We have been fortunate to gain ready‘agreement
from her closest family and friends and from Bell and Hyman Ltd to

include large sections from Miss Gardiner’s PocketBook of Exercise Therapy - .

published in 1975. "Miss Gardiner considered it to be her best work.

We acknowledge willing help from colleagues in our endeavours and’

the patience of ‘he publishers as we wrestled with the task of revision.
Certainly our admiration for Dena Gardiner has continued to grow as we
have sought to emulate her expositional skill with the written language.

THE TEACHING STAFF,

: , : Physiotherapy School,
- _ The London Hospital
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'PREFACE TO THE FIRST EDITION

‘Tris book has been written for all those who are interested in the
use of exercise to promote physical rehabilitation. It is, however,
primarily designed to provide students training in physiotherapy with a
simple theoretical background for the practical instruction they receive
in the performance and use of movement and exercises for therapeutic
purposes. A R

1 have attempted to collect and integrate the various techniques
now in common use and to arrange them according to the purpose for

which they are designed. To do this I have drawn freely upon the

ideas and experience of others as well as my own but, except in the case
of forced passive movements which have only rarely been ordered by
any doctor for whom I have worked, I have included only those pro-
cedures which I have tried out and found to be of value in the treatment
of patients at one time or another.

New and widely varying techniques are constantly being developed

“and no one of these can claim to be suitable for all patients or all physio-- -
therapists. A sound knowledge of basic principles, an open mind and

a spirit of enquiry are essential to progress and the discovery of the
methods most suitable to achieve results.

I keep six honest serving men,
(They taught me all I knew) i .
Their names are What and Why and When
And How and Where and Who. -
KrpLiNG’s The Elephant Child

Although there are a considerable number of male physiotherapis ts
to facilitate description throughout the text 1 have referred to the
physiotherapist as ‘her’ and to the patient as ‘him’.

I would like to express my gratitude to all who have helped me in
the preparation of this book. In particular my thanks are due to Dr.
W.'S. Tegner, B.M., B.Ch., F.R.CP., who not only read my manu-
script and gave me valuable advice but has kindly written the foreword.

I am deeply indebted also to Dr. L. A. W. Kemp, B.Sc., F.Inst.P,,
physicist to the London Hospital, for his interest and patience in help-
ing me to prepare the chapter on Mechanical Principles and to Dr.
M. Partington, M.B., of the Physiology Department, for many helpful
suggestions. , '

Miss Y. Moyse, M.A., who was at the time Public Relations Officer

. v R
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 for the Ling Physical Education Association, encouraged me to under-

take the task of writing this book, and she has at all times advised and
helped me in the preparation of the manuscript. 1 would like to take
_ this opportunity of expressing my appreciation zad thanks for the time
and energy she has given to help. me: - ,

My colleagues in the Chartered Society of Physiotherapy have
always been ready to discuss controversial matters and to give me
advice whenever I asked for it, and I am most grateful to them and 10
Miss Chatwin, M.C.S.P., who lent me a typewriter for as long as I
needed it. a

M: D. G.
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PART I
- |
'MECHANICAL PRINCIPLES

THE mechanical principles utilised in Exercise Therapy .are defined
here to ensure that they are understood and applied correctly.

FORCE
Force is that which alters the state of rest of a body or its uniform
motion in a straight line, : s
. Composition of Forces ,
"The application of a force to a body is specified by—

(1) thedirection of the force; this may be represented by the direc-
tion of an arrow, & R o

+ (i) the magnitude of the force; this may be represented by the
length of the arrow. ‘

The tail of the arrow drawn 1o Tepresent a force can be taken as the

point of application of that force. ‘

‘:——_——g

Fic. 1 -

A single force apblied to a body, which is free t0 move, causes
movement in the direction of the force (Fig. 1).

g. Two forces acting in the same direction and at a common point

directions, will result in a state of equilibrium, |
¢. Two unequal forces actinig at a common point and in opposite
directions will result in movement in the direction of the greater force,
I .



2 THE PRINCIPLES OF EXERCISE THERAPY

the magnitude of the force producing this movement being equal to
the difference between the magnitudes of the two unequal forces which
oppose each other. Much of the physiotherapist’s work involves the
epplication of forces to oppose, equal or augment the forces of muscle
action and of gravity acting upon the human body. ‘

d. Sometimes it is inconvenient to apply force in a particular direction
and in these circumstances two forces acting at an angle to each other
may be conipounded to produce the desired effect. , :

If two forces represented by the lines AB and AC act at A, then the

FIG. 3b.
F16. 3a. The Parallelogram of Forces

diagonal AX of the parallelogram ABXC represents the force to which
they are equivalent. One example of this occurs when the Deltoid
Muscle contracts during shoulder abduction, the action of the anterior
and posterior fibres of the muscles being compounded to work with
the middle fibres and so vastly increasing their power (Fig. 3a).

The principle of compounding forces is also employed in some =

- arrangements for balanced traction. - o -

e Two unequal forces acting at different points and in opposité direc-
tions produce rotation of the body (Fig. 3b). One example of this occurs
“when the Trapezius Muscle and Serratus Anterior Muscle contract to
rotate the Scapula, ‘

* TENSION

Tension is defined as a system of forces tending to separate parts
- of a body combined with equal and opposite forces which hold the
parts together. Tt is measured 'n Newtons.

. In physiology the terms zensiom and force are used synonymously,
‘¢.g. intra-muscular teasion is the force of muscle contraction. The
strength of a muscle is its ability to generate tension. o

. MECHANICS OF POSITION
GRAVITY

Gravity is the force by which all bodies are attracted to the earth.

- Newton condluded from experiments and observations that a force of

irectly proportional to the mass of each body

e square of the distance between them., o

ax
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length (Fig. 5a

a force which is greater, movement wil]
occur in the direction of that force,

- For example:

a. From the standing position the heels
can be raised from the ground by the con-
traction of the calf muscles, working in
opposition to the Tesistance of gravity,
provided the force of their contraction ex—
ceeds the force of gravity, ‘

¢. The heels will be lowered to the
ground by the action of gravity_ if the Fie. 4

occur under conditions in which the muscles are no longer required 1o

a. A uniform rod wij| balancc ata point exactly half-way along its

b. The centre of gravity of an’irregular piece of cardboard can be

discovered by Suspending jt Consecutively from at least two points at

@)




4 THE PRINCIPLES OF EXERCISE THERAPY

its margin, and marking on it the line taken by a plumb line when the
- latter is attached at the point of suspension in-each. position,- The
point of intersection of the two lines will be the centre of gravity (Figs.
5b & ¢), which need not necessarily lic within the body, as in the case of a
ring or a boomerang. :

The centre of gravity of the human body in the anatomical position
is reputed to be in the vicinity of the body of the second sacral ver-
tebra. Its position must vary, however, according to the anatomical -
structure of the individual, being higher in men and children than in ‘
the average woman, because of the greater amount of weight they
carry in the upper half of the body. Direct support at the centre :
of gravity. of the human body is obviously impossible and its exact
position is merely of interest in assessing the distance between it and
the point of support. D '

The location of the centre of gravity will vary with each of the many
and varied postures the body assumes, '

- LINE OF GraviTY : .

The line of gravity is a vertical line through the centre of gravity.

_ When the human body is in the fundamental standing position
the line of gravity through the body of the second sacral vertebra passes
through the vertex and a point between the feet, level with the trans-:
verse tarsal joints,. The relationship of body structures to this line is
subject to considerable variation in accordance with individual differ- .
‘eaces in posture and anatomical structure. It is estimated that on an -
average when posture is good the line passes through the mid-cervical
and mid-lumbar vertebrae and in front of the thoracic vertebrae. The -

- external ear and the point of the shoulder are in the same frontal plane

and lie lateral to the line, and the central axis of the knee joint and the

ankle joints are postero-lateral.

Basg : ‘
The base, as applied to a rigid body, is the area by which it is sup-
ported. In the case of a cube the face on which it rests is the base,
Whereas the effective base of a chair may be considered as the area

‘bounded by the lipzs joining the legs (Fig. 6a):
. 3 2 /I!

e [T F("S’W%'

a chair Effective boseof the body
@  when stonding astride y
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- - "In the lying position the posterior aspect of the whole body forms =
' ¥~ the base, and in stride standing it is an area as wide as the feet and as ~-——
long as the distance between their outer borders (Fig. 6b). . - .
EQUILIBRIUM , . '
Equilibrium results when the forces acting upon a body are per-
fectly balanced and the body remains at rest.
Stable Equilibrium. 1If the forces acting upon a body at rest tend
to restore it to its original position after it has been displaced, the body
is said to be in stable equilibrium. The condition of equilibrium is
most stable when the centre of gravity is as low as possible and the
line of gravity falls near the cent of an extensive base. It becomes
progressively less stable as the centre of gravity is raised and the line
of gravity falls nearer to the margin of the base. ' _
Unstable Equilibrium. 1If a body is given an initial displacement
and the forces acting upon it increase this initial displacement, how-
ever small the latter may be, the body is said to be in unstable equi-
librium. A centre of gravity wicch is as high as possible and a small
base result in relatively unstable equilibrium, because even very small
displacements cause the line of gravity to fall outside the base, and the
body will fall to the ground, e.g. Toe st. _ - }
Neutral Equilibrium. If, in spite of displacement of a body, the
height and position of its centre of gravity remain the same in relation
‘to the base, the body is said to be in neutral equilibrium, as, for example,
when a ball moves on a plane surface. ) : ' g
The stability of the human body is greatest in the lying position.
It becomes progressively less stable as the centre of gravity is raised
and the base is reduced, as in the sitting and standing positions.

FIxATiON AND STABILISATION

Fixation describes a state of immobility and stabilisation that of

~ relative immobility.  Active fixation of joints is usually obtained by a

co-contraction of muscles and passive fixation by means of manual

pressure, straps or sandbags. Fikation isa means of preventing move-

ment in joints, e.g. in maintaining postures or for localising movement

to specific joints, It is used to improve the efficiency of muscles by

\ [  fixing their origin or to localise movement. in the performance of

passive movements. _ : : SR .

A suitable background for activity is achieved by stabilisation of

‘areas which are not required to take part in the moveinent; some

/ adjustments of the position of these areas may need to be made during

the progress of the movement to increase its efficiency or to maintain
balance. _

Fractures, joint injuries and disease necessitating  long-term

)
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6 - - ' THE PRINCIPLES OF ‘Exx:Re"xsiz‘T'HERAPY

immobility of joints usually require fixation by mechamcal means
such as splintage, balanced traction or operative measures, e.g. bone
aﬁmg or plating,

: , "MECHANICS OF MOVBMENT

' An axis is a line abour which movement takes place and a plane is
the surface which lies at right angles to it and #» which the movement
takes place. The terms are used to facilitate the descnptxon of move-

ment or direction, and as far as axes and planes of joint movement are
concerned, they are described with the body in the anatomical posmon

a. A sagitzal axis lies parallef to the sagittal suture of the skull, i.e.

in an anterc»posterxor direction, as an arrow might have pierced a
yeoman in attack or in flight. Movement about this axis is in a frcmzal

plane.
- b, Afrontal, or transverse, axis lies parallel to the transverse suture
of the skull. It is also horizontal and at right angles to the sagittal
axis. Movement about a frontal axis is in a sagiteal plane.

¢. A vertical axis lies parallel to the hne of grawty and movement
aboutitisin a- Izorzzontal plane

.i\‘ﬁ*"‘%

IG 7 5
ot ,,ML 33 B ““' g
The hands of a watch movmg about the central pin and over the

watch face, or a pencil thrust through a sheet of paper and turned to

represent the three axes, are convenient examples to demonstxate axes
and planes, -

Movements of the body occur at joints, therefore axes pass through
joints and the part moved is in the plane which hes at right angles to
the axis of the movement.

- Abduction and adduction (except of thc thumb) and sxde flexion

movements are said to take place about a sagittal axis and in'a frontal
_plane, flexion and extension (except of the thumb) about a frontal axis .
“and in a sagittal plane, and rotanonocctusaboutavemcal axxsandm

e honzontal plane. :

=7
'y ‘7' ‘?‘-’a‘ -
3 2 RY
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F1G. 8

(a) Movement about a (3) Movement about a () Movement about s
Sagittal Axis and in a Frontal Axis and in a Vertical Axis and in a
Frontal Plane Sagittal Plane - Horizontal Plane

The Plane of Movement and Gravity A
Although it is conventional and often convenient to indicate the type
and direction of movements of the body with reference to these axes and
planes, normal functional movements are by no means so simple.
The anatomical structure of the joints and the directions of the muscles
acting upon them dictate the active movements. In many instances there -

is more than one axis and therefore more than one plane about these .

axes, and it can be said that movements take place in planes at right angles
to their axes during any part of the movements. _ - ’

Movement in the Horizontal Plane. Movement in the horizontal
plane is not affected by gravity and is therefore stated to be ‘gravity
free’.  Weak muscles which are unable to produce movement against
gravity can often succeed in doing so when the part moved is supported
the frictional resistance of the supporting factor. ,

- Movement in the Inclined Pldne. Movement.in this case can be up
the incline or downwards. When muscles work to produce move-
ment uthe incline, the resistance offered to them by the force of
gravity i3 ‘modified and reduced by the reaction of the plane. The
latter is greatest when the incline is nearly horizontal, therefore the .
resistance to the muscles is least when the incline js nearly horizontal
and increases as ‘it approaches the vertical. Movement downwards is
produced by the force of gravity, the magnitude of its force increasing
23 the inclination approaches the vertical and the reaction of the plane
decreases, . : '

Movement in the Vertical Plane. Upward mavement is produced
by a force such as that of muscular contraction which exceeds the force
of gravity. Downward movement is produced by the force of gravity ,

- horizontally, when the only external resistance which opposes them is
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'an&occumataspcciﬁcspeo;dv.*hichcanbcmodiﬁedand controlled
by muscular action. .

SPEED

Speed is merely the rate at which a body moves, and takes no
account of the direction, i.e. a car has a speed of sixty kilometres an hour.
Speed is uniform if the car travels the same distance during every
second that it moves, but if it slows down at a turning and then in-
- creases speed along a straight road to make up for lost time, its speed
is variable, but the average speed for a given time can be calculated.

Speed of Relaxed Passive Movements
. The speed at which a passive movement is performed must be slow
and uniform so that relaxation can be maintained. :

Speed of Active Exercises , ,
" Naiural Speed, There is a natural speed for every exercise which
varies 1o some extent for‘each individual and, in general, this is the
speed at which exercises should be done. The effect of many exer-
cises can be modified, however, by an alteration in the speed of their
performance, - a -
* Reduced Speed, Exercises done more slowly require greater mus-
cular effort and more control. Decrease in the speed of repetitive
movements ensures time for full-range movement. 3 S
. Increased Speed. Rapid movement also requires strong muscular-
effort but momentum is gained and this may help to increase the range
of joint movement provided the direction is not reversed before the
free limit is reached. Exercises performed rapidly are stimulating but
frequently lead to inaccurate or ‘trick movements’ and ‘full-range
- movement is rarely achieved, e
VEoary . -
7 The notion of velocity incorporates not only the rate of motion but
also the dérection, e.g. an aeroplane travels at 1000 kilometres an hour # 27
easterly direction, A change in either speed or direction is said to
alter the velocity,
- Work is defined as the product of force and the distance through
whxch the force acts. It is measured in joules or ergs._

mleng e

.- Energy is the.cﬂ?ddty of a body for doing work. Potential Enerey
s the. capacity for doing work by virtue of position and a body’s
- Spachy for dofng work becatise of ts velocity is called Kinetic Eneray,
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INERTIA . v . |
- Inertia is the resistance of a body to any change in its state of rest

- | MECHANICAL PRINEIPLES . . g
Power is the raze of doing work or the rate of energy expenditure.
It is measured in joules per second or ergs per second. '

,,,,,,,

Acceleration is the rate of change of velocity. A positive-adcelera-
tion causes an increase and a deceleration, or retardation, a decrease in
Movement under Gravity. Galileo dropped heavy bodies from the
leaning tower of Pisa and established the fact that all bodies, irrespec-
tive of their weight, are subject to the same uniform acceleration as they

fall freely under gravity. Sy Ty o)

T R A e s e

S PR A

O\YQ\EQ, c‘(\g :

MOMENTUM

The momentum of a body is the quantity of motion it possesses,
and it is represented by the product of mass and velocity. 'The force
responsible for the momentum will generate movement slowly in a
relatively heavy body and more rapidly in a lighter body.

or motion. A body at rest tends to remain at rest indefinitely, while
a moving body tends to continue moving at a constant speed and in a
straight line unless acted upon by a force. Inertia may be defined as
the reversed effective force of a body. . '

A railway truck in a goods yard requires considerable force to start
it moving, but once it gets going it continues until another force, such
as collision with the buffers of another truck, impedes it.  If there was

F1G. 9

a man standing in the first truck he would be thrown forward at the
moment of collision, as his body would continue moving, owing to
inertia, , : '
Once the inertia of the body is overcome and movement is initiated,
it is more economical to continue moving, as in a well co-ordinated
swimming stroke or running action, to avoid the additional expenditure

of force which would be required to overcome the inertia on stopping,

starting or altering speed. Weak muscles may. be unable to exert
sufficient force to overcome inertia, yet may be able to produce move-
ment or control with assistance at the right moment. - o
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FricTION -

Friction is the force which opposes.motion when one surface slides
‘upon another. It may be sufficient to prevent movement altogether,
e.g. as in the case of rough surfaces or substances, such as rubber,
when they are in contact with one gnother.  The frictional resistance.
obtaining during movement (dynarhic friction) is slightly less than the
so-called limiting friction, i.e. the friction obtaining just as sliding is
about to set in. Dynamic friction may be further reduced during
movements of a limb, while the latter remains supported by a plane
surface, by the use of a polished surface such as a table or plinth on
which the limb will slide. The use of talcum powder or oil on the
supporting surface will further reduce friction and make the move-
ment easier, whereas suspension of the part to be moved virtually
eliminates all’ frictional resistance. The increase of friction plays an
important part in safety measures such as non-slip floors in gymnasia,
slopes, stairs, non-slip footwear, rubber ferrules on walking aids, etc.

SIMPLE MACHINES, PENDULUMS AND ELASTICITY

_ A machine is a contrivance which enables an applied force to over-

come a given resistance. - The use of a machine usually makes it pos-

sible for the magnitude of the applied force to be less than that of the

‘resistance which it overcomes, or when this is not so, it enables the

force to be applied more conveniently. .

Levers and pulleys are examples of simple machines in common

use in everyday life and their principles are also ultilised for the pro-

duction of movement in the human body. '

LEVERS

A lever is a rigid bar which is capable of movement about a fixed
‘point called a fulcrum (F). Work is done when a force or effort (E),
applied at one point on the lever, acts upon another force or weight (W),
acting at a second point on the lever. The perpendicular distance
from the fulcrum to the effort (E) may be called the effore’s arm and
‘that from the fulcrum to the weight (W) as the weight’s arm.

In the body a lever is represented by a bone, which is capable of
movement about a fulcrum formed at the articulating surfaces of a
joint; the-effort which works the lever is supplied by the force of mus-
cular contraction, applied at the point of insertion to the bone, while
- the weight may be either at the centre of gravity of the part maved, or
of the object to-be lifted.: S - ' ‘
“There are three Orders or Classes of levers, each of which is

- characterised by the relative positions of the fulcrum, effort and weight.
e st Order. “~The fulcrum-is between the ort and the weight; it -
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| may be sxtuated centrally, or towards either the eﬁ'ort or the wmght,

consequently the effort’s and the weight’s arms may be equal or-one-
may exceed the other i in length. _ .

W F... E W F. ........... E W F..E
""" A e A Tessmmm=——A
....... Efforts Arm = w = =Weight's Arm

Fi6. 10. 15t Order of Levers

. 2nd Order. 'The weight is between the fulcrum and the effort, and
the effort’s arm must therefore always exceed the weight’s arm..

FIG. 11. 2nd Order of cherz; F16. 12. 3rd Order of Levers

3'rd Orcler The ettort is between the fulcrum and the weight, and

' echamc ddvantagey The efﬁcacy of a force in relation to a
lever 15 dependent 1 upon two factors, i.e. the force exerted (W) or (E),
10kg - 10kg - and its perpendicular distance from the ful-

W "E.... E crum (weight’s. arm .or effort’s arm). The
[y (e product of these two factors is known as the

30 g% Moment of Force (or torque). When the

weight’s and effort’s arms are of equal length
an effort of a magnitude equal to that of the
weight will be required to lift it. No advantage
is gained but the machine is useful for measuring weights as, for ex-
ample, in the common balance.

If, however, the length of the effort’s arm exceeds that of the
weight’s arm, less effort will be required to achieve a similar result
and an advantage will be gained by the use of the lever. This is known
as a Mechanical Advantage, and it is obtained in levers of the 1st Order
when the fulcrum is nearer to the weight than to the effort, and in all
levers of the 2nd Order It is never obtamed in levers of the 3rd
Ordcr

" Mechanical Advantagc is the ratio of the weight to the eﬁbrt,

FiG. 13. State of
Equilibrium

expressed thus: 0 s 5
kg kg
- W B, E
c MA. == S a———
G E 20 40
o 0 cm ¢
’ C 4 (19 , , F16. 14. Mechanical
=i . Advantage.
\e\%{ :”;fnfo . - ' .
Ny Moment of Force 10 X 20 = 200 cm kg. 40 X 5 = 200 cm kg.
N O ma =,



.. the elbow joint can be taken as another example of
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‘Conversely, in cases in which the weight’s arm exceeds the effort’s
arm, a condition of Mechanical Disadvantage occurs, as in levers of
the 1st Order, when the fulcrum.is nearer to the effort than to the
weight and in all levers of the 3rd Order.. '

Levers of the Body - v .
Examples of all three Orders of levers are found in the human
body, but those of the 3rd Order are most numerous. A
st Order. ‘'The feature of this Order is stability, and a state of
equilibrium can be achieved either with or without mechanical advan-
tage. - One example of this type of lever is demonstrated during nod-
ding movements of the head; the skull represents the lever, the

SKUL

w F ATLANTO
OCCIPITAL
b HiP JOiN?

POSTERIOR HIP EXTENSORS

[4
CW wveck muscLes

i

':FIG.IS

4 atléhto-otcipital ioints; the fulcrum, the weight is situated 'anteriorly -

in the face, and the effort is supplied by the contraction of the posterior
Neck Muscles, applied at their attachment to the occipital bone,
Another example is tilting movements of the pelvis on the femoral
heads.

2nd Order. 'This is the lever of power as there must always be a

mechanical advantage.  An example in the lower limb is demonstrated .}
‘when the heels are raised to stand on the toes. The tarsal and metatar- A
sal bones are stabilised by muscular action to form the lever, the ful-"" ="

crum is at the metatarsophalangeal joint, and the weight of the body is =

¢ PBUSCLES o
HUMERUS
BRACHIORADIALIS
ANKLE JOINT E——ELBOW JOINT
_ METATARSO-PHALANGEAL =
JOINT 71

' transmitted through the ankle joint to the talus, The effort is applied

at the insertion of the tendo-calcaneum by the contraction of the Calf
~ Muscles. In the arm, the action of Brachjoradialis Muscle

- is relatively uncommon in the body: ©

in flexing - -
ver which = -



)

any other type. This type of lever, in

‘which there is always a mechanical disadvantage, is the lever of velocity,

the loss of mechanical advantage being outweighed by the advantage
gained by speed and range of movement. Both in the days of primi-
tive man and in modern times, speed and range of movement have
often proved to be a greater asset than power, B _
When the lever is the forearm, the fulcrum is the elbow joint, and
when the effort is supplied by the contraction of the Brachialis Muscle

applied at its insertion, and the weight is some object held in the hanc}i,
20 v
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it can be seen that a small amount of muscular contraction will be

translated into a much more extensive and rapid movement at the hand,

~The action of the Hamstring Mugcles in flexing Fthe knee is another
simple example. ol B olfualls
Levers at Home and at Work fos :

Many examples of lever are found in thé {se of common tools and
household utensils. A seesaw, a tack lifter, and a crowbar used across
a log as fulcrum are all levers of the 1st Order, while a pair of scissors
are twin levers of this type with a common fulcrum. The use of a
laden wheelbarrow is typical of the 2nd Order, and it js worthy of note
that every door is made easier to open owing to the fact that the handle
is placed as far from the hinges as possible. The 3rd Order is
demonstrated by a rnan lifting a long ladder with its foot against a wall,
or in the use of Sugar-tongs or forceps, which are double levers of this
Order. '

Levers in Physiotherapy . o :

A system of levers is the means by which the human body achieves
movement and resilience. '

A Rnowledge of the lever principles is also necessary for the under-
standing of a method of progression in strengthening muscles, As the
strength of the muscle increases, the resistance or weight which is to
bcovercomémustalsobeinc_raseduntﬂ such time asg no further pro-
gression-is-possible or desirable. As the insertions of muscles con-
stituting the effort factors are at fixed points in relation to the joints,

§ N YA T
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the only factors capable of variation are the weight and its perpendicular
distance from the fulerum. Added resistance to the muscle action can
therefore be applied, either by increasing the weight to be overcome or
by increasing the length of the weight’sarm.  The latter is usually referred
10 as increasing the leverage. ' N '

Increasing the leverage is concerned with the situation of the point
of application of a given weight. For example: Abduction of the arm
at the shoulder joint with the elbow flexed reduces the leverage, and
- relatively weak muscles can perform the movement, whereas when the
elbow is straight and the leverage is increased a more powerful con-
traction is required. This can be demonstrated in the case of Deltoid
paresis, with the patient sinting and with the shoulder girdle fixed.
Similarly, the situation of an external resistance, be it manual or
mechanical, will dictate the muscular effort required to overcome it.
For example: With the patient in a lying position a known resistance given
at the level of the knee joint is more easily overcome by the extensors of
the hip than the same resistance applied at the foot when the knee is
straight, ' :

ANGLE OF PULL
A force is most effective when it is applied at right angles to axlcve;'.

- Mechanical Efficiency of @ Muscle S
~ Mechanically, the pull is most efficient when the muscle is inserted
at right angles to the bone. This efficiency is decreased as the angle of
pull is reduced, because some of the force is used in pulling the bone
of insertion towards the joint representing the fulcrum. This approxi-
mation of the articular surfaces has a stabilising effect upon the joint

F16. 18. The length of the muscle is the same in each case. Which foot
will gain maximum efficiency from the pull and which ankle i§ the most -
C : stable? :

whxch is._grdatdét‘wheﬂ' tﬁevdifecvﬁon of the pull of the muscle is
longitudinal, i.e. in the long axis.of the bone of attachment. The
- Mechanieal efficiency . of.the muscle pull is also. reduced: whea the
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~ angle of umernonxsmcr&sed from' the rig'htféhgle;..‘ In this case

the joint becomes less stable as the angle increases. s
Efficiency of a Resistance * - - .
The sustained pull of a force offering resistance will also be maxi-

- mal when it is applied at right angles to a lever, and will decrease as the

angle of pull becomes acute or obtuse.

A force offering resistance to movement of one of the body levers
may be applied by means of a rope or through the physiotherapist’s
hand. - The effect of this resisting force is maximal when it is applied

at right angles to the moving bone. During the course of a movement,

¢ CQ

-

)

N

FiG. 19. The effect of the resisting force is maximal when it is applied
at right angles (b) :

when the angle of pull must vary, the right-angled pull is employed in
that part of the range in which maximum resistance is required. This
usually coincides with the part of the range in which the pull of the
working muscles is most efficient.

"PuLLEYS

A pulley is a grooved wheel which is rotated about a fixed axis by
a rope which passes round it. The axis is supported by a framework
or block, and the whole structure may be used either as a fixed pulley
or a movable pulley. o '

The Fixed Pulley , : : -

This is used to alter the direction of a force, and enables traction
or resistance to be applied at any angle. The pulley block is fixed to
some suitable support and the rope which passes round the wheel is
attached to the weight at one end and the effort is applied at the other.

Two Fixed

Single Fized
‘ ¢, Pulleys

Pulley
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~ Something analogous to the fixed pulley system is used in the body
by some muscles to allow them to be inserted at a more advantageous
angle, e.g. Digastric and Omohyoid Muscles pull round fibrous loops,
and Obturator Internus Muscle turns at a right angle and glides on 2
ridged groove to its insertion.
The Movable Pulley » , S
This device is used to gain a mechanical advantage when lifting.
“heavy weights. One simple combination is in common use for lifting
' fixed '
pulley

. E 3kg . )
: .. kg . As used in Physio-
Theoretical  tension— _tgrl:sgon theraphy for suspension
i : :
moveable
puligy=——s
6kg

F16. 21. Combination of Fixed and Movable Pulleys ’

 the trunk for Suspension exercises. The upper pulley is fixed to an |
overhead support, to which one end of the rope is attached. The rope
-is then wound round the movable pulley, to which- the weight is

~ attached, and round the fixed' pulley, the effort being applied at the
free ead. ' '

"Provided the effect of friction is omitted, the tension is the same in
all parts of the rope, therefore, if the weight (W) is 6 kg. the tension
required in each of the two supporting ropes will be 3 kg. and the effort -
(E) required will be 3 kg. This can be expressed as: '

Mechanical Advantage = %—V = % =2 |
If double pulleys are used the effort required can again be reduced by
half. ' ' o
PENDULUMS

By definition, a simpie pendulum is a heavy particle, suspended by -
a weightless thread and free to move to and fro. ‘ _
- When the pendulum is at rest, the thread (or rope) is vertical, but
: if the particle (or weight) is drawn to one side and
" then released, the pendulum will swing to and fro.
* One complete swing in each direction is called an
- oscillation, and the extént of the swing to any one
side from the vertical is the amplitude. . o
A force is required to set the pendulum in -
%18 brought 1o rest, suddenly, by an opposing
; Progressively, by the resistance of the air,
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- etc.. The time taken for each oscllrions determined by the ength
- of the' pendulum and thea‘_ccél_cratior_r due to gravity, = 7 :
-Pendular Movemens SR .

Pendular movements in the"body-OCcur?chieﬂy'ét the shoulder and .

” ‘hip joints when the muscles are relaxed and the limb distal to the joints

swings loosely to and fro. Muscular contraction may be used to
initiate the movement and to maintain or increase the amplitude of the
oscillations, but it is minimal compared with that required to perform
the same movement at any speed greater or less than that of.the
pendular swing. ' -

For example, the leg is carried forward by a pendular swing of the
leg from the hip joint during slow casy walking and the same type of
movement occurs to some extent at the knee, Arm-swinging exer-
cises at natural speed can also be done in cases of marked muscular
weakness without fatigue, when slow or rapid movement is impossible.
Movement in ‘Axial Suspersion

A limb, supported by ropes suspended from a point vertically
above the joint to be moved, is said to be in axial suspension, i.e. the
point of suspension is vertically above the axis of movement. When
the limb is relaxed, it will rest with the joint in the neutral position
and, when movement is inftated, it will swing freely to either side of |
this resting position on a plane which is horizontal, .

~ The arc of movement forms a segment of the base of a cone, the

radius of which is equal to the length of

the limb and the height of which is equal ==X
to the perpendicular distance between the SN
joint and the point of suspension. :

The advantage of this type of suspen-
sion is that the limb can remain fully
supported throughout a wide range of move-
ment. This support, which renders the
limb gravity free and therefore weightless,
aids relaxation during passive movement Fic. »
and relieves the physiotherapist from the 23
necessity of supporting what may be a heavy part of the body, thus
freeing her hands for a more accurate performance of the movement. |

<<=
% = Range of Movement

- Rhythmical ‘active movement in suspension at a suitable speed is

pendular in character and the muscle work required to maintain it is -
minimal, the effect being to promote reciprocal relaxation and 1o
increase the circulation in the region of the join'which is moved.
Movement in ‘Pendular’ Suspension o

‘This type of suspension represents merely a lateral or medial dis-
placement of the point of suspension from the position which it -,

na
&J\Q\igﬁ}e/ )
S

N

W
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occupies in axial suspension. In these circumstances the limb no

longer rests in the neutral position of the joint, but falls to a new rest-

’ ing position which lies towards the vertical
‘plane containing the new point of suspension

and the joint in question. . Movement on ejther

: side of this resting position causes the centre of
«  gravity of the limb to rise, making possible pen-
¢ dular movement. Thus, in comparison with
axial suspension, the muscle work required to
X Indicates position 'al;r - produce movement away from the resting posi-
el asnnsn ™ tion is increased, but none is required for the

F1G. 24 Tetun movement. . I .

. The effect of this type of suspension upon
movement from the resting position is similar to that of an inclined
re-education board, which supports the limb during movement up
the incline, but differs from it in that, in pendular suspension, friction
is virtually eliminated.

For demonstration purposes movement of the lower limb at the
hip joint provides a convenient example. Suspension of the limb from
a point vertically above the hip joint (Axial Suspension) rests it in
alignment with the trunk, and movement into abduction or adduction
takes place in a horizontal plane. When the point of suspension is
moved medially (Pendular Suspension) the limb falls to rest in adduc-

tion, and movement into abduction requires effort and is accompanied
by some flexion as the centre of gravity of the limb is raised from the
resting position. If the limb is then released it will fall passively into
adduction. ' .

Axis of Joint
Movement

EvrasTiCITY

Elasticity is the property of a body whici: énablcs it to regain its
original form after it has been distorted by the applicaticn of a force.
- The latter is known as a stress whilst the quantity (e.g. the change in

length per unit length), which measures the extent of the change in size
or shape, is called the strasn. o

‘Hooke’s Law states that: -

The strain is proportional to the stress producing it (so long as the
strai is not too great, for once the so-called ‘elasti. bmit’ is passed, per-
manent deformation occurs).

Springs, rubber elastic and Sorbo rubber all possess the property
of elasticity, and are in common use in physiotherapy.

. Springs ' e

. The spiral springs used either to resist or to assist the force of
Mmuscular contraction, or'to produce passive movement of joints, con-
sist of a uniform coil of wire which is extensible. '




#¥ U MECHANICAL PRINGIPLE
" The Extensibility of & Spring.~ A'Spring can b

e e
o

= - -applied at one end of it inthe direction of itS’lo‘rié axis, the other end
: . of the spring being fixed, . The increase in the length of the spring is -
. : o directly proportional to the magnitude of the applied force used to

stretch it, : ‘ _

The ‘Weight’ of a Spring. The standard springs which are used
are still graded in pounds, e.g. 501bs., 401bs., 20 Ibs., etc., according to the
poundage which must be applied to them to stretch them to a pre-
determined length. The latter is indicated by a tape inserted within the
coils of the spring, the tape becoming taut when the maximum length is
reached. The tape also serves to prevent the spring from being over-
stretched and consequently damaged. -

Thus an applied force of 40 lbs. is required to stretch a 40~1b.
spring to its maximum length, and any force of a magnitude less than
40 lbs. will stretch it by an amount which is proportional to the
magnitude of the force. '

o . The ‘weight’ of a spring is determined by the material and thick-
- ness of the wire from which it is made and the average diameter of its
coils, C

The Recoil of a Spring. When the applied force which stretches a
spring is removed and the spring returns to its original length the
. potential energy stored in it during extension is released as kinetic :

= ' energy, and almost all of this appears ultimately as heat in the coils of.
the spring. ‘ e e
Oscillatory Movement produced by a Spring. Ifa weight applied to
stretch a vertical spring is raised and then released again an oscillatory
movement is produced by the spring; the amplitude of which decreases
progressively until the spring comes to rest in equilibrium,

J—

Springs in Paralle] Springs in Series

‘w

F1G. 25

R Springs used in Parallel. en a spring of a specific weight ié not
- available two equal springs of half the required weight may be used in

ngated by a force
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- parallel to produce the same resuit, e.g. two 40-lb. springs arranged in

parallel are equal to a single 80-1b. spring. o o

Springs used in Series. The weight of two equal springs arranged
in series is the same as that of a single spring, but the amount by which
they must be extended in order to reach the limit of extension is double
that required for a single spring. Thus when two 40-Ib. springs
arranged in series are extended to an amount equal to that required to

stretch one of them to the limit, each of the two springs is only half
-extended, and the applied force needed to achieve this is therefore
20 lbs. o ' : '
Rubber Elastic .

" Rubber elastic of different thicknesses may be used in place of
springs, and in many ways it is more suitable for providing light .
assistance or resistance. : :

Sorbo Rubber : :

This material is both compressible and extensible and is useful

for providing light resistance for gripping movements of the hand,
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AN INTRODUCTION TO MOVEMENT

MOVEMENT is a fundamental characteristic of all animal life and the
means by which the organism adapts itself to the demands made upon

it by the environment in which it lives,

A system of levers provides the human body with the means of
achieving a wide variety of movements and resilience in what would
otherwise be a rigid bony framework. S

THE Bobpy LEVERS

Bones form the arms, or rigid bars, of the levers and the fulcrum is
at a joint where movement takes place. The structure of a joint is
related to its function and determines the type of movements possible;
it is interesting to note that the shape and direction of articular surfaces

'~ is such that normal functional movement-is rarely unidirectional in -

character. No lever is functional unless some force is applied toit.
FORCES APPLIED TO THE BoDY LEVERS

'The forces applied to the body levers may be classified as extérnal
or internal. An external Jorce is supplied from a source outside the
body, e.g. the force of gravity or pressure of the physiotherapist’s
hands, an internal force is supplied by forces developed within the
body, i.e. by muscular contraction. The direction of applied forces
determines the direction of the movement, e.g. movement-under
gravity is in the direction of the earth’s centre, movement resulting from
muscle contraction is in the direction of the muscle’s pull. The force
of muscle contraction is applied at the muscle’s attachment to bone and
the direction of its pull is determined by the position of the muscle.

"The levers of the body are rarely, if ever, subjected to the applica-
tion of a single force at any one time, normally two or more are com-
pounded or opposed.  The compounding of applied forces modifies

the direction of the movement and forces applied in opposition either

results in movement in the direction of the greater force or, if they are
equal in magnitude, a state of balance is established and no movement
takes place. ' .

TYPES OF MOVEMENT AND POSTURE

When the muscles are inactive or relatively so, movement produced
by the application of an external force is known'as Passive Movement,
) 21 : : )
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“and that rcsulnng ftom thg: oontractlon of muscles is Aczwe Movement.

Forces maintaining the body in specific attitudes or postures may be
‘external or internal in character and balance or stabxhty is achieved in-
both Iriactive or Active Postures (see p. 245)

"~ TYPES OF Muscuz CONTRACTION

-Muscle contraction may be isometric or isotonic. -

Isometric (from iso- equal, and -metric, measurement) contraction
involves the development of force by an increase in intra-muscular
tension without any change in the length of the muscle.

Isotonic .contraction constitutes an increase in intra-muscular ten-
sion accompanied by a change in the length of the muscle. The change
in length may either shorten or lengthen the muscle.

Types oF MuscLE WORK

Work is defined as the product of force and the distance through
which the force acts (see p. 8). The types of muscle work used in
com:roumg and moving the body levers are static, concentric and
excentric.

Staric Muscle Work. The muscl&c contract xsometncally to counter-
balance opposmg forces and maintain stability but as there is no move-

ment no work is done. . Nevertheless, this type of muscle acuv1ty is

usually, if maocurately, called static muscle work to dlstmgmsh it from
concentric and excentric muscle work.
- Concentric Muscle Work. The muscles contract isotonically in
shortening to produce movement. The attachments of the muscle are
drawn closer’ together (concentric- towards the centre) and movement
is in the direction of the muscle pull.
- Excentric (or Eccentric) Muscle Work. The muscles contract iso-
tonjcally in lengthening. The muscle attachments are drawn apart
. ._(e:occntnc—from the centre) as it works to oppose the action of a force
- which is greater than that-of its own contraction. Movement is there-

fore in the du'ectmn of the opposmg force,i.e.in a d.u‘ecnon opposite
1o that of the muscle pull. -

-RANGE OF Muscm Wonx

The excursion of muscles, i.e. the amount of shortemng or lengthen-

ing possible durmg contraction, is estimated to be about 50 per cent. of

" the muscle’s maximum extended length. The maximum excursion

- possible is called the full range of muscle work and any excursion which
. falls short of this i§ called inner, outer or middle range to spec1fy the
e pamcular part of the range in which movement takes placc “The fnner -

- range is the part nearest to the point at which the muscleis in its shortest’
- posmon, the

‘the part which is nearest to the pomt at whxch o
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" muscle is neither fully shortened 'ﬁér’ fully extended as it/works (see ‘
‘~p,:171-’,—2). ' R SRRt

THE STRENGTH OF MUSCLE CONTRACTION

The strength of muscle contraction is the muscle’s ability to
generate tension (intra-muscular tension) (see P. 2, Tension). The
strength of muscle contraction varies in proportion to the tension
exerted by the forces which oppose its action. Variation in the
strength of a muscle’s contraction is made possible by means of a

"system of motor units.

A Motor Unit. A motor unit consists of a single neurone and the
group of muscle fibres it supplies. When the unit is activated by
stimulation of its cell (Anterior Horn Cell) all its component fibres
contract. ' , ' ' '

As each muscle is made up from the fibres of a considerable number
of motor units the strength of the contraction of the muscle as a whole
is largely dependent on the number of its motor units activated at any
one time. The greater the number of motor units activated the
stronger the contraction of the muscle as a wholg, thus a weak con-
traction requires the activity of only relatively few motor units, but the
strongest contraction the muscle can produce, i.e.'a makimal con-

" traction, is only obrained when the fibres of all available motor units
are contracting. o

THE GROUP ACTION OF MUSCLES

Under normal conditions a single muscle never works alone to pro-
duce movement or secure stability. Functionally muscles work tor
gether in groups although each muscle may have some specific part to
play in relation to the action of the whole group, e.g. by deterrining

. the precise direction of the movement or by maintaining its progress

in a particular part of the range. The integrated activity of many
groups is required for the production of efficient functional movement.
The function of these groups is indicated by their names, i.e. Agonists
(or Prime Movers), Antagonists, Synergists and Fixators, ‘
Agonists (or Prime Movers). These are the group of muscles which
contract to provide the force required to produce the movement.
~ Antagonists. These are muscles whose action would oppose that of
the agonists, therefore their activity is inhibited and they relax pro-
gressively to control and permit the movement. = | '
Synergists. 'The Greek prefix Syn- means with; the name therefore
indicates that these groups work wizh the agonists to provide a suitable
background of activity and to facilitate the movement, Synergists
may be required to modify the direction of the pull of an agonist or
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 control joints not involved in the movement as in the case of muscles
which pass over two or more joints. K _
Fixators. These muscles work to stabilise the bones of origin of
the agonists to increase their efficiency for the production of movement
- and to secure stability of the body as a whole.
PATTERNS OF MOVEMENT S
The site and direction of a movement are described as its pattern
and a wide variety of patterns are possible. Most functional movement
patterns require movement in several joints, i.e. mass movement, and
observation of these patterns in everyday activities is both interesting
and instructive.. Movements which are localised to few or a single
joint are developed or ‘distilled” from mass movement patterns by a

conscious process of learning.

TIMING 1IN MOVEMENT

‘Timing 1s the sequence of muscular contraction which takes place in
the production of movement. To be satisfactory the force of each con-
traction is timed so that it is at its maximum when a subsequent force

_is superimposed upon it, otherwise the peak of effort reached will be
wasted.  There is a waste of effort if the timing is t0o slow.or too fast.
- Faulty timing frequently accounts for inefficiency of the movement for
- the purpose for which it' was designed, some components may be
omitted and others added or the sequence is too fast or too slow, e.g.
~ as in learning to swim or play golf.
%
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The timing of functional movements usually proceeds from distal
to proximal as it is the distal areas which receive most of the stimuli
which control the movement, i.e. the hands and feet. 'The smooth and
orderly sequence of events which constitutes effdctive timing ensures
the maximum efficiency of muscular contraction which is characteristic

of co~ordinated movement.

'_"ﬁRHYTHM;OF MOVEMENT. - o E o LT .
The word rhythm means a regular beat or recurrence of a sequence
o OF VNS,

P AL
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AN INTRODUCTION T0 MovEmeNT
' The inspiratory-muscles arid the heart muscle cohfré’ctfhﬁhn_iicélly 4‘
throughout life, their period of contraction alternating ‘with a period
of relaxation and inaction. o - -
Skeletal muscles can also work for long periods of time without

and relaxes the Extensor Muscles ‘of the legs, and the newcomer to

,»~"""7'7'11'-;2;5 : .

industry is trained in the rhythmical sequence of the movements he is

to perform at work.

Each movement has its own natural rhythm which varies to some
extent in individuals. The natural rhythm varies with age, the rthythm
of c¢hildren’s movements being relatively quick as compared with that
of the adult, while that of the very elderly is slower still.

Rhythmical movements taken too quickly or too slowly usually
result in faulty timing and loss of efficiency, an increase in the muscle
work or a diminution of the range of movement.

'THE NERVOUS CONTROL OF MOVEMENT

The motor unit is the functional unit of the Neuromuscular System -
which initiates and achieves movement in response to a demand for
activity. The unit’s muscle fibres contract in response to impulses
discharged from its cell (A.-H.C.) when it is stimulated. The A.H.C.s
are influenced by impulses which reach them from many sources in
the C.N.S. and other parts of the body. Some of these impulses are
~ excitory and others inhibitory, and it is the predominance of one or the

other type at any one time which determines the effect they have on the
AH.Cs.

 The pattern of movement is planned in the initiating areas which
also discharge the impulses suitdble to bring it to effect.

Voluntary Movement is initiated in response to a conscious effort
to perform the movement.

Reflex Movement is in

itiated in response to a demand made by
sensory .“imulation. ‘ ' - '
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AN INTRODUCTION TO
~ EXERCISE THERAPY

Exercise Therapy is a mieans of accelerating the patient’s recovery
from injuries and diseases which have altered his normal way of living,
Loss or impairment of function prevents or modifies his ability to live
independently, to carry on with his work and enjoy recreation. He may
react to the demands of his environment either by rejecting them and
remaining inactive or by meeting them to the best of his ability by
altering his pattern of activity. ’

- The process of recovery is delayed by inactivity and the muscular
weakness which results from it, the repeated use of alternative patterns
of activity makes it difficult to correct them when they are no longer
needed, e.g. limping after leg injuries. Although' these alternative-

~patterns may serve a useful purpose temporarily they must not be’

- allowed to become established as they are less efficient than the
normal patterns, unless a return to normal function is known to be

impossible. ' ' ‘ - -

THE AIMS OF EXERCISE THERAPY

The aims of treatment by exercise are: .
1. To promote activity whenever and wherever it is possible to
. .minimise the effects of inactivity. , ' ' '
2 To correct the inefficiency of specific muscles or muscle groups
and regain normal range of joint movement without delay to achieve
efficient functional movement, - o R

- 3. To encourage the patient to use the ability he has regained in
_the performance of normal fimctional activities and so accelerate his
rehabilitation, : : _

- THE TECHNIQUES OF Exrcise THERAPY A ‘
Movement used in treatment may be classified as follows:

| Active Movement © - .
e R {AsSi_;téd, S
f Voluntary - As'sisted:Resistc_@f ;,_;, e




.

 treatment are those which (i) demand as much activity as

3
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1. Relazed passive movements including accessory movements.

2. Passive manual mobilisation techniques.

Posture. Movement begins and mdsmposture which is classified -

as &ither active or inactive.

Active Movement and Posture is achieved by muscular contraction /

2 R

in response to a demand Présented in a manner suitable to the patient’s

- ability to respond. _ :
Passive movement and Posture result from the application of external

Frts e

1

forces when "thie uscles “are unable to contract or when they relaz

voluntarily to permit movement or allow support, -
The technigues which are most effective for obtaini

WRICh (%) are based on patterns of movement which are the same as

- those used by the patient for his normal functional activitics.
(1) Muscles are as active as possible when all their available motor -

units are activated, i.e. contracting maximally. -As the strength of con-
traction is proportional to the ‘sistance which opposes it the applica-
tion of the greatest degree of resistance possible, i.e. a maximal
resistance, elicits a maximal contraction. When some muscles - are
weaker than others their strength and enduirance is built up by repeat-
ing their maximal contraction against a resistarice which-increases in

proportion to their gain in strength until a balance of muscle strength -

is re-established. A lengthening reaction of tight or shortened muscles

is obtained by strong contraction of antagonistic muscles to restore the
- range of movement in stiff joints. ’

(i) Patterns of mass movement are used for most functional acti-

the aims of
possibleand

7

4

vities. The movement patterns are natural to the patient and when ~

they are the same or very similar to those used for his everyday acti-
vities direction is given to his effort to regain function and the same

muscles are used in the same way.

~ When activity is impossible or contra-indicated passive movement
is used to maintain the extensibility of the muscles and the free range

of movement in joints. - In some cases forced passive movements are
- used to increase the free range of movement in joints,

THE A;?PR&ECH TO THE PATIENT’S PROBLEMS
‘The problems arising from loss of function are different for each

patient therefore treatment must be planned to meet his individual =

necds. In this way the patient’s and the physiotherapist’s time are

~ used 1o the best advantage a;ld some result should be expected from
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every treatment session; if there is none the treatment is ineffective

and should be altered or discontinued. . This may seem to be a council -

- of perfection but should always be kept in mind.

ASSBSSMENT OF THE PATIENT’S CONDITION ‘
Detailed assessment of the patient’s condition is made before treat-

ment starts so that the physiotherapist is in a position to plan it in .
accordance with the doctor’s orders and the needs of the patient.

Tests; carried out to discover the patient’s needs, abilities and dis-
abilities, are recorded on charts designed for the purpose, as a guide
to the selection of suitable techniques and a means of estimating pro-
gress. The same charts and method of testing are used on subsequent
occasions, ‘preferably by the same physiotherapist.. A series of tests
provide the answer to the following questions :—

1. ‘What does the patient need 1o do?

The co-operation of the patient and all those who come in daily

contact with him is required to discover his needs for activity; those
- which are most urgent are given priority in treatment,

2. ‘What can the patient do?’ ,
The patient’s abilities provideameans of correcting or compensating

‘which would otherwise remain inactive,

As there is a tendency for patients to concentrate on' their in-

abilities and to be frustrated by unsuccessful attempts to overcome

them it is important that their attention is drawn to things they can do.

and to realise that these can be used to restore function elsewhere,
3. ‘What is the patient unable 1o do?

A series of tests for muscle efficiency and joint range, with observa--

tion of movements and reactions, reveal the extent, nature and position
~of the deficiencies causing loss or impairment of function. ’

SOME METHODS OF TESTING 7 :
Every test used must be standardised as far as possible, i.e. carried

out in the same way and under the same circumstances on each
occasion. ' Record charts are dated and kept for use each time the

test is repeated. Some of the tests in common use are as follows:—

1. Functional Tests A :
These are used to assess the patient’s needs and abilities’ with

“regard to functional activities, ¢€.g. mobility (in bed, transfers, ambula--

tin, etc.), personal care (eating, dressing, washing, etc.), household or

garden jobs (cooking, washing up, sweeping, lifting, etc.), work and

- for his loss of function. Strong muscles can be used to reinforce the
action of weaker ones and to gain initiation of the contraction of muscles -
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. - normal environment -
or in circumstances which are as nearly like it as possible. His per-

formance is recorded as skilled, adequate, requiring assistance (stand -

. by, minimal, maximal) or failure. “The physiotherapist and occupa-

tional therapist co-operate fully in making these tests which providé
a valuable means of deciding priorities in treatment and of estimating
progress. o SRR
2. Tests of Joint Range P o
Measurement of the limitation of joint range presents many dif-
ficulties in practice. A suitable position is selected for the patient so
that he is stable, to make sure that any structures which would limit
the normal range of movement are relaxed, e.g. calf muscles must be
relaxed by flexing the knee to measure full range.of ankle movement.
The bone proximal to the joint in which range is to be measured is

fixed and movement in the joint accomplished in a particular plane.

An angle measure or goniometer is used witk the pivot over the joint
in question and one arm in alignment with the proximal bone,; the
other is in line with the area which is moved. The degree of angula-
tion is read off on the scale and recorded as X° of free movement, or, -
it is often less confusing to record the number of degrees the joint
lacks in a particular direction, ¢.g. knee extension lacks 30° of ‘the
normal range. As the normal range of movement varies considerably = -
in individuals, the contralateral joint should always be measured first
when possible.” When an angle measure is unsuitable an inextensible
tape measure may be used to measure the distance between two bony
points to provide a means of assessing an increase or decrease in
range of movement.

3. Tests for Neuromuscular Efficiency B

These may be carried out electrically, manually or mechanically.

- a. Electrical Tests. These may be carried out by the doctor with
the use of the electro-myograph or by means of the strength-duration
curve. They are particularly valuable for diagnostic purposes. .

b. Manual Muscle Testing. To be accurate and efficient manual
muscle testing requires a standardised technique and considerable
experience. The techniques are very clearly described in Muscle Testing,
Techniques of Manual Examination by L. Daniels and C. Worthington
(3rd edition), which is widely used. The classification of the findings at
examination, however, are usually recorded according to the Oxford
Classification, on a scale o5, i.e.,

0. No contraction '
1. Flicker of contraction :

2. Weak. Small movement with gravity counterbalanced
3. Fair. Movement against gravity : -
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4. Good. Movement agamst gravity and some resistance
5. Normal.

c. C:rcxmg"erence Measurement "This test rehos on the fact that

- there is a relationship between the development of power and that of
: hypertrophy A tape measure made from some inextensible material
is used to measure the circumference of the limb at a predetenmnﬂd

level. Experiment on normal limbs indicates that this method is un-
reliable even in cxpcncnccd hands; although it is still used

d. Static Power Test. The powcr of static or 1sometr1c contraction
may be recorded by means of a spring balance capable of registering up
to 50 or 100 lbs. The extensibility of the spring within this type of
balance is virtually negligible and it can be arranged in such a way that
contraction of the muscle group can take place at any predetermined
point within its range. Record can be made of the maximum pound-
age recorded or of the average poundage recorded as the result of three
efforts made at one-minute intervals.

In some instances, such as that of gripping with the hand compres-
- sion of a spring or of a rubber sphere to which a suitable pressure
recording device is attached may prove convenient.

e. Dynamic Power Test. This is a method devised by de Lorme,
- and Watkins as a basis for Progressive Resistance Exercise. The maxi-
- mum weight which can be lifted once only through a prescrlbed range is
called the One chctmon Maximum (1 R.M.) and the maximum weight
which can be lifted ten times at natural speed without xest between lifts
is the Ten Repetition Maximum (10 R.M.). Expencncc in estimating
the approximate weight which can be lifted is essential to avoid fatigue

‘which results from continued trial and error and which rapidly reduces
" the poundage which can be lifted. '

f. Endurance Test. Endurance may be mlculated by recording the
- drop in the maximal power of the muscles when their effort of con-
traction is repeated at given intervals for a specific period of time.

8. Speed Tests. The successful performance of functional acti--
vities can be timed by the use of a stop-watch, e.g. time taken to dress
or walk a measured distance.

‘4. Tests for Co-ordination ) .
- Co-ordination of movement, or the lack of it, is observed in the -
_patient’s gait, his performance of purposeful movements or during

. spec1ﬁc movements such as bringing the finger to the tip of the nose or.
. moving the héel up and down along the opposxte shm bone

5. Tests for Sematwn ' ‘ E
. Th&e are descnbed fully m any neurologlml textbooL




By

)

AN INTRODUCTION To EXERCISE THERAPY 31

e, Measurement of Vital Caféd@ id}iik&ﬁgé:pf ResAéi’razory'Excursz'ons-

A spirometer is used to measure vital ‘capacity. The patient is

the mouthpiece of the spirometer which registers the volume in cubic
centimetres. ‘ .
7. Measurement of Leg Length :

True shortening of the leg is measured from the anterior superior
iliac spine or the upper margin of the great trochanter to the lateral
malleolus, and apparent shortening from the umbilicus or xiphisternum

© instructed to breath in as much as possible and then breath out through

© to the level of the knee joint or the tip of the medial malleolus. (Methods

of determining the site of shortening in the hip region are described. fully”
in Orthopaedic Surgery by Walter Mercer, Ch. I, p. 10.) -

8. Measurement of the Angle of Pelvic Inclination
Antero-posterior inclination of the pelvis may be measured by
means of a pelvic inclinometer (see p. 38).

PLANNING THE TREATMENT

When the physiotherapist has completed the assessment of the
patient’s condition and seen his medical notes suitable activities or
passive means are seleczad for inclusion in the treatment programme.

- A 'wide knowledge of the techniques available and the ability to apply = .
- them with skill and:ingenuity are needed. The suitability of any tech-

nique used is judged by the patient’s response and the extent to which
it is effective for. achieving or accelerating his recovery.

3
o



STARTING POSITIONS

SHERRINGTON stated that ‘Posture follows movement like a shadow:
every movement begins in posture and ends in posture’. The postures
from which movement is initiated are known as Starting Positions and
they may be either active or passive in character. There are five basic
or fundamental starting positions and all the ‘others are derived from
them, i.e. standing, kneeling, sitting, lying and hanging.

Equilibrium and stability is maintained in ‘these positions by a
balance of forces acting upon the body, and when the force of muscular
contraction is used for this purpose the contraction is isometric. The
strength and distribution of this contraction is normally controlled by
a series of reflexes known collectively as the Postural Reflexes but,

during the learning process of new patterns of posture, voluntary
effort may be required. :

. FUNDAMENTAL POSITIONS .
I. STANDING (st) ' :

This is the most difficult of the fundamental positions to maintain,
as the whole body must be balanced and stabilised in correct alignment

- On a small base by the co-ordinated work of many muscle groups. The
position may be described as follows: '

(&) The heels are together and on the same line, the toes slightly
apart (so that the angle between the feet does not exceed 45°).

() The knees are together and straight. T

(i#5) The hips are extended and laterally rotated slightly. :

_(g) The pelvis is balanced on the femoral heads (see Pelvic Tilt,
P. 3%). o ,

(v) The spine is stretched 1o ts maximum length, _

(vi) Thc vertex is thrust upwards, the ears are level and the eyes
look straight forwards, e g

gvf{').)‘%sm)ulders are down and back,

D) ¢ arms hang loosely 1o the sides, palms facing inwards
towards thebody. -~ y »_e sies, pan ac_:;ng .gwar N
. It is usually preferable to modify the position of the lees tc that in

R C O , on of the legs to that in
Wh’,Ch the he :ls. are shghﬂy apart and the inner borders of the feet are
parallel, as this is the natural functional positio

‘used asa lc"ﬂimpmpd the body forwards,

0 of the foot when it is .




.

- of the foot.

" STARTING PoSITIONS e e

The muscle work required to maintain the position

d. The Evertors, - working ‘to counterbalancc_the" action of the

Invertors (Tibialis Anterior and Posterior), and in the case of Perones -
Longus, to press the ball of the great toe to the ground. !

The interaction of b, cand 4 may be likened to that of three guy
ropes. which support a flag pole, the tension in gj] three is reciprocal,
an increase in the tension of one resulting in slackening of the others
If the pole js perfectly balanced tension in all three is minima].

e. The Extensors of the Knee may work slightly,

/. The Extensors of the Hip, working to maintain hip extension
and to balance the pelvis on the femoral heads, Slight action of the
Lateral Rotators of the Hip is associated with 4 bracing of the legs and
of the arches of the foot. ’

8- The Extensors of the Spine, working to keep the trunk uprighr.
Where thejr action over the lumbar and cervical regions would resulr
In increased Curvature and consequent Shortening of the Spine, they
are counterbalanced by the Flexors of these regiong 10 ensure maximum ‘
lengthening. .

4. The Flexors of the Lumbar Spine ¢ Abdominal Muscles), work-
ing to prevent Over-action of the Extensors of this region. They also
assist in the maintenance of the correct angle of pelviic tilt, and support
the abdominal viscerg, ‘ ,

1. The Pre-vertebral Neck Muscles, working to control excessive
extension of the neck and to straighten the cervical spine.

/
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j. The Flexors and Extensors of the Atlanto-occipital ]omt work-
ing reciprocally to balance thc head. - The Elevators of the Mandible
close the mouth.

k. The Retractors of thc Scapulae, Workmg to draw the scapu-
lae backwards so that the glenoid cavity faces more or less
laterally.

I. TKE arms are relaxed. Sometimes, however, it is necessary 10
use the Lateral Rotators of the Shoulder to keep them in the correct

~ position.

All the muscle groups mentioned above stabilise the body in the

anterior-posterior direction, in addi-

tion there must also be a balanced

contraction of the lateral muscles to
maintain equilibrium.

The erect posture has devclopcd

" the Spint during the evolution of man, and it

Floors ofthe T ' ha§ tobe lea}mtandprfxcftised by every

Lumbar Region’y ‘ child. It is the position of perfect

WY : balance which requires the minimum

of effort, and therefore the position

itself and the muscle work required

to maintain it must vary considerably

Prevertebral
Neck Muscles

}\Eth:ors
of the Hip

structure of the individual.
Effects and Uses. As the base is
Intrinsic Muscles Telatively small and the centre of

Plan taflexors

I
: h
DorsiFlexors '

Fi6. 27. standing - of the body is relatively less stable
than in the other fundamental pos1—
tions; .therefore the standing position is only suitable as a starting
.position for exercise for those who can maintain it correctly. The
muscle work is minimal when perfect balance is achieved, therefore
© practice in attaining and holding a satxsfactory pattern of standing
posture reduces fatigue and also conditions the postural reflex. The
erect position of the whole body is the posmon of alertness, in which
the thorax is free and the abdominal viscera are well sup'ported it is
associated with a feeling of joy and efficiency, a fact which is demon-
strated and recognised in drama and the dance.

- 2. KNeeLING (kn.) |

_ The body is supported on the kne&c which may be together or
slightly apart. ' The lower leg rests on the floor with the feet’ planta-

- flexed, or, if a plinth is used, the feet may be in the md—posmon over

the edge “The rest of the body is held as in standmg

n?;

-in accordance with the anatormcal S

o the Fost gravity high, the state of equilibrium -



' Muscle Work. The lower Ieg is relaxed; the body *

. tensors of the Knee, to balance the femora vertically on" .
* the knees. S

",‘_"STAR»I‘I'IEI‘G POSITIONS ~

must be stabilised on the knees, P O
. a. There is interplay between the Flexors and Ex-

The muscle work of the rest of the body is as in
standing, except that: ' - o _
b. The Extensors of the Hip and the Flexors of the -
Lumbar Spine work more strongly to maintain the correct
angle of pelvic tilt. A decrease in this angle and con-  Fie. 28,
sequent increase in extension of the fumbar -spine tends kneeling

o occur in this position, because  of the tension of the ‘
Rectus Femoris, which is stretched across -the front of both the hip
and knee joints, ' : : ’

Effects and Uses. ~ Although the centre of gravity of the body is
relatively lower than in standing, the position is only. slightly more
stable and is uncomfortable for most people. It is used as a starting
position for backward movement in a sagittal plane and to train control
of the hip joints and lower trunk in preparation for the standing
position during which the feet are pressed to. the floor by the Ex-
tensors of the Knees and Dorsiflexors, so that the lower leg acts as a -
bracket. = . . o

3. SiTTING (5itt.)

The position is taken on a chair or stool, the height and width of
which allow the thighs to be fully supported and the hips and knees to
be flexed to a right angle. The knees are apart sufficiently to allow
the femora to be parallel and the feet rest on the floor
with the heels vertically below the knees,

Muscle Work. There need be no muscle work to
hold the position of the legs, as they are fully supported.
The Flexors of the Hips work to maintain a right angle
at these joints and to prevent the tendency to slump. -

The muscle work of the rest of the body is the same
, " Effects and Uses. ,This is a comfortable, natural and
" Fra. 29.  very stable position which is much used, and it is par-

sitting tcularly suitable for those who- lack the necessary

_ strength and control to maintain a more difficult position,
Lateral and rotatory mobility of the pelvis is eliminated by the
weight of the body and the position of the legs, so that lateral and
rotatory Jmovements can be localised to the spine, Asg none of the!
body weight is transmitted to the legs, many non-weight-bearing knee
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and foot exercises can . be performed in the postuon, which is also suit--

~ able for training correct alignment of the upper part of the body in the

habitual sitting position, which is used by the majority more than any
other in everyday life. ' :
4. LyiNg (ly.) ,

This is the easiest of the fundamental positions as the body can be
completely supported in the supine position and is as stable as is
possible. :

F1G. 30. lying

Muscle Work. This is minimal. If the body is relaxed on a hard
surface, such as the floor or the average plinth, the head rolls to one
side, the lumbar spine is hollowed because of the tension of structures
lying anterior to the hip joints and the latter fall into a position of .
lateral rotation. On a soft resilient surface, however, such as a spring
mattress, which gives way to the contours of the body and supports it
~ . completely, this does not occur. SN - S
- When the lying position is used as a starting position for exercise
it is usually taken on a firm surface and the following muscle groups
work slightly: ’ ' A

a. The Head Rotators of both sides work reciprocally to stabilise
the position of the head. = -

- b. The Extensors of the Hips and Flexors of the Lumbar Spine
work to combat the tendency to hollow the back.

¢. The Medial Rotators of the Hips work to keep the legs in the

neutral position, so that the knees and inner borders of the feet are held
together. ' '

" Effects and Uses. This is an easy position and as the trunk is
reiaxed and fixed by its own weight, it is a suitable position for many
exercises. As the alignment of the body is the same as in standing,
static posture training can be carried out in this position. The spine is
relieved of the burden of transmitting the weight of the head and ’
shoulders when it is in the horizontal position, therefore it tends to
elongate and straighten, and this is an advantage in the treatment of |
spinal deformities.  Breathing is impeded slightly by pressure on the

posteriot aspect of the thorax and by increased pressure of the abdo- .

minal viscera on the under surface of the Diaphragm, often making -
the position unsuitable for those suffering from respiratory or heart
- conditions. . The position hinders the return of blood from the head -




" and s0 may be unsui
- blood pressure.

- reduce the strain on the joints and to act as synergists and

- lift the body on the arms (especially Latissimus Dorsi -

7

5. HaNGING (hg.):
The Body is suspended by grasping over a horizontal bar, the fore-
arms being pronated, the arms straight and at leéast shoulder
width apart. The head is held high and the scapulae are
drawn down and together, so that the neck appears as long
as possible. The trunk and legs hang straight, with the
heels together and the ankles plantaflexed. .

Muscle Work .o T
a. The Flexors of the Fingers work strongly to grasp

the bar, ' N

0. All the 'muscles round the wrist work strongly to

e N

fixators for the Flexors of the Fingers.

¢, The Flexors of the Elbows work to reduce the strain
on the joints. - _

d. The Adductors of the Shoulders work strongly to

N\

posteriorly and Pectoralis Major anteriorly). c
e The Depressors, Retractors and Medial Rotators of
the Scapulae work strongly to fix the scapulae and to brace '
the upper back. ) 7/

f. The Pre-vertebral and Posterior Neck Muscles work FIG. 31.
reciprocally to maintain the position of the head and neck. hanging

& The Flexors of the Lumbar Spine and the Extensors
of the Hips work to correct the tendency to arch the back as the result
of the over-action of Latissimus Dorsi, working on the sacrum.

h. The Adductors of the Hips work to keep the legs together.

i. The Extensors of the Knees may work to maintain full
extension. '

J. The Plantaflexors work to point the toes to the ficor.

Effects and Uses. As the muscle work for the arms and upper back
is extensive and strong the position is only suitable for those in whom
muscular strength and body weight are well balanced.. As the weight
of the shoulders is taken off the spine and the weight of the legs exert
traction upon it, it is straightened and elongated. E

The thorax is fixed in the inspiratory position and breathing is
difficult, therefore the position is unsuitable for weak patients and

those suffering from cardiac or respiratory conditions. The effectof
stretching the body is stimulating and much enjoyed, especially by. .

children. .

B STARTING POSITIONS = R 37
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!

- For Derived Positions see Appendix, p. 250.

THE PELVIC TILT

Movement in the vertebral column and at the hip joints make it
possible for the pelvis to be stabilised in a variety of positions. It may
be inclined or tilted in an antero-posterior direction, laterally or
rotated. '

-a. Antero-posterior Tilt , o : o -
In erect posture the angle of the pelvic tilt can be measured in a
variety of ways: . :

1. The angle at which an imaginary line, drawn through the sym-
physis pubis and the lumbo-sacral angle, lies in telation to a horizontal
line can be measured. The pelvic tilt is said to be normal in the
standing position when this angle measures between 50° and 60°,

2. The angle of pelvic tilt is said to be normal in the standing

ANTERIOR -
SUPERIOR

' ’
D,; " ILIAC SPINE
CH

i J LUMBAR -
LUMBO-SACRAL g) VERTEBRAE
AncLe y SYMPHYSIS
Lt

. %—-—S&\CRUM PUBIS
- SYmMPuysis" ! S
O PUBIS ‘%J .

/

BAY"]

LINE INDICATING
VERTICAL PLANE

-— - -

F16. 32. Measurement of the Ahglé of Pelvic Tilt .,
‘ ~ (methods 1 st and 2 and 3 righs) ‘

P

position when the anterior superior iliac spines and the symphysis -

pubis all lie in the same vertical plane,

3. The angle recorded by a pelvic inclinometer, one of the arms of

which is placed over the symphysis and the other over one of the
Posterior superior iliac spines, is in the region of 30° in the standing
Position when the pelvic tilt is'normal, - o

- Maintenance of ipe -Né}jrﬁ;lgl Angle of An;a@}osie_ﬁar Tilt of the Pélvis

_ The angle of the pelyic tilr in standing is stabilised either by the
tension of the structures which lie anterior to the hip joint, Which pre-
vent thcangﬁ: fmmb‘ﬂﬂgreduced, or by. the action:of the straight
podominal Muscles and the Hip Bxtensors which prevent it from

- being increased. .

¥
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' 'A'l‘_ié‘mﬁ'bn in theAngle f Antero-posterior Tilt of the Pelois .

"' STARTING POSITIONS:

An increase in the angle of pelvic tilt may be called forward tﬂtinig, ‘

- of the pelvis, and.a decrease in the angle of pelvic tilt may be called .

-backward tilting of the pelvis. . , .
Forward Tilting of the Pelvis. Movement of the pelvis on the
Extensors

of Lumbar Spine i
Straght

Lumbar Spine Aﬁdamiﬂa/
L Museles P
Pelvis -7 :
L
~ ’
Hip
Femur
Flexors fxren,fors
of Hip
NORMAL" “FORWARD TiLT

BACKWARD Tier
F16. 33. Antero-posterior Tilting of Pelvis

femoral heads to produce a forward tilting is produced by the con-
traction of the Hip Flexor Muscles and the Extensors of the Lumbar
Spine, '

Backward Tilting of the Pelvis. The pelvis can be tilted backwards

~ on the femoral heads by the contraction of the Hip Extensors dand the
- straight Abdominal Muscles. T :

b Lateral Tilting of the Pelvis

The pelvis may also be tilted laterally on ore of the femoral heads.
When the femur on which the pelvis is tilted is fixed as in standing on

Lumbar
Spine
Pelvis— - Abductors —
'r_ ‘_/ of Hip—
Femorg
~ l -

Standing ' Normal . - ° Abpormal:
) Standing on onc leg
Fic. 34 ’ ' F1aG, 35

onz leg, and the other leg is free to move, the pelvis is tilted, laterally
to bring the centre of gravity over the base and so maintain balance by
abduction or adduction in the hip joint of the leg which is fixed. An _
upward inclination of the pelvis from the point of support is produced
and maintained by the contraction of the Abductors of the Hip of

'
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the supportmg leg When this occurs the Lumbar Side Flexors on
,the opposite side from the suppomng leg work to keep the trunk erect.
When the weight of the body is transferred on to one leg and the
Hip Abductors are relaxed or inefficient, the pelvis is inclined laterally
and downwards towards the unsupported side by the force of gravity.
c. Rotation of the Pelvis
~ The pelvis can also be rotated 3o that the anterior superior iliac
spine of one sidc is thrust forwards. This rotation is associated with
_separation of the legs in an antero-posterior direction prondmg it is
‘more than a few inches and both legs are moved.
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ACTIVE MOVEMENT
VOLUNTARY MOVEMENT

Definition _— :
Movement performed or controlled by the voluntary action of
muscles, working in Opposition to an external force, o
Classificarion
—— Free Exercisz. The working muscles are subject only to the forces
of gravity acting upon the part moved or stabilised.
. —— Assisted Exercise. \When muscle strength or co-ordination is in--
: adequate to perform a novement an external force is applied to
- compensate for the deficiency. :
. —— Assisted-resisted Exercise, Muscles may be strong enough to work -
~ against resistance in part of the range and not in others. This type of -

+ exercise ensures that the external forces applied are adapted in every

part of the range to the abilities of the muscles, - - _

~—Resisted Exercise. The forces of resistance offered to the action of
the working muscles are artificially and Systematically increased to
develop the power and endurance of the muscles, :

FREE EXERCIsg

Free exercises are those which are performed by the patient’s own
muscular efforts without the assistance or resistance of any external
force, other than that of gravity, They vary widely in character and
effect, not only because of the nature and extent of the movement,
but according to the manner in which they are performed. .

This type of exercise can be used to obtain any of the effects

. which are produced by exercise as a whole, if and when it is used judi-
ciously. A degree of relaxation is induced by exercises which are thyth-
mical or pendular in character; muscle tone is maintained and power

- increased according to the speed, leverage and duration of the exercise,
and the relationship of the part moved to gravity; co-ordination is

Success in achieving the required effect depcnds Vnidt' only on the
- 41 o S
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“selection of ‘a suitable exercise and on the manner in which it is
performed, but also on the degree of co-operation obtained from
the patient and the skill of the instructor. -

The great advantage of free exercises lies in the fact that once
the patient has mastered the technique of their performance and is
aware of their purpose, they are his own, to practise when and
where he pleases. He has, in fact, been given the means to cure or

10 help to cure himself and need no longer rely. on others for this
purpose. R S

Whether or not he uses the exercise for home practice to help him-
self largely depends on his desire for rehabilitation and his confidence
in the efficacy of the exercises.

The disadvantage of free exercises is that they frequently make
insufficient demands on the patient’s neuromuscular system to elicit
the maximal response required for the rapid re-development or re-
inforcement of weak muscles. When there is muscular imbalance,
compensatory rather than normal patterns of movement may be used

unless movements are carefully taught and supervised. Patients who .

have suffered brain damage or who are unable to initiate movement
cannot co-operate in doing these exercises until their performance has
been facilitated and voluntary control has been established.

 Classification of Free Exercises

- Free exercises may be classified accoi'ding 1o the extent __of the area

involved; they may be:
a. Localised
b. General.

a. Localised exercises are designed primarily to produce some ¢

local and specific effect, for example, to mobilise a particular joint
or-to strengtheri particular muscle groups. Movement is localised
to one or more joints, either by the use of a suitable starting position,

or by voluntary fixation of other areas by the patient’s own muscular
effort. : '

NN

b. General exercises usually involve the use of many joints and -

‘muscles all over the body and the effect is widespread, for example,
as in running. . S -
The character of a particular exercise may be:
a. Subjective
- b. Objective. .

a. Exercises which dre éubiecﬁve are usually formal and consist of

more or less anatomical movements performed in full range. The

attention of the patient is deliberately focused on the formand pattern .
.- ..of the exercise.to ensure accura

ofpegformanoe, - o
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- b. Objective- exercises are‘those during the performance of which
the patient’s attention is concentrated on the achjevement of a par-
. ticular aim which will result from his efforts, e.g. standing; Arm stresch-
#ng upwards, to touch’a mark on the wall, or to throw a ball. "The
presence of a goal to be reached is stimulating to effort, like the pro-
verbial carrot held in front of the donkey’s nose, but care must be taken
to see that the accuracy of the movement is not sacrificed to the achieve-
ment of the aim; e.g. in walking across a room to get a cup of tea, the
quality of the walking must not be allowed to deteriorate.

The Technique of Free Exercises : :

1. The starting position is selected and taught with care to ensure
the maximum postural efficiency as a basis for movement, ‘

2. Instruction is given in a manner which wiil gain the interest and
co-operation of the patient and lead him to understand both the pattern
and the purpose of the exercise (see Chapter 22, “Instructing the Patient’,
(p. 272). ' ‘ .

3. The speed at which the exercise is done depends on the effect
required, It is usually slow during the period of learning and later
the patient is either allowed to find his own natural rhythm, or the
speed required is dictated by the physiotherapist. It often helps the
‘patient to maintain his natural rhythm at Home if, during practice under
supervision, he is encouraged to countaloud. =~ . . 1

4. The duration of the exercise depends very largely on the patient’s
capacity. Usually three bouts of practice for each exercise, with short
rest periods, or a change of activity, between, ensure sufficient practice
without undue fatigue. ‘

- The Effects and Uses of Free Exercise _

The effect and consequent uses of any particular free exercise
depend on the nature of the exercise, its extent and the intensity and
~ duration of its performance. :

Relaxation. Rhythmical swinging movements and those which
are pendular in character assist the relaxation of hypertonic muscles
in the region of the joint moved. The alternating and reciprocal
contraction and relaxation of the opposing ‘muscle groups, which
‘is required to sustain the movement, -helps to restore the  normal
 state of relaxation which follows contraction. This type of exercise,
is used in conjunction with other methods which induce relaxation tg
reduce a state of wasteful tension in muscles, which limits the range
of joint movement and reduces the efficiency of neuromuscular co- ‘
ordination. '

Exercises which work particular muscle groups strongly achieve
_reciprocal relaxation of the opposing groups, e.g. work for the Scapular
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Retractors and Shoulder Extensors assists relaxation of the Pectoral
- Muscles. A A
Foint Mobility. 'The normal range of joint movement is maintained ’
- by exercises performed in full range. If and when the range of move-
“ment is limited, rhythmical swinging exercises incorporating over-
pressure at the limit of the free range may serve to increase it.

Muscle Power and Tone. 'The power and endurance of the working

" 'muscles are maintained or increased in response to the tension created
in them. This tension is greater-when the exercise is performed at
any speed which is slower, or more rapid, than when the natural speed
of movement is employed, and it increases with the duration of the
exercise. A high degree of tension and consequent increase in power
can be developed by free exercises when the muscles work for any
time against the resistance offered by the body weight, or against the
mechanical disadvantage of an adverse leverage provided by a long -
and heavy limb. )

Normally, muscle power is rnaintained adequately by a minimum
of everyday activities, most of which are performed in the middle-
range. - Under abnormal conditions, however, for example during fixa-
tiorr of a joint, the power can only be maintained or improved by

_ repeated static contractions, which the patient must practise through-

“out the day. :
* Neuromuscular Co-ordination.. Co-ordination is. improved by the-
- repetition of an exercise.- As the pattern of movement is established, .
it is simplified and becomes more efficient, and the conduction of the
necessary impulses along the neuromuscular pathways is facilitated.
Exercises or activities, which at one time required concentration and
- much effort, become with practice more or less automatic in character,’
and skill is developed, as for example in walking ‘or playing the
piano. -
Confidence. 'The achievement of co-ordinated and efficient move-
“ment assures the patient of his ability to maintain subjective control
of his body, giving him confidence to attempt other and new activi-

~ -ties, together with a feeling of exhilaration and satisfaction when they

are_accomplished, for example, jumping a TOpE, or “shooting a goal.
Objective exercises and activities are usually used for this purpose.

. Circulatory and Respiratory Co-operation. During vigorous or pro-
Jonged exercise it is apparent that the gpeed and depth of respiration-
is increased, that the heart beat is fast'gr and more forceful, and that "
heat is produced, whereas in light exercise these changes are sO slight
“that they are not noticed. ‘ o ;

. a The Needs of the Acrive. Tissues. The active tissues invplved
| during muscular exercise require a free supply of oxygenated blood
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~ and thé removal of metabolic products to enable them to continue

their activity. To meer these demands and to keep pace with them;
the co-operation of the Circulatory and Respiratory Systems is
enlisted. o o S S _
b. Preparation for Acrivity. Tt is probable that the cerebral cor-
tex, which initiates the muscular contraction, also prepares the body
10 supply the needs of the tissues concerned, by communicating
with the Respiratory, Cardiac and Vaso-motor centres which form
part of the Autonomic Nervous System. Sympathetic fibres from
these centres convey impulses to the appropriate organs which, with
the help of adrenalin, which js released into the blood stream, pro-
duce widespread results. These results include increased respira-
tion, increased frequency of the heart beat, a rise in arterial bloed

pressure, and a re-distribution of blood, so that the volume of

blood in the muscles is increased at the €xpense of that in the
splanchnic area and the skin, ' : o
All these changes occur merely as the result of the anticipation
of exercise as those who have taken part in competitive sports may
have been aware. E : '
¢. Local Circulatory Changes in the Muscles. During active exer-
cise the capillaries in the working muscles dilate and their permea-

- bility is-increased. - Many capillaries that were closed when the -

muscle was at rest become open and blood flows through them. ’
In this way the capacity of the muscles to contain blood is markedly

the blood and the tissue fluids is facilitated. ‘

d. Regulation of Circulatory and Respiratory Function during Exer-
cise.  The venous return to the heart is increased during exercise
and results in an increase in cardiac output. The increased venous

i

return is caused partly by the pressure variations in the abdominal

direction of the heart, and partiy by the pressure of the contracting
muscles on the thin walls of the peripheral veins. Valves in these
veins prevent regurgitation during relaxation of the pressure. v
- Muscular cortraction increases both the carbon dioxide content -
and the temperature of the blood, and both these factors stimulate
the circulatory and respiratory systems to further activity. The
rise in temperature of the body is kept within normal limits by
dilation of the skin capillaries and stimulation of the sweat glands,
thus enabling heat to be lost from the surface. :
Active exercise can therefore be used to increase Respiration, 1o
increase both the local and the general Circulation, and to provide
work for the Heart Muscle, , N :
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The effect of active exercise as a whole is so widespread and varies

so much in intensity accordmg to the nature of the exercise that it Has
been described here only in the briefest outline.

ASSISTED Exmcxsa

«
The Principles of Assistance .
When the force exerted on one of the body levers by muscular
. action is insufficient for the production or control of movement, an
external force may be added to augment it. This external force must .
be applied in the direction of the muscle action but not necessarxly at
- the same point, as a mechanical advantage can be gained by i increasing
-the leverage. The magnitude of this assisting force must be sufficient
only to augment the muscular action and must not be allowed to act
as a substitute for it, for if it does a passive movement results. As

Forez sy, p//cd
b)’ musc/e acnon

Force supplied

upphied X
Force sup; for assistance

by muscte acticn
Y A 7/4——'————— Force supplied ] = Mechenicoi advantage
Y SR 7) forassistance | & frez increasca Iuerage
* Total Fune required 71 [—_)—— Additional Tral force .supp//cd
fc produce movement leverage resulting in movement

Fia. 36 An External Force is utilised to supplement the Force of
Muscular Contraction

the power of the muscle increases, the assistance given must decrease
proportionally.

Technique

The general plan is to ensure that the mefﬁment muscles exert
their maximum effort to produce movement under conditions designed
to facilitate their action. The assisting force is applied only to aug-
ment this maximum effort and not to act as a substitute for it. ,
1. Starting Position. Stability for the body as a whole ensures -
that the patient’s whole attention is concentrated on the pattern of
movement and the effurt required to perform it.

2. Pattern of Movement. This must be well known and under-
stood by the patient. It can be taught by passive movement or in -

_ the case of limb movements. by acnve movement of the contralateral :
limb,

3 szqtton. Adequate ﬁxatxon of the bone of ongm of the prlmc
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movers improves their- efficiency. Whenévég possible: this figarion
should be achieved by active means in order tht the weak muscles may

movement in these joints must ba controlled or ‘held back’ by manual

pressure or other means of fixation, so that the movement is pivoted
at the required joint, : '

4. Support. The part of the body moved js supported throughout

to reduce the load on the weakened muscles by counterbalancing the

physiotherapist’s hands, suspension slings, a polished horizontal syr-
face such as-a re~education board, the buoyancy of water or ball-
- bearing skates. The advantage of manual SUpport is that it can be

5. The Antagonisiic Muscles. Every effort must be made to
reduce tension in the muscles which are antagonistic to the movement.

tion. Other means of facilitating the activity of the muscles may also
be used, ’

7. The Assisting Force. The force used to augment the action of
the muscles is applied in the direction of the movement, preferably by
means of the physiotherapist’s hands, which should be placed in such
a way that they rest on the surface of the patient’s skin which is ig the
direction of the movement. In some cases the patient’s own hands
may be substituted for those of the physiotherapist, provided he
thoroughly understands the procedure, ‘

Thearange of movement is as full ag possible, but as the power:of
muscles varies in different parts of their range more assistance will be
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8. The Character of the Movement. The movement is essentially

smooth- as this is characteristic of efficient voluntary movement and

it is performed in response to a forceful command which demands the -

patient’s full attention, The speed of movement depends on the
- muscles involved as each has its own optimum rate of contraction
which varies according to its structure and the load. Generally
speaking fusiform muscles contract rapidly and multipennate ones
take longer. Very weak muscles cannot be expected to produce
sustained contraction and therefore assistance is given ‘in step’ with

the contraction which may only be evident as a flicker in the early

- stages but as power increases the speed of the movement can be
decreased. A .

9. Repetitions. The number of times the movement is repeated
depends on whether it is considered advisable or injurious to fatigue
the muscles ini question; therefore the condition which has caused the
weakness must be knowa and understood. _

10. Theco-operation of the patient is essential during this type of exer-
cise, the aim being for him to achieve controlled active movement
without assistance:. Concentrated effort is needed to encourage the
muscles to do all they can to help the movement, so praise, well earned,
should not be stinted. The ability to see results and to feel what is
happening is a great help to the patient so he can be encouraged to

palpate his muscles as they contract. .-

. Effects and Uses of Assisted Exercise

(#) The working muscles co-operate in the production of move-
ment which they are incapable of achieving unaided. Provided the
maximum effort of which they are capable is demanded from the weak
muscles and the assisting force utilised is only complementary, these
- muscles will gain in strength and hypertrophy.
: This type of exercise may be used in the early stages of neuro-
- muscular re-education.” . L '

(1) The memory of the pattern of Vco-ordvinated movement is "
- stimulated by. the correct performance of a movement which the -

patient is unable to achieve without assistance. By frequent repetition

of the correct pattern with decreasing assistance, the patient may re-
' learn to control the movement himself as the conduction of impulses

is facilitated in the neuromuscular pathways.

Assisted exercise may therefore be helpful in training co-ordination. -

- (i) Confidence in the ability to move is established when. the
patient observes the movement and the fact that his muscles co-operate
in producing it. The knowledge that thé limb is supported through-

out and that the movement attempted ‘will be achieved encourages the
patiént to make a maximum effort. e ~




preferable.

ASSISTED-RESISTED EXERCISE

resistance during a single movement and whenever it is possible it is
preferable to Assisted Exercise as it meets the needs of the muscles
with greater accuracy. ‘

RESISTED EXERCISE

The Principles of Resistance o

An external force may be applied to the body levers to oppose
the force of muscular contraction. Tension is increased within the
muscles by the opposing force (or resistance) and the muscles respond

There are five factors which contribute to the development of -
muscular efficiency, i.e. power, endurance, volume, speed of contrac-
tion and co-ordination, The first three are inter-related and can be
built up by the use of resisted exercise.

Power dévelops in Tesponse to the application of the maximum
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contraction, therefore as it is the number of contractions which is the

essential factor, the method used in this case is called Low RESISTANCE-
HicH REPETITION EXERCISE. ' o

Volume, which can be observed or measured as an indication of
hypertrophy, usually develops in proportion to power. It serves as
a means of demonstrating progress to the patient although it is not
invariably a reliable indication of successful treatment. '

Skill in estimating the capacity of the muscles at every stage of
treatment and in matching this with the correct amount of resistance
is the keynote to success in the use of resisted exercise. . "

Variation of the Power of Muscles in Different Parts of their Range
Muscles which are capable of producing a considerable range
of joint movement are not equally powerful in all parts of their
range. : : ,
Physiologically, muscles are capable of exerting their greatest
strength when they are fully extended, i.e. in outer range, and as they
shorten their force diminishes. This, however, is modified in the
case of some muscles by mechanical factors such as the angle of pull of
the tendon of insertion, i.e. the effect of the pull on the lever is greatest
when the angle of pull approaches a right angle.
~ For example: physiologically the Flexors of the Elbow are strongest
_in their outer range, but mechanically strongest at about mid-range.
When both these factors are taken into account, and allowance is made
for overcoming the initial inertia at the beginning of the movement, it
can be roughly estimated that the muscles will be most efficient in
the outer part of the middle range. This, in fact, can be proved by
experiment. ’
It seems, however, that the relative importance of these factors
~ varies in different muscle groups but, broadly speaking, each group is
~ found to be most powerful in the part of the range in which it is
habitually used, i.e.-Shoulder Flexors in outer range, Hip Extensors in
inner range. - In giving manual resistance these variations in power can
be felt \ d the cedistance adjusted accordingly, but other means of
providing resistance are not so accurate from this. point of view.

Technique of Resisted Exercises . ‘
1. Starting Position. Comfort and stability for the body as a
whole ensures that the patient’s whole attention can be concentrated
on the pattern of movement and the effort required to overcome the
.- 2...The Pattern of Movement. - This must be well known by the
- patient and can be taught as passively or a free exercise. - The pattern
selected should, whenever possible, be one which allows contraction of




- the muscles in‘full range and it should be based on'a natural pat
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of purposeful movement, - .

3. Stabilisation. Srabilisation of the bosie or bones of origin of the:

muscles to be resisted improves their efficiency. This stabilisation is
rarely static when a natural pattern of movement is used as it is con-
stantly being adapted to the circumstances of the movement, Pro-
vided the muscles normally responsible for. the stabilisation have

Strap must be used to ensure movement at the required joint. .
4. Traction, Preliminary stretching of the muscles to elicit the

of the resisting force,

S- The Resisting Force, A variety of means may be employed to
supply the force used to resist the contraction of the working muscles,

~€.g. manual pressure, weights, springs, etc., but in every case it should

against resistance the latter i considerably less than maximal to allow

a greater number of repetitions 1o take place, )
6. The Character of the Movement, The movement is essentially -

smooth and controlled throughout, the effort involved commanding the

- Patient’s full attention. “The speed of movement is consistent with

the optimum rate of contraction for the particular group of muscles in

s
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"+ 7. Repetitions. The number of times the muscles are thrown into
‘action against a resistance varies according to the condition and the
individual patient, and it is inadvisable to accept any rule of thumb
procedure. ‘ ' ' _
Low Resistance-High Repetition €xercises appear to be more suit-
able for weak or clderly patients whose muscles are less resilient than
those of the young and strong, and they have proved to be effeftive in
such conditions as Osteo-arthritis. _High Resistance-Low Repetition

~ exercises on the other hand undoubtedly build up power and hyper-
trophy muscles suffering from disuse -as the result of traumatic
injury or in connection with orthopaedic surgery, €.g. menisectomy.
When there is effusion or joint changes are present, as in Rheumatoid
Arthritis, static resisted contraction of the muscles passing over-the
joint with a high repetition figure are valuable for retaining muscular
efficiency and they can be performed in any part of the range which is
pain-free. The number of repetitions may also be determined by the
desirability of, or the contraindication to, fatiguing the neuromuscular
mechanism in the treatment of a specific condition. }

8. The Co-operation of the Patient. The effort exerted by the
patient and his interest in the treatment undoubtedly play an impor-
tant part in the development of his muscles by means of resisted
- exercise, Interest is stimulated by precision in applying the resist-

‘ance, regular measurement and recording of progress, verbal encour-.

* agement and, in'suitable cases, by competition.
Resistances S > _ -

A resisting force other than that provided. by gravity and friction
may be provided by: : C

1. The physiotherapist 5. Springs and other elastic struc-
2. The patient. . . tures : RO
3. Weights ' 6. Substances which are malleable

4 Weight and pulley circuits 7. Water

1. Resisiance by the Physiotherapist. ‘This is usually applied manu-
ally imr the line of the movement, and the physiotherapist’s hand is
_placed on the surface of the skin which is in the direction of the move-
ment. To prevent waste of effort and to ensure .smooth controlled
pressure the physiotherapist’s stance must be in the line of the move-
ment, so that the thrusting action of the legs and the body weight are -
utilised. “Traction or approximation may be maintained throughout -
the movement and the resistance varied according to the variations
_in power in different parts of the muscle’s range. .. :

2. Resistance by ‘the Patient.. The pati Nt can resist his own move-

~ ments with the sound limb, or by using his own body weight. The o
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latter method is probably more-accurately classified as a free exercise,
but is included here as the quantity of resistance is obviously much

P

Forward',nmssurz Pull & counter pressure D_ownwa_rdpressurz
F16. 37. The Physiotherapist’s Stance

greater when, as in this case, the muscles work with reversed origin and
insertion to move the trunk on the limbs. This type of resistance is
convenient, but tends to be unreliable as it cannot be measured or felt
by the physiotherapist and jt requires careful instruction and the
co-operation and understanding of the patient.

EXAMPLES.  From high sitting the Extensors of one Knee can be
resisted by the weight and pressure of the other leg when the ankles .

i ey

, A
Quadriceps . .
resistance : Fress-ups ~L
AFIG. 38 F16. 39

are crossed. The body can be pressed up from the floor by the arms,
if their strength is sufficient.

3. Resistance by Wetghts. The direct application of weights to the
body forms a simple and effective method of resisting active exercise -
The apparatus required is commonly sandbags, meral weights or a
medicine ball, which can be applied by being held in the hand, by -
attachment to a shoe, or o any other part, by suitable Straps. When
sandbags or metal weights are used, a canvas bag may be strapped to
the part and any number of unizs of weight can be inserted to provide
the required resistance. It js essential that the means of attachment
should be comfortable and efficient, but it need not be elaborate.
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By this method, resistance must, of necessity, be given in the direc-
tion of gravity its effect increases progressively if the weight is moved
- away from the central axis of the body. It is a convenient method

c - !
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and suitable for home practice after adequate instruction has been
given. : :
ExampLEs. Lifting a weight held in the hand or attached to the
foot ¢r throwing a medicine ball are common examples.

Resistance by weights is also used for the technique known as Pro-
gressive Resistance Exercise.

PROGRESSIVE RESISTANCE EXERCISE

The use of Progressive Resistance Exercise for the restoration of muscle
power -and volume after injury was first described by de Lorme in
1945 although this method of promoting muscular development ‘had

~been well known and used by professional muscle builders for a very
long time. _
" Meral weights, which constitute the resisting force, are applied to.
the pert of the body in question either by means of a bar-bell held in
the hand or hands, a de Lorme metal boot or some similar device. The
‘poundage is determined by testing the repetition maximum (R.M.) for
a given number of repetitions (page 30)- Lifting of the weight may
involve either static (isometric) or dynamic (isotonic) muscle work
according to the circumstances and the movement is slow and con- -
trolled. o ' :
Several' ways of correlating the weight lifted and the number of | .
repetitions have been used. It appears that the regime most suitable
and successful in the treatment of an individual patient varies very
much with his age, temperament and the condition from which he is
* suffering. It is essential that his instruction is precise and that his
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+ eforts are well superyised.,.. The folloving schemes are all based on che
test for a 10 R.M. and Iepresent a power programme. - Imperia] measures -
<can be replaced by metric units. o , ; '

' de Lorme & Waikins . Zinovieff (Oxford Technique)
© 10 lifts with + 10 R.M. 10 lifts with 10 R.M.
1o lifts with § 10 RM. 1o lifts with 10 R.M. minus 1 b,
1o lifts with 10 R.Af. 10 lifts with 10 R. M, 3 21bs,
S N 10 hfts w@th IoRM. 3 Ibs,
et _@\_:ﬁj«ﬂy\ e _ 10 l{frs with 10 R. M, 5 4 Ibs.
9T e “\&:j e ) To lifts with 10 RM. 5 1bs,
= 2 e C 10 lifts with 10 RM. ,, s Ibs,
. ke ?S I0 lifts with 1o RM. 7 1bs.
10 lifts with 10 RM. ,, 8ibs.
I0 lifts with Io R.M- » 9 1bs. .
30 Lifts 4 times weekly, - “100 Iifts § times weekly, -~
Progress 10 R.M. once &:’Eogrcss 10 R.M. daily,

weekly,
MacQuzen
10 lifts with 10 R.M.
10 Lifts with 10 R_M.
10 lifts with 1o R.M.
10 lifts with 10 R_M,
: 40 lifts 3 times weekly, B
~ Progress 10 RM., every 1-2 weeks.

The endurance brogramme is based on the use of relatively low resist-
ance and high repetition regime,

Progressive resistance exercise can be used in principle for the develop-

regard to suitable positions and methods are therefore described in
relation to these muscles on page 192,

4. Resistance by Weight and Pulley Circuirs. The use of a rope and
pulley allows the force exerted by a weight to act in any direction (see
Pulleys, p. 1 5)» therefore the muscles need not be required to work
against the resistance of both gravity and the weight. The effect of
gravity can be counterbalanced if the movement takes place in a hori-
zontal plane. This provides a useful method of arranging resistance
for weak muscles when the limb s heavy. )

ExampLe, Ip sitring the resistance of gravity to the Knee Extensors
is approximately 5 kg. If these muscles are unable to straighten the
knee against this resistance, they may still be able to perform the exer-
cis¢ adequately when, in side lying, the leg is supported horizontally -
and a resistance of, perhaps, 4 kg. is applied. )

As the angle of pull of the rope by which it is applied, and therefore
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the resistance. itself, must vary during the course of a movement, a
resistance can be offered to the muscles which matches the variation -
of their power in different parts of the range more accurately than that
supplied by means of a weight applied directly to the part or by a
spring. :

A bA

F16. 41. Two Methods of giving Weight and Pulley Reéistahge for the
Knee Extensors. The relaxation stop R is shown on the left

- Assuming that a particular muscle group is-most powgrful in mid-
range it is there that the resistance is applied at right angles. Both
the power of the muscles and the force of the resistance will diminish
‘on either side of this point. ' '

To ensure relaxation and lack of strain on the joints between move-
ments a relaxation §top is incorporated on the circuit by means of a clip
or knot which prevents the rope from passing the pulley, or by arrang-
ing for the weight to be supported at the end of the movement. Psycho-
logi\call'y, it is of the greatest importance for the patient to be able to see
the weight moving as the result of his work and to know and record the
poundage lifted. : -

5. Resistance by Springs and Cther Elastic Substances.” The resist-
_ing force of a spring increases progressively as it is stretched or com-
pressed according to the type of spring used.

Although convenient to arrange, the use of springs for resisting
muscular contraction, must be regarded as a somewhat crude method

" as it is virtually impossible to match their resistance to the capacity of
the muscles with regard to both power and range of movement.
- When springs are used the speed of movement must ‘be carefully
- controlled by the muscles both in- contraction and during controlled =
.. relaxation as the accumulated energy in an extended spring makes its -
natural speed of recoil very great. RPN S,

. Other extensible materials such as rubber elastic of various widths
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- “and thicknesses behavé in a manner similar to'that of springs, but they

are not so durable. The elastic properties of Sorbo rubber are appar-

ent on pressure, and rubber sponges, Dunldpiﬂo and rubber balls -

0
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F1G. 42. Spring Resistance for the Elbow Extensors
(a) with shoulder extension, (b) with shoulder flexion

afford varying resistances which are particularly useful in developing
the gripping muscles of the hand. ' ,

6. Resistance by Substances which are Malleable. Substances such
as putty, clay, some kinds of wax, Plasticine and ‘wet sand cdn be -

. moulded into different shapes. The resistance they offer to this -

change in form is variable and can be used both for strengthening ‘and
for mobilising the hands. _

7. Resistance by Warer. The resistance offered by water increases
with the speed and ‘the surface area of the part moved.  When the
movement is vertical, buoyancy adds to the resistance on the way down
and cancels out much of the resistance on the way up.

Progression .
- As the power of the muscle increases, the resistance must be in-
creased proportionately. :
There are four main methods of increasing resistance to ‘muscle
action. Each method may be used singly or in combination with any .
other method: :

1. Increase in poundage or weight of the resisting force.
2. Increase in leverage of the resisting force. -

3. Alteration in the speed of movement. -

4. Increase in the duration of the exercise. .

L. Increase in Poundage or Weight. For example: it is found that
a muscle group, able to achieve full-range contraction against a weight
of 2 kg. when it is applied at a specific point, can contract at a specific
speed and for a-specific duration. As the muscle power increases, the
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weight is increased proportionately to 2.5 kg., 3 kg. or 4 kg., while the
other conditions remain constant. The actual amount of the increase
is variable according to the particular muscle group, its rate of progress
to recovery and the frequency at which an increase is made.

2. Increase in Leverage. The total resistance offered by a given
weight depends onthe position of its point of application in relation to
the fulcrum. (Moment of Force = Weight X Perpendicular Distance
from the fulcrum.) The greater the perpendicular distance of the .
point of application from the fulcrum, i.e. the joint at which move-

ment takes place, the greater the resistance offered by the weight
(see p. 10, Levers). '

ExampLe. The effect of a resistance, which is constant, given to
the Shoulder Abductors with the arm straight, is much greater when
applied at the wrist than at the elbow. -

3. Alteration in the Speed of Movement. Muscular contraction is
most efficient when it takes place at an optimum or natural speed.
This speed varies according to the form and structure of the muscles
concerned, the resistance, and the individual. Increase or decrease
in this natural speed of contraction increases the effect of the resistance
when the muscle works concentrically, but when it works eccentrically,
the slower the movement the greater the effect of the resistance, i.e.
concentric work is easiest at natural speed, eccentric-work at high
speeds. , o T o
~ . For example: it is easier to climb a steep hill at your own speed
than at one dictated by a companion who may prefer to go faster or
slower than you do, but it is easier to come down rapidly.

4. Increase in the Duration. As muscles warm up to their task of
overcoming a resistance, they become more efficient and therefore the
effect of the resistance decreases and the exercise seems easier. If,
however, it is continued a sufficient number of times, fatigue reduces
the efficiency of the muscles and the resistance therefore appears
greater. v ' . '

. For example: sawing a log of wood may seem to become easier
is you warm up to it, but it becomes hard work by the end of an
our. : ' :

Effects and Uses of Resisted Exercises o :
() Muscle power can only be maintained or increased by contrac-
tion, and in these exercises the working muscles are strengthened and

_ hypertrophiéd in response to the tension created in them by the resist-
ance. Their power and endurance is increased. .~ - .

~ Resisted exercises are used to build ‘up weak muscles and so.t0

~ restore the balance of muscle power, which is esseatial for stability and
- co-ordinated movement. . - - E ‘ -




*the materials for repair and hypertrophy.

R VE.MOVEMENT "~ . -
(%) The blood flow to the working muscles is increased in propor-
tion to the amount of work they are called upon to do thus providing -
Although the flow is impeded during the acrual contraction, the
amount of blood contained in the muscles immediately after contrac-
tion may be as much as ten times as great during strenuous eXercise as
the amount contained during rest. ' _

- This increase in the blood flow to the muscles continues for some
time after exercise, bringing OXygen and nutrition to the part and
assisting the removal of metabolic products. .

(i1%) A general rise in blood pressure frequently anticipates exercise

and may be increased by the mental effort required to perform these.

exercises correctly, , _ :

(fv) Heat, which is produced as the result of strenuous muscular
activity, stimulates the heat-regulating centre causing vaso-dilatation
in the skin. This follows a constriction of these vessels which-occurs
in the first place to compensate for the increase in the blood flow to
the muscles. If there has been sufficient exercise, the skin feels warm
and possibly moist and appears pink, indicating that heat is being lost
from the surface to balance the gain from muscle activity and $o keep

the body temperature within normal limits.- The degree of moisture . . -
- depends largely on the temperature, humidity and movement of the .
‘atmosphere, ' - . '

INVOLUNTARY MOVEMENT ‘
RErFLEX MOVEMENT

Reflex movement s involuntary and may be defined as the motor
Tesponse to sensory stimulation, These reflex movements are pro-
tective in character or concerned with the repetition of movement

‘patterns which have become anterztic or halbiiual Alwvugh the

stimuli which give rise 1o reflex movements do not usually gain con-

scious recognition the patient is aware that reflex movements of the
body have raken place. :

© THE CENTRAL

- — 3.CoNNECTO
NERVOUS SYSrepm 3 ; R

NEUVRONE
AFFERENT ) MOTOR
' NEVRONE X\\‘ + NEURONE

. .
RECEPTOR g N ' s
1. 23 % S.EFFECTOR ORcAN
ORGAN \ P77 rasery,

F1G. 43 ' -




60 THE PRINCIPLES OF EXERCISE THERAPY
The Reflex Arc — '

The reflex arc is the pathway of impulses which give rise to reflex
* activity. In its most simple form it consists of two neurones, an
afferent neurone which leads from a sensory receptor organ to the
C.N.S. and an efferent neurone leading from the C.N.S. to the effector
organ (muscle fibres). Few reflex arcs are as simple as this, most of
them consisting of a chain of neurones in which one or several connect-
ing neurones lie between the afferent and efferent neurones.

Reflex activity ¢an be stimulated and used to improve or facilitate’
movement or the maintenance of posture. '

The Stretch Reflex

. This is a spinal reflex activated by stretching a muscle. When an

innervated muscle is stretched it responds by contracting and develop-
ing tension to counteract the stretching force; this provides a means of
promoting activity in muscles when voluntary effort is ineffective or

‘too weak to do so. Quick stretching stimulates the muscle spindles

which are proprioceptive receptors so that they discharge impulses

which reach the A.H.C.’s by mono-synaptic pathways. Tension in a

contracting muscle is increased by the application of a resisting force

and the quality of the contraction is improved. Contraction of

muscles in response to stretch is accompanied by a reciprocal inhibition

of antagonistic muscles to permit movement. :

. The Righting Reflexes ’ : SO PR
" “These are a series of reflexes concerned with the maintenance and
restoration of equilibrium. Pushing the patient off balance elicits a
series of mass movements designed to restore balance and save him
from falling. This is well illustrated in Practical Exercise Therapy by
M. Hollis.

The Postural Reflexes ,

The erect posture is maintained by a complex series of reflexes -
known collectively as the Postural Reflexes; these are described on
Effects arid Uses of Reflex Movement .

1. The initiation of reflex movernent provides a means of promoting
activity of the neuromuscular mechanism when voluntary effort is in-
effective or insufficient for the purpose. It is used in cases of flaccid
paralysis and brain damage to facilitate the initiation of movement and
to combat the effects of inactivity. - _

*2. Normal joint movement and the extensibility of muscles is
" maintained by this type of movement when spastic paralysis makes
voluntary movement impossible. = - ' ' Cn R

" 3. Circulation is improved by the contraction of muscles and move-
~~ment of joints achieved during these movements. = S
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RELAXATION &

MuscLes which are relatively free from tension and at rest are said to
be relaxed. Tension develops in muscles as they work during con-
traction and this tension is reduced to a variable degree as the muscles
_come to rest duririg relaxation. '

Muscle Tone _

Under ordinary circumstances living muscles are never completely
free from tension,.as they retain a quality of firmness known as muscle
tone even when they are as relaxed as possible,

Muscle tone, which represents a state of preparedness in resting
muscles, is now thought to be maintained through the activity of the
muscle spindle circuit. The efferent fibres of this small fibre nervous
reflex pathway transmit impulses which produce a sustained contrac--
tion of the small intrafusal muscle fibres of the muscle spindles, while
the large extrafusal fibres concerned in the production of voluntary
movement remain relaxed. ' v

Postural Tone - A SR S
The contraction which' persists in the muscles concerned with the
maintenance of posture (chiefly the anti-gravity muscles) is called
~postural tone. Postural tone is maintained and regulated by a reflex
mechanism, the fundamental basis of which is the myotatic or stretch
reflex, although the higher centres also exert a controlling influence.
- Any stretching of the muscles by an external force, such as the force
of gravity, stimulates sensory receptors situated within the muscles
themselves and so gives rise to a discharge of motor impulses to the
same muscles. These motor impulses bring about a contraction of a
sufficient number of the muscles’ motor units to increase the tension
sufficiently to enable the effects of the force which produced the
stretching to be counterb tanced. . '
As tension in these musclés-is increased in response to stretching
- of their constituent fibres by an external force, and in proportion to
the degree of stretching to which they are subjected, it follows that the
use of measures tending to reduce of eliminate the effect of this force
assiSts In promoting their relaxation. ‘ '
. Thedegree and location of postural tone varies with any alteration
n posture. It is greater in the upright positions, in which the force
of gravity tends to stretch the muscles ‘more strongly, than it is in




' recum Bc’n]t positions, in which the effects of the fori;e of grawty upo

 them is adequately counterbalanced by full ‘support of the body. -

Those recumbent positions which provide full support for all segments
of the body are therefore most suitable for obtaining general relaxation,

Voluntary Movement : _ :
Specific muscles contract as they work to initiate or control move-
ment, but at the completion of the movement in question they relax
and come to rest. There is a recognised biological principle that activity
of living cells tends to be followed by inhibition of that activity. Con-
traction in any one group of muscles is accompaniad by a reciprocal relaxa-
tion of the antagonistic group to allow movement to take place smoothly,
. These facts are of importance during consideration of methods designed
to obtain relaxation of a particular group of muscles.

Mental Attitudes :
Mental attitudes such as fear, anger and excitement give rise to a

general increase in muscular tensijon which serves a useful purpose by
preparing the muscles for rapid or forceful action,

Normally this tension, developed to serve a useful purpose, is -

relaxed when the need for it no longer exists, but in some cases it

posture. - ’

Recognition of a state of tedsion‘foﬂowed by voluntary relaxation

of the muscles in which it is present provide a means of helping the
patient to economise in nervous energy, and in cases where the tension
has resulted in the reduction of the normal range of movement in g~
joint, an increase in mobility can be achieved. B

As fear in one form or another is the most usual cause of persistent

tension, the physiotherapist must do her Dest 10 reassure the patient -

- and to gain his confidence and Co-Operation. An atmosphere con-
ducive to rest, both mental and physical, contributes much to success
in helping the patient to acquire the art of voluntary relaxation.

" Degrees of Relaxation

- ableand it is better to regard the term ‘Relaxation’ merely as an indica-
 tion that some reduction in tension has taken place. - Itis often possible
to estimate the degree of relaxation achieved by gentle passive movement
or by palpating the muscles, as for instance during massage, and the fact
that a patient falls to sleep during treatment is ample proof that the method

of obtaining general relaxation has been successful.

Pathological T ension tn Muscles - _ _
A marked, persistent increase in muscular tension or tone is g
. feature of many ‘pathological conditions which affect the nervous

persists and becomes ‘habitual which may lead to' alteratons in normal -

‘ .



64  THE PRINCIPLES ‘OF EXERCISE THERAPY

system. Lesions of the higher motor centres, and those which inter-
fere with the normal function of the nervous pathways which conriect‘
. them with the spinal reflex arc, commonly result in an abnormal state
of muscular tension which varies from hypertomcny to spasticity or
© rigidity. A temporary reduction in this tension in the affected area
can be achieved in sorile cases by suitable means which promote relaxa-

tion, and this allows re-education of any functional acnvxry Whlch
- remains to take place. :

TECHNIQUE .
GENERAL RELAXATION

Support, comfort and a restful atmosphere are basic conditions for
general relaxation and may prove effective without additional methods.

a. Support

Various forms and modifications of the Jying position are used, to
achieve full support of the body, the relative suitability of each one vary-
ing according to the condition of the patient and to individual prefer-
ence. The weight of the body is thus effectively counterbalanced by
the uniform upward pressure of a reciprocal surface, or by suspension,
in a position of semi-flexion Wthh obviates aﬂ mcchamcal tcnsxon on
- muscles or ligaments." :

(f) Lying Supine. - A firm surface is essential, and if resilient also,

as in the case of a good sprmg mattress, it is ideal, as it will mould itself

-+ to the body contours and give even pressure and comfort. At all costs
plinths or beds which sag are to be avoided as they cramp the thorax
and so throw additional strain on the inspiratory muscles. A head
pillow is required which is suffi-

- - ¢ ’ ciently soft to prevent the head
Z ?"\\/\\gfz'm' from rolling to either side, and to
be well moulded to support the

FIG 44. lying supine for Relaxation neck posteriorly. A small pillow
under the knees relieves tension on the Hamstrings and the ilio-femoral

FIG , 45. ha]f lying adapted for FIG. 46. hab’ lymg Anothct '
: elaxatxon - mcthod Y
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ligament, and consequently allows the-pelvis to roll ‘backwards so that -
the lumbar spine is straightened and supported, ' The feet are held in
- the mid-position by a sandbag or similar device, and each arm, slightly .
abducted at ‘the shoulder and flexed ar the elbow, rests on a pillow,
_ (i1) Half Lying. This is similar to the previous position but breath-
ing is easier as there is less weight on the back and abdominal pressure
on the under surface of the Diaphragm is reduced. ’
An armchair makes quite a good substitute for a plinth or bed, the
thighs are fully supported and the feet rest on the floor, or a footstool,
or a T-shaped footrest. ’ ‘
(1) Prone Lying. The head is turned to one side and may rest on
a small pillow, if more comfortable. A firm pillow under the hips and
the lower abdomen prevents hollowing of the back, and for women it
should extend higher to avoid too much pressure on the breasts; the

FicG, 47 .
\  prone lying as for Relaxation’

lower leg is elevated so that the knees are slightly bent and the toes free,
A degree of medial rotation at the hips, causing the heels to fall apart,
still further induces relaxation of the legs. Many find this position
- comfortable and use it for sleeping; others dislike it because of the
rotated position of the head. ‘ - S
(fv) Side Lying. The measure of relaxation obtained is governed by

F1G. 48. side lying for Relaxation
(view from above)

the efficiency with which the shoulder and pelvic girdles are stabilised.
The arm and leg which are uppermost may be rested on the supporting
surface instead of on pillows, but some of the weight then falls on the
trunk and. this impedcs respiraticn. The head pillow supports the
neck and head in alignment with the body, and must not be too high.
The majority of people sleep on the side, but few are conscious of the
part suitable positioning for relaxation plays in promoting it, ‘ ’

b. Comfort ‘

In addition to support and individual preference in positioning, for
which some suggestions have already been made, the ingredients of
comfort include freedom to breathe deeply, warmth;, abdominal quies-
cence and a mold degree of physical fatigue. Removal of constrictive
clothing, such as corsets and belts, is'essential and any garters, buttons
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or suspenders hable to cause preesure must be removed. The room
should be warm, but should have a free supply of fresh air; in winter
additional warmth can be supplied by light but warm blankets, a
covered hot-water bottle at the feet, an electric blanket or by non-
luminous infra-red irradiation, but care being taken to avoid over-
heating, as this leads to restlessness. For home use a warm bath gives
the most even and pleasing type of heat, but its soothing effect must. .
not be ruined subsequently by vigorous rubbmg with a towel. A
11ght well-balanced meal, rhythnucal physwal actxvxty of short dura-
tion, such as a brisk walL in the open air, and attention to emptying
the bladder before treatment are all conducwc to-general relaxation.

c. Restful Artmosphere :
- As physical and mental relaxation are mterdependent, an effort.
must be made to secure a state of mental rest. The treatment-room
should be as quiet as possible, as many people for whom training in
relaxation is prescribed are highly susceptible-to the disturbing
influence of noise. A few. are worried by complete silence, but in
general it is the high-pitched intermittent sound produced close at
hand which is to be avoided; the continuous low-pitched ‘huny’ of
distant traffic tends to be soothing. Bright lights and strong colours,
such as red and bright yellow, are said to be stimulating, whereas a
room with low well-diffused light with for instance green and peach
furnishings gives a soft and warm glow and provides an ideal setting
- for relaxation.  This is indeed a counsel of per"ecuon, but much can
be done with screens and shades used with a little i imagination, even in
“a busy department!

‘The most difficult and important factor in the creation of a restful

atmosphere, and one which determines the ultimate success or failure
~of the treatment, is the manner and bearing of the physiotherapist
- She must inspire conﬁdence, as fear, in one form or another, is at the
root of much of the tension which she can help to relieve. Her appear-
ance must be tidy+and her dress suitable; shé must be punctual and
move calmly without hurry or hesitation. Her manner must be
courteous, pleasant and understanding and her voice low-pltched and
clear. A sunple explanation of the routine and any instructions re-
quired are given <o the patient in language and terms which he can
understand, so that any anxiety or fear of the unknown is removed.
It must be remembered that situations and routines with which one
‘becomes very familiar often appear strange and terrifying when
encountered for the first time.  Conversation, apart from these instruc-
tions, should direct the patient’s thoughts to contemplauon of restful
and pleasant topxcs

" Confidence in the physiotherapist and the treatment is gradually ,
~built up over a penod of ume, xmmedxate results are not to be expected .
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and are rarely aclm:ved often becausc of psychologxcal factors beyond |

e the control of the phys1otherapxst or patient. In successful cases'a’

" habit of relaxation is built up in place of a habit of tension, but the. .

formation of new habits takes time. Regular and frequent practice
on the part of the pauent is essential, until finally he becomes an expert
in the art of ‘letting go’ or relaxing, and the normal rhythm of life, in .
which activity alternates with relaxation, can be re-established.

d. Additional Methods of promoting Relaxation

Tension may persist in spite of the provision of conditions con-
ducive to relaxation, in which case additional methods to help the
patient may be employed. Very little should be attempted at first,
the period of time being extended as the ability to relax i improves.

Consciousness of Breathing. Under conditions of quiet and. com--
fort the pauem: s mind may remain active and turn to mundane prob-
1ems and anxieties, with associated physical tension; in this case it may -
help him to concentrate on his own rhythm of breathing, which must
be deep with a slight pause at the end of expiration. Expiration is a
phase of relaxation and should be accompanied by a feehng of ‘letting
go’ in the whole body.

Progressive Relaxation. A method by which relaxation may be
achieved progressively ‘was devised and practised by Jacobson of -

-~ Chicago, and somethmg similar appears in modern hterature on the

Yoga System as the ‘Savasana’ or ‘Still Pose’,

FIG. 49 —'—MF—-—‘;O

© ‘Savasana’—“The Still Pose’ — = .

Contrast Method. Difficulty in appredating the sensation of relaxa-
tion is not uncommon; the patient does not know that the muscles are
tense or what to do in order to relax them. This can often be taught by
demonstrating the contrast between maximal contraction and the degree of
relaxation which follows it, the patient being told to contract any group or
series of muscles as strongly as possible and then to ‘let go’ and ‘continue
to let go’. Success may be achieved by another method by which the
patient is urged to step up this preliminary contraction until he is so

‘tired that he has to let go; there is-a large element of suggestion about

this as it is unlikely and undesirable that a state of fatigue should
actually be produced. - This method follows the biological principle
that acuvny of living cells tends to te followed by mhlbmon of that
activity.

Routine contraction followed by relaxation is carned out in w:h
area of the body, the attention travelling in logical sequence from limb

to limb and to the trunk and head including the ncck and face muscles
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- until all areas can remain relaxed at one and the same time. Much
practice may be necessary before this is accomplished, and it is not
unusual for the muscles of the leg, for instance, to again bécome tense
while attention has been focused on relaxation of the face muscles.
Before the routine has been completed, the patient frequently drops off
to sleep and general relaxation is obtained. When possible he should
be allowed to wake naturally; alternatively, he must be wakened gently
in sufficient time for getting up and dressing to be unhurried. Later,
the patient learns to relax the muscles at will from the state of tension
in which they are normally maintained, and without previous voluntary
contraction. ’ .

Physiological Relaxation. This method of relieving tension was de-
vised by Laura Mitchell, M.C.S.P., Dip.T.P., in 1957. It is based on the
physiological principle of reciprocal relaxation. ) :

The position of tension of the whole body is defined in detail, viz.
raised shoulders, bent-up elbows and hands, head and trunk flexed, etc.
The patient changes the position of every joint in turn, by exact voluntary
orders which he is taught to give to his own body, e.g., ‘Stretch the fingers
out long’, ‘Stop’, ‘Feel the straightened-out fingers and the fingertips
touching the support’. ' '

In this way, the patient induces, firstly, reciprocal relaxation in the
muscles that had been working to maintain the tense positions, and then
in the opposite group which he used to change that position. He registers

~the new position of the joints and skin pressures associated with them-

because these two senses reach the cortex. In this way, he changes the -

pattern of tension of the whole body to one of ease by means of a method

which he can use by himself at any time, and so can stop mounting tension.
' A full description of this method and its application to various condi-
tions, e.g., chest, antenatal, etc., is given in Simple Relaxation by Laura
Mitchell, 2nd édition, 1980.

Passive Movement.  Rhythmical passive movements of the limbs
and head may assist the degree of general relaxation in some cases.
These movements are generally given as a sequel to massage. Group
movements of joints, e.g. flexion and extension of hip, knee and ankle,
are preferable, but a very high standard of performance on the part of
the physiotherapist is required to obtain results. The rhythm of small
pendular movements pleases some patients. o ' _

, TThe ability to promote a state of relaxation depends very largley

on the individual physiotherapist and the particular patient with whom

she is dealing, and details of successful methods employed vary widely.

Ideal conditions are rarely obtainable and, indeed, are hardly desirable,

. for many patients must eventually learn to relax: where and when
the opportunity presents itself; e.g. in the train or on a mountain top

after a strenuous climb: General relaxation can sometimes be carried
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out effectively in- groups, as in the case of pregnant women,

. RELAXATION:

i nant who tend
to relax easily, and.with some asthmatic and bronchitic sufferers whe -
have had previous individual instruction. A o S

Vikar

" LocAL RELAXATION - : - ST ;

- General relaxation takes time and is not always essential or desjr-
able. Methods of obtaining local relaxation depend to some extent
on the cause and distribution of the tension. , '
Preparatory to Massage and Passive Movement ,

Massage and passive movement both presuppose relaxation of the
area under treatment. Relaxation is obtained of a specific area by the
application to that area of the general principles already described for
the whole body. A general attitude of rest, however, will assist the -
process, e.g. the abducted and flexed arm supported by a table or
slings is more inclined to relax when the patient lies or reclines in a
chair, than when he sits bolt.upright,

For the Relief of Spasm ,

Spasm due to pain is protective and is most effectively reduced by
the relief of the pain which caused jr. However, if it persists because
of-fear of pain, techniques which ensure pain-free movement are often
successful. Hold-reiax (see p. 89)is applicable in these circumstances,
or pendular movements which start in the free range and -gradually

. increase in amplitude may restore confidence and achieve relaxation.

"The relief of pathological spasm resulting from lesions affecting the

- central nervous system is only temporary unless some voluntary control

remains and can be re-cstablished, Temporary relief is useful to per- -
mit the re-development of voluntary control which is masked by the
spasm and to maintain joint range and circulation in the affected area. ‘
The initiation of reflex movements by the use of the stretch reflex
applied at the same time as a command for the patient’s voluntary

effort of contraction can be used for this purpose but care must be taken

to ensure that spasm which is useful is not reduced by hyperactivity of the

-antagonsstic reflex unless sufficient voluntary power is present, e.g,

extensor spasm of leg which makes it possible for the patient to stand.

In preventing and combating Adaptive Shortening :

Persistent tension or hypertonicity of muscles acting upon one
aspect of a joint produces a state of muscular imbalance which leads
to adaptive shortening of the tense muscles and progressive lengthening
and weakening of the antagonists on the opposing aspect of the joint.
Both agonistic and antagonistic muscles are inefficient when this situa-
oom develops.  Relaxation techniques for the shortened muscles and
surengthening techniques for their antagonists are followed by integra-
tion of their reciprocal action to establish the increase in the range of
movement, '
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These movements are produced by an external, force during muscular
Inactivity or when muscular activity is voluntarily reduced ag much as
possible to permit movement, - ' ‘
Classification

a. Relaxed Passipe Movemem.c,lincluding accessory movements.
b. Passive Manyal Mobilisation Technigues
(1) Mobilisations of joints
{11) Manipulations of joints
(117) Controlled sustained stretching of tightened strucrures

Specific Definitions

a. (1) Relaxed Passive Movements :
These are ‘movements performed accurately and smoothly by the
Physi_otherapist. A knowledge of the anatomy of joints is required.
The movements are performed in the same range and direction as
activemovements, The joint is moved through the existing free range
and within the limits of pain,- : IR
(1) Accessory movements K
These occur as part of any normaj jo;

voluntary movement but can be isolated b
b.  Passiye Manual Mobilisation Techniques
@) Mobilisarions of joints ’ =
These are usually smal] repetitive rhythmical oscillatory, localised )
_&ccessory, or functionaj movements performed by the physiotherapist .
in various amplitudes within the available range, and under the
“ patient’s contro]. These can be done very gently or quite strongly, -

-and are graded according to the part of the available range in which
they are performed, '

(i) Manipulations of joints performed by
- a. P}zyszbzherapists } '

* . These are accurately localised, single,

‘small amplitude angd high velocity ¢

~. €an stop it. : )

quick decisive movements of
ompleted before the patient

70
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" b. Surgeon/Physician -~ . T R
"The movements are performed under anaesthesia by a surgeon, or .
physician to gain further range.  The increase in movement must
- . 'be maintained by the physiotherapist, _
(i#5) Controlled sustasned stretching of tightened structures
" Passive stretching of muscles and other soft tissues can be given to
increase range of movement, Movement can be gained by stretching

adhesions in these structures or by lengthening of muscle due to
inhibition of the tendon protective‘reﬂex. '

o

PRINCIPLES OF GIVING RELAXED Passive MOVEMENTS

Relaxation. A brief explanation of what is to happen is given to the v
patient, who is then taught to relax voluntarily, except in cases of flaccid
paralysis when this is unnecessary. The selection of a suitable starting
position ensures comfort and support, and the bearing of the physio-
therapist will do much to inspire confidence and Co-operation in maintain-
ing relaxation through the movement, ‘ :

Fixation. Where movement is to be limited to a specific joint, the
bone which lies proximal to it is fixed by the Physiotherapist as close to the
joint line as possible to ensure that the movement is localised to thatjoint; .
otherwise any decrease in the normal range is readily masked by com- "
pensatory movements occurring at other joints in the Vvicinity.

Support.  Full and comfortable support is given to the part to be
moved, so that the patient has confidence and will remaijp relaxed. The
physiotherapist grasps the part firmly but comfortably in her hand, or it
may be supported by axial suspension in slings. The latter method js
particularly useful for the trunk or heavy limbs, as it frees the physio-
therapist’s hands to assist fixation and to perform the movement, The
physiotherapist’s stance must be firm and comfortable. When standing,
her feet are apart and placed in the line of the movement.

Traction. Many joints allow the articular surfaces to be drawn apart
by traction, which is always given in the long axis of a joint, the fixation of
the bone proximal to the joint providing an opposing force to a sustained
pull on the distal bone, . Traction is thought to facilitate the movement
by reducing interarticular friction, S ' E .

Range. The range of movement is as ful] as the condition of the joints

anatomical limit, _ :

As one reason for giving full-range movement is to maintain the
extensibility of muscles which pass over the joint, special consideration
must be given to muscies which pass over .two or more joints. These
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. muscles must be progressively extended over each joint until they are-
 finally extended to their normal length over all the joints simultaneously,
. e.g. the Quadriceps are fully extended when the hip joint is extended with
 the knee flexed. - '
Speed and Durarion.  As it is essental that relaxation be maintained
throughout the movement, the speed must be uniform, fairly slow and
- rhythmical. The number of times the movement is performed depends
on the purpose for-which it is used. ’ '
A full description of the technique of giving relaxed passive movements
1o individual joints will be found in Chapter 14. - '

Effects and Uses of Relaxed Passive Movements _—

(i) Adhesion formation is prevented and the present free range of
movement maintained. One passive movement, well given and at frequent
intervals, is sufficient for this purpose, but the usual practice is to put the
joint through two movements twice daily. ' ' :

(i) When active movement is impossible, because of muscular in-
cfficiency, these movements may help to preserve the memory of move-
ment patterns by stimulating the receptors of kinaesthetic sense.

(iii) When full-range active movement is impossible the extensibility
of muscle is maintained, and adaptive shortening prevented.

(iv) The venous and lymphatic return may be assisted slightly by mech-
anical pressure and by stretching of the thin-walled vessels which pass ..
- across the joint moved. - Relatively quick rhythmical and continued passive
“movements are required to produce this effect. They are used in con- -
. junction with elevation of the part to relieve oedema when the patient is

unable, or unwilling, to perform sufficient active exercise.,

(v) The rhythm of continued passive movements can have a soothing -
effect and induce further relaxation and sleep. They may be tried in
training relaxation and, if successful the movement is made imperceptibly
and progressively slower as the patient relaxes.

"+ PRINCIPLES OF GIVING ACCESSORY MOVEMENTS. - . =
" The basic principles of relaxation and fixation apply to accessory
movements as to relaxed passive movements. Full and comfortable
support is given and the range of the movement is as full as the condition
of the joint permits. They are comparatively small movements. -
A description of the technique of giving accessory movernents will be
found in Chapter 14. - : '

Effects and Uses of Accessory Movements A .
S Accessory movements contribute to the normal function of the joint-
in which they take place or thar of adjacent joints.




In abnormal joint conditions there may be limitation of these move-

~ ments ‘due to loss of full active range caused by stiffness of joints from

contracture of soft tissue, adhesion formation or muscular inefficiency,

Accessory movements are performed by the Physiotherapist to increase

lost range of movement and to maintain joint mobility. Hence they form

. an important part of the treatment of a patient who is unable to perform
normal active movement. :

| PASSIVE MOVEMENT |

PRINCIPLES OF PASSIVE MANUAL MOBILISATIONS AND Maxrpurations

- These teéhniqu‘es, together with their effects and uses, cover a very
wide field which is beyond the scope of this book. Specific reference to
books by Maitland, Grieve, Kaltenborn and other ‘authorities on the
subject is given in the bibliography. - o
Manipulations performed by a surgeon or physician are usually given
under a general or local anaésthetic which eliminates pain and protective
spasm, and allows the use of greater force. Even well-established ad-
hesions ¢an be broken down; but when these are numerous, it is usual to
regain full range progressively, by a series of manipulations, to avoid exces- .
sive trauma and marked exudation. Maximum effort on the part of the
patient and- the physiotherapist must be exerted aftcr,manipulation to-
maintain the-range of movement gained at each session,_ch_e'rwis_evﬁbfous
deposits from the inevifable exudation will form new adhesions, ’

PRINCIPLES OF GIVING CONTROLLED SUSTAINED STRETCHING oF

TIGHTENED STRUCTURES

The patient is comfortably supported and a5 relaxed as possible in an
Appropriate position, With suitable fixation the part is grasped by the
physiotherapist and moved in such a way that a sustained stretch can be
applied to the contracted structures for a period of time within a functional
pattern of movement. Mechanical means can be used, e.g. turnbuckle
plaster. .

A description of the technique of giving some commonly used con-
trolled sustained stretchings will be found in Chapter 14.

Effects and Uses of Controlled Sustained Stretching . : . .
. (1) Steady and sustained stretching may be used to overcome spasticity .

patterns of limbs, e.g. a hemiplegic patient. The slow stretch produces a

relaxation and lengthening of the muscle. ' )

(1) A steady and prolonged passive stretch can overcome the resistance
of shortened ligaments, fascia and fibroiss sheaths of muscles as, for exam-
ple, in controlled stretching and progressivc;spintagc of talipes equino--
varus. P
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AN INTRODUCTION TO R
- NEUROMUSCULAR FACILITATION

THe Neuromuscular Mechanism initiates and achieves movement in
response to a demand for activity. To ‘facilitate’ is to ‘make easy or
easier’, and Neuromuscular Facilitation is the process by which the -
response of the Neuromuscular Mechanism is made easy or easier.

The Demand for Activity

The demands of voluntary effort are normally capable of producing
efficient and purposeful movement. These demands are weakened by
any factor which reduces (a) the patient’s ability to exert voluntary
effort, (b) the conductivity of the nervous pathways used by the im-
pulses initiated by voluntary effort. A weakened demand may fail to
- elicit any response from the Neuromuscular Mechanism or be in-
'~ capable of producmg a sattsfactory response.

Facilitation makes the response easier so that the weakened demandsj o

of voluntary effort are effective for the production of efficient and pur-
posefu] movement. The techniques of facilitation supply the demand
necessary to elicit a satisfactory rasponse and to unprove the con-
ductivity of the nervous pathways used.

The Response of the Neuromuscular Mechanism
The muscles are the effector organs of the Neuromuscular Mechan-
ism and its response involves the initiation and control of muscular

contraction. - The ab111ty to respond and the character of the response
are determined by: ‘

‘a. The integrity of the motor unit.

b. The excitability of the Anterior Horn Cell (A.H.C. )
¢. The factors which influence the A.H.C.
d.

The conductivity of the pathways of mpulses influencing
the AH.Cs. .

e. The nature of the demand.

a. The Integrity of the Motor Unit. The motor unit may be
regarded as the functional unit of the ‘Neuromuscular System; its
actlvny is controlled by its cell (A H.C. or motor ccll of the bram stem)
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- which, when stimulated, discharges impulses to the muscle fibres which
respond.by contracting. As muscular contraction resuilts from activa
tion of the motor unit its integrity is an essential factor in implementing
aresponise.  Death of the unit’s cell or destruction of the muscle fibres-
result in permanent inactivity of the unit, injury to the fibre results in
temporary inactivity but regeneration is possible in. favourable con-
ditions. .

~ b. The Excitability of the A.H.C. ~Activation of motor units

- depends on stimulation of the A.H.C.s. Impulses reach them from
many sources but the effect they produce depends on the excitability
of the cell at the time they arrive. A strong stimulus is required to
stimulate cells with a high threshold of excitability but those with a
low threshold respond to a relatively weak stimulus. The threshold
of a cell is reduced by repeated stimulation and by the arrival of sub-
threshold stimuli which, although they fail to achieve stimulation,
progressively lower the threshold of the cell and facilitate its response
to subsequent stimuli. An increase in the threshold results from
lack of stimulation and trauma caused by some disease processes and it
may be so great that the cell becomes incapable of responding to any
normal stimulus and is therefore said to be dormant. Repeated
bombardment of dormant cells by strong stimuli may, however,

- succeed. in-reducing their threshold sufficiently to make them capable
of responding to stimulation, in which case re-activation of the motor-
units is achieved, )

Stimuli reaching the A.H.C.s influence large groups or ‘pools’ of
cells, some of which respond by firing, and others by a reduction in
their threshold of excitability. The stronger the stimulus the greater
the effect produced and the wider the sphere of influence. An in-
crease in the excitability of cells in an area of the C.N.S. is referred to
as an increase-in Central Excitation and is a means of facilitating the
response of the Neuromuscular Mechanism and of stimulating A.H.C,
which have previously remained dormant. :

C. The factors which Influence the A.H.C.s. The AH.Cs are in-
fluenced by impulses which reach them from many sources in the body
and the C.N.S. The character of the impulses may be excitory or
inhibitory and it is the predominance of one or the other type at any

: one time which determines the effect they produce, Stimulation of

3 - the cells is achieved by excitory impulses which constitute a stimulus of

i threshold value, a sub-threshold stimulus fails to stimulate the cells

but serves to reduce their threshold. .

‘The sources of the impulses are the initiating areas of the C.N.S.
and the Sensory Receptor Organs. Normally all the initiating areas -
co-operate in discharging impulses necessary for the production of
3 movement and they are profoundly influenced by sensory impulses. -
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Any lesion or circumstance which interferes with the discharge of
impulses influencing the A.H.C.s leads either to a lack of response or to
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an alteration in the character of the response. Techmqucs of facilita-

ticn are designed to compensate for any deficiency by increasing the

demand from sensory sources to obtain a satisfactory response and
facilitate it by repeated activity.

d. The Conductivity of the Nervous Parhways of Impulses Influencing
the A H.C.s. These pathways may consist of a single neurone (mono-
synaptic pathway) or more often of two or more neurones linked to-
gether at synapses to form a chain. The energy required for the
passage of impulses along the fibres is supphed by the fibres themselves,
but the impulses’ are unpeded by the resistance of the synapses.
Disuse of the pathways increases synaptic resistance, and pressure or
crushing of fibres either prevents or reduces their conductivity. Re-
peated use of pathways lowers synaptic resistance and facilitates the
passage of impulses provxded the volley of impulses is sufficiently
strong to break through in the first instance. When normal pathways
are permanently blocked the use of alternative pathways can be
developed if there is sufficient demand for them as many undeveloped
pathways are available in the C.N.S. As spec:ﬁc pathways are used
for the production of specific movements it is important that the
‘ pattcrns of movement used to obtain facilitation should be those which
~_the patient requires most. urgently, i.e. those of his normal functional .
" movements or as nearly related to these as poss1ble and that the pattem
: ,should be the same each time the movement is repeated :
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.

e. The Nature of the Demand " The performance of normal func— i

tional activities unhses both voluntary and reflex movements and the

demand for activity is initiated from both- voluntary and sensory
sources., When the demands of voluntary effort are ineffective or too
weak to obtain a -satisfactory response from the Neuromuscular

Mechanism an increase in the demand from sensory sources can be

substituted. A -demand applied by stimulating sensory receptors
initiates reflex movements to re-inforce the demands of voluntary
effort and ensure a satisfactory response which can be facilitated by

repetition. -
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 PROPRIOCEPTIVE NEUROMUSCULAR
FACILITATION |

THE techniques of Proprioéeptive Neuromuscular Facilitation rely

habilitation, This method of rehabilitation was developed by Doctor
Herman Kabat, M.D., Pd.D., and Miss Margaret Knott, B.S,, at the
Kabat-Kaiser Institute between 1946 and 1951, and the philosophy of
treatment and the techniques used are described in a book entitled
‘PROPRIOCEPTIVE NEUROMUSCULAR FACILITATION, Patterns and Tech-

- hiques’, by Margaret Knott, B.S., and Dorothy E. Voss, B.Ed.

Doctor Kabat lectured on the subject at the first World Congress of

: - Physical ‘Therapy in 1953, and Miss Knott demonstrated her methods

. both then and ip 1959 In connection with a course at the London -

Hospital. Much interest has been shown in Proprioceptive Neuro- ,

repetit.ions of this activity to facilitate the Icsponse. The physio- -
therapist requires both skill in the performance of the techniques and g
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o PROPRIOGERTIVE NEUROMUSCULAR FACILITATION o
' NOTES ON THE TECHNIQUES OF =

PROPRIOCEPTIVE NEUROMUSCULAR FACILITATION

- Treatment by these techniques aims to summate the effects of
facilitation to increase the response of the neuromuscular mechanism.
Proprioceptive stimulation is the principal means used to increase the
demands made by voluntary effort, the initiation of some reflex re-
actions and physiological principles concerned with the interaction of
antagonistic muscles are also used in some techniques. Resistance and
stretch are applied manually to muscles working to perform patterns of
mass movement, and dynamic commands give verbal stimulation to the
patient’s voluntary effort. Maximal resistance is considered to be the
most important means of stimulating the proprioceptors, and tech-
niques concerned with its application to patterns of mass movement
are basic. Techniques of emphasis are designed to correct imbalances.

BASIC TECHNIQUES

I. PATTERNS OF FACILITATION
Mass movement patterns are used as the basis upon which all the

- techniques of Proprioceptive Neuromuscular Facilitation are super- -

imposed because mass movement is characteristic of all motor activity.
The patterns of movement used are spiral and diagonal and they are
closely allied to those of normal functional movement; they may be
observed in everyday use, e.g. in taking the hand to the mouth, and in
work or sports, e.g. chopping wood or kicking a football.  There are
two pathways of movement for each major part of the body, i.e. Head—
neck, lower Trunk, upper Trunk, Arm, Leg, and as movement can
take place in either direction, each pathway provides two antagonistic
patterns. - '

Components of Movement
Each pattern of movement has three components, the pathway is -
specific and in the line of action of the main muscle components re-

-sponsible for the movement. Two components of the movement are
~ angular and the third is rotatory, the latter being of major importance

because it gives direction to the movement as a whole. . Each pattern
is named according to the movements which take place at the proximal
joint or joints of the part moved, e.g. Flexion-adduction with lateral
rotation of the Leg, or Extension with rotation to_the Right of the lower
Trunk. = Movement in distal joints follows the direction of that in the
proximal joints but intermediate joints may move in either direction,
e.g. in Flexion-adduction with lateral rotation of the Leg the Foot dorsi-
flexes, adducts and inverts, the Knee either flexes (with Knee flexion)
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or extends ‘.(with Knee extension) during the movement or it can
remain locked in extension. ‘

Movement in Pattern

The pattern of movement starts with the major muscle components
at the limit of their extended range and is completed when they are as
shortened as possible. The range of the rotatory component is only
partial but essential, rotation starts the movement and gives it direction.

-
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Effects and Uses '

As these patterns of movement are specific and closely allied to
those of functional' movements they can be repeated to facilitare
movements which the patient requires most urgently. . They are more
effective for facilitation than so-called straight movement as they are in
the line of action of the muscles which work to produce them and the
latter are more efficient in these pathways than in any others. By
- applying maximal resistance and adjusting the sequence 6f movement _
during the performance of these patterns the action of weaker muscle
‘components can be re-inforced by that of stronger groups which are
their normal synergists. ,

The preceding diagrams indicate the position at the end of the
movement assuming that intermediate joints remain still with the exception
of Fig. 53 which shows lower trunk flexion with hip and knee flexion
and movement is pivoted at proximal joints. The limbs or area moved is
shown in heavy type. . :

2. Manvar ConTacts

Pressure of the pﬁysiotherapist’s manual contact with the i)atient
provides a means of facilitation and is the only satisfactory way of
applying maximal resistance to movement in patterns of facilitation.

The Application of Manual Contacts sy _ -
- Touch contributes to facilitation by stimulating the eXteroceptors.
Manual contacts must be (1) purposeful, () directional, (1) comfort-
able. ' : .

(1) Purposeful. Pressure must be firm, so that the patient is aware
of it, and applied directly to the patient’s skin whenever possible.

Pressure is given with the palm of the hand to ensure even contact with
a wide area of skin, preferably over muscles and tendons taking part in
the movement, : '

(%) Directional. Manual pressure is applied only in the direction
of the movement to resist the action of the muscles taking part and to
give direction to the patient’s effort. When there is loss of skin sensa-
tion the position of the hands may Have to be adjusted.

* (1) Comfortable. Manual contacts which are uncomfortable or
which produce painful stimuli must be avoided as they inhibit con-
traction and may lead to the initiation of unwanted movements.

3. THE STRETCH STIMULUS AND THE STRETCH REFLEX

Proprioceptors situated in the muscles (muscle spindles) are stimulated

by stretching, which increases the intramuscular tension. Stimulation of
the muscle spindle elicits a reflex contraction of the muscle provided the
stimulus is of threshold value and the reflex arc is intact. Bombardment =
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. of dormant AH.Cs by impulses initiated from the spindles Tcrease,
-.- central excitation and facilitates stimulation of these cells, - -
The Application of the Stretch Stimulus. R S
~ "The muscles to be worked are put on full stretch, all components of the
 pattern being considered, so that tension is felt in all muscle groups.

The Application of the Stretch Reflex -

A sharp but controlled stretch of the muscles at the limit of their ex-
tended range is given and synchronised with a dynamic command for the:
patient’s maximum voluntary effort to perform the movement. In this
way the patient’s effort adds all it can to the stimulus of stretching.

. Now (stretch) . . ., PULLI

Summation of the ‘stimuli ‘initiated by the spindles, in response to
stretching of the muscle, and of those initiated by voluntary effort is
obtained by rhythmical repetition of this technique until the maximum
response obtainable is achieved. Use of this technique in patterns of
facilitation makes it possible to stretch the muscles effectively in all their -

. components of action, ° : :

Effects and Uses

Provided the reflex arc is intact and the stretch stimulus and stretch
reflex are applied correctly and with sufficient frequency, a response is
assured except in cases of spinal shock. - Stretch is therefore a valuable
means of initiating contraction and;, when applied to weak muscles,
increases their response and so accelerates the strengthening process.

4. TRACTION AND APPROXIMATION

Traction and approximation (compression) may be effective in
stimulating proprioceptive impulses arising from joint structures,

(i) Traction.. Manual contacts make it possible to maintain
traction throughout the range of movement. It is most effective when
used in flexion movements probably because any weight lifted would
normally exert traction in proportion to its weight, '

(ir) Approximation. Compression of joint surfaces against each
other simulates the normal circumstances which arise during weight-
bearing or pushing, it is therefore more effective for facilitating ex-
tension movements. L o g

5. COMMANDS TO THE PATIENT

The physiotherapist’s voice is used as a verbal stimulus to demand
ths patient’s maximum voluntary effort.  Brief, simple, accurate and
well-timed instructions suitable for his age, character and ability to
Co-operate demand the patient’s attention and effort at the right time
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and indicate the type of reaction required from him, even if he does not
understand the language! Accuracy in commanding is essential:

HOLD! . . . for isometric contraction
PULL or PUSH! . 5 isotonic . s
Relax . . . ., relaxation

The phy51otherap15t must make sure that her commands are carried
out to ihe mammum of the patient’s abxhty

6 NORMAL TIMING

- Timing is defined as the sequence of muscle contraction occurring
in motor activity, and the production of co-ordinated movement pre-
supposes the ability to-achieve normal timing. In functional move-
ments timing usually proceeds from distal to proximal because it is the .
distal parts, i.e. hands and feet, which normally receive most of the
stimuli for activity. Proximal control develops first, then, during the
process of learning co-ordination and purposeful movement, distal
control is established.

Normal timing in patterns of facilitation is from distal to proximal
and, provided rotation begins the movemeént, it proceeds in this direc-
tion in the normal subject. The movement as a whole progresses -
smoothly so that if each joint is blended with that at others, it is com-
pleted first in distal, then intermediate and finally in proximal joints.
As movement is. completed in each joint the ‘muscles which have pro-~
duced it (by their isotonic contraction) continue to contract iso-

~metrically until the movement as a whole is completed.

When normal timing cannot be achieved timing for emphasis is
used as a means of correcting imbalances. Normal timing may be
defeated by the application of too much resistance to a pamcular
component of the movement with the result that its efficiency is
decreased, e. g. too much resistance given to the foot in- leg move-
ments, :

7. MA\IMAL RESISTANCE

. Maximal resistance is defined as the greatest amount or degree of
resistance which can be given to muscular contraction. . Maximal
resistance 10 an isomerric contraction is the greatest amount of resistance
which can be applied without breaking the hold. Maximal resistance
to an isoronic contraction is the greatest amount of resistance against
which the patient can perform a smooth co- ordmated movement - .
through full range. '

The Applzcatzon of Maximal Resistance 7
- In facxhtatlon techniques maximial res1stancé”i's'apphed manually to‘ S
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S in patter acilitation. A three com-- .
ponents of the movemerit ‘are resisted ‘maximally ar every stage of the

‘movement. Variations in the. strength of each. component and jn-

different parts of the range must be taken into account. ‘

Effects and Uses _ )

- Maximal resistance demands ‘all the muscles can do’, i.e. all their
available motor units are activated throughout the range of movement,
Stimulation of the ‘muscle spindles and a maximal increase in intry-
muscular tension leads to a spread of excitation to adjacent muscle
groups by means of irradiation. The demands of the resistance
determines the extent of this spread of excitation -and the pattern of
movement the particular muscles affected by it. Maximal resistance
is used in all techniques of Proprioceptive Neuromuscular Facilitation
t0 increase excitation, to strengthen muscles, to build up endurance, to

demand relaxation and to improve co-ordination,

8. RE-INFORCEMENT

Innumerable combinations of movements are required and utilised
in everyday life and when great effort is required movement of one

-part of the body is associated and re-inforced Dy those of other parts.

This can be observed in heavy ‘work and ‘sporting activities when -
strength or concentration are required. . o
Muscle components of a pattern of movement re-inferce each other
automatically according to the demands of the resistanc: and when this
is maximal re-inforcement extends beyond the muscle components of
the pattern to other segments of the body, e.g. from arm to trunk or
from one leg to the other. : ,
- The proprioceptive - stimulation which results from tension in

strongly contracting muscles leads to a spread or overflow of excitation

-

in the C.N.S. by the process of irradiation, the purpose of which is to
recruit the co-operation of allied muscles which, by contracting as
synergists, increase the efficiency of the movement.

The Use of Re-inforcement _ v : ,

. The maximal contraction of strong muscles is used to re~-inforce the
action of weaker allied muscles." Re-inforcement always takes place
from strength, therefore strong muscle components of a pattern arc
used to re-inforce weaker components of the same pattern and strong
patterns re-inforce weaker patterns provided they are related. Re-
inforcement is used with timing for emphasis as a means of obtaining
or emphasising the contraction ‘of ineffective or. weak muscles to
correct imbalances. :
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. TECHNIQUES OF EMPHASIS
Techniques. of emphasis use the means of facilitation to correct

muscle imbalances and restore the patient’s ability to perform effective
co-ordinated movement.

~
N
s

I. REPEATED CONTRACTIONS : s o

Repetition of activity against resistance is essential for the development
of muscle strength and endurance. The contraction of specific weak
muscles or weaker components of a pattern is repeated in this technique

while they are being reinforced by maximal isotonic or isometric contrac-
tion of stronger-allied muscles,

Apphication of Repeared Contractions . :

a) Normal Timing—isotonic muscle work: A maximal isotonic contrac-
tion is obtained in the desjred pattern and when the patient can go no
further the stretch reflex is repeated in order to facilitate contraction of
the weaker muscle groups. This enables the patient to move through
range. Two or three repetitions of the stretch reflex may be used; thus:
PULL UP!'—NOW (stretch) PULL UPI—NOW (stretch) PULL UP!

- b) Normal Timing—isotonic and isometric muscle work: This is a more |
advanced form of repeated contractions. A maximal isotonic contraction
is obtained in the desired pattern and the muscles are then held in an iso-
metric contraction. TRis contraction is held against maximal resistance
to obtain a build-up of excitation (by a gradual increase in resistance with-
out breaking the hold). Then, without relaxing, the resistance is reduced
-slightly, the patient is instructed to move and the stretch reflex is repeatedly
applied to_facilitate- movement throughout the remainder of the range;
thus:

PULL UP!—HOLD! . . . PULL UP!'—NOW (stretch) PULL UP!—
NOW (stretch) PULL UP! etc. ' '
The stretch reflex must be short and sharp, and contraction of the reinforc-
ing muscles must be maintained throughout, The performance of the
technique as a-whole should be unhurried to give time for excitation to
take place. - '

<) Timing for Emphasis—isotonic and isometric muscle work: The
Sequence of muscle contr

Pivoted to the joint or joints over which the weaker
,‘Thrccwfactors__ar'c essential: - .
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*a..the stabilising part i the arca which is:
usually over which the weak muscles work. ‘ R
- b. the pivot is the joint or joints over which the weak muscles work and

proximal to the joint or joints

in which movement is repeated to emphasise their activity. : L
C. the handle is the part of the body which is distal to the pivot.

Movement proceeds through pattern against maximal resistance until it is
completed in joints of the handle and reaches the strongest part .of the
range of muscles working in the stabilising part. The muscles ysed to
produce these movements then work isometrically against maximal
resistance, those of the stabilising part to maintain stability, those of the
handle to ‘lock in’ the joints so that it moves as a single unit. While this
isometric contraction is maintained by maximal resistance, movement is

 initiated at the pivot to obtain or emphasise the contraction of the ‘weaker

muscles. Weak distal components maybe strengthened by irradiation from
strong proximal components and weak proximal components maybe
strengthened by irradiation from strong distal components,

Effects and Uses _

Repetition of activity of weaker muscles, reinforcement and timing for
emphasis are used together in this technique. Repeated contractions
build up strength and endurance of weaker components of a pattern and
co-ordinate their activity with those of stronger- components of the same = -

pattern. “They are used to corcect imbalances of muscle ‘strength, to

demand relaxation of antagonistic muscles and to gain range of movement
in the treatment of stiff joints.

2. SLow REVERSALS

This technique is based on Sherrington’s principle of successive
induction, i.e. that immediately after the flexor reflex is elicited the -
excitability of the extensor reflex is increased. This principle is
applicable to voluntary movement and to the interaction of antagonistic
groups in the performance of movement. The contraction of strong
agonistic muscles or patterns is used as a source of proprioceptive
stimulation for weaker antagonistic muscles or patterns.

Application of Slow Reversals. , _ ,
Movement in a strong agonistic pattern against maximal resistance

is followed immediately and without relaxation by a-reversal of the -

movement into the antagonistic pattern, which is also resisted maxim- -

‘ally.” The reversal of the movement takes place smoothly with normal

timing and no relaxation is allowed as the physiotherapist changes the.

* position of her hands. A sequence of slow reversals follows; move-

ment always beginning in the stronger pattern and ending in the
weaker. :
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Effects and Uses

"The contraction of muscles of the weaker antagonistic pattern is
facilitated by that of the stronger muscles of the agonistic pattern work-
ing against imaximal resistance, Repetition of the movement with
normal timing integrates the action of these weaker muscles with those
of their hormal antagonists and facilitates the process of learning.
The iechnique is used to strengthen and build up endurance of
weaker muscles or of two antagonistic patterns, to develop co-ordina- -
tion and establish the normal reversal of antagonistic muscles in the
performance of movement. '

3. RHYTHMIC STaBILISATION

Isometric contraction of antagonistic muscles is used in this tech-
nique to stabilise joints. Stability is maintained against resistance by
a co-contraction of antagonistic muscles.

Application of Rhythmic Stabilisation

Rhythmic Stabilisation can take place at any point on the pathway
of the pattern of movement. The patient is instructed to ‘HOLD P’
while the physiotherapist applies maximal resistance alternating
rhythmically from one direction to the other. The rotatory com-
ponent of the pattern is particularly important for “locking in’ the
joint, and is therefore given special attention-and the direction of the
resistance must be changed smoothly to hold in the simultaneous con-
traction (or co-contraction) of all the muscles. The patient is com-
manded to-‘HOLD? (against resistance in any direction) for if his effort

is directional an isometric reversal of antagonists takes place and not
a co-contraction. ' ' '

Effects and Uses

Maintenance of a co-contraction of antagonistic muscles against
maximal resistance builds up excitation; the response of the muscles is
facilitated and their strength increased. Circulation is improved
following Rhythmic Stabilisations, the energy of the contraction being
released as heat as there is no movement. -

Any part of the range of movement can be used for this technique,
the part selected varies according 1o the circumstances, e.g. to increase
excitation tkz strongest part of the range of the muscles’ action is used;
when pain is a problem any pain-free part is suitable ; when, there is
joint stiffness the point at which movement is limited is selected and
Rhythmic Stabilisation is followed by an attempt to increase the free
- range. All parts of the range are used successively ‘when postural

- Inco-ordination is present and the technique is repeated at each point
- toimprove stability, - -
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| 4. Horp-Rerax

This is a relaxation "techniqi‘xe designed 1o obtain a lengthening'reactiop

of muscles whose action is antagonistic to the movement limited in range.
It s effective, simple and pain-free. C )
Application of Hold-Relax - : :

a. Isometric contraction of the hypertonic muscles: Movement in pattern
1 the direction of limitation takes place either passively or actively. When
movement is active it is resisted maximally with normal timing but,
whether active or passive, it continues 1o the point at which it is limited
sither by tension or pain. Having made sure that the position s pain-
free, the physiotherapist changes the position of her hands and commands
the patient to ‘HOLD! while she applies maximal Tesistance to the
. hypertonic muscles. This isometric contraction is held to obtain g build-
up of excitation and then followed by the patient’s voluntary relaxation of
all the muscles, ‘Let g0’ or ‘Relax’. Time is allowed for relaxation 10 take
place, then an attempt is made 1o move in the direction of limitation to
gain an increase in range. Special artention is given to the rotatory
component of both the holding and the movement. The technique is
repeated as often as required and is usually followed by Repeated Contrac-
-1ons 1o consolidate any increase in range. I '

b. Isometric contraction of the reciprocal muscles: The teéhnique s

applied in a similar way to (a) but the muscles working antagonistically to
the hypertonic group are made to contract isometrically, in order to gain
.reciprocal relaxation of the hypertonic group.

Effects and Use

Immediately following the isometric contraction of the hypertonic
muscles the activity of their antagonists is facilitated (successive induction).
When the antagonists are facilitated, the lengthening. reaction of the
hypertonic muscles is increased (reciprocal innervation). Hold-relax is
used as a means of increasing the range of movement in joints. or of
obtaining pain-free movement when pain is a limiting factor.

5. RHYTHMIC INITIATION

This is a relaxation technique for specific application to the rigidity of

Parkinson’s Disease. ’
- dpplication of Rhyehmié Initiation : S

The limb is taken passively and rhythmically through the range of a
Pattern and when some relaxation has occurred the patient is instructed to
assist in the movement. Several repetitions of active-assisted movement
are carried out and progression js made to resisted movement, F inally the
therapist’s hands are removed and the patient js encouraged to maintain a

PRQPRIGCEPi‘IVE?NE-UROMUSC:UL'A.R': FACILITATION gg
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free active movement. The rhythm must not be lost during the changes -
from passive to active-assisted 1o resisted and finally free active movement.

Effects and Use -~ : Lo ‘ .

‘The rhythmical movement of this technique produces relaxation and
thus helps the Parkinson patients to improve their ability to initiate
- movement,- . - S S
~ - Guidance as to the use of these techniques in the treatment of patients
is given in Part II of Proprioceptive Neuromuscular Facilitation. Parterns

and Technigues, by Margaret Knott and Dorothy E. Voss (2nd edition,
1968). . ‘ -




FUNCTIONAL RE-EDUCATION
| I Lying to Sitting

THERE are many things a physiotherapist needs to know about her patient -
before she embarks on a planned scheme of treatment. Initially much of
the information which is required emerges from clinical notes and from
whatever form of routine assessment is in current use. . Nevertheless,
however efficient an assessment may be, it usually needs to be augmented
or amended after the first few treatments when the physiotherapist knows
the patient better. Throughout the treatment period reviews are needed
to record progress and establish new priorities, - :
Assessment of functional ability needs special attention. It seems that
the only reliable method of discovering precisely what a patient can or
cannot do is for him to demonstrate a series of appropriate activities if
possible in a situation which, to him, is as near normal as possible,. In-
formation which is-not confirmed by practical demonstration’ can be

- misleading for a number of reasons, and it is of the greatest importance that

both therapist and patient should have a clear picture and a record of the
latter’s capabilities, difficulties or failures; only with this knowledge can a
realistic programme of treatment leading to independence be viable.

To motivate the patient, the specific purpose of each activity must be
emphasised so that his effort is directed towards regaining abilities he
needs. Achievements are recorded and are available for use during every-
day living.  Restoration of functions which are needed is the sole criterion
of progress. Although physiotherapists may wish to record x° of joint
range, y units of muscle power or z mm of muscle bulk these need not
concern the patient as they do not necessarily indicate functional efficiéncy
of purposeful activity, _ : : ‘

Re-education of function is of the utmost importance in achieving the
patient’s rehabilitation; and all the methods used in Exercise Therapy
are directed towards this end.  As each patient’s probiems differ from
those of others no set routine is possible, but the method used is
adapted and modified to meet the needs of the individual. All the
patient’s abilities are used to their maximum to minimise the effects of
Inactivity, to help him to help himself. Re-education of function
requires the co-operation of all who come in contact with him. Each

‘member of the rehabilitation team is a specialist in his own field, but
.integration of their efforts is essential to obtain the best results with the

9 '-
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least possible delay, e.g. it is useless for the physiotherapist to teach the
patient to move about the bed and sit up unaided if his friends, relations
or nurses continue to lift him. . - '
~ The Physiotherapist plays a part in re-training effective breathing
and gaining expectoration and can also help ip achieving other func-
tions in which muscular action is required, e.g. speech, swallowing and
- feeding, by using suitable techniques. It is her job to see that suffi-
cient strength and range of joint movement is obtained as quickly as
possible to perform the normal activities of daily living and avoid
frustration arising from the patient’s repeated unsuccessful efforts.
This is a positive approach to the patient’s problems and results are
achieved more quickly than when assistance is given to movement and
gradually reduced. Many adaptations of clothing, utensils and furni-
ture made by the occupational therapists help the patient to inde-
pendence while he gains the ability to do without them.

Some suggestions as to the training of basic functional activities are
given here.  Once the activities can be done independently the patient
can practise them on his own or in a group to increase the speed of his
performance and to bujld up endurance,

3

ACTIVITIES ON THE MAT/BED

- Rolling — the roll over from lying supine to side lying ' I
- This requires a total flexion-with-rotation of the body which is initiated
from and led by the head and neck. Strong limb activity is recruited to
assist whenever it is available, e.g. 10 roll forward and 1o the left.
a. trunk rotation is facilitated by a strong pull on the left hand which
Brasps a fixture at the side of the bed., (Retraction of the-left shoulder
facilitates the protraction of the right.)

 b. the right arm may be used to pull, thrust or swing across towards’
- the‘opposite hip. REETEEEEA Lo :
© . the Ieftr"(eg can be hooked over the side of the bed and by flexing and
- ‘adducting can assist rotation of the lower trunk and pelvis. . .~ -
R — wz‘th;,t_hek‘kne'e:éérzt s0 that pressure on the right foot can lift and push
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‘care for -him.
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the righf side of the pelviéfﬁ‘pwardsfénd;'ovef; t'hébrolling' mbﬁveméht‘vdf the

lower trunk can be completed. ‘ o
A reversal of the movement returns the body to the supine position.

A push off with the ‘arm or retraction of the right shoulder initiates the-
“return, but to ensure control, ‘the head should remain forward until the-

final position is reached.

Purposes and use of the roll _ o

a. To assist during nursing procedures. For bed-making, back in-
spection, etc. the patient must be rolled over to one side and if he can
achieve this unaided or with minimal assistance he has the satisfaction of
knowing that there is something he can do to lighten the load for those who -

b. The patient gains a measure of independence as he knows that -
whenever he pleases he can perform a movement which 1s useful to him.
He has the freedom to make the decision as to when he- shall roll over to
get a different view of his surroundings, ease the pressure on his back or
stiffiess of his legs; maybe he can also reach and use a more comfortable
sleeping posture. _ :

The activity is suitable for use in bed once the patient is reasonably
proficient and in no danger of falling out of bed. . Rolling can be safely
practsed on a floor mat with minimal supervision. ' ‘ '

-~ This roll is the first part of an integrated series of ﬁiovefxiénps which -

leads directly 1o a sitting position and to getting out of bed. The patient

needs to know this so that he can see the direction in which progress lies.
. The roll described next requires total extension-rotation of the body.

It will also bring the patient to lie on his side but continuation of the

movement leads to prone lying position.

Rolling — the roll over from lying supine through side lying to prone or 10

roll forwards and 1o the left (alternative method)

The, arm initiates and gives direction to the movement which enables
the patient to roll forwards to lie on the left side and when the movement
is continued the prone .position is reached. The patient extends and
Totates the head to watch the right hand as the arm s lifted to a position

;!/’ \——-ﬂ' F’ .5,
7 ‘ {| Fic. s
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obliquely across the face and reaching out towards the head of the bed.
Extension-rotation of the upper trunk follows the arm movement ‘and
brings the body to the side lying position. When the hand grasps the
head of the bed, or maybe the therapist’s hand, and pulls, the roll over is
facilitated.  Before attempting the complete roll the therapist must check
that the patient can tolerate the position of ¥ig. 56 lying prone. Skilful
use of a firm supporting pillow on to"which the patient can roll may make
the position possible even for those with flexor deformity of the hips or
with limitation of extension in the spine. '

A reversal of the movement returns the patient to the supine position.

Purpose and use of the roll
a. The most important aspect of this activity and of the prone position,
is that it helps to combat and counteract the effects of long-term re-
“cumbency in bed, sitting up in bed or reclining in a lounge chair. In all
these circumstances the body posture is one of total flexion 2nd most of the
activities the patient needs to do are also flexor in character. Conse-
quently there is a tendency for the normal range of extension to become
limited especially in the lumbar spine and hip joints. Should this occur,
the secondary curves of the spine are flattened out and movement in all
* directions is limited.. ‘This factor can create all kinds of problems once -

. the patient attempts to stand and walk again. Other factors, such as pain ~

and possibly age, can create similar problems for which the use of a modi-
fied version.of the prone position may be appropriate.

b. For those unablé to tolerate the final position this method may be
easier or. more suitable for turning on to one side than that described
earlier. This total roll over provides another and different activity for
patients who can roll right over to prone.

The following activity, which is called ‘Bridging’, is not part of the
series of movements which leads to sitting and getting out of bed but it has
been included at this stage because it is both suitable and appropriate for
patients who are confined to bed as well as many others. '

Bridging o '

From the crook lying position the pelvis is lifted to form the keystone
to an arch the supports of which are the shoulders and the feet. The
stability of the shoulders presents no problem, as downward pressure of
the arms can be used as a bracket and a factor in reinforcing the extensor
activity of the trunk. The stability of the legs in the crook position is not
necessarily ready made and until it is established, aids such-as a wall, foot-

-board, or sandbag may be required to fix the feet, and a strap used to keep
the knees from falling apart. By exerting downward pressure on the
-patient’s knees (the lower leg must be vertical) and at the same time in the

- direction of the thighs. towards.the hip joints; the therapist facilitates the
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| inove’ment of exrénsiOQ‘ ‘thquu'ghft:he;leg’s,to the hips aﬁd;loﬁvéf‘.iaac‘:‘k‘tb‘ life -
the buttocks from the bed. ,

Purposes and use of bridging' . el e oo .
_ a. For the bed-bound Ppatient bridging makes bedpan routines easier

for everyone concerned. - - I ' I

b. By lifting the lower back from the bed, sensitiva pressure areas are
relieved of the body weight. When elements of rotation and side flexion
are added to the lifting movement the weight can be transferred-to one
buttock or the other as it is lowered to the bed (preliminary training for -
transfers and ambulation). : R ‘

¢. Extensibility of both hips and the lumbar region are combined to
combat the long-term effects of flexor situations (see Fig. 57) and the
efficiency of the extensor muscles is maintained. - o

N0 I>=_o
4. The ability to bridge makes many dressing activities easier when
they need to be carried out in bed, e.g.-pulling up pants.

e. This activity provides the patient with the experience of feeling
firm pressure on the soles of the feet and of a situation which demands con-
siderable leg activity to support the body. weight. B L
NOTE: When only one knee can be bent, bridging is still possible, e.g. an-

FiG, 57

- extended leg, -perhaps' fixed in plaster, may be supported on a low stool or”

sand-bag; or, both legs may be supported in extension so-that the pelvis
can-be lifted and the body arched from heels to shoulders. The inactivity

. of an extended leg (as in recent hemiparesis) may defeat the effort 1o bridge

but by holding the two together firmly, preferably in the crook position, it
may be possible, and this also stimulates the affected leg to active co-
operation. '

Forearm support side lying

This position is usually reached by rolling to one side and then pushing
up with the elbow to support the upper trunk with the whole forearm. A
pause en route in side lying is sometimes more suitable. The position of
the upper trunk is most stable when the supporting arm is vertical (from

- elbow to shoulder) and both shoulders lie on the same plane; stability of

the. pelvis is ensured by bending one leg (Fig. 58).

N : o
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Purpose and uses . :

a. The position is used en route from lying to sitting. _

b. Some find it convenient for reaching across to a bedside table with-
out sitting up.

c. Itis a relatively relaxed position suitable for use on the floor or out
of doorg; possibly for reading or looking at the view. .

d. Pressure. through the shoulder jeint_ (approximation) stimulates
activity in the whole of the shouldcr region, therefore it may.prove useful
during the trcatment of some shoulder conditions. Note that the reac-
tion to pressure does not appear 1o be sustained for long periods.

Prone Iying with forearm support :

This position may be reached from side lying with forearm support,
the free elbow being moved to a position shoulder width from its fellow so
that both shoulders are supported. The pelvis and legs continue the
movement until the body lies prone. A push up with the elbows: from
prone Iving is another method. The upper arms must be vertical to ensure

- F16. 59

balance in the position with minimum effort and the weight should be
‘evenly distributed along the full extent of the forearm and hand (Fig. 59).;

Purpose and uses

a. Considerable activity of the extensor muscles of the head," and
through to the upper trunk, is needed to support the head in alignment
with the upper trunk so the position can be useful to counteract stooping -
posture when there is minimal loss of normal extensibility. .

& Support being given to both arms stimulates all muscles of the
shoulder regjon to stabilise the position. A rocking movement trans-
ferring weight from arm to arm is useful to promote activity in the treat-
ment of some shoulder conditions. '

¢. Extensibility of the hip joints and lumbar spine is maintained ;
hov»:eyer, the position without some support under the hips is only suitable
for the young and mobile. ' R ' :
_ Cfeepi!}g movements which propel the body along the floor using
the arms, pelvic movement and :
‘movement which is related to thg
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~From lying on one side propped up by the elbow (forearm support side
ying) the body is pushed upright by extension of the ¢lbow as the legs are
lifted and swung over the side of the bed.’ During the movement the body
is pivoted on one buttock until the sitting position is reached when the
weight is equally distributed through both buttocks (Fig. 60).

N L
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The patient is taught to sit by correcting the pattern of his sitting pos-
ture with support, then maintaining it against resistance. If he tends to
fall in a particular direction when the support is removed, he is pushed off
balance in that direction to elicit the righting reflex and equilibrium reac-
tions. - He must, of course, be prevented from falling if these reactions
are slow or inadequate. : _ . ,

_ Stability in sitting is ensured by pressure of the thighs to the mat/bed
- and the feet to the floor, if they can reach it. Sitting on the side of the

mat/bed is usually a preliminary to standing up and moving elsewhere for
dressing and other toilet activities. More people probably spend more
hours sitting than in any other position. How they sit is not always
beneficial but in general it is a useful position of great stability which leaves
the arms free for innumerable purposes in the home, at work and for
recreation.  Sitting provides a welcome opportunity for many to take the
‘weight off their feet’! ' '

| Sz'tﬁ'ﬁg_—[oﬁ the side ofthemar/bed el

Hitching and Hiking : '

The ability to take the weight on the arms, lift and move the pelvis
1s essential for transfers for wheelchair patients, e.g. from bed to chair.
Blocks, sandbags or short crutches help to make these easjer for the

N
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patie_rit 10 practise, Once support is secure on the arms, movement of .
the pelvis forwards, backwards and sideways with rotation is practised
in preparation for lifting the buttocks from one. Pplace to another.

Transfers. o o . .
- . The method of doing transfers varies very much with the individua]
~ patient and the circumstances.  Useful ideas on the subject are given
in most books on rehabilitation and they are clearly described in Handling
" the Handicapped by the Chartered Society of Physiotherapy.
The. height and relative position of the bed, chair, etc., are of great
importance in achieving transfers,

MOVEMENT AND STABILITY AT FLOOR LEVEL

Getting down 1o the floor _ : .

Not everybody needs to get down to the floor or ground but a surpris-
ing number of people like to be able to, €.8. to retrieve a book or a ball of
‘wool which has fallen, plant seeds, play with small children or manage to
do innumerable houschold jobs in the good old-fashioned way.  Some
 reach the floor accidentally by falling and, even if they are unhurt, are so -
confused by the seemingly unfamiliar surroundings that they are.afraid to
- try to get up or even call for help. -- It is an advantage therefore for every
patient to have the experience of ‘feeling at home’ on the floor and to
know how best to summon help if need be or to get up by themselves.

For safety and suitability a floor mat or thick carpet is ideal for learn-
ing to get down and practising moving from one place or position to
another. The muscle work is extensive and varied so that strength, co-
ordination, endurance and confidence can be built up without undue
worry about balance or the fear of falling. Patients can practise at home
once they are reasonably competent or they may gain additional benefit
from working with a group in a physiotherapy department, possibly while
they await specific individual treatment. Patients suffering from some
painful conditions, e.g. Rheumatoid Arthritis are unable to tolerate mat
activities although many of the activities can be achieved in a modified
form. - . ‘ '

The initial difficulty of getting to the floor often deters both patients
~and therapists but, like so many difficulties, this can usually be overcome v
- with help and careful planning. Passive lifting and maxima] assistance
- arc only practical if strong and experienced helpers are available; but many

; they just know how to. - Some
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suggestions follow which may prove useful in planning the most suitable
approach for any particular patient (Fig. 62). L .
1. For the patient who can stand with support. Turn and stand to
face the bed or chair, leaning forwards so that both hands can give sup-
port, then kneel and put one hand on the floor well awayto the side, sit
down towards it.

2. Transfer from a chair to a low stool, then to the floor, Any number
of stools or wooden boxes can be arranged to form shallow steps. This
method is especially suitable for bi-lateral amputee patients.

3. Roll prone cn a high mat or wide divan bed, pivot round until the
feet hang over the edge of the bed then slide backwards bending the kaees
_until they rest on the floor. From the kneeling position sit on the floor,

Side Sitting - - - - : R P .
- Unlike the push up tossitting on the side of the bed, the push up to side.
sitting on the floor includes little or no rotation as the trunk is pivoted to
sit upright. The legs are bent and remain resting on the floor. To sit

upright the arms may be used for support unless strong activity of the
lateral trunk and abductor muscles on one side is available to free the hands

for other purposes (Fig. 63).
' / N\ [N
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Purpose and uses

a. This is an elegant way to sit either on the floor or out of doors for
those who find it possible and comfortable. It can be practised safely
and it is easy to return to a resting position. ‘ ' C

b. Maintaining the position without the use of the arms emphasises

\
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. the activity of the lateral trunk and abductor muscles on one side of the
body. This may help to correct imbalances resulting from inefficiency
of these muscles. . :

- ¢. An ambulatory movement which allows the patient to move from
onc area of a room to another is initiated from side sitting. This can be
useful when weight-bearing on the legs is contraindicated for any reason

or for those who fall and need to reach a chair or other piece of furniture
for help in getting up again. The ‘scooting’ movement is described as
follows: the hands are moved towards the direction in which the patient

- wants to progress; they take the weight as the pelvis is lifted and drawn
towards the hands before it is lowered to the floor ; the legs help if they can
and are then bent before the progression continues. This method of
‘ambulation’ may be successful when only one arm and the leg on the same
side are available for use and 2 similar movement can be used to move up
the bed. Initially the therapist can control and if necessary assist pro-
gression by grasping the pelvis firmly from behind to make sure the patient’s
effort achieves success.

Prone Kneeling :

Prone kneeling or the ‘four foot position’ may be reached from prone
lying when flexion is initiated by bending the head forward to put the chin
on the chest, then by walking the hands backwards as the hips and knees

~° bend. “Fixaticn of the feet against a wall or by a sandbag makes this

‘easier. ' The position, however, is more often reached by turning forwards
and over from side sitting. The position is mechanically stable when arms

4
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and thighs are vertical but widespread and co-ordinated isometric activity

- is needed to maintain it. This activity caa be increased considerably by
the use of suitable stabilising techniques, ¢.g. rhythmic stabilisation
(Fig. 64). '

Purpose and uses ‘ ) :

a. This is the starting position for ‘crawling’ which gives the patient
mobility at floor level in any direction he wishes. = It may prove Very use-

- ful for patients with vertigo and others who cannot bear weight on the -
. feet for the time being. " '

¥
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2 position of flexion) is a step towards weight-bearing in erect positions.

¢. Partial weight-bearing on the arms stimulates activity in the shoulder
area which leads to the dévelopment of the strength and mobility required’,
for so many functional activides. , ‘

d. Many useful activities are, or can be, carried on at ground leveél,
¢.g. playing with small children, cutting out material for dressmaking,
planting seeds and weeding the garden, and some people still sweep, scrub
and polish on hands and knees! Incidentally, the trunk activity required

to return to side sitting makes a change and is a welcome rest.

Crauling .

This may be regarded as movement in a position and as it is such an
important and useful activity a brief description is included here.

When balance and stability have been established in prone kneeling
patients can begin to practise lifting a hand or a knee from the floor to
balance ‘on three legs’. This makes it possible for the crawling move-
ment to take place in any chosen direction as the weight-free limb can be
lifted and replaced in a-new position before taking the weight once more.
The sequence of limb movement and support should be allowed to develo p
naturally whenever possible as precise instructions as to which and where

a limb should be moved often confuses the patient. During practice; rest R
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pcri'ods can be interspersed with acuvity by sitring to one side or the other
in side sitting position (Fig. 65). :

Purposes and uses of crawling

a. Crawling activities build up co-ordination of the whole body includ-
ing reciprocal movement of the arms and legs as required in walking.
The direction of the crawl, i.e. forwards, backwards, sideways determines
the distribution and emphasis of the neuro-muscular activity employed.

b. Because the spine is weight-free in the horizontal position the -
potential range of movement in these joints is increased, therefore this
activity is useful for mobilisation and/or for learning control of excessive
mobility. ; \ .

¢. A measure of weight-bearing on arms and legs stimulates activity in

e Vo ‘\?;'FkU}V-C'TIiB;ﬁ;I_:_’:RE‘~"E[")'Jéii‘(§k\~'r;lON"Z‘:'-" S ',}f"xéi‘:?“
. b. Partial weight-bearing through the hip joints (although they are in =~
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 the region of these joints, by approximation of joint surfaces, and this can
contribute to the retraining of the function of the limbs, ¢.g. crawiing
backwards is used to regain kace flexion and arm elevation, :
d. Crawling provides a safe and effective means of moving from one
area of a room to another for those who have very poor balance in erect
positions.  Those who are not too proud to use the floor not only achieve
their purpose in moving but do so independently.

Kneeling : .
One can kneel down or get up to kneeling.

Before the patient attempts to kneel it is advisable to make sure that,"

~a. the surface on which to kneel is sufficiently comfortable for the

patient to tolerate pressure on the knees;
b. there is sufficient range of knee flexion, i.e. a minimum of about
100°;

¢. any furniture to be used for support is in the right position, firm and -
immobile. A chair or bed is better pushed back against a wall 5

d. any other disability which affects the patient has been taken into
account, e.g. restriction of ankle joint movement, painful toes, Toes

inadverteatly bent under or pressed against a hard surface can be extremely
painful.

- Kreeling down from standing : : L ‘
From standing facing a chair, or other suitable support, the patient
leans forward to take some weight on one or both hands as the legs bend
to put first one and then the other knee to the ground. Alternatively, by
standing back further from the support both legs can be bent and both
knees rocked to the ground together. When the knees are in position the
rest of the body is brought into alignment in the erect position.

Kneeling down from sitting (on a divan bed or settee)
As the patient sits he turns to one side taking the weight on both hands;
~ the turning movement continues as the knees come over the side of the
bed and down unti] they reach the floor; the trunk remains prone and
supported on the bed, Care must be taken to see that the knees come to
the floor beside the bed (and not underneath it). Once the knees are _
settled on the ground the body is brought into alignment in the erect
position, by hip extension and the help of the arms. _
€n patients first attempt kneeling the therapist can control the
movement by grasping the pelvis firmly from behind thus giving confidence
and indicating the direction of the movement by pressure of her hands. |
Kneeling up from prone kneeling : R
By sitting back on the heels and,thcn,cx;c_ndingA hips and knees, the . -
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- kneeling position-js reached:". The -body weight'is evenly distributed

- between the knees, the lower legsactasa bracket and the rest of the body N

is-held erect.  Throughout the movement the arms can be used for con-

trol or assistance if necessary. | : S S
Kneéling up from side sitting .
The turn and lift of the pelvis as used to come to prone kneeling can be

combined with extension in a continuous movement which terminates in
the kneeling position.

Purpose and uses

a. The kneeling posidon is rarely maintained for any length of time as.
it is unpopular and uncomfortable for most people.  However, when it
can be assumed without undue discomfort it provides a link in the series of
activities which leads the body from the horizontal to the vertical position.

6. To establish the vertical alignment of the trunk and thighs is the
first active position, so far mentioned, which reugires the trunk and the
thighs to be balanced in vertical alignment. It is sujtable for re-educaiing
or correcting hip and lumbar control, ¢.g. hip and lumbar flexion tends to
persist from the habitual circumstances due to prolonged sitting. To
correct hip and lumbar flexion if it occurs two methods are suggested:

i. the patient is asked to s}ret_ch up in response to rclva'tchly, light -

N
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pressure of the therapist’s hand on the vertex of the head;
- 1i..to bring the body segments into line the hips must move forwards -
and up as the head and upper trunk move backwards and up. Patients.
- learn where and how to move when the therapist indicates the direction
by manual pressure in front of the hips and high on the back of the head.
‘The only instruction needed is ‘get up!’ said in the nicest way!

¢. To establish control when weight is supported on one leg (by the
knee) may be regarded as a prepardtion for walking when the weight must -
be supported on one leg long enough for the other to be replaced in a new -
position. This also applies to replacing one leg to get up from kneeling. .

s
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Tranéfcrcncé of weight from one knee to the other can take place rhythmic—_ :
ally without disturbing the alignment of the body. Balance on one knee
can also be practised, using the arms for support if and when they are

required. Progression can be introduced by moving sideways with smal]
‘steps’.

Half Kneeling o o o . S
~ To reach this position from kneeling the body weight is supported on
- one knee while the other leg is lifted and brought forwards to put the foot

on the floor.  Even when the arms are used for support patients frequently
find this movement difficult because the supporting hip fails to hold in

f?

_raiscd once the legs are in position. From standing the half knécl_ing
Position can be assured either by stepping forwards to knee] or by stepping

Getting up from the floor _ : ‘ : :
o EE.lCh patient should be encouraged to discover the most suitable and
effective method of getting up. Initially the therapist can offer advice
~ and, if necessary, caution,  The following methods may help to provide a
besis for plannifg the activity, _ ‘
a. Froxp side sitting close to g large and stable chair the patient leans
on the chair seat and with this

lifted and placed forwargs to half kneel f ]
- Uptostanding. While pe o1 - 108 before both legs push the body |

oA series of tansfers using the Rands 0 it the bt - -
backwar dsf'or‘g]?ymds Ing the hands to lift the body upwards and

4 . and sideways, 10 low stoo] and perr o 2" Sl
somcwh'a;highaﬁandﬁi v SK » 10 & low stool and then to another

E Fid

~ have strong

: =Y 10 chair level is g usef d for ’ :
arms; "".T}u‘ee Tif ot 6t 15 a useful method for those who

Ginches bring the patient to chair level
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but any number of ‘stairs’ can be used. Bi-latera] amputee patients fing
this method very satisfactory. . : DRI
- ¢. From kneeling facing a divan bed of suitable height and wigh the
body fully supported; a push on to the bed with one or both feet may be
- sufficient to lever the pelvis on to the bed. The patient can then roll -
supine and sit up in one continuoys movement.

Tr057
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2. Sitting activities and gait

On chairs and other seats _ .
An infinite variety of sitting postures are used habitually for sitting on
a wide variety of seats. Ideally the design of the seat should always fit the
physical characteristics of the individual who uses it and also be suitable -
for the purpose for which it is used. However, with the exception of
those who need wheelchairs, people do not buy chairs as they buy shoes.
A compromise is usually acceptable except for those who are obliged to
spend many hours sitting on the same chair, ¢.g. some schoolchildren,
office workers, long-distance drivers and the elderly infirm. Chairs and
seats come in every shape and form, hard, soft, high, low, narrow, broad,
small, large etc., as stools, chairs, benches, deck chairs, logs, rocks etc.,
- .seats to- wait or rest on, seats for meals, toilet seats, seats for travelling,
seats for working, seats for sporting activities and seats for relaxing. The
young and active are sufficiently resilient to adapt themselves to whatever
seating accommodation is at hand but, for the relatively inactive, advice
and action from the therapist may be needed both as to the chair and the
sitting posture.  Simple methods of adapting the dimensions of unsuitable
 chairs arc in common use, e.g. raising or lowering seat; what is all impor-
tant is that somebody is, in the first place, sufficiently knowledgeable and
~ observant to know what needs to be done.
- The sitting position is reached by getting up from lying, as from bed;
by getting up. from the floor or by sitting down from standing. The
fundamental position (as described by gymnasts) demands active stability
and balance of the head and trunk in the erect position. This is also an
ability every patient needs to possess prior to walking because trunk -
stability provides the essential background for effective movement of the
extremities. . When sitting for any length of time some kind of support is
~ required to maintain the normal alignment of the body, e.g. a chair back
- -andfor armrests. When a back support is vertical and without arm sup-
port the weight of relaxed arms and shoulder girdle tends to draw the body
 forwards into total flexion with the result that the buttocks slide forwards
-on the chair seat; this results in prolonged over-stretching of the back
 extensors with loss of*the secondary curves of the spine- together with.
*~compensatory hyperextension at the atlanto-occipital joints provided the -
‘patient is awake and wants to look ahead.  Th s

G A

e cffects of this are 9nly-?-~9 -
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tramsitory for the' resilient young but for the weak, elderly or immobile
restriction of thoracic movement, abdominal compression, reduction in the
normal extensibility of the spine with hyperextension in the atlanto-
occipital joint can creare or aggravate problems. Sitting erect with back

* support and armrests or inclining the body forwards from the hips to rest

the forearms on a table provide good support and are suggested as attitudes
of alertness. When both back and head are inclined backwards-and sup-
ported the attitude suggests relaxation.

For relaxarion

When a chair has been selected for or adzpted o fit the pauent s
rcquu'cmcnts and his physical characteristics he must learn to sit well
back into it to make full use of the support it prowdcs All too often the
body is allowed to sag into flexion and the pclv:s is pushed forward to-
wards the front of the seat. Some find this posture comfortable and
relaxing for a short time but it may lead to problems for the weak or very
elderly who slide into this position when they fall asleep in the chair. A
seat which is inclined backwards may help but unfortunately this makes

- standing up from the chair more difficult.
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Sitting for work ' :

_ In a work situation both the parttern of the seat which is available and
its relative height and position in relation to the bench or table influence
the stress factor of the worker profoundly. Small adjustments, often
‘evaluated by trial and error, can make a great deal of difference. While
sitting, movements of the trunk are mainly complementary to those of the
head and arms. By turning both the head and the body the area of vision
is extended, e.g. to greet a colleague entering from a-door behind the sitter.
Similarly the possible range for hand activities is considerably enlarged by
the addition of body movement, e.g. by leaning forwards, the patient can
reach the floor to pick up objects or tie up shoes.

There follows four examples of useful chair activities, .

a. Bending forwards with a turn from sitting and raising
This activity combines the purpose of reaching to the floor to the right
(with the left hand) and of sitting up and turning to look behind and to the
left. The pattern of the movement is similar to that for the Forward
Roll with Flexion (see p. 92). It may be advisable for the right hand to
grasp the arm or base of the chair either for stabilisation or to facilitate the
rotation. - The movement may be reversed ending with a strong head and
back extension-with-rotation to the right. * Picking up a light object from
the floor, such as a book, adds reality (Fig. 69:1). JR R
- b. Sitting with legs crossed ' - :
. Many people like to sit with legs crossed at the ankles or thighs for
comfort or neatness. To lift one leg across the other it must first be lifted
from the floor. Help with the hands can be used sometimes if the move-
ment presents difficulty: it may also be facilitated by firm pressure on the
- floor of the contralateral foot (extension) to elicit reciprocal activity to lift
the leg (flexion). Dressing activities may also be assisted in this way by
bringing the foot towards the hands. Rhythmical repetition of leg cross-

ing may help to re-train reciprocal movement in preparation for walking
or stair climbing (Fig. 69: #).

B




0

on the burtocks -

© _FUNCTIONAL R “EDUCATION

;}z'g: :

Anyone who sits for long needs to wﬁggle and shift their weight from

. fime to time, especially on hard chairs or benches. . Rocking the weight

from one side to the other with the upper trunk erect and unsupported
simulates the lower trunk activity which is used in walking. A forward
walking movement on the buttocks towards the front of the chair seat adds
3 rotary movement of the pelvis and brings the patient to a position from

- which he can stand more easily. Some support given by the arms pre-

vents swaying and reduces the frictional impedance of the chair surface
(Fig. 69: 411). ' . : '

d. Lifting the body weight Sforward rowards the Sront of the chair seat, using
the arms o

"The. purpose of this and the previous activity (#7) is primarily 1o bring
the body weight forwards over the base, i.e. the feet, in preparation for
standing.  The lift requires both strength and control in the arms whereas
the ‘buttock walk’ can achieve the same purpose without them, e.g.‘ in
cases of severe Rheumatoid Disease. The supportive capabilities of the
arms should have been assessed and built up, if necessary, before the
patient is ready to concentzate on standing up; in any case the arms may be

. * needed to use bars, crutches, sticks or some other supporting device for.
- walking (Fig. 70). R . o R ,

To lift the body forwards the hands are supported on the arms of the
chair, the side of the seat, or on non-slip wooden blocks on a bench or side

S Y
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of the bed., Few ’peopl_e have arms which are loﬁg cnough to gét_a' good.

F1G. 70

~push up from sitting level. As the arms take the weight the budy is

inclined forwards from the hips ‘and the feet press towards the floor; -
extension at the shoulder joints then lifts and carries the buttocks to the
front of the chair seat. Similarly, by reversing the shoulder movement,
the patient learns how to sit well back into the chair. Prictice in moving
forwards and backwards in the ‘chair repeatedly facilitates the movement

- » B » B S e ST T _— ]09 “fi’ :
c. Sitting, weight transference from buttock 1o buttock — leading ro ‘walk;
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and gives the patient the feeling of weight on the feet in readiness for
standing.

Examples of activities which may be used to re-train the supportive
function of the arms and legs from both lying and ssitting positions are
described in the next section. '

Standing — Standing from Sitiing o : e

For many patients the ability to stand upright is a great morale booster
and is regarded as a milestone of progress. However, from the point of -
view of being independent, there is little purpose in being able to stand or
walk unless you can rise to the standing position unaided. Each patient
has his own specific difficulties but there are a few factors which should be

considered even before an attempt to stand is made. These factors
include: . : :

a. Suitable shoes - _

Most adults habitually wear shoes for weight-bearing as in standing or
walking and they should be firm, comfortable and well-fitting. Wearing
sloppy slippers or bare feet on a cold hard floor are a deterrent rather than
a help, especially for the elderly. ‘

b, Suitable clothing A : L SR
- Slacks or a track suit, which is easily pulled on, seem to be the most
practical in lieu of long slippery nighties, dressing gowns or inadequately
secured pyjamas; these can be the therapist’s nightmare when the patient
needs to be supported manually and they are a safety hazard at any time,

¢. Range of joint movement : _
It is advisable to check that the range of movement in . the ankles,
knees, hips and lumbar spine is sufficient to permit the body segments to
be brought into alignment for balance in the erect posture. Lack of range
in any one of these joints will demand adjustments to maintain balance
which will be easily recognised as postural faults. It is essential to identify
the root cause of these faults so that they can be corrected or compensated.
For example, a ‘heel-raise’, quickly made from cork, can compensate for

- Testricted dorsiflexion of the ankle and make it possible to get a heel-strike -
o ‘;,;!Vl,t&o,utxhypcrcxtcnsion of the knee and hip flexion. In this case there is
‘b‘m‘-‘seffm as the pressure exerted on the hee] acts as a stimulus to

f";?g.FUPPOﬁA must.-“be‘ checkcd and- tested for
:fufmmrgandﬂoormats L
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" For those of us who are able to stand whenever the occasion demands

‘there is little or no need for thought, but for the patient who has been

- unable to get up for some time, the operation needs planning.- With the
need for independence in mind the Ppatient must be permitted and en-
couraged from the start to take part in decisions concerning such things as
the placing of the feet, whether to pull or push up with the arms and other
relevant details. The feet are as close to the chair as possible and placed
apart to bring the centre of gravity of the body over an effective base which
is as large as possible; pushing up from the chair.with at least one arm is
to be encouraged since it is more realistic as far as the home s concerned,
but to begin with the pull up on a bar means that the hand is in position
to give support when the upright position is reached.

Moving to the Standing Position and returning to Sir -+

~ With the body weight, the feet and the hands in position on chair or
bars, downward pressure with both hands and feet initiates total extension
of the body which is continued until all segments are brought into vertical
alignment and the patient stands. The therapist is at hand to give help or
support when it is needed, being mindful of the fact that too much help
delays the achievement of independence but that too little may ruin
~ confidence if, as a result, things do not g0 smoothly, - Only when the '
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therapist is satisfied that the patient can stand, balance in standing and
Teturn to sit, is it safe for him to practise alone. To sit down again the
patient puts one hand on the arm of the chair (to test its presence and
stability) then, leading with the head the whole body is flexed and then
moved slightly backwards to sit. The buttocks can then be ‘walked’ or
lifted to the back of the chair seat before the back is straightened.
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Correction of some common mistakes
a. Failure 1o complete extension v o
' The patient is asked to push the head up against the pressure of the
therapist’s hand placed firmly on the vertex. This often proves to be a
quick and effective means to bring all body segments into alignment when
the range of movement permits. When the knees and hips appear to be
the main problem area manual pressure in front of the hip and bekind the

in standing up
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~ knees alerts the patient’s attention to both the site and direction in which
‘movement is required (Fig. 72).. SRR

-

b. Failure 10 push down with the arms Sfor suppor,

Patients who use their arms to pull up to stand’tend to pull upwards
instead of pushing downwards: on the bars thus losing .the benefit of
effective support and bracing of the back muscles. This is usually a panic
reaction arising because the downward push required for support has not
been explained or taught. It is likely to occur with patients who have
used ‘monkey poles’ or other means of pulling themselves up in bed.
Instruction in the supporting function of the arms is essential for many in
order to teach them the management of frames, crutches or sticks at a later
date. The flexion pull on a therapist’s arm either for standing or walking
does not lead to independent activity in the upright position and should
always be discouraged. Co

¢. Uneven distribution of weight on the feet :

As the patient stands the body weight may not be brought forwards far
enough to allow it to be evenly distributed on the whole of the foot or feet.
When this happens the major part of the weight is taken on the heels and
- consequently the hips must flex to maintain balance, ~This can be put.
_ right by bringing the hips forward so- that the weight is transmitted at the
- level of the transverse tarsal joints. A simple method is to ask the patient

- [@lift the head and bring the hips forward and this request i reinforced -
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back of the head to indicate the direction of the movement required.  This

- is in lieu of the ‘tuck your seat in’ type of request which is far from explicit
and usually results in thé patient bending his knees! - - _—

Therapists are often asked to ‘get the patient on his feet’ long before
he has the ability to stand. In these circumstances the project is mainly,
if not entirely, passive as far as the patient is concerned. The purpose of
standing up is to elicit the postural reflex by approximation of joint sur-
faces and pressure on the soles of the feet, etc., maybe to promote drainage

or as a psychological boost. Any abilities the patient can muster to help

himself must be exploited, e.g. downward pressure on elbows or hands,

- inclining the body forward from the hips before rising 1o stand or bending

to sit.  Two helpers are usually essential and one of these should be a
therapist experienced in this type of lifting so that the patient is given no
cause to fear that he may fall, For very heavy or severely handicapped
patients a standing table is a great help to start with and later on leg splints
or body belts can make things easier in some cases. Whenever the patient

* manages to contribute something to his own support this is worthy of

praise but when in fact he is totally supported by the therapists and con-
tributes nothing it is unwise and unrealistic to try and encourage his effort
by telling him he is doing splendidly. - '

Walking N R : - o
~ Walking is a ‘complex activity which requires the co-operation and
control of the whole body. From a functional point of view the ability to

walk is pretty useless unless the patient has first learnt to get up and stand.

Most patients are eager to walk and regard the ability as something of a

status symbol, so for them motivation is no problem. However, there are

always some who doubt that they can succeed and exhaust themselves with

fear and anxiety before even an attempt is made. Success is so important

to--a patient that every effort must be made to secure it by careful

preparation. ’ '

Walking is the logical progression from the acuvities already described

"in previous chapters and including :geciﬁc limb activities included in
e

Chapter 12. Patients readily accept the necessity for practising prepara-
tory activities provided they can see and understand that they lead towards
walking itself. _ R o

- To provide the conditions relative to normal functional walking the
patient should be suitably dressed, women in slacks if possible, and wear-
ing comfortable outdoor-type walking shoes. - Sloppy slippers give the
feet no support and may well slip off, causing discomfort and danger.
Except for the very young, barefoot walking is unusual in the conditions
which exist in this countyy; it is certainly udtomforta ¥ cold for the
clderly. ’ ' A '

" whén the therapist applies pressure on the front of the hips and high on the



114 THE PRINCIPLES OF EXERCISE THERAPY

Some general principles to be observed in teaching a pau:nt to walk
again are as follows: :

a. The patient must learn the correct pattern of walking from the start.
Movement patterns learnt and repeated accurately become habitual very
_ quickly. Bad habits, as well as good ones, are established just as rapidly .
and they are difficult and time-consuming to eradicate.
b, Sufficient support and/or aids must be provided to allow a correct

pattern of walking to be a practical posmbtllty In many cases the correct . -

- or optimum pattern of movement is only possible with the assistance of
suitable support, e.g. parallel bars, crutches or sticks, to help balance or to
reduce weight-bearing on one or both legs to an acceptable magnitude.
Aids such as a toe-spring, heel-raise or prosthesis may be needed to com-
pensate for neuromuscular or skeletal deficiencies.

¢. The amount of support or aid must only be withdrawn or modified
when the patient can demonstrate his ability to walk satisfactorily with less
support or no aid. A demonstration of good walking for a few paces in a
room is insufficient for testing purposes; endurance over longer distances
and under other circumstances, such as out of doors or on carpets, must
also be taken into account. Assuming that standing balance is assured
before walking is attempied, a mechanical support such as parallel bars or
the backs of two or more heavy chairs, is preferable to manual support.
The therapist must, of course, be involved in the procedure to instruct and

. assist if necessary. * A fixed support allows for greater concentration on the -~

walking activity without the additional worry-of moving and controlling
crutches or sticks. The disadvantage of manual support is that patients
learn to rely on the therapist and are often reluctant to change to other
types of support which would allow greater independence. -

Walking instruction ,

In many cases patients need little or no instruction and it is sufficient
to make sure that it is safe for them to practise on their own to build up
confidence and endurance. Even for those who have been unable to walk
for some time because of a condition aifecting the locomotor mechanism
there is alivays a chance that they will walk instinctively once they are on
their feet providiug they have prekusly walked hab1tually Therefore
before embarking on instruction it is advisable to give the patient the
opportunity to try to succeed merely with support and encouragement.
If this method is successful much time and effort will be saved. Some
patieats cmly become ambulant the hard way with total re-education which
demands patxcncc and repetition of each phase others may need correction
and then practice of only one phase of the total walkmg pattem and the
" establishment of rhythmical movement. . : o
"7 It'is not easy to find a relatively simple way to re-cducate sucha com-
‘plcx aquxty In the bnef descnpnon which follows only the actmty of
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| thc Jower imbs is menuoned but theraplsts will be well aware of the o

importance of efficient co-operation of the lower trunk musclcs for pro~

" viding the essential background of actmty wh1ch is nccessary for effective N

limb® movemcnt

The mechanism of walking
The activity of the legs alternates during Walkmg, 1.e. one leg supports -

the body weight while the contralateral limb swings forwards to replace
the foot in a new position ready to receive the body weight when it is
transferred. When this occurs the role of the legs is reversed. It is an
~ advantage for the patient to rise from the chair with one foot ahead of the

other, i.e. in walk standing when the weight is equally distributed between
* the feet, to avoid making adjustments in the relative position of the feet
before walking can begin. For the purpose of description the term.
!stance’ indicates that the limb is welght-bearmg In contrast to ‘swing’ in
which it is weight-free.

Phase 1 — Stance :

From walk standing body weight is moved forwards unt11 the body is
supported in vertical alignment over the forward foot; the line of gravity
will reach the floor through the transverse tarsal joints. “The toes of the
rear foot remain on the floor to help maintain balance. This position of
stance must be well learnt as progressxon is achieved by rnoving from one

© position of stance to-another. = The position should be practised first with

_one foot in front and then with the other and its efficiency can be tested by
lifting and replacing the toes of the rear foot.
Phase 2 — Swmg and Heel Strike

The supporting function of the forward leg is mamtamed while: the
rear leg is lifted and flexed to clear the floor as it swings forwards; it is then
extended at the knee and the foot is dorsiflexed to allow the heel to be
brought to the ground, i.e. heel strike. Thus this foot has been replaced
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in-a new position ahead of the supporting leg and it must fiow be termed
the forward foot. The balanced support of the other leg must not be
disturbed during practice of the swing and heel strike. Sometimes there
is difficulty in lifting the leg to clear the floor for the swing; in this case the
patient can be asked to think of pressing the supporting leg hard towards
the floor to encourage reciprocal flexion; this slightly tilts the pelvis
laterally and also helps to reinforce the flexors. Usually it is the position
of heel strike which causes the most difficulty; patients so often want to
- point their toes instead of putting the heel down; maybe they believe they
should try to walk like a ballet dancer on stage! The heel strike is essen-
tial to initiate the normal rocker movement which transfers the weight to
the forefoot and it also provides the stimulus for the leg extension activity
and co-contraction needed to support the body weight.

Phase 3 — Weight Transference and Return 1o Stance '

Then there is a return to stance position but with the other foot for-
ward. The body weight is transferred from what is now the rear leg to be
supported over the forward leg. - Using the heel as a pivot the hip exten-
sors of the forward leg are -mainly responsible for initiating the forward
shift of the pelvis in combination with lumbar and hip extensors of the
rear leg during normal walking on level ground.

Once Phase 3 is completed Phase 2 follows and then these two phases
are repeated alternately. so that the patient ‘moves from one stance to the
other. -Gradually all movements are blended in sequence to produce a

 rhythmical walKing 'pa'tterp. Phase 1.is introductory and is not repeated

as suchi in the sequence; it is described here for purposes of training the
- stance positions. ' ‘

Correction of Faulry Pagterns of Walking
The body always does its best to achieve the purpose of an activity, i.e.
walking, in this case. Ifitis prevented or impeded from using the habitual
pattern it substitutes another (so-called ‘trick movement’), e.g. a limping
gait, and because this new pattern soon becomes habjtual it often persists
- long after the need for it has disappeared. Pain, neuro-muscular ineffi-
ciency or limitation of joint range are common factors which are responsible
for the automatic redesigning of a walking. pattern and unless they are
corrected or compensated the faulty pattern will persist. Adequate and
efficient support, such as crutches or splints, can be used to compensate
for deficiencies and ease pain temporarily but withdrawal of support too
“soon will inevitably lead to problems.. "
The skill of the therapist lies in the ability to recognise the key factor
or factors responsible for the alteration of the normal pattern and then deal
~-with it specifically,  What is not always recognised is that many faults in
“walking can be traced to inefficiency of the muscles or lack of range in the
lumbar region, i.e. the rigid spine, the pelvic tilt, as well as the more -
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and may be tried linking arms with a therapist or friend on either side to
give support; later the lilt is reduced in degree to be less obvious. The
provision of a ‘Plastazote’ insole or other device may increase foot comfort.
No onc who has managed to walk a few, steps forward should be misled-
into thinking that they can now be completely mobile without further
effort. - To be a functional walker the patient must be able to move freely
and safely at home, then later on, out and about. Both mentally and’
physically the hazards to be overcome in normal everyday living are many
and varied. Many patients quickly regain the confidence to attempt and
succeed in doing all that they need and want to do, others less confident

and ‘adventurous can benefit from help and advice from a therapist.

Practice in overcoming any particular stumbling block may be necessary -
Jbut patients must be encouraged to face and solve their own problems as
soon as possible. ‘
At home, the floor surface may vary from carpets to polished floors and
alas, sometimes, mats <which seem to be designed to trip up the unwary.
There is furniture to be used or avoided, room and cupboard doors to be
opened and shut; toilet facilities such as basins, 100 seats and baths to be
utilised; steps, stairs or lifts to be negotiated and a variety of kitchen
furniture to be used — to mention only 2 few circumstances to which the
" patients must adapt themselves. ‘ '

~ Out of doors, pavements or other sidewalks are rarely smooth, hori-

zontal or free from pedestrians, and road crossings in the face of traffic

have been known to terrorise even the agile! Endurance, or rather the lack
- ofit, may be a problem as suitable places to sit down and rest rarely occur
at frequent intervals.” Management of impedimenta such as handbags,
shopping bas, briefcases or walking aids add to the hazard of moving
~ about, especially when publi¢ transport, upon which many must rely, is |
used. o ’ - ' :

These! are only a few of the problems which need to be considered - -
before walking re-education (or gait training) is completed. -

‘Suggestions for practising some walking activities are included in the =

- following chapter,




h

y Climbing Stairs or Rmnp.sAj'—i"f«?f—f%j m e T ST -

- This is often essential for the patient’s independence. A shallow
step or slope is attempted first and practice given to balancing with one |
‘leg on the step ready for weight transference. - Movement both up and

R

~ "UNCTIONAL RE-EDUCATION:

down and the management of crutches and sticks must be included. It
is advisable to use a hand-rail, if there is one, in which case both crutches
or sticks are held in the free hand. Frequent repetition of the activity is
ngeded to build up endurance, increase speed and gain confidence. |
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Py w3, Limb activity.i®

" THE previous chapters have been devoted to a descri ption of useful activi-

ties which involve the use of the whole bod
- importance of efficient trunk movement and stability. The extremities,
Le. the upper and lower limbs, are appendages of the trunk developed

immediately recognised and exploited when leg funcrion is impairéd for
any reason, e.g. arm function used for transferring from chair to bed,
crutches and handrails, However, in addition to these functions the
adoption of the upright posture has freed the hands to a considerable
extent for the development of a multitude of skilled activities.

. Any disability, however localised it appears to be, affects the whole
~body toa greater or lesser degree. Therefore total restoration of function
must be the aim of treatment in every case. Nevertheless measures which
‘emphasise the activity of specific areas are appropriate at some stage of
recovery.

Attention is drawn to the fact that the efficiency of limb function is
-profoundly influenced by and largely dependent on the co-operation of
pelvic or shoulder girdle movement and stability. Body weight is trans-
mitted to the legs through the pelvic girdle, the. structure of which is
admirably adapted for this purpose, i.e. the complete ring of bones between
Wwhich only minimal gliding movement is permitted. Movement in lum-
bar and hip joints allows the pelvis as a whole to tilt and rotate to maintain
Posture and augment the range of limb movement. The shoulder girdle

. complex problem. Muscles which control the shoulder and pelvic girdle
" are clpsely integrated with both trunk and limb muscles and their import-
__aﬂCC:ln_ relation to both movement and stability cannot be ignored. |




I More often than not ‘the‘area

_of ‘the leg ﬁexors and domﬂexors Produce the ‘'m

“a f-To Support the baa’y 1 wagh:-beanng poszt_z : »
'in contact with’ the suppor_ g surfac is
rhe soles of the feet, as on standing erect, but orie foot the Kneées or knee
“can be substituted according to the circumstances. The_]egs may be used
umlaterzdl_y, bﬂateraﬂv or remprocaﬂy , l"n_"the smmg_posmon i he feet
~and th;ghs are used to stablhse the posmon “Under normal c1rcumstances
)omts are stabrhsed by the isometric’ co-contraction of antagomsnc muscles,

-¢.g. the ¢ quadriceps and hamstrmgs stabilise the knee j joint, unless the latter
is locked in full exten51on ‘
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b -To Iift or lower the body from or za t/ze grountf
Whatever the” “range ‘of Ilftmg or lowerlng demanded by the c1rcum- -

. 'stances, the soles’ of the feet are the fixed point from Wthh movement 1s

mmated although the knee or knees may be sub uted 0 recrulted en
‘route. - The isotonic contraction ‘of ‘the Ieg extenso if 'dy '.(by
shortenmg concentncally) and controI the movement of 1 wermg ;(by
lengthenmg eccentncally), €.g. getting from floor to chalr, from smmg to
standing or the reverse, chmbmg or descendmg stalrs Llftmg and
lowenno the body durmg activities ‘sich as ]umpmg and landing, ¢ or run-
ning and leaping only differ with regard to the’ ‘speed and strength of the
contracnon Whlch of course, mcludes plantaﬂe"tors and toe ﬂexors

c To propel t}ze body in any direction ©

Movement is initiated from a fixed aréa of a foot (or knee sin crawhng)
and ¢ extensor’ activity is employ ed both for & support ‘and’ prop'ulsxon .The
legs are’ used reciprocally’ (replacement of one foot to obtam progressron
involves some ﬁexor actvity), e

. The Joor may be Jreed from zaezg/zz bearmg for ‘replacement in a new
poszmm, to gain momenzum for a :Irruszzng movemen or to bnng zhe fooz
within'reach af the hamL ‘
C U THesE funcnons are all non 'selg rbearmg
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a. The majority of funcrions are weight-bearing :

Afferent stimulj, initiated by pressure on the soles of the feet and by
consequent approximation in the joints of the leg, elicit a response which
brings about either extensor activity for movement or a co-contraction fo;

~stability..  The extensor muscles, which are normallv powerful as they lift
or lower the body weight in the upright position, habitually work together
and "reinforce each cother’s action. Working isotonically they lift (con-.
- centrically) or. lower (eccentrically) the body weight and when working
isometrically they co-operate with their-antagonists to maintain stability of
joints to balance the body.

b. Weight-bearing activities are initiated from a fixed foot (or feer)

The body is moved or supported on 2 foot which remains stationary and
in contact with the ground. This means that the muscles involved work
from what is anatomically described as ‘with reversed origin and insertion’.

c. In non-weight-bearing the foor is Sree 10 move ,

-~ The foot is freed from weight-bearing when it is lifted prior to replace-
ment in a new position, e.g. to permit ambulation. Inspection of the foot
and some dressing activities require the body weight to be supported by
‘the buttocks or other areas 1o permit freedom of the foot. This situation _
is usually associated with flexor activity of the whole limb. It is worth
noticing that, when the limb is'de’pendent, traction stimulates flexion, i.e.
to lift the foot, provided the traction is not prolonged.

In conclusion it is suggested that activities which are normally weight-

~ bearing should be re-educated in 2 weight-bearing situation, i.e. with the
foot fixed, with whatever degree of pressure on the feet that is tolerable in
the circumstances and with the body in the erect position whenever pos-
sible.  As-functional movement is produced by the integrated activity of a
series of muscle groups which habitually work together, this pattern of
integrated activity is more likely to be effective in re-education. The-
activity of each group reinforced that of the other groups in the series, the
stronger: groups being more effective for reinforcing or recruiting the

activity of those which have been weakened as the result of pain, disuse or
other circumstances.

Retraining the Stability and Extensor Activity of the Legs - ‘
>Man is a plantigrade animal and even in these days of mechanical
transport he relies on the weight-bearing function of his legs for much of
his,mobility, provided he is not wheelchair-bound by necessity. . As the
- undisputed aim of ‘Physiotherapy is the restoration of function as directly.
- and as rapidly as possible it would seem logical to emphasise the import-
ance of retraining stability and extensor activity of the legs in weight-
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" Theterm we:ghb-be«mng, as defiried bythcraplsts,prcsupposw that the
" total weight of the body is supported on one or both legs but for a multi-

tude of reasons this may be contra-indicated for a time becausé of the

~ patient’s condition. When the magnitude of the pressure on the feet in

erect positions exceeds that which is acceptable in the circumstances, it can
be reduced by providing an alternasive support for the éxcessive weight
(partial weight-bearing), i.e. by taking some of the weight onthe arms by
using parallel bars, crutches, sticks or even the backs of two stout chairs,

“etc.  'When, for any reason, the body must remain supported horizontally

the stimulus to an extensor reaction, i.e. suitable pressure on the sole of
the foot with approximation, can be applied manually or by means of a
board fixed at the bottom of the bed. _ S

In all erect positions provision of a controlling support for the body, by -
the use of a handrail, bars or a wall, gives the patient the freedom to con-
centrate on the accuracy of the movement without the anxiety of main-
taining balance; as he becomes more proficient this contro} is gradually
withdrawn,

The few examples which follow are designed to indicate the application
of the principles upon which specific retraining of leg function are based.

Non and partial weight-bearing : o |
a. With the body supported horizontally a firm small pillow is placed

- under the knee to prevent hyperextension (which- inhibits quadriceps -

sole of the foot stimulates extensor activity as the patient is asked to press
the knee to the pillow and the foot towards the therapist’s hand, a foot-
board in the bed, a wall or other suitable structure (Fig. 75). Manual

- pressure is preferred at first to estimate the patient’s ability to react to the

stimulus or to judge the threshold of pain if this is a factor, Emphasis on
heel pressure with the foot in dorsiflexion simulates the heel strike and

elicits a stabilising reaction 5 pressure under the balls of the toes with

plantaflexion elicits the more primative total extensor thrust,

4
L T2
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o+ d:: Maniia] ure. agphed 13 2 fnrward and dgw_nwardﬂxrecnon on
the ,headuor j)ack of 2. patxent I'xoldmg thc . sitting position:slicits :activity:in;

thé‘séhé‘siofi the feet and; stabilising activity .in all:the leg muscles. »mNotc
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the strong contracmnof L muscles round the ankle, and {ookiiictesz &
e. When'the patient lifrs g@}s%—esf%&hq&g@eel@ iforward: towards;

the front of the “chair the feet are fixed in the position for extension ready

to stand up. The arm thmst can be used either as a partial support or to
maintain balan ;

Wezghz bearmg
a. Standmg Ihn,edge of a step or-s{arrcasc witlizthe heels free is a

convenient ivay fo emphasise the isotonic contfaction of the . plantaﬁexors, ,
together with! thi“lsomeénc contraction of the quadriceps and hxp extensors.
The body is mo oved upwards and downwards vertically at thelankle j joints.
A rcasonably rapid droppmg of the hecls boosts the contraction of the

: plantaﬂexors by utilising the stretch reflex. As the heels are lifted the
patient is asked to brace the buttocks and pull them together to reinforce

~ “the contractlon of thc quadnceps (F1g 77) Thc body Welght can be:f"f '
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r : exght ma} be taken by the

lly co op re' balance’ ‘during the
Thxs 1s a’uSeful activity for home p ac ce when knec ﬁcxmn
mdxcated Fmazbe ‘becau’se of eﬁ'usxon1 or. when the Ppattern of
walkxng marred by i eﬁicxency of the calf muscles, a situation which is

0t f non- WClght bearmg or

no;‘l.jrl_'qqr‘n.rﬁ‘o_n:"fcjlld\'v Mg 4 prolongcd penod 0
'ﬁxa'ﬁod' in ‘pIaStér/‘ " ° . _

" 4. Standing’ with his’ back m contact wuh a wall thc patient bends his
knees to'slide hlS “back’ downwards, snIl m Comact with the waIl and then

straightens his knees to stand “once more. Tflc movement. is repeated

rhythmxcally n whatever range is possible and paxn -free and the body

weight' can be distributed between the two legs as ‘fequired ; (Fig. 78).
This activity is useful forhome pracnce when strength, moblllty or smooth,
co-ordinated movement: is required.”;Care must be" taken (o avoid more
flexion that can be controlled by the extensors. ~
c. ‘A medicine ball, beanbag or other suitable ob)ect can be used for a
similar ‘bend and stretch’ activity but balance is much more difficult with-
out a wall.”” However, it adds vanety as progrcss is made (Fxg 79).
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Stepping Activities ' .

a. Stepping up forwards is needed to go upstairs, get aboard a train or
bus; reach the pavement after crossing the road, mount a ladder or enter
- some front doors. If there are no stairs in the patient’s flat, a stool or

other stable support can be used for practice with the hands or hand
pressed to the wall. The importance of suitable handrails and their use
cannot be over-emphasised as a safety measure and for building up the
" patient’s confidence. o ' S g
- b. Stepping down forwards throws additional strain on the knee
extensors because of the weight distribution of the body to maintain
balance. Many patients fear this movement and it is advisable to teach
them to push their way downwards against the therapist's resistance,
~applied manually by supporting the pelvis anteriorly. This gives a
splendid sense of security and blocks the patient’s view of a long descend-
ing staircase which he may find frightening. Gradually the amount of
resistance to the descent is reduced until the patient has the confidence to
~ do without it altogether. Practice for curbs and transport is helpful.

¢. Stepping up and down sideways can be useful when only one hand-
rail is available; the movement also helps to develop lateral stability of the
leg and trunk. Incidentally few patients with hemiparesis can achieve
- this type of stepping on to the affected leg.
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To gain functional independence as early as possible when one leg is
less efficient than the other, the more efficient leg is used to move the body
weight while the less efficient plays a supporting role, i.e. the patient steps
up on to the more efficient leg and down from it. One patient’s method of

remembering this was as follows ‘Go to heaven on the good and to hell on
the bad? ~

Retraining the Flexor Activity of the Legs :

The leg flexors work with the extensors (co-contraction) to stabilise the
legs for support of the body in erect positions; they lift the foot for replace-
ment _during reciprocal- movements such as walking and i'unning, and,
~ with the co-operation of the trunk flexors, they bring the foot within reach
__of the hands & - :

ofme.dressing and washing activities. - Note that the
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isotonic acnvxty of the ﬂexors is. alwaiys non-wexght-bearmg and that the

foot is free to move. . The few exaniples which follow suggest sxmplev'

'-acnvmes which can be facilitated, resisted or practxscd freely as requlred

g, Total fleion of the leg on the trunk is easier to obtain from positions.
in which the leg and the lumbar region are fully extended immediately
before flexion is attempted. Traction and the stretch stimulus will facm—
tate the movement.

o N | A
| B i

FIG. 81

b. A strong extension thrust of one leg facilitates flexion in the counter-
Jateral leg; this occurs in walking, running and stepping. The downward
thrust of the forward leg to step up plus the backward stretch of the rear
leg combine to achieve flexion to replace the foot in a new and.forward'
position.

¢. "To reach the foot for pumng on socks the patient usually sits and -

lifts the foot towards the hand and/or bends the body forwards. Forceful

pressure of the counterlateral foot on the floor helps the lifting of the foot.
It is usually sufficient to draw the patient’s attention to the downward:
thrust of the foot to the floor but it can be resisted manually by the therapist
to test if it works, or sometimes a cushion under the thigh reminds the
patient of what he can do to help himself.

The leg activities described in this section are intended to suggest a
line of thought as to the pattern and conditions of re-education rather than
to provide a list of suitable activities.

Upper Limb Activity :

The efficiency of arm activities is profoundly influenced by the move-
ment and stability of the shoulder and the trunk. Scapular movement is
essential to ensure that the face of the glenoid cavity is turned in the
direction of the arm movement ‘and . the scapular muscles must provide
stability to allow movement to be pivoted at the gleno-humeral joint. -
Correction of any deficiency in scapular range or stability must receive
priority in treatment to avoid wasting time. Manual techniques are most
effective as they can emphasise scapular rotation which is all-important in
combination with elevation, deprcssxon, protracuon and retraction.
Obviously both isotonic and isometric contraction of the scapular muscles
must bc eliated.
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- The arms, however, still play an important part
-by helping to support and move the body, especially when leg function is
impaired; the pattern of this activity closely resembles that of the legs.
Arm activities which rely on the skills of the hand which i< free 1o move,
e.g. dressing,‘éatingj‘tooking, writing, use of tools for-work or-play have
been well observed and analysed and therefore will not be considered here
CXCept to suggest that re-education should be realistic, therefore reaj
objects which provide the right stimulus for the appropriate activity should
be used, for a gripping movement of the hand is useless and unrealistic to
a patient unless the action is purposeful.  For example, try picking up an
apple for 'i_rlspection’,‘.ho)ding’“it"vto take a bite and then’ releasing. it for
';'f_:fJJaCé"{i'lCn,t‘OH,a plate.” o R R
" Attention is drawn to the use of the arms to support and move the body
as these funictions are frequentlytaken for granted and omitted, especially
in the treatment of some localised conditions. - - o

Sr DR
oo .

Arm Function ™ o L

a, To supporr or help support the body in a variety. of positions i
... The long axis of the arm is véi‘tical‘.azid‘théwéigh_tdi-sv transferred to the
supporting agent, L.e. flgor, table, chair ériiiz'Cr_,utch_;'ojr'_ stick etc., through

the hand or maybe the forc)’irn*x;.;Qr‘_'gl‘_t;(),ug‘.:_i‘j Ihe_se,.weight_flgear;i_i}g__sjtua7

o

b, To mave or help move the body in anydtr'ectzo . N o
When the hands, forearms or elbows are weighﬁbggg@ng)gggt,ﬁx\c@,
o fer ik cccurs. proximally, c.g. pushing up, to, standing from a chair,

ponsiernng from chalr to chair as when the legs are paralysed, or using g

19, help. WI the arms s
obtained .by the ac

ik

handrail o, help mountstairs, The dg vaward. thrust of the arms j;
ton of the powerful extensors of the arm which include

Ja ok, When, the hand, is fixed by, grasping (rather than. by

on such as in p

R B R L vy - Ry Sied ¥

serid b noioeors pofo.
tagilise the position of objecrs

PR btk TRt A SRR T Al Sl ST a ‘:{}f(iTOZé r.:.ti.-"\.— b
€ hand'stabilises while the other is free to move, e.8. paper held

-}4'-.}
o pb‘sit’ionf for writing or bread for cutting; Similarly one arm may be used:”

>

Py



' to stabilise an area of the body to

;% FUNCTIONAL RE¥EDUCATION

o improve the performance of another, cg '

- 1.29“‘:,, -

Ity Tenrees woms sl g T P A S L B PR P T T T TR ~pno LT -
. Fsipporting Ppressure-downwards ‘on°oné‘arm 1mproves the effort to reach

up with the Gthiérdrm7ako Support of the elbows did/o
© (miny 'ékath h@iﬁ&t{ﬁu&;»é;’g;*é’:%*»rx"nf'fvii'ft‘xﬁ'gfﬁ"?r - .
e Cotisidration” of Hie Sipporting'and Toving Fheflons o the” upper
- fiib’ jlishifies"the Hegd to emiphal & ‘their* inchusion 'ih “the" ré-education
‘pibpramme. *They-aré ad‘initégral part of the basic Tunicriondl activities
described in the previous two chapters;dnd it the treatieat of focalised
conditions affecting the arm, pressure on the heel of the hand with approxi-
mation of joints has far-reaching effects in combating the withdrawal
reaction which tends to persist following painful injuries to the hand.
Body movement away from the fixed and supported hand results in
shoulder movement which is often pain-free when elevation of the arm
under other circumstances is limited by pain. v
A few examples of activities suitable for practice follow. ,
a. Pressing the Heel of the hands to the chair or chair arm as if 1o lift
the body from the seat can be practised at frequent intervals. The pres-
* sure can be increased by the therapist or by the patient himself pushing
the body sideways towards the supporting arm.

f forearii facilitatés
LEen ot sl

o | p
_‘/Xysz.. _f f /Q‘;g;A
L7 AR
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b. The patient leans on a table'to take the weight of one or both hands
and then moves the body forwards, backwards or sideways to vary the
magnitude of the weight on the hands. If wrist or finger range of move-
ment is limited some device is arranged to make pressure on the heel of the
hand possible and pain-free. A
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¢. Prone kneeling and craning"activit'icS provide the p“aticnrlwith' a

means of grading the amount of weight that the arm can support.

- d. One hand is supported on‘a table or on the back of a heavy chair,
. then, by leaving the hand where it rests, the patient walks backwards bend- »
ing at the hips to bring the arm towards elevation in relation to the trunk.

This often. providés a simple method of increasing the range of movement

following stiffness in the shoulder region.
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 PART 1

13
JOINT MOBILITY

SKELETAL movement occurs at the joints, the type and range of move-

ment possible depending on the precise anatomical structure of the
joint and the position of the muscles controlling it. '

The slightly movable or cartilaginous joints all lie in tne median plane
and permit a limited degree of movement. by compression of a fibro-
cartilaginous disc interposed between the bony surfaces, e.g. the pubic
symphysis and joints of the vertebral bodies. EY

The freely movable or synovial joints predominate in the body and;
with one exception, include all the joints of the limbs,

Structural Features . : :
The adjacent areas of bone are covered with hyaline cartilage, which

provides a relatively smooth, wear-resistant surface, allowing almost

-in all probability, to nourish the cartilage.’ Ligaments of the joint, con-

fricion-free ‘movements. The ligaments of white fibrous tissue are:

~ flexible-and pliant and offer no resistance to the normal range of move-

ment, but are inelastic and unyielding to prevent excessive or abnormal
movement. Excessive stretching of this tissue stimulates the sensory
receptors with which it is freely supplied, and causes pain and spasm in the
muscles -antagonistic to the force responsible for the stretching. The
capsular ligament completely encloses the joint and supports the synovial
membrane which secretes synovial fluid to lubricate the joint cavity, and,
sisting of localised thickenings of fibrous tissue, re-inforce the capsule,
and accessory ligaments, which may be extra- or intra-capsular
and stand clear of it, give additional strength. Tendond or fibrous

* expansions of muscles sometimes function in the capacity of ligaments,

In some joints fibrocartilagenous structures and pads of fat are inter-
posed to make the articular surfaces more congruent, or to act as
buffers. They are usually adherent to the capsule at their circumfer-
ence and are enveloped by the synovial membrane, Sensory stimuli’
from the joint record pain, pressure and the knowledge of position in
space and are carried in the nerves which supply the muscles working
over the joint. Nutrition is received from the blood vessels in the
vicinity. Joints are stabilised by the balanced contraction 6f muscles,
131 ,
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and are activated by the co—ordinated_ working of opposing groups.
They can also be moved passively by an external force when the
muscles are relaxed. B ‘ :

¥ITOTe L

Classification rnbo AR
Joints may be classified according to the movement they permit.
Uni-axial. Movement takes place about one axis: in a hinge joint

it is flexion and extension (e.g. infér—bﬁalangcal joints), in a pivot joint it

)

is rotatory (c.g._atlanto-a;gigl( joi'qt')_,_:;, i et S
Bi-axial.  Movement taKes' placé’ abouttwo’axes: an ellipsoid joint
- allows the. four angular movements, flexion, extension, abduction and

adduction, and ‘a“combination 6f these four clled circurduction (eg.-

wrist),"and ‘a’ Saddle joint’ Such- 4s the Larposmetacatpal joiy of: the-
thumb is similar, /% it w R LR PO SO I

Y Bolytaxial! '"“Mbi‘réniérffs"“éﬁdﬂf’ﬁihﬁfﬁ}i@ occur in ball and socket
joints: they are the folir dffgf'lléffinbvém?é;r{lt'?;f&fr”umdqCtjd’h_’é’r‘l_‘df_"rb ig
tidd(e.g: hib). LETRLEIRL FES ' i W’.'" WL LG ‘ ST ‘.‘-..— Bes .' Pl

® Plane. Small gliding movem ntS"'bﬁiy:‘z‘iréf':ilféwféa;"pri)_‘béb,ljﬁ being’

-

more or less poly-axidl'in tharacter' (e.g: Actornio-clavicalar joint). “ -~
Some joints pérmit sall actessory mbvements ifi certain positini’
which cannot be performed voluntarily. o
.., onder normal conditions joint movements, are dsiially Tirited By
(e of the bpposing miscles, Contaer 6f Soft isues or tehelo of
ligaments. " For eXaiiplé, abluction of the' i is limited by the feAdifH
of the Adductor Muscles; RekiGof the hif With thé knice bent is infifed.
by coritatt of the'thigh with the abdomen; and Exténsion is lidkired by
the Terision ‘of the Flekdf Musclés and the jlio-femoral ligament:” Tie:
- active farige {5 Ustally gredter that? the bassive fange of mbvEEA
oiirlg T the redprbcal Fefaxation of the antagamistic group 6f mutdé

TRIoTt o e ¢

IR

IR A T P NS oo
e, T LU L 3 LG 5

=5 : ~ SR A = . =’Jﬁ?f
& yaffect eachior all'of:the structural comdponeénts:i
- of ‘a:jointzand-ledd: to-a, reduction: it the normal réange:df movement:
The:factors which cammoniy: cause limitation arey Pt bs
:a;:z5@:’-)%;Tightneésmfz'skin;‘rgupexﬁc’ial:fascia;g:or—Sga;r?tis‘sue (T hissdinitse
bothethe:active:and- passive tange: Bomor sl 5530 3
~1u(2) Muscular weakdess or: inefficiency.sg Weaknesstor: faécidity: of:
-muscles limits .activeirangeifithe power oﬁi{hé;mu_sdesai's;insuﬁibienq
- torevercorme:the resistance offered; byrthie wweight:of thespat mosdsi
'Tightness:orsspasticity: Hfrmuseles: dimitsiorcpreverits shothsabtiverars
passive: Broyementsascthe mglﬁfmmgogﬁgdc-f;éj'ﬂx&mniﬁnemfam'i
unable;to xetax andsidlow jvtolsake places =rir ni bajmss 18 b 9ozge
2:i(iff) Theformation:ofiadhiesidns:is: Thesedimitbith active andt passo
‘sivelmoveinentiizAdhesion fotmationyocturs following thelourpuitiof
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a sero-fibrinous exudate into the'region -of the joint or into the joint

itself. The joint structures become soaked in this exudate and if it is

-not speedily removed the fibrinous constituents of the exudate ‘glue’ -
* the collagenous fibres of the ligaments -and tendons together. The

fibrinous ‘glue’ constitutes the adhésion, which is relatively soft at

first and easily broken, but later, when the adhesions are consolidated,

they contract to form scars. In this way the limitation of movement
may .be progressive. 1In the case of the shoulder joint, for example,
adhesion formation may limit movement considerably, the capsule
being ‘glued’ in folds, if the joint is allowed to remain in the same
position for too long. ‘

(#v) Displacement or tearing of an intracapsular fibrocartilage or
the presence of a foreign body in the joint. Limitation of both passive
and active movement may be present in this case, when either are
accompanied by intense pain as the result of which the joint becomes
locked by muscular spasm. '

. (v) Cartilaginous or bony destruction. The pain which arises may
limit both active or passive movement and the articular surfaces will
not slide easily upon one another. Bony or fibrous ankylosis limits
movement altogether. Bony obstruction, such as in myositis ossifi-
cans, limits range in the direction of the obstruction. L

(v1) Sometimes no organic cause can be found when the patient is

unable to move a joint. - 0

THE PREVENTION OF JOINT STIFFNESS.

Whenever possible it is the physiotherapist’s duty to prevent a
joint from stiffening, and thereby save the patient pain and the pos-
sibility of a permanent disability. The period of rehabilitation can
be considerably reduced in many cases and a return to work made
possible. The motto that ‘Prevention is better than cure’ was never
more apt than when applied to stiff joints. : ‘

Methods of prevention vary to some extent with the cause of the
potential stiffness. Tightness of skin, fascia and scars must be com-
bated by hot pack, soaking or massage. Muscular efficiency must

‘be maintained by resisted exercise to prevent atrophy from disuse.

Suitable strong muscles working against maximal resistance can be
utilised to secure overflow of effort and ensure contraciiornr of muscles

~working across immobilised joints, e.g. after knee injury or surgery

Quadriceps and Hamstrings can be activated by strong contraction of
hip and foot muscles of either leg. In addition the patient must be
taught to initiate and practise voluntary static contractions of these
muscles at frequent intervals. ‘Five minutes in every hour’ is the
slogan. Coarse muscles such as Quadriceps, Deltoid, Gastrocnemius
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o

and Glutei waste very rapidly without sufficient resistance to their

contraction. In cases of flaccid paralysis passive movement main-
tains joint range and the extensibility of muscles, one or two full-
range movements, within physiological limits, performed twice daily
being sufficient for the purpose. Where muscular imbalance is
~ present splintage may be required. Joint range can be maintained in

spastic paralysis by initiating reflex movement. Any forcing of pas-
sive movement or strong resistance is contra-indicated following

recent injury to the elbow region because of the danger of myositis .

ossificans. .

The formation of adhesions in the collagenous tissues of tendons,
ligaments and fascia must be prevented by attempting to control the level
of serofibrinous exudate. This may be achieved by reducing circulation
in the area, by removing the cause of the increased exudatian, or by in-
creasing the removal of exudate. Firm bandages, rest, chemotherapy,
cold packs or cooling lotions are effective means of treatmeat. The posi-
tion of rest is of some importance, as it is designed to ensure an equal
degree of tension on all fibres of the capsule. If a portion of the capsule

is slack and prone to fall into folds, adhesions form very readily and glue-

~ these folds into tucks, therefore the knee joint is rested for example in
. 20.degrees of flexion and the shoulder joint is partially abducted." 3

Except in cases of bacterial infection, persistent effort must be made
~ toassist the removal of the exudate or swelling before adhesions become
organised, even if the affected joint has to be rested for a time to pre-,
vent further exudation. Elevation of the part, elestic bandaging and
rhythmical active exercise of muscles and joints in the vicinity assist the
~venous return and ensure the free movement of tendons passing over
the affected joint. Cther methods of improving the circulation, such
as contrast baths, massage and heat, may also be employed if required.
Careful active movements of the affected joint are begun as soon as
‘possible and should progress rapidly. These movements maintain the
power of the working muscles, ensure the freedom of tendons, and
enable the pattern of movement to be remembered. Passive move-
ments can also be used but they are more likely to give rise to minor

trauma of the affected joint with consequent further output of exuda-

tion, and their effect on the circulation is minimal.

-MOBILISING- METHODS

. *Limitation of the range of nfovement impairs the function of a joint
~and thie muscles that move it. Measures which increase the range of

- movement must, therefore, go hand jn hand with those which build up
se and contro} that movement. : As

. sufficient muscle power to stabili
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instability ‘and lack of -contro] lead directly to further iniuxy_,- it is.

- absolutely essential to ensure that every degree of mobility gained can -

be controlled by muscular action. Active exercise, which leads to an
increase in range, works the muscles and reminds the patient of the
pattern of movement, is the treatment of choice; in some cases, however,
relaxation and passive or manipulative methods precede or assist its
performance, o o

1. Relaxation

Where spasm causes limitation of movement relaxation leads to an
increase in range. ‘

2. Relaxed Passive Movements,including accessory movements
Relazed passive movement maintains but does not increase mobility,

regain full joint function.

3. Passive Manual Mobilisation Technigues
(¢) Mobilisations of joints. o
() Manipulations performed by physiotherapists or surgeon/
physician; o ' , o

" (1) Controlled Sustained Stretchings.

- These techniques increase mobility in joints and are followed by active
exercise to maintain the increase. Where the manipulations are carried,
out by a surgeon or physician, it is an advantage to the physiotherapist'to® .
be present so that she sees the range of movement to be maintained, and

can treat the patient as s00n as possible after he comes round from the
anaesthetic, '

4. Active Exercise

Assisted Exercise., Rhythmical movement, in which muscular con-

traction and assistance combine at the limit of the free range against’

the resistance of the limiting structures, is often successful in increasing -

the range. - The patient’s Co-operation.2nd strict supervision by the
physiotherapist are essential to achjeve results. N

Free Exercise. 'This is a valuable method as the exercises can be
learnt and carried out at frequent intervals by a co-operative patient.
This co-operation, and accurate instruction to ensure the correct

to increase the amplitude, or a series -of contractions or >‘prcssing
movements’ are performed at the limit of the range. Circulation is
also increased, . '

135
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Resisted Exercise. Techniques of Proprioceptive Neuromuscular
Facilitation are most effective for rapid mobilisation of stiff joints.
Relaxation techniques are used to obtain a lengthening reaction of
tight muscles and strengthening techniques for their antagonists..
Control of the newly gained range of movement is establighed by slow
reversal techniques. - In some cases rhythmic stabilisatiod followed by
contraction into thé range which has previously been limited may be
more suitable. o ' ‘

Objective, Occupational and Diversional Activities such as ball
exercises, scrubbing and hiking may fall into any one of the three
_ previous categories. They interest the patient, increase the circulation

and the variety of natural movement may help to ‘shake loose’ joints .
~ which do not respond to other methods; in any case they are always a
valuable adjunct to more localised treatment.
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TECHNIQUE OF MOBILISI\IG ]OIN'IS

THE aim of mobilisation may be either to maintain the present range
of movement in a joint or to.increase it. Relaxation, Relaxed Passive
Movements including accessory movement, Passive Manual Mobilisation.
Techniques, Assisted, Free, Assisted-Resisted and Resisted Exercises or
General Activities all have a part to play in the mcbilisation of joints in
one case or another. The technique of Relaxation has already been con-
sidered, Manipulations under an anaesthetic are the province of the doctor
or surgeon and the techniques of Proprioceptive Neuromuscular Facilita-
tion which are recommended as the most effective method of using resisted
exercise, are described in Chapter 9. With regard to all Free Exercises
it is important to emphasise that a mobilising effect results not so
much from the choice of a particular exercise but depends very largely
on the manner in which it is performed.. Full-range movement at
natural speed with emphasis at the limit of the range and repeated many

times and at frequent intervals seems to be most effective, but some-

times a more rapxd movement or a sustamed contracnon are a]so-

- sed.

Assessment of Progress

Measurement of the present range of joint movement (sece p. 29) is
essential before treatment begins and at specified intervals afterwards
to permit assessment of progress. If progress is unsatistactory the
method of treatment must be modified or changed, and if it is still
ineffective further investigation of the cause of the limitation must be

JOINTS OF THE FOOT

The many joints of the foot all contribute to its ability to adapt

.itself for walking on uneven surfaces, and to its resilience. With the

exception of the transverse tarsal and subtaloid joints the range of
movement at the intertarsal, tarsometatarsal and intermetatarsal joints
is very small and cannot be localised to a single joint

27LAXED PASSIVE MOVEMENTS OF THE FOOT

Interphalangeal _’fm’nzk of the Toes
Each of these joints can be moved separately with the patient sitting
or lying with the foot relaxed. =~ The bone proximal to the joint moved
137
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is fixed, traction is given in the long axis of the joint and the full free
range of flexion and extension is performed with a slight pause for
overpressure at the end of each movement. Extension usually requires
emphasis, as curling of the toes frequently limits this movement.

Metatarsophalangeal Joints of the Toes
1 ly.; Toe flex. ext. abd. add. and O (pass.)
~ Passive movements of each joint may be done separately or all five -
joints may be moved simultaneously, in which case the fingers of the
physiotherapist’s fixing hand lie under the arching shafts of the meta-
tarsal bones and her thumb rests on the dorsum of ‘the foot. Her
other hand grasps the proximal phalanges, gives traction and then per-
forras the movement. Alternatively the distal phalanges may be
grasped, and, while the toes are kept straight by traction, the move-
- ments are performed at the metatarsophalangeal joints, usually with
emphasis on flexion. This alternative method is preferable as it more
nearly approaches the correct functional movement of the toes in grip-
ping the floor. For abduction and adduction all the toes are moved
together either medially with regard to the body, or laterally. The
great toe may. need special attention. L :

 The Transverse Tarsal Joints

3} ly.; 1F. inv, and ev. (pass.) ' SRR

" One of the physiotherapist’s hands fixes the patient’s ankle in
dorsiflexion to prevent the lateral movement which may take place in
this joint during plantaflexion. The other hand grasps round the
distal row of the tarsus and the bases of the metatarsal bones from the
lateral border of the foot and then inverts and everts the forefoot.
Traction and overpressure are given in the usual way.

Ankle Joint
" crk. ¥ Iy.s 1 Ank. dorsiflex. and plantaflex. (pass.)

Tension on the Calf Muscles must be slackened to avoid limitation
of dorsiflexion, therefore some position-in which the knee is bent must
be selected. Half lying with the patient’s knee bent over a firm pillow
or across the physiotherapist’s knee, leaving the heel unsupported, is 2
suitable starting position. The physiotherapist’s fixing hand grasps '

* immediately above the joint while her other hand grasps round the . -

foot at the level of the tarsal joints to perform the movement. Over-
pressure during dorsiflexion may be gives-with this hand in the same
position or by means of traction on the heel with the forearm on the
sole of the foot. The plantar structures must not be strained by pres-
sure on the forefoot. . o T
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Accsssoxv Movmxm -OF rm: Foor RN

Metatarsophalangeal fomt: of the- Toes R T
Some accessory rotation, side to sxde, and anteropostenor ghdmg
movements are possible when the joints are drstracted S
Intermetatarsal Foints of the Foot : :
These movements cannot be performed acnvely except in con~
junction with other movements. Gliding
movements between the distal ends of the bones
performed passively help to keep the foot
resilient. Upward pressure of the physio--
therapist’s fingers bunched behind the heads of
Fic. 84 the metatarsal bones on the sole of the foot, in
combination with a stroking movement per-
formed with her thumbs on the dorsum, moulds the anterior transverse

arch of the foot into what should be its normal non-weight-bearing
position (Fig. 84).

The Subtaloid Foint ‘

Movement here usually accompanies inversion and eversion so that
the heel falls in the same plane as the forefoot. With the leg resting
horizontally the heel is grasped with both hands, as in a clamp, and
while traction is maintained on the tendo-calcanaeum a side-to-side
gliding movement on a vertical axis is performed. = Fixation of the
talus by means of pressure on the lateral malleolus with the fingers,
and on the medial aspect of the talus with the thumb, while the cal-"
canaeum is moved on it by the other hand is another method which
may be used.

CONTROLLED SUSTAINED STRETCHING OF THE FooOT

Stretching of tightened structures is required for deformities such as -
talipes equino-varus. For this condition the baby’s knee is bent and
protected by the mother while the ankle and heel are grasped so that the
physiotherapist’s thumb rests on the talus. Using this as a fulcrum for
the movement the forefoot is then drawn into abduction and eversion.
When this movement is relatively free it is followed by that of dorsiflexion,
during which traction is given on the calcaneum in an attempt to approxr-
mate the little toe and the anterior aspect of the tibia.

ASSISTED Emcrsas FOR THRE FOOT

Manual assistance can be glven to all the muscle groups which
move the j ;omts of the foot by usmg the same grasps as those used for
giving passive movements of the joints.

Self-assistance given by means of a rope and pulley or a treadle
machine is most useful for home practice.
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ExAMPLES or Free EXERCISES FOR THE FOOT

Rhythmical exercises which are performed at a speed which allows
time for additional pressure at the limit of the free range are used for
group treatment and for home practice. A special effort on every 2nd
or 3rd beat provides variety and reduces fatigue.

C

a b . €= easy
. e a= effort
e LN e g b x more effort :
: A \ ¢ = much more effort

FIQ. 85 Effort Pattern for Rhythmical Movement
. Exercises during which the foot is free from weight usually precede
those in standing. -
Non-weight-bearing Exercises
‘ 1. For the Ankle Joint
a. Legs crossed sitting; 1 Foot dorsiflexion and plantaflexion,

b ~<. U

a 3
: Fi1G. 86

b, inclined long sitting; alternate Foot dars;ﬂexion ‘and plantaflexion
- (Treadle Movement) (Fig. 865).
. C. sitting; alternate Heel and Toe raising (Fig. 86¢).

. 2. For the Transverse Tarsal and Subtaloid Joints
d. Legs crossed sitting (Foor dorsiflexed); Foot irrversion and eversion.




, “ TECHNIQUE’OF:
. (‘:Iqse‘ sitting;Foot ‘inversion and e
raising). ‘ ' :

£, Ankles .crosse‘a".sft_:i'ng,f' Foot m

*Movement). -

3. For the Metatarsophala

g. sitting (Toes resting on book); Toe
joints, with pressure on balls of Toe

Fi1G. 88

h. sitting; Foot shortening
Joints, (Draw up stocki
1. sitring; Toe parting and closing.

MOBILISING JOINTS =~ iy

erston (inner and ouzer border

version and eversion. (Sweeping

ngeal Joints

Slexion and extension at thesé

by flexton at the metatarsophalangeal
ng under medial longitudinal arch.)

(This may be done in water or
sand.) _ :

Weight-bearing Exercises

j- reachgrasp high Toe standing (wall bars);
k. reach grasp standing (on rocking board)
sion. (See-saw movement of board.) .

L. high standing; walk up inclined form.

Heel raising and lowering.
y Foot inversion and ever-

= B A
P T e
A

F1G. 89

ACTIVITIES TO INCREASE MOBILITY OF JOINTS oF THE Foo1

Common activities such as walking,

running and, later, skipf)ing,
dancing and hiking are also good mobil

ising

exercises when the feet
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are used-correctly, Walking and running on uneven ground are
specially recommended, as the feet are constantly required to adapt
themselves to a varying surface and this requires movement at most or
all of the many joints. '

THE KNEE JOINT N

- The.joints.between the femoral and tibial condyles permit flexion,
extension, and rotation in semi-flexion. The latter is possible in this.
position only when the lateral and medial ligaments, which lie some-
what posterior to the joint, are slackened as the knee is bent. Gliding
movements in all directions are possible at the patello-fernoral joint
when the Quadriceps Femoris is relaxed, and this movement must be
free to allow the knee to bend.

ACCESSORY MOVEMENTS AT THE PATELLO-FEMORAL JOINT

Whenever freedom of movement of the patella cannot be maintained
by means of repeated contractions of the Quadriceps Muscles the bone
must be moved passively. With the knee fully extended and the
muscles relaxed, the patella is grasped between the first finger and
thumb of both hands and glided up and down and from side to side.

. RELAXED PASSIVE MOVEMENTS OF THE KNEE JOINT

" Between all the Articular Surfaces of the Knee Foint

a.ly.; I Hip and K. flex. and ext. (pass.)

- With the patient in lysng and relaxed the physiotherapist in walk
standing gives support under the thigh with one hand and with the
other hand grasps round the ankle and gives traction. The hip and
the knee joints are then moved into full flexion during which the
physiotherapist’s hand, which is under the thigh, glides to a position
in front of the knee to give overpressure at the end of the movement.
As the hip and knee are extended, this hand is again moved to its
original position to prevent any jarring of the knee at the conclusion of

the movement.

b. s. Iy.; 1 Hip and K. flex. and ext. (pass.)
Either the leg which rests on the plinth or the one which is upper-

‘most may be moved. In the latter case the leg must be fully supported

throughout the movement in the hands, in suspension, on a re-educa-
tion board or in water. ' ,
C.tok ly; 1K rot. (pass.) . ‘ o N
‘For rotation at the knee the thigh is supported vertically with the

. knee flexed to a right angle.. The physiotherapist supports the thigh
- “with one arm and grasps round the heel with the other ha;id so that ‘t.her B

R
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] ’ | “sole of the f‘po; rmonhcrformrm, or, ‘she‘ may grasp round the iower' |
: " leg just above the ankle. 0 e B EEET .
. . To localise movement to the knee joint either side lying or prone:

.

lying are the most suitable starting positions for the patient,

- ASSISTED AND AsSISTED-RESISTED EXERCISE FOR THE KNEE JOINT

() s. ly.; T K. flex. and ex:. (ass) ‘

Manual assistance may be given for the Flexors or Extensors of
the Knee from side lying with the limb supported in the hands or on the
surface of a plinth. In the latter case it is convenient to support the
other leg in slings, but when the hands are used for support the leg
remaining on'the plinth is bent up to increase the stability of the trunk,
The pattern of movement used should be that of withdrawal of'the leg.
followed by thrust, as in this way the stabilisation of the origins of the

. muscles working over the knee is adapted progressively to the circum-
stances of the movement. o ~ '

During the thrusting movement the physiotherapist’s hand is
placed under the ball of the great toe in order to gain advantage from

the proprioceptive stimulation of pressure on this area, The move-
' ment is repeated rhythmically many times and, whenever possible,
resistance to the movement is gradually introduced ‘to encourage

greater activity on the part of the muscles (Fig. 90). - : e

F16. 90

(1) pr. by.; alt. K. flex. and ext. (auto-ass.)
Auto-assistance can be arranged in the prone position, and is par-
ticularly suitable when the hip is arthrodesed. A pillow under the
pelvis to get a degree of Hexion will, however, help the movement if the .
hip is free. T ' S
- A rope is attached to the heel of the stiff leg by some suitable
device and passed over a pulley on the wall ficing the patient, the
other end of the rope being attached to the other leg. The rope is
, kept taut throughout by the reciprocal movement of the lower legs, the
: ‘ assisting leg being near full extension when the other reaches the limit
) of flexion. Alternatively the patient may operate the assistance by
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hand. Maximum assistance and overpressure are given at the limit of
flexion by a right-angled pull on the rope at this point.
Except.-in special c1rcumstances, these assisted exercises are only

of use when movement is very limited or the patient is not allowed to
bear weight. :

FREE EXERCISES FOR THE KNEE JOINT

'These may be non-weight-bearing, partial weight-bearing or full-
weight-bearing according to the condition and the stage of treatment
at which they are used. Rhythmical movements with active over-

pressure at the limit of the range are essential. - In full-weight-bearing

exercises, whén the body weight is used to assist flexion the power and-
control of the Extensor Muscles must be sufficient to restore the joint
L to full extension.

Non-weight-bearing Exercises (Fig. 92)
a. 'lying; One Hip and Knee flexion ard extension.
b. side lying; One Hip and Knee flexion and extension.
C. prone lying; alternate Knee flexion and extension.
d. high sitting; alternate Knee flexion and extension.
Partial Weight-bearing Exercises (Fig. 93)
e. Bicyling on free or stationary bicycle.
f. Rowing on rowing machine or inclined form.
g. long sitting; receive and pass ball.
Weight-bearing Exercises (Fig. 94) ,
h. reach grasp Toe standing; double Kr:ce bending and szretchmg, with
bobbing movements.

1. crouch position; alternate Leg stretching, with or wzthout spring,
~ j. prome kneeling; sit back on Heels.

 Activities to {ncrease Mabzlzzy of Knee Joint . . S
- Correct movement in walking must be learnt and pracnsed as soon
as poss1ble, and later, walkmg u.p— and downstaus and uphill and down- :
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7 hilly brmststroke swmumng and other actlvm&s mvolvmg runmng and
: )umpmg should be encouraged when posslble S
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THE HIP JOINT

The joint between the spherical head of the femur angd the aceta-
ulum js poly-axial and very stable. The range of movement: can
become.limited'in,any or all directions but the most usual deformity
is a combination of flexion, adduction and lateral rotation, Emphasis
in mobilising is, therefore, on extension, abduction and medial rotatjon,

RELAXED Passivg MOvVEMENTS 07 THE Hip Joint ,
by 1 Hip abd, and add., med, and Ia;. 0L, flex, and ext, (pass.)

and the leg is moved into abduction (about 30° from the median plane)

A combination of abduction and lateral Totation, adduction and
medial rotation can be done in both hips sixnultaneously'fmm crook
lying, and the four angular movements can be combined as 3 hip rolling,
in which case the knee is held in flexio; _ -

ASSISTED EXERCISES FOR THE HIp Joint

Grasps similar to those used for relaxed bassive movements enable
the Physiotherapist to assist the patient’s own efforts to move, -~ X

As the limb to be moved is heavy, suspension and the use of roller
skates are valuable nieans of assistance, -"Suspension. for fexion, ex-
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 petal pull of the rope, which presses the joint surfaces sgainst each
‘other, in the axial method. - The point of suspension should be high

in this case, to flatten the plane of movement as much as possible. .
‘Extension is emphasised in side lying, the stationary leg being bent
up to fix the pelvis by the tension of the Hamstrings (Fig. 95, left), '
- For abduction one or both legs can work in Jying or prone lying, the

- legs being as nearly in alignment with the body as possible to get pure

abduction (Fig. 93, centre). -
Skates can be used in a similar way either on the floor or on hinged
and sloping boards. : ‘

4
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- Rotation is most effective when combined with angular moveinents,
medial rotation with abduction, lateral with adduction. In flexion, the
leg can be suspended so that the thigh is vertical and the lower leg
horizontal and a rotatory movement assisted manually with traction.

. In extension, traction can be given and movement assisted manually.

Exampres OF FREE MOBILITY EXERCISES FOR THE HIP JOINT

Movement in these joints is usually associated with movement in
the spine and in the knees. A combination of hip and knee flexion
with lumbar flexion and backward tilt of the pelvis provides a fixed
origin for the Hip Flexors and relief of tension on the antagonistic .

‘muscles (the Hamstrings), whereas extension of the hip and knee with , -
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lumbar extension and a pelvic tilt forwards provides for maximum

efficiency of both the Gluteus Maximus and the Hamstrings and a = -

release of tension on the Hip Flexors (including Rectus Femoris).
To increase mobility, full-range movement performed with active

overpressure and frequent repetitions is required. In non-weight-

bearing exercises resistance to the movement can be added to increase

the effect... ° - '
- Nan-wex:ght:beaﬁng Exercises (Fig. 96) - A o - S
' a. side lyings one Hip and Knee bending, stretching and Leg carrying
backwards. '

b. grasp high half standing; Leg swinging forwards and backwards.
C. prone lying (Krees straight, Toes tucked under); Leg medial and

lateral T otazfon.
i ’,—4\\

)
4
/ o —
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d. prone kneeling; one Hip and Knee bending and stretching.
€. reach grasp high half standing; one Leg swinging across and
L Sideways, . o :
Partial Weight-bearing Exercises (Fig. 97) _
f. heave grasp high half standing; Arm stretching and one Krnee
“bending. ' o
- B. crouch position; step or spring to stride prone falling,
Weight-bearing Exercises (Fig. o8) ' S
' h. grasp standing; change to fallout sideways position,
L half kreeling, or Step standing; forward pressing.
" ). Trouch position; change to stretch standing.
k. stride standsng; Pelvis and Trunk rotation. :
1 standing; step and hop with one Leg swing sideways.
- Activities suitable for increasing Hip Mobiliy. =~ . o
rowin_Tuples of these are walking, running, climbing staiss, cycling,
wing, bm‘st"m(’lﬁ‘? SWlmmingandgolﬁng. o S S ~ ————

"o
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THE JOINTS OF THE PELVIS

The movements in these joints are very slight and are associated
. with those in the hip and lumbar spine. o

During pregnancy, however, the pelvic joints become more mobile

as the result of the slackening of their ligaments, and allow a rotatipn

- of the hip bones on the sacrum which increases the capacity of the

pelvis. These ligaments tighten again during involution and the joints

regain their stability. '

THE JOINTS OF THE-VERTEBRAL COLUMN

Movement between any two adjacent vertebrae is very limited, but
the sum of these small movements results in the production of a con-
siderable range in the spine as a whole. The movements permitted
vary in the regions according to the shape and thickness of the inter-
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articular drscs, the direction of the articular surfaces and the shape of
the spinous processes. The spine can be mobilised as a whole or in
regions. Assessory movements are not described in this text. See

- Mobilisations of Spine by G. P. Grieve.

;" : (A) THE LUMBAR REGION

RP.LAX.ED PASSIVE Mov&mrs OF THE LUMBAR REGION

meg to the weight of the body these are most easﬂy performed
in suspension, the best leverage being obtained by fixing the upper part
of the body and moving the lower.

s. ly. (P. and L. susp.); Lumbar flex. and ext. (pass.)
For flexion and extension the patient lies on his side with the pelvis

and legs in axial suspension. . With the hips and knees extended the -

lower half of the body is swung forwards and backwards.

Iy. (P. and L. susp.); Lumbar s. flex. (pass.)
The pelvis and legs are moved from side to side, fixation may be

assisted by pressure at the waist on the side towards whxch the move-
ment takes place

. ASSISTED EXERCISES FOR THE LUMBAR Recron

" These are usually given rnanual]y as the patxent performs the move=
- ‘'ment acnvely with the legs in suspens;on or from hanging.

Some positions hold the lumbear spine at the hrmt of the free range
of movement,

Flexion. crk. site., lg. site., stp. sitr. or stp. kn. sitt.
Extension. siz. Iy., Iy. (pillow under waist). -

. e
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Side ﬂexion.‘. 5. sz'u:., sizz. (pillow under one buttock).

. EXAMPLES OF FREE EXERCISES FOR THE LUMBAR Jom'rsb
‘a. (1) crook lying or
(u) g'rasp crouch sitt.; Pelvas rollzng

-
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- stride crook sittsng; Trunk bending forward and raising. - T

€. % reach grasp.step standing; Trunk bending forward and arching

' backward. e =

- d. prone kneeling; Trunk side bending. (Wag Tail) -~ -
e. half standing (Foot suppor: sideways); Trunk bending sideways.
f. hanging; Leg swinging sideways (from waist), - .

(B) THE THORACIC‘REGION

_Flexion, extension and side flexion are all limited in this region
but rotation is free. The tendency to adopr a flexed position and so
-to restrict the movement of the ribs in inspiration makes extension and
straightening of major importance.

Passive movements in this region are rarely used. The movements'
are most easily performed as active assisted exercises. _

AsSISTED EXERCISES FOR THE THORACIC SPINE

During these exercises the lumbar region mast be controlled as far
as possible by the starting position. In the upright position the weight
of the head and shoulders has a telescoping effect on-the spine; when
this weight is removed from it by traction or by using the horizontal
position the spine tends to straighten and elongate and the-range of
movement is increased., - o ST T g

Active extension is assisted by traction on the tightened anterior
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‘structures and by a deep inspiration (Fig. 101b); side flexion can be
- localised and assisted when the trunk is suspended horizontally in
. extension (Fig. 101¢). '

EXAMPLES OF FREE EXERCISES FOR THE THORACIC SPINE

Relaxation in craok lymg and deep brcathmg help to strmghten the
spine.

" a. stretch Wrist support stoop kneel sitting Trunk pre.mng downward.
_ b inclined prone kneeling; Leg Iift crawl .

PR c. prone kneelmg, Trunk turning with loose Arm swmgmg.

-
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-d. yardxcrook or Leg let lymg, Trunk ratanan
‘e under bend ride. szttmg, Trunk ade bendmg




‘TBCHNIQUE OF MOBILISING JOINTS ’
; (C) THE CERVICAL REGION '

, Movement in tius region and that at the atlanto—occxpxtal )omt are\ ,
- virtually mseparable Flexmn, extension and lateral ﬂexxon are free ‘
but rotatxon is hmIted except at the atlanto—axxal joint.

[}

RrLAxeD PASSIVE MOVEMENTS op THE HEAD AND NECK

" The patient lies relaxed on a low plinth with head supported by the
physiotherapist’s hands cupped round the occipital bone, as she sits
with legs astride and elbows restmg on her knees. ‘Traction is glven
in the long axis of the spine prior to all movements."

CONTROLLED SUSTAINED Srmcxmc;

Controlled sustained stretching can be used in the treatment of .
Torticollis. The child’s head is grasped between the hands and his
shoulders are fixed by the mother. Traction is given first to stretch the
neck, which is then bent to one side and then rotated in the opposite
direction, thus obtaining the maximum stretch on the shortened sterno-
"mastoid muscle. The child’s mother is usually taught to perform the

stretching movement so that it can be repeatcd at frequcnt intervals dunng :
the day.

ASSISTED EXERCISE FOR THE HEAD AND NECK

When the shoulder girdle is fixed, manual assistance can be given
to all ‘movements by the physiotherapist or by the patient himself.

FRer EXERCISE FOR THE HEAD AND NECK

Rapid full-range movements of the head tend to give a feeling of
giddiness and so these exercises should be done in the patient’s own
~ rhythm, often with a rebound or a pressing movement at the limit of
~ the range and in bouts of short duration. The shoulder girdle may
_be fixed or the movement can be continuous with that of the rest of

the spine, preferably with the objective interest of seeing or touching
some object.

a. low grasp sitting; Head bendmg, szretchmg, .mie bending, rolling and
turning.

b. prone kneeling; Head bending, stretching, side bénding,; rollz’ng and -

o urning.

c. szandmg, throwmg and catching beanbag, quoit or ball.

d. sitting orcraok sttting; Trunk bending to put right Ear on left Knee
-and raising with Head turning to right.

P.N.F. Hold-relax techniques are very effective for neck mobilisa-
tion as they can be localised to specific points, i.c., atlanto- OCClpltal
atlanto-axial, Iowe:r cervical )omts
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(D) THE WHOLE SPINE
EXAMPLES OF FREE EXERCISES FOR.THE WHOLE SPINE

Many activities using heavy balls, Indian clubs, sticks and hoops
promote a wide range of trunk movement,
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THE THORAX

The ribs move in respiration and with the thoracic spine. When
the range of the respiratory excursions is reduced, the thorax may be
either expanded and unable to relax, or tense and unable to expand. -
In the first case, mobility can be improved by relaxation and breathing
. exercises which emphasise .expiration, and in the second, relaxation

and breathing exercises to improve the efficiency of the inspiratory
muscles are required. ' : '

Expiratory Exercises

These are general breathing exercises with emphasis on expiration
and relaxation. The patient is taught to reverse the effort of breathing
so that expiration becomes a muscular act and inspiration the recoil
from it. Inspiration must be easy and as shallow as possible, expira-
tion is prolonged and assisted by pressure on the antero-lateral aspects
of the lower part of the thorax. - General relaxation is practised be-
tween each exercise at first, as controlled breathing is very tiring and

~requires much concentration. -Exercises- to -mobilise the shoulder

girdle and thoracic spine are also.used and are timed. to ‘assist the

- movements of the new pattern of breathing. =~ =
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. EXAMPLES OF Exmcrsxas TO- INCREASE THE . EXPIRATORY RANGE R

~ a. half lying; general relaxation. : :
. b. half lying; Dzaphragmatzc breathing, emphaszsmg relaxation of
© abdominal wall on tnspiration and contraction on expirarion.

C. half lyings breathing with pressure during expiration on lower ribs
by the patient’s own hands, a strap or by the physzotherapzsts
hands. Coarse vibrations may also be gn'en to mcrease the
effect of the pressure.

d. half lyingy breathmg with Hip and Knee bending to press on chest
during expzratzon '

e. relaxed stoop sitting; Trunk raising with inspiration and relaxzng
on prolonged. expzrazzon

f. sitting; Trunk turning with loose Arm swinging, breathing out and

" relaxing during turn, breathing in corning forwards.
Inspiratory Exercises
: These may be required to affect the whole thorax (general or a
specific area (local)

General. To increase the respiratory range generally, the muscles
of inspiration must be exercised progressively and freed from the
opposition of tight anterior structures, notably the Pectoral Muscles,
and the weight of the head and shoulders which may cause stooping

posture. Mobilisation of the thoracic spine and shoulder girdle, -

correction of posture and relaxation are essential in addition to teaching

the patient how to use the whole chest and so train a new and better

habit of breathing. Deep inspiration is taught in the patient’s own
time with the trunk supported, relaxed and straight. Half lying is
preferred, as pressure on the back is insufficient to impede movement

at the costo-vertebral joints and the Diaphragm is freed from excessive '

abdominal pressure.

Movement in all parts of the thorax is encouraged by pressure on

speciﬁc areas such as the lower ribs anteriorly or posteriorly (Diaphrag-
matic, Basal or Lower Costal Expansion), or under the arms (Axillary
or Lateral Costal Expansion), or over the sternum (Apical Expansion).
Exercises in which the arms are rotated laterally, or elevated, and the
spine is extended assist expansion of the thoracic cage, and when suit-
able, activities which make the patient laugh and get out of breath
increase the respiratory excursions. Resisted leg exercises increase
intra-abdominal pressure and stimulate diaphragmatic movement.

ExAMpLES OF EXERCISES TO INCRBASB THE INSPIRATORY RANGE

a. crk half lymg, relaxation and general deep breathing.

b. crk half lying; Lower Costal Expansion—against resistance of webbmg
strap, ‘Enlarge all the way round.

c. relaxed; crook sitting; Back arching with deep tnspiration.
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d. sitting; Arm rotation outwards with deep inspiration.

€. relaxed sitting; Arm lifting and Trunk raising with inspiration as

in yawning and stretching. -

f. skipping, rurming or swimming 1o ‘Get out of breath.

Local. The patient may be required to localise respiratory move-
ments to a specific area, to affect the underlying lung tissue. Correct
posture and alignment are established first, and the area is localised by

firm manual pressure against which the patient must try to push and -

withdraw. = Concentration and patience are required, therefore prac-
tice must be frequent but of short duration.

THE SHOULDER GIRDLE

Limitation of scapular movement and lack of stability is a not
infrequent cause of pain and delay in re-mobilisation of the shoulder
joint. Efficient scapular movement permits the position of the glenoid
cavity to be adapted to meet the circumstances of shoulder movement as
it progresses through range, and scapular stability provides a stable
background. Limitation may be due to spasm, e.g. in hemiparesis, or
to muscle weakness, e.g. following immobilisation of the arm as the
result of pain or traumatic injury. Mobilisation of the scapula is

achieved by specific movements against resistance, i.e. elevation (for~ -
wards or backwards) with lateral rotation and depression (forwards or -

* backwards) with medial rotation, followed by prolonged holding.

EXAMPLES OF FREE EXERCISES TO MOBILISE THE SHOULDER GIRDLE
a. sitting; Shoulder shrugging. -
b. prone kneeling; upper Back rounding and flattening.
- C. bend sitting; Shoulder girdle rolling. _
d. sitting; Arm medial and lateral rotation.

THE SHOULDER JOINT

The head of the humerus articulates with the glenoid cavity of the

scapula at the gleno-humeral or shoulder joint. In free movements of
the arm, movement at this joint is always associated with that at the
joints of the shoulder girdle and it is only under artificial conditions
that they can be localised, as, for example, when the shoulder girdle is

fixed by external pressure or when gleno-humeral movement is severely -

limited pathologically. -

Limitation of range in the shoulder joint is often associated with

pain or limitation of neck movements or with scapular inefficiency.

~ The key factor in shoulder joint mobilisation is an increase in medial -
‘and/or lateral-rotation as these movements are almost invariebly. -
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_limited. In these cases attempted elevation of vthe,’arm‘uéually'f’r&éﬁffs' B
© in excessive movement of the scapula, i.e. a shoulder shrugging move-

ment, to compensate for shoulder deficiency; once the synergic action -
of the scapular muscles is established, ‘whatever shoulder movement is:

possible follows. - This alteration in the normal pattern of movement is.
referred to as a reversal of scapulo-humeral thythm. To correct this
a hand placeéd firmly over the scapula encourages stabilisation of the
bone during the-initiation of the arm movement and leads to.more
satisfactory results. Exercises which involve the use of both arms

reciprocally or symmetrically, are also useful to assist scapular stability.

It is interesting to observe that the normal sequence of movement
remains unaltered when diagonal spiral patterns are used 1o re-educate

- movement as the'synergic action of the scapular muscles is timed to

precede movement at the shoulder joint.

RELAXED Passive MOVEMENTS OF THE GLENO-HUMERAL Jomnt
With Shoulder Girdle fixed

ly.ordly.; S. abd., add., flex. ext. (circum.), laz. rot., med. rot (pass.)

The patient’s back and head are supported to ensure relaxation,
the point of the shoulder being free at the side of the plinth, to prevent
the necessity of altering the position to obtain full extension. One of
the physiotherapist’s hands fixes the shoulder girdle by pressure onthe
acromion and lateral third of the clavicle; the other grasps just above
the elbow, which is bent to a right angle, and supports the patient’s
forearm on her own forearm. Traction is given to depress the head of
the humerus in the glenoid cavity as the arm is moved into abduction
(about 80°) with sufficient lateral rotation to bring the forearm into the
same plane (see Fig. 104).

Flexion and extension can be done in either abduction or adduction
In abduction, flexion is across the body and extension backwards over
the side of the plinth, traction being givén in the plane of the scapula,
The natural pattern of arm movement, in which the elbow is flexed

.
1
L)

/70,“7/

' With Shoulder Girdle Fixed Combined with'Scapula Movement

(Fig. 104) Shoulder Flexion and Extension
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with shoulder extension and extended with shoulder flexion, is fol-
lowed. - It is not necessary to fix the shoulder girdle for rotation
movements, and these, too, can be performed in either abduction or
adduction with the patient’s elbow flexed to a right anglé. One of
the physiotherapist’s hands acts as a fulcrum and gives traction above
the elbow, while the other uses the forearm as a lever to produce the
movement. - o _ ;
Combined with Scapula Movement (Fig. 104) ~ - R

The arm is grasped at the elbow and across the wrist, the move-
ments being the same as with the shoulder girdle fixed, except. that
abduction is extended and combined with maximum lateral rotation to

obtain full elevation. Elevation through flexion is usually combined
with elbow extension.

EXAMPLES OF ASSISTED EXERCISES FOR THE SHOULDER

"The range of movements in the shoulder may appear to be greater
than they are when they are augmented by movements in the spine. _
For example, the hand can be lifted higher during elevation through
flexion by extending the lumbar spine, and the elbow can be raised by
side bending to the opposite side, while lateral and medial rotation are
increased apparently; by extension and flexion of the spine respectively.
- Spinal movement can be controlled by suitable starting positions for

the exercises or by using both arms simultanieously, either together or
in opposition. i o
The shoulder girdle may be fixed or free during manual assistance

which can be given in conjunction with the mechanical support of

e

Flexion and Extension Abduction and Adduction . -. Rotation
‘ : : - FIG, 10§ - SR P :

slings, using side lying for flexion, extension and rotation, and lying for .
2dduction and abduction. In ying, fiexion of thie elbow, so that the
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. ‘  patient holds the rope; shortens the Jeverage but ensures the lateral | -
- L .~ " rotation which is essential for-abduction. " Side lying, with the forearm -~ -
< ) ~ supported so that the upper arm is vertical, is used for rotation,

. * traction prior to movement being given by pressing the scapula to the

- - trunk and a counter pull above the elbow. - ' L

: Flexion and extension can be self-assisted by clasping the hands
or supporting under the elbow, and the buoyancy of water will help °
abduction when the body is- upright and submerged. Rotation is

encouraged by rubbing the back vigorously with a shost towel held
“vertically. ‘ '

EXAMPLES OF FREE EXERCISES FOR THE SHOULDER JoinT (Fig. 106)

a. stoop stride sitting; Arm swinging forward and backward,
b. half reach fallout standing; one Arm swinging backward, forward
and cirching. ' ~

. Arms crossed sitting; one Arm lateral roration with swinging
obliquely forwards and upwards.

-
-
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d. stride standing; Arm swinging across, sidew
upwards and circling.

walk standing; overhead throw.

walk standing; throw and catch quoit.

ays and sz'deway}—

o
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Strcngthemng exercises given in the pam-frce range are of great

1mportanoe in the treatment of stiff shoulders as the Deltoid musdc is
coarse in texture and wastes rapidly.

ACTIVITIES FOR THE SHOULDER

Many household activities such as polishing, cleaning windows,
$erubbing floors, hangmg clothes on a line and household dccoratmg
- ‘areusefulin promoting movement and strength in the shoulder : region. -
- Recreational activities such as netball, basketball, deck quoits and
handball encourage movcmcnt with objective interest.

THE ELBOW JOINT

The humerus articulates with both the radius and the ulna at the
elbow. The trochlea surface of the humerus and the trochlea notch
of the ulna form the medial part, the capitulum of the humerus and
the circular facet on the head of the radius form the lateral part of the
)omt In full extension the supmated forearm is abducted to about
10° at what is known as the ‘carrying angle’, but in flexion it lies in
the same plane as the upper arm. During flexion, however, there is
normally a slight medial rotation of the humerus so that the fingers are

directed towards the middle of the clavicle. _
‘ Stiffness resultmg from traumatic injury. is rnobxhsed by free
exercise only in the early stages, the emphasis being on the maintenance
of flexion, which is essential to bnng the hand to the mouth and is
usually performed against the resistance of the force of gravity.

RELAXED Passive: MOVEMENTS OF THE ELBOW onm‘

&{‘y, Elb. fiex. and ext. (pass.)

The lower end of the humerus is supported by one of the physio-
therapist’s hands while the other grasps "across the wrist, fingers
antcnorly, thumb postenorly When movement is localised to the
elbow ;omt the forearm is usually supinated throughout and full
extension is ensured by upward pr&sure of the hand graspmg abovc
the elbow, allowance being made for the ‘carrying angle’.

- It is  preferable, however, as a general rule, to follow the natu:al
movements of the arm as a whole, combxmng extension of the shoulder,
with flexion of the elbow and supination to bring the fingers towards
the clavicle, and following this by flexion of the shoulder, with exten-
smn of the clbow and pronatxon _

Assrs-nm Emcrsm FOR THE Eusow : :
Mechamcel asswtancc is unsuxtablc for tlus ;omt because of thc\
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danger that it may develop into" passrve tracuon, which is’ contra~ " -
. indicated in many cases. Manual assistance can be given w1th care,

and a fild form of self-assistance is encouraged by the patient ¢ creep-
ing’ or ‘walking’ the ﬁngers up and down a wall or across a table, -

. ExamMpLES OF FREE EXERCISES FOR THE ELsOW

In the early stages of treatment the passne traction exerted by the
force of gravity can be eliminated by suspension or by the support of

)
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a polished table or re-education board. Associated movements of the
shoulder, forearm and hand assist the action of the muscles which pass
over both joints, and these should be encouraged.

Arm support sicting or half kneeling; Elbow flexion and extension.

. walk standing; Arm flexton and extension, ‘Punching’ movement.

cross sitting; Arm swinging to touch Shoulder and tap floor.

. stride standing; Arm bmdmg and stretclm in all dircctions,
rhythmzcally ‘

-

po o

THE RADIO-ULNAR JOINTS

At the superior radio-ulnar joint the head of the radius rotates in
the osseo-fibrous ring formed by the annular ligament and the radial
notch of the ulna. ~There is a fibrous cornection between the shafts of
the bones which may be referred to as the middle radio-ulnar joint. -
and at the inferior joint the ulnar notch of the radius, carrying the
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~hand with it, ghdes round the head of the ulna;” When the ‘elbow is

extended the movements of pronanon and supination are usually
accompanied by medial and lateral rotation at the shoulder j joint, there-
fore to localise the movement to the radio-ulnar joints the elbow is
flexed to a right angle and the upper arm is held still.

. RLLAX}:.D PASSIVE MOVEMENTS OF THE RAD]O-ULNAR Jom‘rs

- B. sup. st pron and supin, (pass.) ‘

The upper arm is fixed and the elbow flexed to a right angle. = With
her forearm in line with that of the patient, the physiotherapist grasps
as if to shake hands, extending her index and second fingers across the

“anterior aspect of the wrist to stabilise this joint. With the other

hand she supports round the patient’s elbow. Traction is given in
the long axis of the forearm and the movement is one of rotation about
this axis. :

ACCESSORY MOVEMENT AT THE INFERIOR RADIO-ULNAR ]omrs

At the Inferior Radio-ulnar Foint

The head of the ulna moves relatively backwards on the radius
durmg\pronauon and relanvcly forwards during supination. As the
movement is only free in the mld-posmon, this accessory movement

s performed in that position with the patient’s elbow flexed and sup-
- ported. ‘The lower end of the radius is fixed with one hand - while the

head of the ulna is grasped and moved by the other.

AsSISTED EXERCISES FOR THE RADIO-ULNAR JOINTS

Manual assistance can be/given to the movement while grasping
the lower end of the bones. Associated movements of the hand, i.e.
makmg a fist with supination, and opemng the hand with pronation,

-assist the movement.

Additional leverage is obtained for mechanical assistance when the
patient grasps a stick in the hand (Fig. 108a).

- EXAMPLES 015 FREE EXERCISES FOR n{ERADIO-UiNAR JoiNTs (Fig; 108 b & ¢)

a. Forearm :upport sitting; pronation and supination.

b. Forearm support sitting; pick up cards from a pack and turn them
to face upwards on a table.

c. walk standing; bounce a ball and throw and carch’ a beanbag

Actwmes to increase the Range of Pronation and Supmaaon S

Many household activities; encourage movement in these joints,
such as screwmg and unscrewing,: usmg a screwdnver, turmng door

| ’handls, and wnngmg out a dlshdoth. »
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THE JOINTS OF THE HAND .

The prurc function of the hand is to grip, and movement in its
nurmerous joints enatles it to be moulded to the wide variety of shapes
and sizes with which it comes in contact. The ab111ty to oppose the
thumb in abduction is essential for a sausfactory gripping action.

RE1AXED PASSIVE MOVEME\TS OF THE HanD

The Wrist j‘omz g

A. supp. site.; Wr. ﬂex and ext., abd. and add civcum. (pass.)

The patient sits on a chair mth the elbow semi-flexed and sup-
ported and the forearm supinated. The physiotherapist supports and
fixes the forearm above the wrist with one hand, and grasps the patient’s
hand from the ulnar side with the other, her thumb stralght and lying
cormortably on the back of the hand and her fingers in the palm.
Traction is given and then the wrist is flexed and extended.

It is important to observe the natural movement of the fingers
which accompanies these movements, Le. flexion of the fingers with
extersion of the wrist and vice versa, in response to tension of the
tendons passing across the wrist. A small degree of pronation per-
mitted with extension of the wrist and supination with flexion will also
allow the natural pattern of movement to be followed.

Abduction and adduction are done with the same grasp; note that

‘the range of adduction is greater than that of abduction.

Circumduction is performed in either dlrectzon by combmmg the
four angular movements

" The Carpometacarpal Joints

(s) of the Fingers. A gliding movement at these j ;omts is associated
with movement at the intermetacarpal j joints, which is very shght on_
the radial 51d¢ of the hand but freer on the ulnar side. Lo
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Two adjacent metacarpal bones are grasped and moved forwards
and backwards on each other; all these joints may be moved simul-
taneously, the palm being moulded to form an arch and then flattened.
_ (i1) of the Thumb. Owing to the shape of the articular surfaces,
flexion at this joint is accompanied by medial rotation and is then called
opposition. The ball of the thumb can be opposed to each finger
when it is abducted and opposed (flexed and medially rotated).

‘With one hand the physiotherapist grasps round the carpal bones
to fix the wrist and to support the forearm, and with the other hand
© gives traction on the thumb prior to flexion with medial rotation
(opposition) and extension, both of which occur in the plane of the
palm of the hand. '

Abductien and adduction are at right angles to the plane of the
palm of the hand and when all the angular movements are carried out
in sequence circumduction results, i.e. oppesition, adduction, exten-
sion, abduction. ' '

The Metacarpophalangeal Foints .

When each joint is moved separately the metacarpal bone is fixed
. and the proximal phalanx grasped. Traction is given and the joint is
- moved through its full range of flexion, extension, abduction, adduction
and circumduction. It is important to notice that flexion at these -
‘joints directs the fingers across. the palm of the hand towards the -
- thenar eminence. - ' Lo e

With the exception of the thumb, all these joints can be moved

together, in which case the physiotherapist fixes the patient’s hand
‘and wrist with one hand and grasps the tips of all four fingers with the
other. Traction is given and the movement performed with the
- fingers straight. Flexion must be at the correct angle and abduction
and adduction are achieved by moving all the fingers first to the radial
- and then tothe ulnar side. Circumduction combines these movements.
. A considerable degree of separation of the joint surfaces takes place
-duringtraction and an accessory movement of rotation can be per-
formed. During this movement care must -be taken to ensure that
traction is always in thé long axis of the joint, otherwise strain or
dislocation may result. |

The Interphalangeal Foints '
, Each of these joints can be moved separately by fixing the bone on
the proximal sideof the joint énd moving the bone which is distal to it.
. As the tendons inserted distal to these joints also pass over the neigh-
- bouring joints, the latter must be positioned to eliminate tension which
would otherwise prevent full range movement. - All the interphalangeal ,
- and metacarpophalangeal joints of ‘the fingers can be flexed and ex-
_ tended together. The physiotherapist grasps. round the wrist with
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~ one hand and places the other on the do'rs‘umv;‘c')f the ‘pkati_»eAnt’s, ‘ﬁngc:rs., .

so that her fingers point in the same direction as those of the patient,

The metacarpophalangeal joints are fully flexed first and then, as.the

proximal and finally the distal interphalangeal joints follow, the meta-

- carpophalangeal joints are extended to give room for the finger tips and

reduce the tension of the long extensor tendons. Extension‘in the
proximal and distal interphalangeal joints follows progressively.

Ease of movement is achieved by following the natuiral pattern and’

allowing extension of the wrist with flexion of the fingers-and vice versa.

ACCESSORY MOVEMENTS OF THE HAND

The Wrist and Mid-carpal Foints ,

With the .patient’s hand in pronation-the physiotherapist grasps -
round the lower end of the radius and round the distal row of carpus.
Traction is given in the long axis of the forearm and then the patient’s
hand is moved vertically upwards and downwards on the forearm,

The Metacarpal and Intercarpal Foints :

‘The heads of two adjacent metacarpal bones are firmly grasped
and they are moved in an antero-posterior direction upon each other,
Movement between the 4th and sth is relatively free ‘compared with
that between the 2nd and 3rd. Following this the palm is moulded
and hollowed to form an arch and then flattened, =~ R

The Metacarpophalangeal Foints

The head of the metacarpal bone is firmly fixed and the proximal
phalanx grasped between the thumb and fingers. Traction s given’
in the long axis of the joint and considerable separation of the articular
surfaces results and small gliding movements in an antero-posterior
direction are permitted. When the joint is slightly flexed a consider-
able degree of rotation is possible. ,

The Interphalangeal Foints .
These joints are formed between the proximal and middle row of
phalanges, and the middle and distal row of phalanges. The head of one
phalanx and the base of the adjoining phalanx are held firmly and traction
is given separating the joint surfaces. Rotatory, side to side, and antero-

posterior movements can be given.

ASSISTED EXERCISES FOR THE HAND

Manual assistance can be given using grasps similar to those used
for relaxed passive movements. Mechanical assistance is unsuitable,
although sometimes a light elastic recoil is arranged to assist wrist or -
finger extension in cases where flexion contracture is likely to oceur. -
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EXAMPLES OF FREE EXERCISES FOR THE HAND

As thé hand is a functional unit, there is little doubt that move
ments which use the hand as a whole are the most beneficial in pro-
moting mobility. Movements for individual joints in the fullest
possible range can be given, preferably with the hand immersed in
warm water. or. after wax treatment, Care must be taken to see that
neighbouring joints are correctly positioned, i.e. fingers flexed to gain
full extension of the wrist. , ' S

©a. string; grasping a stick.

b. sitting; flexion and extension at the metacarpophalangeal Joints
(keeping the interphalangeal joints extended, draw the tips of the
fingers and thumb together, then flatten the hand and spread the
fingers).

This and many other movements are very satisfactory when done
with the objective aim of gathering in or spreading out some substance
in a tray, such as sand, rice or beans. :

FiG. 109

c. standingy fit Hand round a soft ball, squeeze it repeatedly and then
let go. : '
d. sitting; grasp rolling pin (or pole about 2 inches in diameter) and
roll it forwards and backwards on the thighs.

. sitting; tie and untie knots.

sittingy transfer matches from one box to another about 6 frches
“away, each- match is picked up separately, the first being held
bétween the thumb and 1st finger, the second between the thumb and
2nd finger and so on. ‘

o
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MUSCLE STRENGTH
INTRODUCTION

AcTive movement of the skeleton is brought about by the contractien
of voluntary muscle. This muscle tissue has contractile properties
which are activated by nerve impulses, to supply the effort required to
move or stabilise the body levers. : -

STRUCTURAL FEATURES

The structural unit of voluntary or, skeletal muscle is the muscle
fibre (large extrafusal), which is cylindrifial in form and averages from
20 to 40 millimetres in length,and 75 to 5o of a millimetre in diameter. -

Tt is enclosed in an elastic sheath called the sarcolemma.

Somie fibres appear ‘red’, due to a rich blood supply and the pres--
ence of a pigment. {Their contraction in response to stimulation is
slow, but can be sustained for a considerable time Without fatigue.
This type of fibre, therefore, predominates in the anti-gravity muscles
which are primarily concerned with the maintenance of posture, e.g.
Soleus. " _

Other fibres, paler in colour, and called ‘white¢’, respougd rapidly
to'stimulation but are easily fatigued. These form the-greater part
of muscles which are primarily responsible for movement, e.g-
Gastrocnemius. - :

Muscle fibres, lying parallel to each other, are grouped together
and surrounded by connective tissue to form bundles, and many

" bundles are bound together by denser connective tissue to form the

substance of a muscle. Muscles are attached at both extremities 10
bone, cartilage, or fascia, by fibrous tissue which is continuous with the
connective tissue investing the fiscle. This fibrous tissuc contains
elastic non-contractile- elements and may be concentrated to form a-
narrow cord, or spread out to form an aponeurosis.- ,
The more proximal of these attachments, which usually remains
relatively fixed when the muscle contracts, is known as the origin, to
distinguish it from the insertion, which is the attachment at which the
power of contraction is concentrated to produce movement of the body

167
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lcl.rers Lnther dttach!mcnt however, may be free to move towards the
centre of the muscle, or the insertion may remain relauvely fixed and
the structure of orxgm moved, in which case the muscle is said to work
with reversed origin and mseruon’ R

The form of a muscle varies cordmg to its function. A wide
range and speed of movement is ;?Loduced by the ‘contraction of Iong
fusiform muscles in which the ﬁbres are all relatively paralle] to, or in
series with, each other and the tendon of attachment.’ By this arrange-
ment the number of muscle fibres included is relatively few and limited
by the length of the muscle, with the result that no great power can be
exerted, as the power of muscle contraction is directly propomonal to
thc number- of fibres stimulated. Thé number of fibres is much
fhcreased, in the case of muscles designed primarily for powerful con-

 traction, by the inclusion of fibres arranged obliquely or at right angles
to the:line of pull.of the muscle as a wholé. The forces of contraction
are compounded at the point of attachment (see p. 2), but the range of
movement is obviously limited.

Muscles are supplied by nerves which contain both motor and’
sensory fibres. Each motoffibre has a cell in the anterior horn of the
Spinal Cord or in the nucleds of a Cranial nerve which can be influ-
enced from a variety of sources. ~ The fibre or axon .of this lower
motor neurone divides on reachmg the muscle into from 5 to 150
branches each of which terminates in a motor end-plate beneath the
sarcolemma of a muscle fibre. A motor neurone and the muscle
fibres it supplies constitute a motor unit. The unit is activated by
stimulation of i its cell which discharges impulses for transmission to
the muscle fibres which respond by contractmg When stimulated the
muscle fibres contract to their maximum capacity in the cucumstances,
i.e. the-‘iﬁaxunum coritraction which results from a single stimulus is
summaﬁ:ﬁ by subsequent stimuli arnvmg at a sufficiently high fre-

- quency, . The number of motor units activated at any one time deter-
mines the strength of the contraction of the muscle as a whole and the
strength of the contraction is determmed by the resistance offered to |
the contraction. .

Sensory receptors, which record the tension of passive stretching,
the degree of contraction, pain and deep pressure, are found in muscles
and tendons, and impulses recordmg these are conveyed to the Central
Nervous System. The receptors sensitive to stretching of the muscle
are component parts of the muscle spindles which lie between.and

‘parallel to jts-fibres and the muscle responds to stimulation of its .
- stretch receptors by an increase in intra-muscular tension. The func-

 -tion of the spindles and thelr nervous connections also serves to increase

the efficiency of motor unit activity. - ‘Stretch receptors in tendons are 1
: *"jst,;mulated by prolonged stretchmg wh1ch results in m}ubmon of




 muscle contraction. ~Sensory fibres from receptors “in the fibrous
‘tissue which surrounds‘jointS’_ travel in the same nerves which supply

the muscles which pass ‘over the joints, and a reflex contraction of
these muscles }n_cases of strain is an important factor in preventing
joint injury.. o o o *
TYPES OF MUSCLE -WORK - _ g

Muscle work involves an increase in intra-muscular tension; when this

is accompanied by a change in the length of the muscle the contraction is

said to be isotonic. When intra-muscular tension is increased without a
change in the length of the muscle the muscle work is isometric.

Thereis a change in the length of a muscle when it works to produce
movement in opposition to an external force, and when it works to resist
movement produced by an external force which gradually overcomes it.
When the attachments of a working muscle are drawn towards the
centre of that muscle, it works concentrically, i.e. towards the centre, '
or ‘in shortening’ (Fig. 110). When the attachments are drawn away
from the centre, as its resistance is overcome by the external force, the
muscle works eccentrically, i.e. away from the centre, or ‘in lengthen-
ing’ (Fig. 111). ' ‘ .

There is no alteration in the length of a muscle which works to
stabilise a joint, the power of its contraction being exactly equal and
opposite to the forces which oppose it.. In this case the attachments
of the muscle remain stationary and it is said to work statically, =

1. Isotonic
a. Concentric Muscle Work

Muscles working concentrically become shorter and thicker as their
attachments are drawn closer together and joint movement results. A
patient doing concentric muscle work performs a movement, and in so
doing overcomes some force which offers resistance, such as friction,
gravity, manual pressure by the physiotherapist, or some form of
mechanical resistance. '

. 1
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The physxologxcal cost of thxs type of work is thh as oh.ly about a
quarter of the energy liberated during contraction is available as.
mechanical work. Some is used to overcome the initial inertia and
some is converted into heat. Concentric muscle work is used to build
up muscle power, and although most everyday movements involve the
~use of all types of muscle work, it seems to be more natural, and to
require Jeast concentration, to use the concentric type.

b. Eccentrzc Muscle Work : ' ,
- Muscles working eccentncally bccome longer and thumer as they
" pay out and allow their attachments to be drawn apart by the force
producing the movement.

The physiological cost of this type of muscle work is low, probably
- only about a quarter of that required for concentric work, therefore a
‘muscle recovering from paralysis may sometimes be persuaded to
contract to resist before it will attempt to produce movement. Con-
- siderablé concentration is required during exercises designed to work

~ Eccentric work by
Flexor of Flbow to
control movement.

» ' produced by 5mv;'ry 4

Eentriv work
Ui¥ by Extensor of Knee h .
control movemnent. . o -
produced by weight A
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the muscles in this way. This is probably to control the speed of the
movement, as eccentric work.in natural movements is usually fairly
rapid. '

. 2. Isometric or Staric Muscle Wark’
“The lcngth of the muscle remains the same throughout the muscle’
work and no movements results.
Static muscle work is more economical than either of the previous
-types, but it is fatiguing if sustained, probably because of hindrance to
the circulation through the muscle, as the result of an increase in the
intramuscular tension. Static_muscle work against maximal resistance
-provides the most rapid method for gaining hypertrophy of muscles at a
particular point of the range because the resistance demands the greatest
possible increase in intra-muscular tension.
- Static work of the postural: muscles is used to train the pattern of
good posture Posturc is mamtamed by muscle work Wthh is somcwhat
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similar, but isnot .fat‘igtii;né,mbé&ﬁ‘sc‘ of the low metabolic rate at ﬁhich_the’ -

muScle’ fibres work, and the special nature of their teflex control.

RANGES OF MUSCLE WORK -

which results in joint movemerit,

Full Range , .

- The joint is moved as the muscles work from the position in which
they are fully stretched, to' the position in which they are fully con-
tracted, concentrically, or, from the position of full contraction, to the
position of maximum extension, if they are working eccentrically.

Under ordinary circumstances muscles are rarely required to work
in full range, but in emergencies they may have to do so. Active full-
range exercises are used for patients as they maintain joint mobility,
increase the circulation and ensure that the emergency reserve of power

The range of muscle work is the extent of the muscular contraction

~and mobility is preserved. '

Inner Range :

The muscle works either concentrically from a position in which
it is partially contracted (approximately half-way between the limits of
full range) to a position of full contraction, or vice versa if it works
eccentricaily. _ S R

Exercise in inner range is used to gain or maintain movement of a-

-joint in 'the direction of the muscle pull, and to train some extensor -

muscles responsible for stabilising joints.

L/ 72 - inner ’
J ..o ouTER (RANGE\
' it MIDDLE .
¥ - v
Position of Full Contraction : Position of Full Strerch
FiG. 112

Outer Range S : -
The muscles work concentrically from the position in which they
are fully stretched to a position in which they are partially (half) con-
tracted, or vice versa if working eccentrically. ‘
The outer range of muscle work is used extensively in muscle re-

‘education as a contraction is initiated more easily from stretch’in most

muscles.

o .7!( g it
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- Middle Range - =
- The muscles are never either fully stretched or fully contracted.
This is the range in which muscles are most often used in everyday life
and in which, generally speaking, -they are most efficient. Exercises

in this range maintain muscle tone and normal power, but full joint
movement is never achieved. : ‘

~

THE GROUP ACTION OF MuscLEs

Muscles do not work singly, but in groups, and it is the harmonious
working together of several groups which results in co-ordinated’
movement, . - :

I. The Prime Movers, or Agonists, are the ‘group which bring
about the movement by their contraction. _

2. The Antagonists, which are the opposing group, relax and
lengthen progressively so that the movement is controlled but not
impeded. ‘

3. The Synergists are the muscles which work or relax to modify
the action of the prime movers, They may alter the direction of pull
or, in'the case of prime movers which pass over more than one joint,
they fix or move the joint in which the main action is not required into
the position which is most advantageous. .

4. The Fixators are muscles which work to steady the origin of the
- prime movers or the synergists, T Tt L

- EXAMPLE. In flexion of the fingers, as in making a fist, the Flexors
of the Fingers work as prime movers to perform theemovement., The
antagonists, the Extensors of the Fingers, relax. The Extensors of the
Wrist work as synergists to fix or move the wrist into full extension so
that the power of the Flexors of the Fingers, which can also flex this
joint, is not diverted to this purpose, but increased as the extended
wrist joint acts as a fulcrum for their action.

The appropriate impulses for contraction or relaxation are con-
veyed to the muscles concerned in any particular movement, from the
Central Nervous System. As-it is movements, and not individual
muscles or even muscle groups, which are represented in the cerebral
cortex, the importance of concentrating on the movement rather than
on the contraction of a specific muscle or muscle group in re-education
cannot be over-emphasised. Furthermore, as the movements which
are represented are those to which the patient is accustomed, i.e,
natural Inovements, these are of prime iriportance.

Two-joint Muscles S :

. Most groups of muscles include at least one which extends across

- more than one joint. - These muscles are most effective in moving one
~ ot when they are stretched over the other, as under these conditions
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. as an additional stimulus to contraction, -

MUSCLE STRENGTH

o

heater o is used s & Fleries and the

Hing of the muscleacts
BxawrLz. “To work the Hamstrings ss Flexors of the Koee, e

hip joint must flex or be flexed by synergic action; alternatively, to——
~work the Hamstrings as Extensors of the Hip, the knee must 7(:11‘;\ »

or be extended during the movement of hip extension.,

GROUP MOVEMENT OF JOINTS [

Most natural movements involve the use of a series of joints con-
trolled by the integrated action of many muscle groups. - The ¢ontrol
of these movements may be voluntary and conscious, but in many
instances it is unconscious and reflex in character and controlled from
the basal ganglia or reflex centres in the spinal cord. The |basic
patterns seem to be those of thrust, withdrawal, swing and strike,

v
¥ ' J e
— HIP EXTENSORS /
. - \/ .
KNEE EXTENSORS . ’ N ,’, ) / . .

-PLANTAFLEXORS ¥ ey
-

F16. 113. Thrust and Withdrawal,
Swing and Strike /

ExampLE. In walking, plantaflexion of the ankle joint and exten-
sion in the knee and hip result progressively in response to firm pressure
on the ball of the foot, but should there be pain in the foot as the result
of injury or ill-firting shoes, a flexion reaction is often.imperfectly
inhibited to produce a sagging posture and a limping gait.

MUSCULAR WEAKNESS AND PARALYSIS.

Weakness or paralysis in any muscle or group of muscles not only =
results in loss of movement or stability of a particular joint, but creates
a state of muscular imbalance which affects all the groups concerned
in the production of co-ordinated movement. Ifthe weakened muscles
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are to recover their full function, they must be protécted while they are
ineffective and encouraged by re-education, until they 4
to’ take ‘their place once more as effective members of the teams

of muscles, which work together to perform narural \and skilled
" movements. 7 )

CAUSES OF WEAKNESS JOR PARALYSIS ‘ /
As contraction is the only means by which muscle power can be

maintained or increased, any lesion or habit which prevents or limits

contraction will result in muscle wasting. Complete loss of ability to
contract is known as paralysis, partial loss as paresis, or a muscle may
be merely weak or sub-normal.

Lesions affecting the Anterior Horn Cells

Destruction of the Anterior Horn Cells results in permanent in-
activity of the motor unit, i.e. flaccid paralysis. Damage to these cells,
short of their destruction, may increase their threshold to such an -
extent that they remain dormant.

Lesions affecting the Motor Pathways

Interference with the passage of impulses along motor pathways
causes paralysis. Spastic paralysis results from upper motor neurone
lesions and flaccid paralysis from lower mOotor neurone 1es1ons.

Lesions aﬁeczmg the Muscle Tissue

Degeneration of the muscle tissue results in loss of strength which
is usually progresswe, i.e. muscular dystrophy. Ischaemia causes
structural changes, i.e. Volkmann’s ischaemic contracture, and exten-

- sive scar tissue may replace contractile tissue as the result of deep ﬁesh
injuries.

Disuse of Normal Nerve and Muscle Tissue '
~ Loss of strength and wasting from disuse is by no means uncom-
mon. A patient may not use his muscles—

a. because he cannot; as contraction is mhlbxted by pain or pro-
tective spasm of antagonistic muscles. .

b. because he does not need to; ;omts fixed by splintage are stable
and unable to move, therefore there is no necessity for the patxent to
contract his muscles unless he is compelled to by strong resistance
offered to other strong muscles in the same series or by his own
- voluntary effort. Static muscle work is essential to maintain circulation,

muscle power and the movement of tendons passing over the temporarily

" immobilised joints, whxc.h are essential for recovery of funcuon when

splintage is removed. :
¢. because he will not; some pauents resist all efforts to make

them do sufﬁexent muscular contractxon to prevent dxsuse atrophy
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i . MUSCLE STRENGTH

. Some Constitirional Discases el N
. A marked degree of muscle wasting, which cahnot be put down
-entirely to disuse, occurs in some diseases, notably in theumatoid -
- arthritis.. S S N -

Functional

‘There fs rio organic cause, but the muscles do
they may be made to contract by electrical sti
or by methods of facilitation.

nottunction, although
ationvof the nerve

THE PREVENTION OF MUSCLE WASTING

In Flaccid Paralysis ' : ’

Muscles deprived of their motor nerve supply are limp, hypotonic
and unable to contract. Rapid wasting takes place and cannot be
prevented, although it is thought that it can be arrested by improving
the blood supply to the area by stimulation of the muscle fibres by
electrical means. Although little can be ‘done to prevent wasting
in these cases measures are taken 1o keep both the muscles and the
joint structures in as good a condition as possible in preparation for
a return to normal function. ‘ '

- Principles of Treatment. during Flaccid Paralysis R :
, I. The Affected Muscles must be protected from prolonged Ouver-.

stretching by adequate Support and Splintage : ; o
-+ Normal muscles protect themselves from overstretching by a reflex
‘contraction, but those suffering from flaccid paralysis are unable to do
S0, as they are incapable of contraction > consequently, they may be-
come stretched beyond their physiological limit and injured by the
force of gravity or the unopposed action of healthy antagonistic
muscles. _ : ‘
. ExamprE. A lesion affecting the Anterior Tibial Nerve results in
a dropped foot, as gravity and the unopposed action of the Calf Muscles
plantaflex the foot. To prevent injury to the Anterior Tibial Muscles
a splint or toe-spring must be worn until their power of contraction is
sufficient 1o restore muscle balance. -

2. The Circulation to the Area must be maintained ro ensure Adequate
Nutrition to the Paralysed Muscles by Active Exercise for Other Normal
Muscles in the Area, Contrast Barks etc.” ~ S

Paralysis leads to coldness and blueness of the area, indicating poor
circulation. The arterial bidod flow to muscles is much increased dur-
ing active work to supply the oxygen and nutrition essential for repair
and, at the same time, the local venous return is assisted by the inter-
mittent pressure exerted on the vessels, by the contracting muscles,
and by the movement of joints. : .
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3. The Range of J Movement in ]omts Immobtlzsed by the Paralyszs anfi
the Extensibility of the Aﬁected Muscles must be Maintained by Passiv
Movements

The fibrous tissue which constitutes the sheaths of muscles, liga-
ments of joints and fascia, undergo adaptive shortening if subject d to
prolonged immobilisation. One full-range movement at 1
" tervals is sufficient to prevent this and, in practice, two full-range
passive movements performed twice daily are found to be adequate.

Where muscles work ovér more than oneé joint they must be stretched
over these joints at the same time. Example — wrist and finger flexors:
wrist and fingers must be fully extended in one movement,

4. Remembrance of the Pattern of Movement must be stimulated and
kept alive by Passive Movement while Active Movement is impossible

Movement is associated in the brain with numerous sensory im-
pulses from the joints, muscles, skin and eyes. In the absence of
voluntary movement, stimulation of these sensory impulses by passive
movement may remind the brain of the pattern of movement, in pre-
paration for the time when the motor pathway will once more be intact.
In this way co-ordinated movement, made possible again by the return
of power to the affected muscles, is remembered and does not require
to be re-learnt or re-developed. ’

The passive movements used for this purpose must obviously follow

* the natural pattern of rnovement thh regard to the group movement '
‘of joints, :

5. The Strength and Use of Normal Muscles in the Area must be main-
tained by Resisted Exercise

Unless the limb is flail (all muscles paralysed) all possxble acnvxty :
is encouragcd Thus wasting from disuse is prevented and circulation
to the part is improved.

ExAMPLE. A man with Anterior Txbml para1y51s is able to walk

about prov1ded he wears a toc—sprmg, and the advantage of his being
able to. work is obvxous : .

In Spaszzc Paralyszs
- Muscles which receive a motor nerve supply only by means of a”
spinal reflex, since they are cut off from the higher centres by a lesion
affecting the upper motor neurone, are tense, hypertonic and incapable
of voluntary contraction or relaxation. This cond.mon is known as
. spastic paralysis and wasting is not marked. .
When a limb or segment of the body is ‘locked’ in spasm cu'culatxon :
is. 1mpeded and muscle and joint ‘contractures may- deve10p over a
~ period of time.  The aim of treatment is to initiate movement to main-
~ tain norrnal ]omt range and muscle extens1b111ty and at the same time
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 improve the “circulation:  While' the *limb
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potential for voluntary control is msked by the spasm. Reflex move-

-~ ment initiated by means of Proprioceptive Neuromuscular Facilitation

techniques, i.e. the stretch stimulus coupled with a command for
voluntary effort, develop any voluntary control which remains and
may lead to a permanent reduction in spasm. Controlled sustained
passive stretching also inhibits spasm sufficiently to permit movement,
Active or passive mobilization may be preceded by massage or packing
with ice to reduce spasm and make movement easier, '

In Primary Lesions of the Muscle Tissue
In this case loss of power cannot be arrested, although a temporary
improvement often follows light exercise in cases which have not pre-

viously received treatment. This is probably the result of making the
best use of fibres which still function.

In Disuse Atrophy

Provided there is no constitutional disease, ¢.g. Rheumatoid
Disease, muscle atrophy from disuse can be prevented or controlled
by strong and frequent contraction against resistance as wasting occurs
because an insufficient demand is made to elicit a strong enough con-

traction. Exercise must be carried out within the limits of the dis-

- ability but with skill and imagination this can be organised. Anytype .
- of active work is suitable provided the right muscles are activated -

sufficiently to maintain or improve their normal strength and endur-
ance. Exercises with manual resistance is advisable in the early stages
to make sure that the contraction is pain-free and satisfactory and to
give the physiotherapist the opportunity to assess the patient’s capacity
for activity and to give instruction in those activities he must practise on
his own. It is important that the patient should fully understand and
appreciate the need for his own effort to ensure his co-operation in
carrying out a régime of free exercise, the slogan for which is, ‘Five
minutes in every hour’. If his co-operation is doubtful or his ability
to exert voluntary effort is reduced he will require conStant supervision
or individual treatment. Whenever possible the patient should con-
tinue with his normal work, when this is impossible other occupational
activities suited to his abilities can be substituted. = Suitable games and

sports of a competitive nature supply a demand for activity but need

careful supervision and control to avoid development of ‘trick’ move-
ment, e.g. development of a faulty pattern of walking in order to move
rapidly. ' ; '

The wasting of muscles in Rheumatoid Disease is not entirely due to -
disuse. Isometric muscle work in the pain-free range helps to prevent
atrophy and often leads to increased pain-free movement which can be
used for functional activities. . R

i immdbile any
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THE INITIATION OF MUSCULAR CONTRACTION
(Early Re-education) '

Denervated muscles are incapable of contraction except by direct
stimulation of the muscle fibres by suitable electrical means.

Innervated muscles contract in response to a demand for activity
provided the demand is sufficient. As contraction ‘is the only means

by which muscles regain their normal function it is essential that a
response is obtained as soon as possible from muscles affected by
paralysis. '

The lesion causing paralysis and the inactivity which follows both
increase the threshold of excitability of the anterior horn cells (A.H.C)).
Once the acute phase of the lesion has passed reactivation of the motor
unit is possible except when there has been permanent damage, e.g.
death of the cell or lack of continuity of its axon. The A.H.C. is much-
more difficult to stimulate, when its threshold is increased therefore it
fails tofyeact to the normal level of stimulation, in which case the
patient’s maximal voluntary effort of contraction is insufficient to gain
a response.  An increase in the demand is required and supplied by
stimulation of sersory receptors, i.e. proprioceptors and exteroceptors,

-which discharge impulses to the A.H.C.s to increase central excitation.
and lower the threshold of the cells. With a lower threshold the
- -A.H.C.s are more easily stimulated and the arrival of repeated stimuli
reduces the threshold still more and facilitates the passage of impulses
along all the nervous pathways used. When stimulated the AHCs
discharge impulses to the muscle fibres which respond by contracting. -
A'single discharge of impulses results in a muscle twitch but discharges

repeated sufficiently frequently lead to summation and a sustained
contraction.

Measures Used to Obtain Initiation of Contraction -

I.. Warmth. The area affected must be warm, as moderate warmth
improves the quality of the contraction.  Any method. designed to
improve the circulation in the area is effective; active exercise of
unaffected muscles against strong resistance is the method of choice.

2. Stabilisation.  Stabilisation of the bones of origin of the affected

- muscles and of joints distal to those over which these muscles work,
‘improves_ their efficiency. Whenever possible stabilisation should be
achieved by isometric contraction of strong synergic muscles working
against maximal resistance as their effort re-inforces that of the muscles

" in question, e.g. for initiating elbow flexors the shoulder and wrist are _
_stabilised by their flexors working against resistance applied by the

- physiotherapist’shands. -~~~ o

3. Grip or Manual Contact. ' The. physiotherapist’s hands give




- pressure-only inthe'direction of the movement,
_effort and give sensory stimulation, - ... 157 SRR

4. Strerch.  Stimulation of the muscle spindles elicits reflex con-
traction of that muscle provided the reflex rc is intact. - Sharp but-’
controlled stretching of the affected muscle at the Limit of its extended
range is followed immediately by the patient’s maximum effort of con-
traction thus: : ' ‘

' NOW (Stretch}—PULL! (Let it move)

The muscles must be stretched in all their components of dction and
- the more accurate the stretch the greater its effect for producing a

contraction. Prolonged stretching or failure to allow the muscle to
- shorten inhibits the contraction. _ . : .

" The command for voluntary effort must be brief, forceful and timed
to coincide with the stretch reflex. The stretch reflex is applied several
times in quick succession and then repeated after a-short rest for as long
as a satisfactory response is obtained. B

Some muscles do not respond to the stretch reflex applied from the
lengthened range as well as others, e.g. triceps.  Once the ability to initiate
contraction is established muscle strengthening continues until normal

" function is restored. ‘ "

5. Irradiatzbﬁ.. o : . : ol } Lo

- (i) The use of resistance to functional movéments of the opposite
limbs which normally produces fixator action on the other side car, assist -
initiation of contraction in the affected muscle. For example, resistance
to the extension-abduction pattern of one arm results jn extension and
abduction of the other arm to prevent the body rolling towards the moving
arm. :

(#) The use of resistance to strong greups which normally work with -
the affected muscle also encourages contraction of that muscle. For
example, the eating pattern involves flexion of the shoulder, elbow, wrist
and fingers. Therefore, strong resistance given to the shoulder, wrist and
fingers flexors will stimulate the flexors of the elbow to contract.

to direct the patient’s

STRENGTHENING METHODS
' (Rc—gducation) .

~ The art of training or strengthening muscles lies in creating the

conditions under which they are called upon to work to full capacity
against an ever-increasing resistance. Increase in strength and hyper-
trophy occur in response to an increase in intra-muscular tension set
up by the factors which oppose their contraction. It is, therefore,
essential that these opposing factors, which constitute the resistance,

must be incrwsec}_g;'the strength of the muscles i_mp;_ov&c. :

/

e e
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_ An increase in resistance which is too rapid results in overloading,
which prevents contraction and may damage the muscles. Under-
loading will not increase strength; but may be sufficient to prevent
wasting of muscles, :

- At the beginning of treatment, assessment of the strength of the
mescles is essential. A suitable resistance is then selected, which
includes consideration of the poundage of the resisting force, the
leverage, the speed, and the duration of the movement. As treatment
_continues, progression of one or all of these factors in made as muscle
strength develops. Account must be taken of all work the muscles
in question are called upon to do, whether it be Exercises in the
Physiotherapy Department, Occupational Therapy, Specific Home
Exercises, Work, or the ordinary activities of everyday life.

Re-education may be regarded as a continuous process which
begins, while the muscles are still paralysed, in the form of an
attempted initiation of contraction, and extends until maximum funec-
tion is achieved. : _ ‘

The exact stage in this re-education process at which any particular

muscle group begins is determined by the findings at the assessment
made when treatment begins. ’ '

TREATMENT TO INCREASE MUSCULAR STRENGTH AND FUNCTION

- "Once the power of contraction has been regained, the muscles are
strengthened progressively until maximum function is obtained. Pas-
sive movements, support, and artificial methods of assisting the circu-
lation are discontinued gradually and are replaced by active exercise.

Priﬁcz}S}es of Treatment to Increase Strengtlz and Function

I. The Affected Muscles must be Strengthenzd Progressively by
Resisted Exercises, which are Specific for the Group co which the Muscles
- belong - , ' ' '

a.- Range, The range of movement is increased.

b. Type of Muscle Work. Concentric, eccentric and static muscle
work are elicited. -

C. Resistance. The resistance is increased by:

(1) 'increasing the poundage of the resistance;

(1) increasing the leverage of the resistance,

 gtession for static holding, | : _ S _
e Durarion. Increase in the number of times an exercise is per-

_ formgd;orf decrease in the rest periodrb_c_twg:en each series of eXercises; :
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ora combination of both according 1o circumstances
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;mal;c’s”'morev work - -

- :

for the muscles, =

2. Full Function of the Affected Musclos as Membors of the Teams
of Muscles which Werk to produce Skilled and Co-ordinated Mdvéhzéhz, o
must be restored by Free Activities; Natural and -Skilled Movemenzs *

Progression of these exercises follows on lines similar to those
stated above for resisted exercises. Pendular movements requiring
relatively little power are used at first to assist in the restoration of
muscle balance, progressing to slow sustained or rapid movemenrs
requiring more power. Small-range movements in which many joints

‘must be controlled are the most highly skilled.

TYPES OF EXERCISES USED TO STRENGTHEN MUSCLES AND RESTORE
Funcrion : '

All active exercises maintain or increase muscle strength providing

" intra-muscular tension is increased sufficiently by the demands of the

resisting forces. Weak muscles are provided with work suitable to
their capacity by the use of Assisted-Resisted, Free, or Resisted Exer-
cises, while Objective, Recreational or Occupational Activities ensure
their return to functional use, «

It cannot be over-emphasised that the choice of a particular exercise
does not necessarily ensure the desired effect: it js the manner and

- speed with which the exercise is performed which determines the effect

it produces. In general, strengthening exercises are slow and precise.

Assisted-Resisted Exercises
These are rarely used to strengthen muscles except in cases of

marked weakness when strength is insufficient to complete the range
of movement, ‘

Free Exercises

Free exercises are valuable as they can be practised at regular
and frequent intervals and at home. Careful selection of the starting
positions and accurate teaching ensure the use of the muscles it ques-
tion and grade the exercise to match their capacity for work.

Resisted Exercises o - _ ‘ ' o
These exercises create the tension in muscles essential for increase
in power and hypertrophy. Emphasis on the activity of the affected

Proprioceptive neuromuscular facilitation is most effective in this con-
text. Repeated contractions, slow reversals and rhythmic stabilisations
are all suitable techniques. . -
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- Activities

- .the production of movement.

‘These are essential to ensure integrated action of muscle groups in

They also restore confidence and
- general health,

Assessment of Progress

~ - Re-assessment of the patient’s abilities is made at frequent intervals
to guide progression of activities and estimate progress.
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' TECHNIQUE OF STRENGTHENING MUSCLES
~ THE MUSCLES OF THE FOOT

THE action of the foot muscles is to stabilise it to support the body
weight, and to provide the power essential for itsuseasa lever to propel
the body forwards. :

THE INTRINSIC MUSCLES

Lack of power in these muscles produces a dropped transverse
arch, buckling of the toes, and Hallux Valgus. To restore the state of
muscle balance, the weak muscles must be exercised to produce two
movements.

(1) Flexton of the Metatarsophalangeal Foint, combined with Extension
of the Interphalangeal Foints. ' S

This restores the position of the transverse arch and straightens the
toes by using the Interossei, Lumbricals, Adductor Hallucis, Flexors -
Hallucis and Minimi Brevis, and 'so balances the action of the Long
Flexors (and- Flexor Digitorum Brevis) which buckle the toes when
their action is unopposed. :

(1) Toe Abduction and Adduction.

The Dorsal Interossei, Abdictor Hallucis and- Abductor Minimi

" Digiti part the toes from the mid-line of the foot and extend ‘them,

The Plantar Interossei and Adductor Hallucis draw the toes together
and flex them. :

- Flexor Digitorum Brevis-and Flexor Accessorius are associated with
the Long Flexors, and help to arch the sole of the foot so that the skin
is wrinkled. Extensor Digitorum Brevis works only with the Long
Extensor of the toes. ‘

Assisted Exercise for the Intrinsic Muscles. As many people are far
from foot conscious, it is often necessary to use manual assistance to
give the patient the feeling of the movement, or faradic stimulation

- to help in ‘finding’ the muscles, and so convince him of his ability to
contract them, ' ' ' '

- Examples of Free Exercises for the Intrinsic Muscles. At first these
are non-weight-bearing progressing to weight-bearing. * Any exercise
which produces buckling of the toes, i.e. extension at the metatarso-
phalangeal joints with flexion at the interphalangeal joints, must be -
avoided. The balanced action of the Intrinsic Muscles with that of

: - ' 183
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the Long Flexors, as in the push ofl from the toes in walking, is taught
and practised until the normal reflex is re-established.

a. sitting (Toes resting on a book); Toe flexion and extension at the
metatarsophalangeal jeinr with pressure on the balls of the Toe (see
Ex. (g), Para. 3, p. 141). o

N
N
N

S areqr NN

o

FI1G. 114

b. sitzing; Toe spreading.
c. sitting; Foot arching.
" d. standing (Heel raised and supported
push off from Toes.

Resisted Exercisé for the Intrinsic Muscles. The movements can be
localised and resisted manually by the physiotherapist.

Activities.  The use of the muscles in walking, jumping and run-
ning must be trained and practised. A mirror is of great value until

the patient becomes foot conscious and able to appreciate the feel of
- the movement.

)s same movement as (a) to train

THEv DORSIFLEXORS

.- Full-range contraction of these muscles is only possible with the
knee bent, as tension of the Calf Muscles limits the range when the
knee is straight. ' o o

- Asststed Exercise for the Dorsiflexors. From side lying, with the knee
bent, assistance can be given with the hands. If.a sitting position is
used the knee must again be bent, and a suitable grasp for the physio-
therapist is round the heel, so that the foot résts on her forearm, while
the other hand fixes the lower leg and palpates the muscles during

contraction, _ ‘ ‘ o

R TP R
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Mechamcal ass1stance can ‘be arranged. with ¥ an =
. Examples of Free Exercises  for’ the Dorsiflexors. ™ FulI~range - o
~ made possible by bendmg the knee, but as.the power of the’ musqz

increases, the opposition, created by tension of the Calf Muscl

es when
the knee is extended leads to a stronger contracnon ~ This- combina-

“tion of movements is used as the leg:swings forward in ‘walking.-

a. sitting leg crossed; ons Foot . dorsiflexion and, slozu planzaﬂexzon
(see Fxg 86a, p. 140).

‘Weight:

("\ :

N
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y
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FIG I15 ’

b mclzned long sitiingy Leg ﬂexzon ana’ Ankle dorszﬂcuon

c. long sitting; Ankle dorsiflexion, alternazely ,

d half standing; Heel placing. This exercise can be done in any
direction with or without hopping on the other foot (]1g or Reel).

€. prone kneeling; one Foot dorsiflexion, with or without Leg
moverment.

Examples of Resisted Exercise for the Dorsiflexors. Manual resist-
ance can be given. The action of Extensor Hallucis can be em-
“phasised by resistance applied on the dorsum of the big toe, that

G

-
-
L

o

[

' Fia. 116
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of Extensor Digitorum Longus (and Brevis) by resistance on the
dorsum of the toes. Tibialis Anterior contracts maost strongly when
dorsiflexion and inversion are resisted. Resistance can also be
-arranged by using weights, pulley and weight, and springs. An
clongated sole, firmly and comfortably attached to the patient’s shoe,
provides additional leverage for the resistance, and a suitable means
of attachment. ~ o _- _

. Activities.  Walking, walking uphill and climbing, bicycling (with
‘pedal straps), walking on all fours, and long jump are all activities in
which these muscles are used. :

THE PLANTAFLEXORS

These muscles are powerful as they propel the body forwards and
‘help to stabilise the foot and ankle. With the exception of Soleus they
all work across more than one joint, and because of this, the Long .
Flexors of the toes are most capable in this capacity when the meta-
tarsophalangeal joint is extended. Gastrocnemius is most efficient
~ when the knee is extended, while the function of Soleus is mainly
postural to steady the leg on the foot. Tibialis Anterior is primarily
an invertor, and supports the longitudinal arch of the foot, but it can
_assist dorsiflexion. e : R
- Assisted Exercise for the Plantaflexors. With the patient in side lying,
manual assistance is given by the physiotherapist.
Examples of Free Exercises for the Plantaflexors (Fig. 117)
Non-weight-bearing : o

: a mfu:g ndi"zg}(Heels free); Toe pointing, alternately. -

.b. prone lying (Feet over end of plz‘qﬂz); Toe pointing, alternately.
C. sittingsy Heel raising, : '

\r 9 \
7 B
)‘(‘ /

4
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" Weight-bearing

ing on the forearm. Movement

. “TECHN

'STRENGTHENING MUSCLES

d. half standing; one Heel raising (Fig. 117). =

e. reach grasp kigh standing; Heel raising and s,lowly"v Iowenng
f. standing; *Bob’ jump, hopping or dancing steps. ’ ' .
Resisted Exercise for the Plantaflexors. Manual resistance can be

~ offered to the muscles with the patient in positions such as long Sttting

or prone lying (with knees bent), care being taken to see that resistance
Is given on a sufficient area of the sole to avoid straining the intertarsal
joints and plantar structures. The action of the Long Flexors can be
localised by fixing the ankle joint in dorsiflexion and resisting under
the toes. : -

Mechanical and auto-resistance is given by a treadle machine or it
can be arranged thus— o ’

. FIG. 118

Activities;  Suitable activities include walking, runining, jumping,
balance walk sideways or up an incline, cycling and rowing,
THE INVERTORS

‘These muscles rotate the foot inwards, chiefly at the transverse
tarsal and subtaloid joints, and maintain the longitudinal arch of the

- foot, in addition to assisting movements of the ankle joint.

Assisted Exercise for the Invertors. With the patient in long sitting
or half lying, the physiotherapist ‘
gives manual assistance by fixing
with one hand above the ankle
and the other grasping round the
heel with the sole of the foot fest-

then occurs round a vertical axis’
and gravity is eliminated. Alter-"
natively, a swing board can be
used by the patient, the slope of the
board on which the foot rests being
altered by pulling on the ropes.
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Examples of Free Exercises for the Invertors
" Non-weight-bearing '

a. sitring; inner border raising. R

b. long sitting; turn soles of Feet to face each other.’

C.. sittings brush stockings, or sand, into pile between Feer (lower leg
must be kept vertical). _ .

d. sitting;: pick up beanbag between Feet, or with one Foot, and pass

.1t to opposite Hand. ' o ‘

Weight-bearing -

e. standing; brace longitudinal arch. ‘The ball of the great toe must
remain on the ground; the movement is assisted by rotating the

leg laterally so that the patellae look
outwards. ' '

f. standing; balance on inclined surface,
such as see-saw rocker, or inclined
form.

Resisted Exercise for the Inmvertors.
Manual resistance can be given with a
clasp grasp with the patient in kdlf lying.
- “Fie. 120 - . Mechanical resistance can also bearranged,

- . but free exercises with-weight-bearing are
, usually more satisfactory,

Activities. Walking, running, or balancing on uneven ground, and

kicking a football are activities in which these muscles work strongly.

THE EVERTORS

In the non-weight-bearing position Peroneus Longus and Brevis
evert the foot and assist plantaflexion, while Peroneus Tertius, if
present, assists eversion and dorsiflexion. = In the weight-bearing posi-
tion Peroneus Longus.depresses the ball of the great toe, and enables
the foot to remain plantagrade while thé medial arch is maintained by
the invertors. S o e

' Assisted Exercise for the Evertors. . These are performed in a manner -
similar to that used for the invertors.

Examples of Free Exercises for the Evertors ,
Non-weight-bearing = =~ -~ = -

Cay 'ﬁ:zrz:ng; outer border raising. ,
b .mtmg, brushmg moverent outwards. - .
. Weight-bearing """ . o o0
= c. stcmdmg; pressing ball of grear roe to ground. and raising outer
oo border of Foops o 7 e i S R TR
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de standmg, or Toe standzng, balance on surface whtch slopcs down-, ‘
" wards and medialwards. - Y .

Resisted Exerczse for the Evertors. Resistém‘cc can bc’ g’iven by‘

manual pressure on the lateral o ~
side of the foot.  Weight resist- _‘ _ _ )
ance can be arranged in side lying. R 20 ‘_
vities. ing on uneven : _
Acttvities. Walking o ) < 7// g

ground and tiptoe walking.

U
The action of all the previous ’ \ ‘
muscles groups are combined in
exercises: such as Foot rolling,"
or by the use of a balance board. Empha51s can then be placed on any
particular group or musclc (Fig. 122).

Fi1G. 121 °

'THE KNEE EXTENSORS '

The Quadnceps Muscles extend the knee joint ard are of prime
1mponance in maintaining its stability. The texture of these muscles
is coarse and they waste rapidly if they are not used. In addition to .
~ its function as an extensor of the knee, Rectus Femoris assists flexion
of the hip joint and the action of Vastus Medialis is essential for the
production of the last few degrees of knee extension and for the medial
rotation of the femur on the tibia which constitutes the ‘screw home’,
or locking movement at the completion of this movement.. -

Asststed Exercise for the Knee Extensors. A suitable position for the
patient is side lying with the leg supported or suspended in the hori-
zontal position to eliminate the effect of gravity on the joint. The
. thigh is fixed with the hip in extension, to remove tension from the

FiG, 122

Harnstrmgs and obtam the advantage of slight tensxon on the Rectus -
F emoris as it passes across the front of the hxp Manual resxstance in .-

| 'v~189*ij e
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the stronger part of the range of movement is added as soon as possible
to increase the quality of the contraction.

|

" Fi1G. 123

Exariples of Free Exercise for the Knee Extensor
Non-weight-bearing - ‘
a. Iying; static Quadriceps contraction (or setting).
Three methods which may be used to obtain this contraction are:
(1) The contraction is taught on the unafected leg and is seen and
felt by the patient, who then attempts a similar contraction on the
other leg. ' ‘

o | TR : =
: ' F16. 124, Quadriceps Comractio_,p
~ (i) In lying one hand gives compression on the sole of the foot and
resists plantaflexion strongly while the other is placed under the back
of the knee joint. A command to hold the knee down and straight
against ‘resistance is given at the same time as all joints of the leg arc
approximated. Similarly in standing with the knce straight and
weight-bearing pressure behind the knee in an attempt to bend it
stimulates extension (Fig. 124). ) »
(##) The physiotherapist puts one hand on the muscles and the
other under the patient’s heel; the patient is then asked to feel the pres-
sure on the heel and attempt to relieve it by lifting the leg. No move-

ment takes place, but the muscles are thrown into a state of strong
contraction. L

N
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Quadrzccps contractions are reinforced by strong d0r51ﬂex10n of the
ankle joint and inversion of the foot. When effusion is, present only’
non-weight- bearmg exercxses are used and only a small range of -
flexion, if any, is allowed.
b. prone lying (Feet dorsiflexed); Knee extension (F 1g 125).

- . Iying; Quadriceps contractions followed by one straight Leg lifting
and lowermg, slowly. The leg must not be lifted too high be-
cause increasing tension on the Hamstrings will force it to bend.

*-d. stde lying; one Hip and Knee bending and stretching.

.. lying; one Hip and Knee bending, Knee stretching and lcg. Zozaermg

f. Jugh sirting; Knee stretching. -

8. bying (with Hips lifted); Hip and Knee bending and sncrclxzng /

This is only suxtable for the young and ag1lc

Partial Weight-bearing
h prone knecling; Knee stretching.

. heave grasp standing; Knee bending and stretching.  Part of the
'weight is taken on the arms throughout.

)
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- Weight-bearing .

j. Back against standing; Knee bending and stretching.

k. fallout standing; push off to standing.

1. standing; step up and down. '

m. Toe standing; ‘bob’ or ‘stride’ jump.

n. Toe standing; step and hop, with bent or straight Knee.

Examples of Resisted Exercise for the Knee Extensors. Manual resist-
ance can be given in a variety of positions including kalf lying, high
sitting and prone lying. The natural thrusting movement of the leg as a
whole is resisted in lying or side lving with pressure on the sole of the
foot and on the hamstrings.

<)

EN

Dynamic a

._ @
w| v
Useful pat:tem 07" /
sandbag for resist- £

ance. Tapes are . -
tied under the b Y.
ifoot. : : * S

B 'Dy 'amlc b _ Weight-lifting mcthods L Dynamlc ¢
‘FIG 128 Resxsted Exercxsc for Knce Exxensxon o T
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~ usually introduced at this stage.

. TecHNIQUE OF §

. The' pauent*mayresxst his‘own’ nee;exféﬁsiéﬁ\-iﬁji" the Use of the -
weight or pressure of the contralateral limb when the ankles are crossed

{(see p. 53) or weights and pulleys may be arranged in a variety of ways

: {see p.'s6). . Springs are useful in some positions or a medicine ball

may be held between the feet or thrown by themr during knee extension
from high sitting. a : o

Progressive Resistance Exercises (see p.54) arz often used to increase
the power and endurance of the Knee Extensors, Methods of apply-
ing these exercises vary considerably but in every case it appears that
the selection of the starting position .and the rate of progression are
important factors to be considered at each successive stage of treat-
ment. A precise but flexible routine must be designed to meet the
capabilities of the individual patient and his efforts must be carefully
observed. Some suggestions as to suitable positions and methods are
as follows: '

(1) Static Weight Lifting. Static muscle work is used while

~ effusion is present or when the condition of the joint contraindicates

movement. From Aalf crook lying or inclined lying the muscles are
first contracted to take the strain of the resisting force, the leg is then
lifted with the knee fully extended until it is in line with the thigh of
the crooked leg and then lowered to the floor and relaxed before the
procedure is repeated. An endurance. programme is usually most -
suitable, working on the basis of a 10 R.M. with increase in repetitions . .
to the maximum of 100 before re-assessment. It is not suitable to give a
heavy resistance in this position because with a long lever-too great a
resistance may be given to the hip flexor and abdominal muscles,

(i) Dynamic Weight Lifting A. From crook lying (with the thigh
Sirmly supported) the lower leg is fully extended and then lowered to
the floor. Exercise in this position provides a- useful intermediate
stage between that of static work and the method by which the de
Lorme boot is lifted in Aigh sitting, as the latter position imposes con-
siderable strain on the anterior structures of the joint when the leg
is bent to 2 right angle. Contraction of the muscles involving move-
ment of a joint is normally used only when effusion has subsided but
in many cases the presence of chronic or minimal swelling may be
ignored unless it is increased by exercise. A power programme is

(17) Dynamic-Weight Lifting B. From high sitting, with a small”
pillow under the popliteal space, the knee,is fully extended to lift the
de Lorme boot and then lowered. ' The movement must be smooth
and controlled throughout; the boot may rest on a support between
each lift or only between each group of Tepetitions, , :

(iv) Dynamic Weight Lifting C. * The bar-bell is held supported

.across the back of the shoulders while the knees are fully bent-and
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strzched for the required number of repetitions. The back is held
erect throughout the movement. If the calf muscles are shortened a
small lift under the heels may be provided. ' This method provides
strong work for the Knee Extensors within the framework of the
normal thrusting pattern of movement of the lower limbs and it must
therefore be regarded as very satisfactory.

Examples of Activities to use the Knee Extensors. These are very
- numerous. In non-weight-bearing positions such as high sitring and
crook sitting beanbags and balls can be balanced on the feet and thrown
‘by a rapid extension of one or both knees. Bicycling, breast-stroke
swimming, rope climbing and rowing with a sliding seat all give good
exercise 1o these muscles. '

During weight-bearing, walking up and down hills or stairs, run-
ning, jumping, skipping, lifting heavy weights using the knees, and -
balance walking with knee bending and stretching, while a weight is
carried in the hands, are examples. Care must be taken to ensure
rhythmical and even movement and to see that full advantage is taken

of the extensor thrust. .
THE KNEE FLEXORS

The Hamstrings (Biceps Femoris, Semitendinosus and Semimem-
branosus) are the most important Flexors of the Knee, and, as they also
~ extend the hip, they can be strengthened by producing this movement

when the knee is extended. Assistance in flexing the knee is given

: I S to the Hamstrings by Sartorius,

Gracilis and Popliteus, and when

the foot is on the ground Gastro-
cnemius and Plantaris also help.

Assisted Exercise for the Knee
Flexors. In side lying the leg is
supported or suspended in the hori-
zontal position with the hip joint

F16. 126 flexed, the thigh is then fixed and

. - - knee flexion is assistéd manually.

‘A re-education board slightly inclined can also be used, provided the

frictional resistance it offers is sufficient to prevent knee flexion occur-

ring passively. Manual resistance to the movement is added as soon

as possible in the strongest part of the range of movement to increase
the quality of the contraction. ' ‘

Examples of lg'ree Exercises to work the Knee Flexors (Fig. 130)
a, side lying; one Hip and Knee bending.
b. hanging; Knee bending, - :
C. standings one Hip and Knee bending.



tretching slowly. .~

A prone Iying; Knee bending o7 R
" e. crouch position; crouch ‘Bunniy® jump, or Feet éhaizging_bjr'le_ap;'ng_ B
Resisted Exercise for the Knee 'Flexo}‘s; ~ Side lying, with thé leg sup—
ported and the hip flexed, and prone lying are convenient positions for -
- manual resistance. Total flexion of the leg is resisted with one hand

7w 7

e

on the sole -of the foot and the other above the knee. A weight
resistance on the foot can be applied in half standing or prone lying, in
the latter case the muscles only work in their outer range.

Spring or weight and pulleys can be used in side lying with the leg
supported, prone or crook half lying. '

P2

[l

.  F16, 131
~~‘i4cm'vz'zies. These muscles are used in walking and running, and
in any upward jump in which the feet are lifted high with the knecs
bent, as for example squat vaults and forward jump over a rope.

M
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~THE MUSCLES ROUND THE HIP JOINT

In many condmons producmg pam in thlS jomt, the latter is held
in a position of flexion, adduction and lateral rotation. Itis, therefore,
often essential to exercise the Hip Extensors, Abductors and Medial
Rotators to counteract the tendency to deformity. In mid-thigh
amputations, when the Hamstrings and scme of the Adductors are cyt, |
the remaining Extensors and Adductors must be hypertrophxed to
restore the balance of muscle power which is essential for the correct '
usage of an artificial limb.

THE HIP EXTENSORS

Acting from above, these muscles extend the flexed hip until the
.leg is in line with the body and then about 15° beyond this, until move-
ment is stopped by the tension of the Flexors and the ilio-femoral liga-
ment. \When they work with reversed origin and insertion, the pelvis
is tilted backwards on the femoral heads, as in raising the trunk from °
the stooping position. Gluteus Maximus is regarded as the true an-
tagonist of the Flexors; it is assisted by the Hamstrings whenever
strong resistance is offered, the latter being most effective when the
knee is straight. The inner range of contractmg is cmphasmed to
correct lack of full extension in walking. - o
~ Assisted Exercise- for the Hip Extensors. . Szde Iymg is the neutral
' posmon from which to work these muscles. Manual assistance is the
most effective with or without the limb supported in suspension, in
water, or on a re-education board.  In each case the pelvis can be
relatively well fixed by positioning the other leg in full flexion.

d@..é__\ NN
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Resistance ™

for the Hip

of Free Exercises ) Extensors Ly
8. prone lying or standing;: one Leg lifting. S
b. crook lying; Gluteal contraction, and Pelyis lifting..

C. relaxed stoop stride standing, Trunk raising, ‘

d. stretch grasp long sitting; Hip raising to Jall hanging.
€. crouch; change to standing (or upward Jump),
f. Leg prone lying; Trunk raising, o

Resisted Exercise for the Hip Extensors. Resistance to these muscles

- can be offered in.a number of ways according to the range of work"

required. . , .
For manual resistance, when the leg is moved brone lying or side
lying are convenient positions for the patient. Resistance is given on the

Spring or weight and pulley resistance can also be arranged in many
ways, for example, from lying the leg is extended against a Spring resist-
ance, or a weight and. pulley circuit resists extension of the. leg as a -

whole; ‘during a thrusting movement, or of the hip only, from sitting,

Manua/
- .
Resistance

< Weight & Fulle . o
for Mid-Thigh '
AmPu;‘ar/'of;y I g Weighr & Pyyy ey
Ininner 1 \ ReSistance jn

mnje . . i Hl\» outsr ranjva
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Activities which involve Work for the Hip Extensors. These are
numerous also and include walking, running, especially uphill, jump-
ing and many other forms of athletics, putting the weight, skipping,
swimming, ballroom dancing, lifting, pushing and rowing. _

THE HIP FLEXORS

- The Hip Flexors are Psoas Major and I}iacus, assisted by Pectineus
‘Rectus Femoris (long head) and Sartorius, the latter being most effec- -
tive when both the hip and rhe knee are flexed-simultaneously. The
Adductor Muscles can zlso assist flexion when strong resistance is

~offered. : ‘ ,

“The work of these muscles is associated with that of the Lumbar
Flexors. When both legs are flexed on the trunk, the action of Psoas
and Iliacus tends to extend the lumbar spine and tilt the pelvis forward
as the result of imperfect fixation of their origins, therefore to increase
their efficiency the Flexors of the Lumbar Spine work strongly to
stabilise the lumbar spine and the pelvis. As flexion of the hip joints -
contuiues to::vion of the Hamstrings tilts the pelvis backwards and
flexes the lui.car spine. ' : -

PSOAS  ILIALIS © ELEXORS OF

* WMBARSAINE L crRiNGS

o= CLUTEU'S MAXIMUN

PELVIS -

PELVIS

Fic. 134
Arching of the lumbar spine due ~ Fixation of the origins of Psoas

to failure to fix the origins of Psoas and Iliacus by the action of the
“and Iliacus at the beginning of hip  straight Abdominal Muscles and

flexion. by tension of the Hamstrings.
: The latter is greater when the knees
S . are straight.-
When only one hip is flexed, the pelvis is stabilised by the Extensors
~ of the other Hip. ~ -

Movement of the pelvis and trunk on the thighs, as in changing
from lying to sitring, works these muscles strongly, the lumbar spine
arches at the beginning of the movement unless-it is controlled by the

~use of the Lumbar Flexors.. - S o
. Assisted Exercise for the Hip Flexors.  Side lying or lying are suitable
_positions from which to ‘assist the movement manually, the lumbar-
region and pelvic tilt being controlled by extension of the other hip.

.. Flexion of the knee of the moving leg at the same time as that of the 1_‘ o



hip makes inner range work possible and the movement then follows
the natural pattern. Self-assistance can also be given when the patient
clasps his hands under the thigh. - Resistance in the stronger part of
the range is added as soon ag possible, )
Examples of Free Exercise for the Hip Flexors
a. Leg lift lying; one or both Hip and Knee bending,
b. lying or crook bying; change to crook sitting. '
C. prone kneeling; one Hip and Knee bending (10 put Head on Knee).
d. standing; one Hip and Knee bending (to0 pass beanbag under thigh).
e. hanging; one or both Hip and Knee bending upward,
f. long sitting; Leg lifting (o roll Soorball below Krees),

. TECHNIQUE .OF. STRENGTHENING. MUsCLES -

NS T

—_\ ld
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Resisted Exercise Jor the Hip Flexors.
flexion is offered by gravity in the upright position especially when
the knee is straight, as the muscles work art g considerable mechanical
disadvantage and against the growing tension of the Hamstrings as
flexion increases. . : B : :
Manual resistance is given with one hand on the dorsum of the foot,
which is fully dorsiflexed and over the Quadriceps. The knee can
either flex as the movement progresses or remain extended. :
Mechanical resistance can be arranged by attaching a weight or
other resistance to the foot from half lying, lying or half sitting. Weight -
and pulleys are used to resist a total flexion pattern of the leg.
Activities, " Running with high knee bending, long and forward

| = RN

Strong resistance to hip
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Vjur‘np over a rope, ‘Double Th-rough’ skipping, climbing, somersaults
and squat vaults work the Hip Flexors strongly in conjunction with the
Abdominal Muscles. .

: C Resistance for .. Resistance for
goW Hip Flexors in  § “Hip Flexors in
/ Inner Range -Outer Range

|V 1 I\ |
' /&\:m&)—;

L1

THE HIP ABDUCTORS

Working from their origin on the hip bones, these muscles (Gluteus .

Medius, Minimus and Tensor Fascia Lata) abduct each leg to about

30°%  Emphasis on the action of the Tensor Fascia Lata is obtained by
abducting the leg with flexion of the hip and the action of Gluteus
- Medius is emphasised when the leg is extended to the limit of its range.

' Ne) o S
. , , < N ,
Non-welght Non-weight : Weight
: bcah‘ng q bearing Q‘ bearing
' Range of |

-———

: -'
o Apparent ,:.‘ Jransference
Abduction ﬂ increase in Tx\ of weight —> l
. . 1 . range due ) .
: to Filting b \
: J ' L of Pelvis —> i e I
. . / .
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frmama

When one leg is fixed and the other abducted, an apparent increase in -
range of the abducted leg is produced by lateral tilting of the pelvis at
the hip joint of the fixed leg by the Abductors of that Hip joint work-
-ing with reversed origin and insertion. ‘To transfer the whole weight -
of the body on to one leg as in walking, the Abductors of the Hip of -
~ thestanding leg work with reverséd origin and insertion to tilt the pelvis _
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