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PREFACE.

The original object of the research was to extend
the-scopevcf a new method of making polythene- plastic splints
whereby they could be moulded direct to the patient, thus
avoiding the need for intérmediate plaster casts. It
éﬁpeared that such splints would be of great benefit in
the management of patients with certain chronic diseases,
especially rheumatoid arthritis. The stimulus for this work
arose from a personél communication by Dr. John T. Scales
of the Royal National Orthopaedic Hospital, who described
the technique. At that time its scope was restricted to
the manufacture of simple wrist slabs. I extended it to
the making of eighteen types of limb splints and spinal
supports and these were proved useful by clinical trial.

The progress of 163 patients supplied with
these appliances was observed; their subjective‘reports and,
where measurable, the objective results being recorded.

Some benefit, either lessening of pain or improvement in
function, was obtained by all. The results obtained in
acute polyarthritis were especially rewarding@ |

A large proportion of the patients (66%) suffered
from rheumatoid arthritis but appliances were also provided
for some with neurological disease. One of these was a
young man with residual hemiplegia who presented such

intense tonic spasm of the flexor muscles of his knee that
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both medical and surgical treatments had been unable to
overcome it during the course of one year. As fibrous
contracture appeared likely to develop a plastic splint was
made which held the knee fully extended with the object of -
preventing its occurrence. He was instructed to wear it as
much as possible. Interpreting this literally, he did not
remove it for one month. During examination of the limb at
the end of that time it was observed that all evidence of
hypertonus had disappeared from the flexor muscles and that
full voluntary extension was obtainable. No other form of
treatment had been given during that time and it appeared
probabie that hypertonus in the flexors had been abolished as
a result of the prolonged and constant stretch of those
muscles while the limb was extended in his splint.

In order to investigate this phenomenon more
fully, a group of 17 hemiplegic patients was selected and
27 flexor muscle groups presenting clinical hypertonus were
stretched in a similar manner to that described above. The
period of study extended over two years and eleven months.
In each case clinical evidence of excessive tonus was abolished
in the stretched musclesj; the duration of stretch required
to achieve this appeared to vary directly with the degree of
tonus originally presenting. Out of ten surviving patients
six have retained cbmplete abolition of hypetrtonus for an
average time of 57 weeks since stretch was stopped. It
appears therefore that a lasting abatement can, in certain

circumstances, be achieved by that means, No previous work




concerning the effect of prolonged stretch upon hypertonic
muscle has been found. It is suggested that the results
of this small series indicate that further study is
desirable. If they are supported, the value of such a
safe and long acting methéd of reducing tonic muscle spasm
may be of service in the management of patients with hemi-
plegia, and perhaps also with other forms of upper motor
neurone disease.

The research thus diverged by chance into three
channels. It was thought that the work on muscle hypertonus
might be of most interest and it is presented first. A brief
account of that concerning the new type of appliance forms
the second part. 'The third consists of a study of the value
of these appliances as a means of obtaining rest and stab-
ilisation of the joints in rheumatoid arthritis. Some other
chronic diseases éffecting the locomotor system were also

treated and the results are given.

tv



TABLE OF CONTENTS.

PART 1.
Page.

The response of hypertonic muscle groups in :
hemiplegic patients to prolonged periods of
stretch: a clinical study.

INTBODUCTION.Q..........0......'...0.........O... l.

OBSERVATIONS.
Material............ll.....‘....'.".......... lo.
Method..'...'0..0.0.......0.0..’....“...O.... 11.

Selection of patientS.ceececsceoscesceccccss lle
Controls..lOQQOIOQO.0..0................... 11.
Treatment..".........I...Q....IIOC........ ll‘
Exa.mination.......................-........ 12.
Resu]-ts...t...'..'.'l.'....Q..'..OO...C....'.. 13.

DISCUSSION.....O.."Q.l.‘..0...“.....‘0...’.0..‘. 22. .

' PART 2,
The Polythene-Polyurethane Splint.

INTRODUCTION............Q........‘...'........... 35.

CBSERVATIONS.
Material. ® 0 8 5 9 0 00 000 00 QSO OO S 0e s eSS OO OPas e 37.
Method....'.........'.........‘....'.......... 38.

Results..'........‘..................'..'..... ®

DISCUSSION...0..'..OO.'.IO........0-.......‘..00000 l+2.

gART 3e

A study of the value of stabilising joints in
their functional position by means of polythene-
polyurethane appliances in the management of
rheumatoid arthritis and neurological disease.

FOREWORD..........‘.....I............'...0.0'..... )+l".
INTRODUCTIGN...'..................'.O............ l+LF.

OBSERVATIONS.
Materiﬁ...QQ.‘.........0....C‘.O..O......'.... )+7.

Method.'.0....l.........Q..........‘.........‘ L]

Res‘l]—ts..........................'............ e

Two case reports (Nose 18 & 19.).ceeeeescccaes 50,

DISCUSSION..'..............‘....................‘ 60.
v



SUIWMARX....OQDOOOOOQIOOOO...QQ.................Ql..

ACmOwIJEDGEMENTS....."‘..................‘........
BEF‘ERENCES......‘..C.........l.'...’.....".....‘..

APPENDIX,

Hemiplegic Patient Series.

Method of case presentatioNeececcscecccceccccecsccce

MethOd Of Examination.............'......'.........
Case HistorieSo NOS. l - 17.0..00,-.-.oooooc'ooaoo

The Polythene-Polyurethane Splint.

‘Manufacture,
Materials...............‘....‘.‘..‘.....’.v....
Heating ApparatUS.ecccescccccccscccsscsccccccne
Preparing the materialSeceeccccccccccccccsoccssns
Moulding to the patien't.......................
FiniShiIlg the applianceoloooooo.oo.ooo.oooo.o.

Range of Appliances.

Illustrative example (Knee splifnt).eeccececscccsce
Upper Limb Splints.
VOIar Wrist SplintQOQODOOOOO......0...‘......'
"Lively" wrist splint.ceceiececcacescoccascnane
Dorsal n 1t @00 0cs000000s 00000000000
Volar wrist splint with extension.to.prevent
ulnar deviation of fingers.ceeecece
Hand splint for preventing ulmar deviation
of fingersececcee
Wrist and finger splint for use in
spastic paresis, (Type @e)eee.
E]-bow SplintOOOOCOIOCOOOO'.0.0...'.........0..

-.~Lower Limb Splints. ' '
) Ong leg an-d fOOt Splintoo.ooooooooooooooooooo

Short n " " n S0 c0cecsesesesecscsevese e
Decubitus heel ulcer spliNteeeeccecocessccscces

Spinal Appliances.
Cervical SUPPOTrtescccosssecesccscccsscccssaccsce
Lmbar-abdominal Support...............-..-....
Lumbar Spina.l Support.................-.-.-....
Spinal brace..“...'...........‘.............‘
SacraJ. decubitus ulcer jaCket...............--
P1lastic beGeeeeseeeescesosesescasesscocennssss

Vi

Page,

68
73
7.

\O Co00
oW
M)

197.
199.
200,
201.
202,

20’+.

209.
212,
215,

217,
219.

221,
224,

226,
230,
232.

2 5.
s,
245,
247,
249.
252,



Case Reports of Patients in the Management
of whose Disease PontEene-PoLyurefEane

Kppliances were used, (Nos. 20 = 53),

Rheumatoid Arthritise. Case Nos.
Early.“.....................l..(20-2i5‘..‘..
Advanced........................(25 - 31).-.-0.

Diseases Affecting the Vertebral Column.
SpOndy.lOSlS.........-.-o....o...(32—3)4')......
Mallgna.nt dlsease.oooaoo.ooooooo(35- 37)0.00.0

Decubitus Heel UlceI'S................(38 - )"'0)000000

Disease of the Nervous System.
Poliomyelltis...'...Q'..........(l’.l).......l...
Disseminated sclerosiSeecececes (42 = 43), ...,
Traumatic radial nerve palsy....(hh)...........

i u.lnar 1 .-..(45).-.........
Frledrelch's ataxia.'...........(%)....“...'.
Encephalitls.......'.......'....(1'*‘7)..‘........
Tuberculous meningitisSeeecececeee(UB8leeeceecenee
Paraplegia....‘...I..'..........(hg).....‘.....
Cerebral dlplegla...............(50)......--r-w
Parkinson's dlsease.....'.......(s ® ® 06 8¢ 80 060820

SOft Tlssue LeSionSQ-.o10.0000-000000(52"' 53)000000

Page.

257
266.

281,
286.

293.

.« 300,
303.
308.
311.
312.
31k,
317.
319.
320.
32k,

325,



I.

PART 1.

THE RESPONSE OF HYPERTONIC MUSCLE GROUPS IN

HEMIPLEGIC PATIENTS TO PROLONGED PERIODS OF

STRETCHs A CLINTICAL STUDY.

INTRODUCTICN,

e
Reseatch concerning the functions of.pyramidal
and extrapyramidal centres will be reviewed. The.servo-
loop theory of willed movement and its relationship to
the central influences in normal and pathological states
will then be examined, :

It has been known since the time of Hippocrates
that cerebral haemorrhage caused paralysis. Wepfer, in the
seventeenth century was, however, the first to show that
the paralysis affected the oppogite side of the body to that
of the haemorrhage. In 1691, Robert Boyle described a
case of depressed fracture of the skull which had caused
~paralysis of the contralateral limbs. Removal of the
bone fragment led to disappearance of the motor deficit.,
This observation offeréd evidence of a motor area in
the cortex, but not until nearly two hundred years later
was this demonstrated experimentally. Fritsch & Hitzig
(1870) showed that stimulation of the precentral gyrus
in dogs caused movement of the opposite side of the body.
By selecting points of stimulation disereet movement could
be produced. Earlier in that year Hughlings Jackson had
postulated the existence of such a motor area on the basis
of a study of focal epileptic seizures. He said that
these must originate from irritation of "areas of the brain
having specific motor function." Ferrier (1873, 1876)
confirmed Fritsch & Hitzig's suggestion that the motor
area occupied the precentral gyrus. He found too that if
an area which, on stimulation, caused arm movement was
removed the arm became paralysed. Soon after, the axons
of the neurones of this area were found to constitute a
tract descending to the levels of the motor outflows from
the cord. This tract was variously named the pyramidal or
cortico-spinal tract. Injury to it or to its parent cortical
cells was found o cause paralysis, partial or complete.



asticity was a usual accompaniment. There was general
zgreementythat both were the direct result of damage to the
motor tract. J. Hughlings Jackson was however a notable
exception. He wrote (1877, 1878 & 1899), that destruction
of the motor tract could only result in {oss of movement -
the "negative element". The presence of spasticity = tpe
Upogitive element"” - he attributed to release from cortical
control of more primitive mechanisms. These could then
act without restraint upon the lower motor neurones pro=-
dicing the clinical picture of spasticity. His concept has
since been proved to be correct,

Little more work was directed to this problem
for many years. Then Fulton (1932, 1934%), studying the
effects of destruction of the motor cortex, and Tower (1940),
in her classical paper on the effect of pure pyramidal
section in monkeys, showed that injury confined to the
motor cortex or its efferent fibres resulted in flaccid
paralysis. Their work indicated that the pyramidal tract,
besides conveying the impulses for voluntary movement,
mediated a facilitatory influence on muscle tone, since its
destruction produced loss of tone as well as loss of movement,
Tower interpreted the dual function thuss "Together, the
tonic function provides for smooth, continuous, efficient
action, while the phasic function contributes outstandingly
precision and lability to total performance. In the realm
of somatic motor function both of these are unquestionably
motor or excitor functions. Of inhibitory function as
such there is no evidence."

It seems that these functions of the motor cortex
obtain also in man. Bucy (1949) extirpating the motor
cortex in human subjects found that residual spasticity was
very mild in degree. That any spasticity at all developed
was probably due to involvement of cortical tissue outside
the true motor area. Bucy himself emphasised that point.

Hines (1936, 1937) was the first worker to show
that there was an area of the cortex, situated just anterior
to the motor area, which was concerned with control of muscle
ponus. Extirpation confined to this part produced only
increase of tonus in the muscles of the contralateral side
of the body. This cortical area is usually called the
suppressor strip and is designated area 4S in Von Bonin's
cytoarchitectural map of the cortex (in Bucy, 1949),

Dusser de Barenne & McCulloch (1938) found that stimulation
of area 48 resulted in diminution of muscle tonus. They
found, too, that the electrical activity of other parts of
the cortex was depressed by stimulating this area.

In 1940, Verhaart & Kennard followed degenerated
fibres from area 4S which had been destroyed some time pre-

viously, as far caudally as the pons, but not below it. They



t th ad a relay station in that area,
ﬁgggffgghtgg al,e lShg), tracgd the efferent fibres of

area 45 by using the strychnine spike technique. It was
found that the Fibres from the cortical sup%oressor strip
ended in the reticular formation dorsal to the pyrami@.
Bodian, (1946), using an interesting technique, supplied
evidence confirming this. He inoculated monkeys with.pgllo-
myelitis and those animals in which generalised spasticity
developed were sacrificed immediately after its appearance.
It was found that the neurones in the inhibitory area of

the reticular formation were most severely damaged. In
1946 Magoun & Rhines produced direct evidence that a
reticular inhibitory centre did exist. They found that
stimulation of this area in decerebrate cats abolished
muscle tonus. Further, movement produced by stimulating

the motor cortex could be completely inhibited by similar
means, The reticular formation can not however, in intact
animals, inhibit .in the absence of influence upon it from
area 48, The strlatum too has been shown to play a part in
inhibition, (Mettler, 1943, 1944) and injury to it causes
signs of spasticity. In hemiplegic patients showing intense
hypertonus it is possible that besides interruption of fibres
from area 4S, damage to the striatum has occurred.

More recently another and more extensive area
of the reticular formation, outside the inhibitory area, has
been found to subserve facilitation of muscle tonus (Magoun
& Rhines 1946, Niemer & Magoun 194%7).. The former workers,
by stimulating this area, obtained very striking records
of exaggerated response to muscle stretch. They concluded
that reticular facilitation was a more potent factor in
maintaining spasticitg thaknwas reduction of reticular in-
hibitory influence. he facilitatory area was found to be
a relay station of impulses originating in the basal ”
diencephalon, with contributions from the globus pallidus
and other thalamic nuclei., This mechanism is held in check
by cortical inhibitory influence (Magoun & Rhines 1947),
In 1949 Lindsley et al and Schreiner et al, using electro-
myographic recordings of muscle potentials in spastic cats,
confirmed that facilitatory and inhibitory influences were
€Xerted by the reticular systems.

The cerebellum also produces both types of
influence, (Bremer, 1922, Holmes 1937 & Snider et al 1947);
the.agterior lobe exerting inhibition and the middle lobe
facilitation. The vestibular nuclei too have, for many
years, been known to have an excitatory effect upon the lower
motor neurone,

Even the cbrd itself appears to contain such centres
(Harrevald & Marmont 1939, Lloyd 1941, Kabat & Knapp 19%% and
Scarff & Pool 19%6), but in this study of the effect of

cerebrovascular accident these need not be discussed,



The extrapyramidal mechanisms which influence the
lower motor neurone are seen to be compleX. Those Which_
mediate facilitation have a wide distribution in the brain
and cord and this may enable them to avoid destruction with
more success that the more localised inhibitory mechanisms.
Perhaps it is for that reason that injury or disease in
the central nervous system, for example hemiplegia, is
signalled by clinical signs of spasticity much more commbnly
than by flaccidity.

Magoun & Rhines (1947) reducing the concept of
spasticity to its simplest terms say that it is a product of
the reduction of inhibitory and the augmentation of
facilitatory influences which play upon the spinal stre@ch
reflex, It should be pointed out that the work upon which
their concept is based was done with animals, but it is
possible that the spasticity shown by the muscles of hemi-
plegic patients has a similar basis. In such patients there
is, in addition to spasticity, a motor deficit which is

enerally believed to be related, though not directly related,
%Lassek 1950), to the degree of destruction sgstained by the
pyramidal tract. It may be justifiable to presume that in
the great majority of hemiplegic patients there is, playing
upon the lower motor neurones, an excessive amonnt of extra-
pyramidal excitation and a diminished amount of pyramidal
influence. In order to determine by what peripheral pathways
such influences may produce the clinical signs of spasticity
and limitation of voluntary movement a review of work on
the peripheral neuro-muscular mechanisms is required. In
this field of research the concept of Merton (1951, 1953)
that impulses mediating ordinary willed movement exert their
influence by a "servo-loop mechanism" is perhaps the most
significant since Liddell & Sherrington (1924) described
the stretch reflex., I should like to review his work in

some detail,

. . Since the muscle spindle plays an important part

in his theory it may aid clarity to first give an account of
its structure. Merton describes the spindle as being composed
essentially of a sensory element which has muscular poles.

Tpe latter are made up of numerous muscle fibres - the
"intrafusal fibres". These have been found (Leksell 1945) to
play no part in main muscle activity, their sole function
being to activate the sensory part of the spindle., They are

inngrvated by the small efferent nerve fibres in the ventral
roots.

o For many years it was accepted that impulses
mediating willed movement travelled down the pyramidal
tract to the motor neurones in the anterior grey matter
of the cord and thence along the large efferent nerve
fibres to the motor end plates in the main muscle. In

1951 Merton, investigating the phenomenon of the "silent



104" made certain observations which led him to the
gggclusion that this view was incorrect.

The subject of his experiment maintained a
steady voluntary contraction of the adductor muscle of )
his thumb against the resistance of a spring. This tension
was recorded., Leads were taken from the motor nerve (ulnar)
supplying this muscle and the electrical activity recorded.
When both records showed a constant level, a shock was
applied to the nerve to cause a sudden twitch contraction
of the muscle, It was observed that, during the time the
record of muscle tension showed a rise, all electrical
activity in the nerve was suspended. This response was
found to be exceptionally delicate.  Even a threshold shock,
giving a twitch of only 3 - W% of the background tension,
was sufficient to obtain a clearly discernable "silent
period"., Sherrington had said that movement takes place
against a background of posture. The steady muscle contra-
ction maintained by the subject, created a state similar
to that obtaining during a postural contraction. Merton
argued that if, as had previously been thought, the pathway
of voluntary movement was directly along the motor nerve to
the main muscle, then the electrical stimulus applied to the
ulnar nerve in his experiment s¥imulated this neuro-
muscular action. How then was the phenomenon of the silent
period avoided when willed movement was superimposed on a
postural contraction? Avoided it must be, since otherwise the
movement would be aborted as soon as it began.

Previous work on the silent period had shown that

it was accompanied by a cessation of afferent discharge from

the muscle spindles and that the absence of that discharge was
responsible for its appearance., Merton argued that the only
way in whiéh afferent discharge could be maintained was
through continued stimulation of the spindle by contraction

of its intrafusal muscle fibres. It had been shown that these
were innervated by the small efferent nerve fibres in the
vgntral roots. He therefore proposes that the pathway of
willed movement is via the pyramidal tract to the small lower
motor neurones. From these it is relayed in the small efferent
nerve fibres to the intrafusal muscle fibres of the spindles.
On contracting these stretch the sensory part of the spindle,
This produces an afferent discharge which, on entering the
cord, plays upon the large lower motor neurones and depolarises
them. Impulses pass out in the large efferent nerve fibres
to the main muscle and cause it to contract., In this way
spigdle afferent discharge is maintained, the silent period
avoided and a smooth voluntary contraction of the main muscle
1s superimposed upon the postural state.

) Merton went on to postulate that there is an
inherent stable length relationship between the intrafusal
muscle fibres of the spindle and the extrafusal muscle fibres.

The function of the sensory part of the spindle, he said, is



tion of this relationship and act_ to
ggrgggicgt?nyﬂg%t%ﬁgslapplies to willed movement has been
noted. As a further example, the stretch reflex excited by
" impulses from the spindle acts to keep the main muscle at
the same length as the intrafusal.

Merton, in his experiments, did not record spindle
' afferent discharge and it may be questioned why he believed
that the silent period response was due to cut off'of
impulses from these receptors and not due to inhibitory
impulses from the tendon organs. It has been noted that
the silent period could be obtained in the motor nerve

of his subject by threshold stimuli, Merton deduced phat
the responsible end organ must be the spindle, since it had
been shown by Matthews (1933) that the only other important
.sense organ involved, the tendon receptor, responded solely
to high tension. In Matthews' wordsj; "The B. endings"
(his name for the tendon receptors), "have a high threshold
.and daring contraction always behave as if they lie %in
series! with the contractile element. Their response
depends only on the total tension in the muscle...™ Fulton
& Pi-Suner (1928) had already postulated this and it has

recentl¥ been €onfirmed by Hunt & Kuffler (1951, b) who
noted, in addition, that many tendon organs "gave no steady

discharge with a maintained external tension." It seems
clear, therefore, that the very weak tensionselicited by
Merton's threshold sti¥uli would be insufficient to cause

any discharge from these receptors. Furtherxmore previous
work on the silent period offered confirmatory evidence

that the muscle spindle was the active receptor,

Sherrington (1900) had pointed out that the spindles lay
between the main muscle fibres, parallel to them and having
common fascial attachments, Denny Brown (1928) provided

a further clue to their action when he observed that the
silent period could be greatly curtailed by de-afferentation.
He deduced that this phenomenon must be due to changes in

the afferent discharge from the muscles. In the same year
Fulton & Pi-Suner found that spindle afferent discharge

was reduced during muscle contraction and they concluded that
this must be due to the "in parallel" arrangement noted by
Sherrington; muscle contraction relaxing them with consequent
cut off of discharge. They concluded that these receptors
recorded muscle length. Matthews (1931, b), using a small
muscle of the frog's toe which contained only one spindle,
investigated its response during electrical stimulation of

the motor nerve. He concluded from his findings that "The
bause, in the response of the muscle spindle to steady tension,
when tpe muscle contracts is compared to the silent period in
mammalian reflexes. It is suggested that the silent period is
due to_the pause in the response from the muscle spindles.™
Again in 1933 he said, "During active contmaction the

response of the Al receptors”({spindles)'ceases." He

commented "they behave as if they be "in parallel" with the



contractile elements." A year later Hoffmann found fhat
the silent period could be obtained in man against a
background of either postural or voluntary contraction,

This background of research clearly suppor?s Merton's
views on the role of the muscle spindle in his experimental
findings. It may have been noted that his concept rests
also upon knowledge concerning the function of the small
efferent nerve fibres. A survey of neurophysiological
research in this field may therefore be desirable.

In 1894 Sherrington found wme small nerve fibres
in the ventral roots innervating the muscle spindles.
Little attention was paid tb this observation until 1945
when Leksell demonstrated the role of the small efferent
nerve fibres in controlling the afferent discharge from
these receptors. This stimulated a great deal of research
and within a few years much important work was published.
Hunt & Kuffler (1951,a) found that, of the total number
of motor fibres in the lumbo-sacral out¥low in the cat,
one third were small nerve fibres and two thirds lzrge nerve
fibres. They found thatstimulation of the large fibres
caused contraction only of the extrafusal muscle fibres.
The small fibres they found to be exclusively concerned
with control of the afferent discharge from the muscle
spindles. They produced evidence to show that there was
"innervation of several spindles by single small nerve
fibres" by means of terminal branching similar to that
shwon in large efferent nerve fibres by Katz & Kuffler (1941).
Kuffler et al (1951) found that "The excitatory effect of
small nerve stimulation on the spindle discharges show a
phenomenon of facilitation. The number of afferent discharges
increases progressively during continued stimulation until '
a steady discharge rate is established." Hunt & Kuffler (1951,
b.) deduced that the small nerve innervation of the spindle
exerts its influence by stimulating the contractile elements
forming its poles, which on contraction excites the sensory
part lying between. Further investigation along these lines
led them to say "the muscle spindle discharge is influenced
by external stretch and ,the various modifications of stretch
during contraction, as wll as by the nervous mechanisms of
the efferent small nerve fibres,"

v It appears that the servo-loop theory has been
generally accepted since no work tending to discredit it
has been found. It may be worth mentioning, however, that
Hammond (1955) found the reflex element of the mechanism
to be weak and of short duration before voluntary action
took over in resisting sudden unexpected passive extension
of the forearm. This work was done on normal human subjects

and a mechanical contrivance was used to carry out the passive
movements,



Of research concerning the connection between
the extrapyramidal influence in spastic states and the servo-
loop mechanism the most illuminating is probably that of
Hunt (1951). Working with decerebrate cats he found a
constant discharge in a high proportion of the small efferent
nerve fibres and also some impulses in the large efferent
nerve fibres with consequent motor unit activity. Discharge
in both fibre systems continued even when the limbs were in
the resting position. One interesting preparation exhibited
spontaneous pericdic fluctuations in the degree of extensor
rigidity. When the limb was rigidly extended there was a
considerable discharge in both the small and large efferent
fibres to the extensor muscles. As rigidity decreased the
activity in both types of fibre was reduced until only a
single small nerve fibre showed a discharge. The 1limb
gradually became rigid again and Hunt thought it significant
that the resumption of small nerve activity preceded that
in the large fibres.

Direct evidence of the influence of cerebral
centres on the muscle spindle was produced by Granit &
Kaada (1952) who first established the fact that the muscle
spindle was under cerebral control. They showed that the
background discharge in the small efferent nerve fibres
could be selectively augmented or suppressed by stimulating
several centres in the central nervous system. Eldred et al
(1953) confirmed this work and found moreover that the
increased small nerve discharge, caused by stimulating
facilitatory centres in the bra{n, persisted unaltered
after de-afferentation., By stimulating the facilitatory
area of the reticular formation spindle afferent discharge -
was accelerated and this was followed by main muscle contraction.
After section of the posterior roots, main muscle activity
disappeared but the spindle response persisted unaltered.
The reverse effect was obtained by stimulating an inhibitory
area which in their experiments was the internal capsule in
cat preparations, the inhibitory fibres from area 4S being
thus influenced., From a series of such experiments they
congluded that the central nervous system controls spindle
activity throughout the whole range of normal movement.

It will have been noted that the research reviewed
deals.largely with animal experiments. To equate the results
of this work to the mechanism of hypertonus in the human
hemipleg}c patient is scientifically unsound. On the other
hand it is unlikely that similar direct experimental evidence
can ever be obtained in man. Certain conjectures regarding
the probable state of the human central and peripheral nervous
systems resulting from a vascular lesion in the internal
capsule may therefore be permissible. It is proposed that the
destruction by such a lesion of inhibitory fibres from
cortical area 4S and possibly also of part of the striatum,
releases extrapyramidal facilitatory influence which creates




a constant and excessive stimulation of the lower motor
neurones. As a result a high level of "background"

discharge is established in the small efferent nerve
fibres to the muscle spindles. Through terminal branching
of these fibres and through the facilitatory effect of
continued small nerve activity a high proportion of the
spindles may be kept constantly in a hyperexcited state.
If excitement is sufficiently intense spontaneous activity
in the extrafusal muscle fibres may ensue, leading to a
state of postural contraction in certain muscle groups.
The results of prolonged stretch upon a number of such
groups will now be presented,




OBSERVATIONS.

(A)., MATERIAL.

The effect of prolonged periods of stretch upon
the spastieity shown by certain flexor muscle groups in
hemiplegic patients was investigated. The period of
observation extended over two years and eleven months.
Twenty-seven muscle groups in a series of seventeen patients
werg studied, Table 1. shows an overall picture of the
series,

IABLE 1.
Age, sex and muscle groups treated, duration of hemiplegia
before muscle stretch was begun ané the period of study.
Age | Sex |Muscle Groups | Duration of Period of
stretched, Hemiplegia Study.
Flexors of:- before stretch (months)
Begun, (months)
82 F. | Elbow 1k ' 7
77 F. |Elbow 36 -
75 F, |Wrist 18 20.5
72 | M. |Wrist 14 19.5
70 | F. |Wrist & ‘
Fingers 18 6
68 F. |Knee & Wrist 2 6
65 M. gl?ow, Wrist
ingers 17
64 M. |Fingers 1k %3.5
62 F. Wrist & '
Fingers 12 7
62 F. ggist &
, ngers 72 19.
52 F, Elbow ' 16 L 28 >
51 F. |Wrist &
Fingers - 12 21
47 M. Knee 12 1
L5 F. |Wrist & Elbow 3 1
28 F, [|Wrist 39 23
28 M, Wrist & ‘
Fingers ' 6 26
13 F. Wrist &
Fingers 7 18.5
Aver,.| 12 F [BIDOW 5. Average 18.% 5
56.5 %ﬁM Wrist 12 moﬁths. Avgggggs%7.
yrs. Knee 2 Limits 2 -~ 72 Limits 6 - 35
%%migg Fingers 8 months, months,




B METHOD.,
1, Selection of Patients,

The following were the criteria for selection:-

(a) The patient suffered from hemiplegia and the musculature
on the affected side showed clinical signs of hypertonus.

(b) The hemiplegia had been sudden in onset and was
presumably of cerebrovascular origin.

(¢} The duration of the hemiplegia exceeded six months,

(d) No improvement in active movement or lessening in the
degree of spasticity had been noted in the affected
limbs for a minimum period of four weeks.

(e) The patient was thought to be sufficiently alert
mentally to co-operate in his treatment.

The method of treatment under investigation was
designed to obtaln abatement of flexor muscle spasm and to
increase the range of active antagonist (extensor muscle)
movement in hemiplegic cases where spontaneous occurrence
of such features could not be expected. A minimum duration
of six months was selected as marking the end of such
recovery. Authority for selecting this period was derived
from the writing of Lowman (1948), Twitchel (1951) and
Brain (1955)., Lowman believes that three months duration
signals the beginning of the residual phase. Twitchel in
his study of patients recovering from hemipleﬁia found
that postursl abnormality disappeared within 43 - 60 days
after onset i1 those cases who made a spontaneous recovery.
Brain considers that such recovery occurs only during the
three months after onset.

Two of the patients shown in table 1. had a hemi-
Plegia of less than six months duration. They are not
therefore included in the analysis of results which follows.
It was thought however that their progress might be inter-
esting to record and their case-histories are included in

the 1ist of case reports in the appendix., (Cases 16 & 17.
P.P. 141 - 19¢()

2, Controls.

Selection of a control group of hemiplegic patients
was considered but rejected because of the difficulty in
finding a group which would be comparable to the treatment
group in duration of hemiplegia, degree of spasm and range
of active movement. It was thought that a more reliable
control could be exercised by comparing the progress of the
muscle groups treated with other untreated groups on the

affected side of the body. That method of control was there-
fore adopted.

3. TIreatment.

In each patient one or more flexor muscle groups



biected to prolonged stretch, This was achieved
%;rﬁeggigg the appgopria e joint extended in a P.P. plastic

tretch was constantly maintained for a
ggg%éggcggrigdrof time which varigd somewhat w1th.each
patient, but was usually about three months. During that
time the appliance was removed for only a few.minutes each
day while the limb was washed. In each case it was found
that flexor spasm was abolished or greatly lessened by that
means. In most cases abolition of flexor spasm was accom-
panied by an increased range of voluntary extension. Once
these features were clearly demonstrable the stretching
appliance was thereafter worn for progressively shorter
daily periods until it was finally discarded. This second
period of stretch was usually spread over 2 - 3 months. The

patient was encouraged to make use of the gain in actiwe
extension during each daily period of freedom from the
appliance, and also after it was finally discarded.

No other treatment was given to the patient or
to his 1limb while the effects of stretch were being
observed, nor since it was stopped.

4, Bxamination.

Experience with the above method showed that the
decrease in flexor spasm made itself evident in two ways.
First, the arc of passive movement from the position of
full flexion towards the position of extension during which
no increase in tonus could be detected was found to pro-
gressively increase, ©Secondly, the remainder of the arc
which did offer resistance often showed a decrease in degree
of resistance. It was interesting to find that Twitchel,
{1951), while studying the natural course of hemiplegia in
nineteen patients, observed changes the reverse of those
ggscribeg above in patients whose spasticity progressively

creased,

It was necessary to have a method of clinical
examination capable of accurately measuring changes in the
range of normal tonus, changes in the degree of tonus and
€hanges in the range and power of active movement. No
exact clinical system of assessing these features was found
in the literature., An attempt was therefore made to devise
an acceptable method. THe details of this examination
technique are shown in the appendix (P.P.83 — 8g. ) and
only a brief summary is given here,

.It was necessary to control or standardise certain
external influences at each examination. These were:-
Temperature,

Emotion
Tonic neck and body-righting reflexes :

emporal relationship of examination t
o] o 0 removal of the

Performance of active and
_ passive movements between r
of the appliance and examination of the stretched musg?gg?l
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To avoid the influence of flexion and extension
synergies during active movement the limb was held in such
a way that movement was confined to the muscle groups under
investigation. The range of movement of the Joints controlled
by these muscleg was measured with a goniometer. Balboni et al
(1946) gives 10° - 15° as the probable range of experimental
error. It is agreed that that is a reasonable estimate.

The power of voluntary movement was recorded in

the manner recommended by the Medical Researth Council,
Thus; O - no movement, 1 - flicker of movement, 2 - movement

with the influence of gravity eliminated, 3 - movement against
the counter force of gravity, 4 - movement against resistance,
5 - normal power. Intermediate values were indicated by plus

signse.

In recording the degree of tonus found on passive
movement of the joints a similar system was used.
A - normal, B - mild, C - moderate, D - marked, E - intense.
Intermédia%e valuesware given by coupling the ietters,
€.g. tonus which was thought to be between mild and moderate
in degree was recorded as (B-C).

Clinical interpretation of the degree of power
or tonus probably varies somewhat with different examiners.
To avoid error arising in this way each examination was
personally conducted,

An electromyograph was not available at the hospital
in which this study was carried out, It was possible, however,
to use this method of investigation in three patients,

(Case Nos. 6, 7 &), through the kindness of Dr. P. Bauwens,
Consultant in charge-of "Physical Mé¢dicine and Electrodiagnosis,
at St. Thomas's Hospital, London, who conducted the E.M.G.
investigations in his department..

C. Results.

It is proposed to give the results in two sections:-
(1) Am analysis of the findings recorded in the case reports.
(2) Individual case reports, followed in each case by a
graph of the change produced in the range of active and
pPassive movement.

The case reports are given in the appendix
(P.P, ?O-lq6 ). A summary of one report, (Case Reﬁort No. 11,
apgind%x P.§i¥5u~%§)iwill be given here to illustrate the
so of res s obtained and, following this, an analysis of
the results will be attempted. ¢ ’ d
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UMM OF ONE CASE. HISTORY

The patient selected was unusual in that the
flexor muscles of the knee joint showed a degree of spast-
ieity more usually seen in the knee extensors. HoWever
the response of this flexor muscle group to prolonged
gstretech was typical of that obtained in all other flexor
muscle groups stretched and showed in addition a pattern
of response more clear cut than in any other.

A hypertensive male patient, aged forty-seven
years, was admitted to hospital with a left sided hemiplegia
the onset of which had been sudden. The musculature of the
left side developed excessive tonus and this became especially
marked in his knee flexors. He remained an In-patient for
one year during which time both medical treatment and

surgical proceddures failed to overcome tHE€,flexion spasm
of his hamstring muscles. These habitually held the ee

flexed to approximately hinety degrees and so prevented him
from walking, .

A plastic knee splint was made which held the knee
almost fully extended, thus stretching the spastic flexors,
The appliance was put on and not removed for four weeks. At
the end of that time flexion spasm was found to be abolished
and voluntary extension of the knee was sufficently powerful
to permit walking without theappliance. The splint was re-
applied and, apart from removal for washing, was constantly
worn for a further thirteen weeks. Thereafter he wore it for
progressively shorter daily periods for a further seventeen
weeks at the end of which time it was discarded completely,
During this whole period he was able to walk, either in or out
of the appliance, At the time it was discarded there was
no spasticity in the hamstrings and voluntary extension of
the knee could be performed with considerable power. Spast=
icity in the knee extensors, originally mild, was by that time
quite marked.

Spasm in the hamstrings remained abolished, and
voluntary knee extension showed no decrease in power or rahge
of movement for six months after muscle stretch had been

stopped. The period of observation was then terminated by
the patient's death.

¥ NOTE, :
The word spasticity is defined in the American Medical
Dictionary as "marked hypertonus of muscles." In this
work, when used to describe the tonus shown by a muscle
group, it is employed as a synonym of the word hypertorus.



ALYSIS OF RESULTS.

)

The response to muscle stretch of twenty-two
spastic flexor muscle groups in sixteen patients is shown

in table 2.

from the series after two weeks observation.

One patient (Case report No. 17) was withdrawn
Insufficiently

exact figures were obtained for four muscle groups and these
are excluded from the table.
patients are included in the table but are excluded when

determining average figures, since the duration of hemiplegia
in those cases was less than six months, (Case Nos. 15 & 16.)

TABLE 2.
Increase in the range of normal flexor tonus and in the range
of active extension at the end of the period of stretch.
(.i.e. the increase in those ranges as compared to the
findings before muscle stretch was begun.)

The results obtained in two

Case | Muscle groups| Period - :'|Increase in Increase in
No. | stretched. of range of normal |range of active
Flexors of:= stertch, |[flexor tonus at extension at enc
(weeks) |end of stretch of stretch
: period. (degrees) |period.(degrees)
1 Wrist 69 75
Elbow 22 40 Zg
2 Wrist 25 85 85
S;ngirs 1 6? 60
. ris 1 5 [y
a. Fingers 18 70 26
5. | Elbow 29 70 60
6. | Wrist 19 65 60
Fingers 19 60 10
7. | Wrist 16 60 65
8. | Wrist 21 30 30
Fingers 21 70 10
9. Wrist 23 5 30
- Fingers 7 5 10
10. | Wrist 1L 35 Lo
11. | Knee 34 55 60
12. | Wrist 10 55 75
13 Wrist 19 L5 10
1k, Elbow 13 50 L5
Wrist 10 Average Average
Fingers 5 21.6 56. AXZT?”
Klbow 3 Limits Limits Limits
Knee 1 7 - 69 30 - 85 10 - 85
15. | Elbow 1 L
Wrist 2; hg Eg
16. | Knee 16 - 85




It will be seen from table 2 that an appreciable 6

gain in range of normal flexor tonus and in range of active
antagonist %extensor) movement was obtained in most cases.

It was perhaps of even more interest to find that quite a
large proportion of the muscle groups in surviving patients
have retained these gains during the period following cessation
of stretch. Of the fourteen residual hemiplegic patients

shown in table 2 four have since died. Of the ten surviving
patients six have retained, until the time of writing, the
gains obtained in all muscle groups treated and four have

lost them. These two groups of patients will henceforth be
referred to as Group 1 and Group 2 respectively. Tables

3 & 4 show the sex, age and muscle groups treated and lapse

of time since stretched was stopped in each.

TABLE 3.
Surviving patients who have retained their increased ranges
since muscle stretch was stopped. (Group 1.)

Case Age Sex Muscle groups |Elapse of time
No. | (years) - | steetched. since stretch
| Flexors of:e stopped. (weeks)
1. 6 Male - | Wrist
5 bow %3
2. 28 Male Wrist 53
, Fingers 53
i. 23 Female Wrist 81
. : Male Finger -
e 52 Female Elbgw S ??
6e 13 Female Wrist 57
Fingers 57
Aver. Male 3 Wrist flexors 4| Average 57.7
41,7 Female 3 Elbow n 2] Limits 43 - 81
Limits : Finger n 3
13 - 65

TABLE L.
Surviving patients who have lost their increased ranges since
muscle stretch was stopped, (Group 2)

Case Age Sex Muscle groups |Elapse of time
No., | (years) stretched., since stretch
Flexors of:=- stopped. (weeks)
7. 72 Male Wrist 64
8. 62 Female Wrist ‘ 59
Fingers 5
9. 51 Female Fingers 6
Wrist 64
10. 75 Female Wrist 65
Aver. Male 1 |Wrist flexors 4| Average 62.
65. Female 3 |Finger ) 2 Limitg 59 -569.
Limits ‘ . :
51 -~ 75




have retained these increases intact.

It was interesting to find that the muscle groups
which have retained their increased ranges of passive and -
active movement since stretch was stopped (Group 1, table 3)

No change, either in

the way of increase of range or loss of range, has since
occurred which falls outside the range of experimental
The muscles of those patients in Group 2 (table k)
who have not retained the increased ranges have lost

error.,

approximately the entire range of improvement.

No lasting

intermediate stages of improvement have been observed,

findings shown in tables

The factors which were responsible for the patient-
losing or retaining his improvement are suggested by the

The two former show

that the period of stretch to which the muscle groups were

- subjected in Group 1 patients (table 5) was considerably
longer than that prescribed for the patients in Group 2,

54 6 & 7.

(table 6).
IABLE 5.
Duration of stretch in Group 1.
Case | Muscle groups.|Period of Period of Total period
No. | Flexors of:=- constant diminishing of stretch.
stretch, stretch. (weeks.)
(weeks) (wetks)
1. | Wrist 30 39 69
Elbow 14 8 22
2. | Wrist 18 Z 25
Fingers 2 1
3. | Wrist 1k 13
.4, | Fingers 10 8 18
5. | Elbow 21 - 8 29
6. | Wrist 8 11 19
- - " 8 11 19
ris Aver, Average Average 25.8
Fingers 3 13.6 12,2 Lgmitz
Blbow 2 Limits L&mits 13 - 69,
4 - 30 - 39
TABLE 6.
Duration of stretch in Group 2.
Case | Muscle groups. |Period of Period of otal period
No, | Flexors of:=- constant diminishing of stretch,
stretch, streteh. (weeks).
(weeks) (weeks)
7. | Wrist 7 9 16
8. |Wrist 6 15 21
Finger 6 15 21
9. |Wrist 18 5 23
Finger 2 5 7
10. |Wrist 14 0 14
Wrist b Aver, Aver, Average 17.0
Fingers 2 8.8 8.2 Limitg 7 z 23
Limits Limits
2 - 18 5. =19
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It will be seen from table 7 that the degree_of
spasm was usually less and the period of stretch usually
longer in those patients retaining their increased ranges.
That it was possible to abolish even intense degrees of ‘
spasm is shown by Casé No. 1. It may be noted that his
muscle groups were submitted to very long periods of stretch.
It was my impression that the greater the initial degree
of spasm the more prolonged must be the period of stretch
before spasm was abolished. In retrospect it seem clear
that the muscle groups of Cases 7 - 10, showing as they did
coniigerable spasm, should have been stretched for longer
periods. ‘

TABLE
Original degree of spasm and the length of stretch period.

Group 1. Group 2,
Case | Muscle groups. Degree of puration |Degree of [Duration
ﬁg. Flexors of:=- spasm of stretchd spasm. of stretch.
(weeks) (weeks)
1. {Wrist. E 69
Elbow C 22
Fingers B 39
2. |Wrist (B-C) 2
Fingers ‘ C 1§
éﬁ Wrist (B-C) 1
< |Fingers (B-c) 18
5. |Elbow D 29
6. |Wrist (B=C) 19
Fingers (B-C) 19
7. |Wrist ~ (D-E) 16
8, |Wrist (C-D) 21
Fingers D 21
9. |Wrist : o D 23
Fingers ) B 7
10, {Wrist D 14
imits Average Limits Average
(%-C -EB. 27.1 (C-D)-E 17 wegks,
ost fre- | weeks. Most fre- | Limits
uently Limits quently 7 - 23.
Ogggiégg 13-~ 69 occuring
- degree
(B-C) .

While these were probably important factors in
determining the end results, active use of the improvements
obtained appeared to be of even more importance. All patients

who did not actively use the part lost their improved ranges.
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A1l those patients who did retained them.

With regard to the response of different muscle
groupstreated by stretch the number of groups shown in
tables 3 & 4 is too few to be a reliable guide. It may be
helpful therefore to give the clinical impression formed
during observation of the response of all twenty-seven
muscle groups in the series. Spasm was found to be most
easily abolished in the wrist flexors. The flexors of
the knee and elbow responded rather less quickly. The
flexors of the fingers offered most resistance. It is
probably significant that the three patients who obtained
lasting abatement of spasm in their finger flexors - and
in two of these an increased range of active finger extension -
- = showed only a slight to moderate degree of spasm before
treatment began, (Case report Nos. 2, 4 & 6. P.P.q9,1124121)

Evidence has been adduced to show that by stretching
spastic flexor muscle groups spasticity was abolished and
that as this took place active extension was often permitted.
It may be interesting to record any concomittant changes in
the tonus of the antagonist (extensor) muscle groups and in
the range and power of active flexion which occurred. In
general a transferrence of excessive tonus from the flexor
to the extensor muscles was readily appreciable in the groups
governing movement at the knee and elbow joints. It was never
observed in those of the wrist joint or of the finger joints.
The muscles governing one joint in each of the Group 1.
patients are examined to illustrate these features (table 8)..

TABLE 8.
Change in the range of normal extensor muscle tonus and in
the degree of tonus occurring as a result of maintaining. those
muscles in a shortened state. Change in range and power of
active flexion is also shown.

Case| Muscle Change in [Change in | Change in |Change in
No.| groups range of degree of range of power of
shortened, |normal extensor active active
Extensors |extensor |tonus in flexion, flexion..
of 3= tonus, lost range.|
1. |Elbow -10° !(A)-(B-C) Nil Nil
2.|Wrist -10° Nil +50 3+ = L,
a. Wrist Nil Nil +15° 3+ = kb,
.|Fingers Nil o Nil Nil Nil
5.|Elbow =45 (A)=-(B-C) Nil Nil
6. |Wrist Nil Nil -5° Nil

Transference of spasm was appreciable in only two
patiints (1. & 5.) in this group and affected the muscles
muscles controlling elbow movement in both cases. In
was extensor spasm sufficiently marked to alter the raﬁgétgﬁr
power of active flexion. In only one patient did transference



of spasticity

The
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to the extensor muscles have this effect,
ee flexors and extensors were those affected

(Case No, 11., Peo il

It was found that the renge of active movement
and the range of unresisted passive movement varied very
little at the control joints throughout the period of

Clearly demonstrable changes did occur occ-

observation.

and appendix P.P. 15k —(606)

asionally but in the final analysis of gain and loss in each
individual movement the mean figures did not exceed the
To illustrate this finding

table 11. shows the mean change in active movement at the
control joints in the patients forming Group 1.

IABLE 9,
Average change in active movement at the control joints over
the period of observation,

limits of experimental error.

Case| Control '[Flexion [Bxten- |Abduc~ |Supination {Pronation
No. | Joint. sion, tion., |or external |or internal
rotation. rotation,
1. | Shoulder | =10 | +15 +10 +0 0
2., | Shoulder +10 +5 +15 ¢ =10
Elbow 0 -5
3. | Shoulder 0 0 0 0 0
Elbow 0 +15
L, | Shoulder 0 0 +10 0 +15
“. |Elbow -5 -10
5« | Shoulder 0 0 0 0 0
Wrist 0 0 0 0
Fingers 0 C 0
6. |Elbow ¢ ¢

The progress of the 4 residual hemiplegic cases
who have died is recorded in their case reports, (Nos. 11, 12,
13 & 14), It may be helpful to state here that their response
until the time of death supported the conclusions drawn from
the above analysis in all respects. The results obtained
by the 2 patients with hemiplegia of recent onset followed
a very similar pattern, '

SUMMARY OF RESULTS.

The results of prolonged stretch on the spasticity
pre§ented by certain muscle groups in a series of residual
hemlpleg;c cases have been analysed. They tend to support
Fhe thesis phat the hypertonus shown by flexor muscle groups
in hemiplegla can be abolished or at least greatly diminished
by subjecting them to judicious periods of stretch and that

its reduction is not accompanied by loss of vol i
In addition, with abatemen@ of f1e£§r Spasm, gbﬁggggg&flex1on.
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extension is Eermitted when such action has previousl
been aborted by hypersensitive stretch receptors in the
flexor group. The ambunt of such recovery will of course
depend upon the number of motor pathways to the extensors
which have escaped destruction by the central lesion,
Accompanying the return of extension some degree of spasm
usually develops in the extensor groups but is seldom of
such intensity that voluntary flexion is materially
affected. Follow up of surviving cases suggests that
flexor spasm does not reappear nor is voluntary extension
lost provided the matient makes use of his gain in active
movement after the stretching appliance has been discarded.



DISCUSSION.

As far as I am aware the effect of prolonged
stretch upon hypertonic muscle has not previously been investi-
gated in either animal preparations or in human subjects.

In the treatment of hemiplegia a method bg.which lon
lasting abatement of hypertonus can be achieved woul

appear to be a therapeutic advance., The significance of
the results may therefore best be discussed in two parts:
as a neurological observation, and as an aid to the manage-
ment of the hemiplegic patient, .

The results of the rather small series of
observations presented might be made more interesting
if a theory of the mechanism through which they were
obtained could be formulated, In so doing it is most
strongly emphasised that this is a purely personal specu-
lation which is open to criticlsm on several grounds.
Not least is the equation of the results obtained in
animal experiments to those observed in the hemiplegic
patients studied. Nevertheless in the absence of experi-
ments with human subjects such evidence must perforce be
used.

In elaborating the theory those muscle groups
controlling flexion and extension of the elbow joint will
be used to illustrate the typical imbalance in degree of
hypertonus shown by the flexor and extensor muscle groups
in hemiplegia. As Brain (1955) has pointed out the elbow
flexors are almost invariably held in a state of partial
contrattion and the extensors in a relatively lengthened
state. How can passive extension of the elbow affect the
abnormal neuro-muscular mechanisms responsible for this
abnormal postural state? The question must be further
divided: what is the effect of one unsustained passive
extension?, and what is the effect of prolonged constant
extension? There is some reason to think that the effect,
and the mechanism involved in its production, may be diff-
erent in each case.

Taking the first half of the question, if the elbow
is forcibly extended from its resting position of flexion the
phenomenon of clasp-knife rigidity usually presents. This
comprises an initial strong reflex contraction of the flexors
in opposition to the extending force, but when the force is
maintained the resistance suddenly fades and further movement
of the 1imb to its fully extended position meets with little
or no opposition. The initial strong refled contraction is
most probably the result of a hypersensitive stretch reflex.
Its sudden disappearance might be explained on the basis of
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an observation made by Hunt (1951). Hecording the small
efferent nerve discharge in decerebrate cat preparations he
found that stretching a spastic muscle group reflexly
inhibited discharge to it. In his words, "The activity

of small nerve fibres to a muscle can be varied by the
amount of external tension on the muscle, When the muscle
is pulled upon the discharge in the efferent fibreg to

its spindles is reduced. On the other hand, allowing the
muscle to shorten passively increases its small nerve
activity." In hemiplegic muscle showing clasp-knife
rigidity the disappearance of resistance may coincide

with inhibition of small nerve discharge and consequent
relaxation of the sensory part of the spindle., Further
lengthening of the muscle would not then evoke the stretch
reflex, Hunt's work also suggests that, when the elbow
joint has attained the extended position, small nerve
discharge to the shortened extensors becomes greater., 1In
the present study, if the extending force was removed soon

after the joint had been extended the flexor muscles again
contracted. The rate at which they did so appeared to-

depend on the intensity of their tonus prior to extension.
The lenghening reaction was never observed, This recurrence
of flexion may depend on a reversal of small nerve influence
from extensors to flexors when the inhibiting extensor

force is removed.

The second half of the question may now be con-
sidered, What is the effect of prolonged constant extension
upon a hypertonic flexor group of muscles? The answer seems
likely to be related to another feature of clasp-knife
rigidity; one that is seldom stressed. If one passive
extension movement is followed immediately or shortly after
by a second a decrease in resistance, as compared to the first
can sometimes be detected. On the other hand it may require
many such movements before this becomes apparent but in my
experience it does always appear eventually. Once it has been
detected further passive extension, if repeated a sufficient
number of times, results in an ever decreasing resistance until
it becomes, very often, barely noticeable. This might be
explained by a build-up of inhibitory influence on the
motoneurones in accordance with the reflex effect of stretch
whith Hunt noted. However, this theory appears an unsatisfactory
explanation of the observation that in some patients the
abolition of reflex response to stretch has remained unchanged
for many months after all stretch force has been suspended. It
seems likely that in such a long period of time any effect
which depended on the presence of an inhibitory chemical
transmitter substance (Eccles, 1953) would be lost.

It may be possible to base a more acceptable
explanation on the work of Adrian, Zotterman, Bronk & Matthews
on the response to stretch of the sense organs in muscle.

In 1926, Adrian & Zotterman recorded the afferent response



to stretch of the frog's sterno-cutaneous muscle. This
muscle contained only one spindle. A weight was attached
to the muscle and it was found that a high inltialiresponse
fell within a few seconds to a lower level from‘wbnéh the
decrease was much more gradual. They called this the
"adaption level". They concluded from their experiments
that "The adaption which occurs when stimulation ig
continued is due in part at least to a fall of excita-
bility". Bronk (1929) confirmed their findings. He

then attempted to fatiﬁue spindle response in various ways.
First he tried repeated short term loading. From his
results he concluded that, "If tension is applied to the
muscle just long enough for this discharge to fall to its
adaption level, then released and applied again within one
or two seconds the stimull may be Bpeated many thousands

of times without causing any large decrease in response.,"
By varying the applied tension he found that both the
maximal impulse frequency and the adaption freguency

were directly related to the degree of stretching force.

He found however that the greater the stretching force

the quicker the fall to adaption level, and the lower

this level became. He concluded, " The obvious inter-
pretation is that the greater the activity of the end

organ in response to the greater stimulus induces more .
rapid and more complete fatigue." He next tried the

effect of a series of heavy loadings with very short periods
of rest between each. By the fourth loading an almost
imperceptible response was obtained. But even after that
by allowing progressively longer rest periods the spindle
completely recovered its original ability to produce a high
discharge on stretch. Bronk concluded from his experiments
that "The gradual and complete recovery off normal activity
makes it seem probaljle that we are here dealing with a true
fatigue phenomenon,  Matthews, (1931, a.), also confirmed
Adrian & Zotterman's observations on the response of the
spindle to stretch,

This work suggests that, in addition to the
reflex inhibitory effect upon smail nerve fibre discharge

to the spindles which stretch of spastic muscle produces,

(Hunt 1951), there may glso be a decrease in afferent discharge
from the spindles themselves when stretch is maintained.

Bronk found that after a twelve minute stretch with a rather
heavy loading the response to further stretch was negligible,
and that considerable time was required for the spindle to
regain its previous state of excitability. It may be reason-
able to suppose therefore that a period of stretch reckoned

in months rather than minutes might cause a "fatigue" of the
spindle from which recovery, if it did occur, would be very
slow indeed. Before relating Bronk's results to those of

the present study some differences in the experimental material
must be closely examined.

Th i
connections Si%ﬁsgégscggdtSEe 3§§e§§§h§e§§%§59m53§é5 3%€X°us
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i sed nerve-muscle preparations. Nevertheless, it ma
%gc%ggmisngie to assgmepthat whatever the reflex effects

upon cord mechanisms, the effect of stretch upon the spindles
themselves may possibly have been of a similar nature.
Another difference is that whereas the spindles in Bronk's
experiments were stretched absolutely the spindles in thg
patients' muscles were stretched only in relation to their
usual resting length. Nevertheless it seems possible that
the effect was qualitatively the same though no doubt
quantitatively less.

The results of Bronk's experiments clearly pointed
to the difficulty, if not the impossibility, of permanent
fatigue of spindle response. It may be for that reason
that 1ittle attention appears to have been paid to treatment
of spastic muscles by passive stretch., Manipulation of
spastic muscles is indeed quite often advised, but usually
with the aim of preventing fibrous contractures rather than
reducing spasm. Analysis of the results obtained in the
present study suggests that, under certain conditions, the
response of the muscle spindle to éxternal stretch may, at
least in hypertonic muscle, be"permanently' "fatigued". The
first requirement is a very long period of constant stretch,
the average in the successful cases being 14 weeks., The
second is that once spasm is clinically abolished the patient
must make use of his increased range of normal flexor tonus
and in the resulting range of voluntary extension. If he
does not, and particularly if the part is kept constantly
in a flexed posture after removal of the extending appliance,
then the spindle appears to slowly regain its ability to
respond to all increments of muscle lengthening from the
resting position; as evidenced by the reflex contraction
evoked on passive extension from the posturgl flexed position,
(see chart of Case "7, P. 133 ).

It is proposed that the mechanism involved where
spasm does not return and voluntary extension is not lost
might possibly be described in the following terms. If a
muscle, usually held by spasm in a state of partial
contraction, is kept constantly lengthened for a long period
of time its spindles will also be constantly lengthened in
accordance with the servo-loop theory. It may be that
after a certain time they undergo some intimate change
which prevents afferent discharge occurring at any length
shorter than that maintained during the period of stretch.
This change may possibly be a structural stretch of the
sensory part which thereafter becomes incapable of shortening
even when the main muscle is shorteded. This may well be too
simple a theory but it appears to be supported by a.certain
clinical finding., Where a joint was splinted in a position
which was less than the fully extended position resistance in the
flexor muscles to passive extension disappeared only up to
the locus in the arc of full extension in which the joint was

eld, _For example, where spasm_of the i
reated tﬁe appf% ce was ugually made ¥glﬁglgl%§gr§o¥ﬁ% being



extended only to some 30°, the functional position, even
though 70° extension or more might be obtained by further

passive movement. After a period of constant stretch
hypertonus in the wrist flexors was abolished - but only
up to the angle of 30° extension. At that point a sharp
reflex flexor contraction was felt and further extension
could be obtained only by employing a certain amount of
extension force. A good example of this feature is Case 6,
(p.12t appendix). In her case electromyographic recording
of activity in the flexor muscles was also made and showed
a complete absence of votentials up to the locus in the

arc of extension in whdéch the wrist joint was held by her
appliance, But when that locus was reached a marked motor

unit response was evoked and this continued as extension
was forced to the limit obtainable. This phenomenon was
presented by all muscle groups which were held stretched

to a lesser degree than that which was obtainable by further
passive movement.

These findings indicate that the spindle does not
lose its ability to respond to stretféh. Therefore the fact
that the muscle could be passively shortened and then length-
ened to its position when in the appliance without resistance
offers evidence that during such a manoeuvre the sensory part
of the spindle is not in fact stretched. This suggests that
when the muscle shortens the spindle does not., In other
words the sensory part of the spindle may become physically
"set" at an extended length.

If that is so, how is voluntary flexion unaffected?
It appears probable that when the elbow joint of a hemiplegic
patient is held extended by a splint the length of the
spindles in the flexors is not greater than those in a normal
subject with his limb relaxed in extension.. This would appear
especially probable if the effect of stretch on the small
nerve innervation of théd spindles in the hypertonic muscle of
decerebrate cats (Hunt 1951), applies also to hemiplegic man.
In terms of the servo-loop theory the normal subject flexes
his elbow joint from such a position by activating the intra-
fusal muscle fibres. This stretthes the lengthened sensory
part still further and the resulting afferent discharge leads
to main muscle contraction. But as the muscle contracts the
sensory part tends to relax. To avoid cut off of sensory
discharge the spindle muscles must contract further and so
"take up the slack" in the sensory part. This process is
repeated at each increment of main muscle contraction. It
would appear therefore that, during active flexion, even in
normal subjects, the sensory element can never be allowed to
shorten from its length when the joint was extended. If this
assumption is correct, the flexor spindles of the patients,
incapable of shortening but responsive to stretch, will be
gblg to function during voluntary flexion since the movement
i1s initiated and maintained by still further stretch produced
by intrafusal muscle contraction.
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Though no previous study of_ the effect of pro-
longed stretch on spastic muscle has been found it was most
interesting to discover an observation recorded by Denny
Brown & Liddell (1927) which appears to offer support for
the thesis that muscle spasm can be abolished or greatly
rediiced by this means. During preparation of chronic spinal
dogs for their work on the stretch reflex they noted that,
though rigidity in the quadricep muscles appeared and became
quite marked during the thirty days following transection
of the cord, it did not remain so. They say, "Within another
thirty days this rdgidity ef the knee became less well marked
until eventually it was quite slight though plainly present.
The gastrocnémius muscle, on the other hand showed most marked
rigidity and an extreme resistance to the movement of flexion
throughout the post-operative period." They diecussed this
finding at some length and offered one explanation in the
following terms, "A reason for the relatively weak rigidity
of the knee extensors may have been that during the post-
operative period all the preparations maintained an extension
of the ankle and an acute flexion of the knee as their
ordinary resting posture. The chronic flexion of the knee
may well have impaired the 'stretch organs in the knee
extensors." The post-operative period referred to was
usually some two months,.

This effect of "chroniec flexiom" upon hypertonus in
the knee extensors in their spinal dogs seems a close parallel
to the effect of "chronic éxténsién® upon that inl‘flexor
muscles of the patients observed in this study. It may be
noted that Denny Brown & Liddell also postulatedan impairment
of the stretch organs as the reason for reduced hypertonus.

It must however be pointed out that here again the results of
observations in a different species and of different types of
lesion in the central nervous system are being compared.

At the present time the mechanism of human spasticity
Presents many unsolved problems and I should like to make it
quite clear that the theory which has been advanced is
presented only in the hope that it may help to indicate the
line of future research on the problem, In this respect
recourse to animal expériment appears necessary, though again
the results could not be reliably equated to the human subject,
A higher primate in which a chronic hemiplegia had been induced
might be the best preparation. It would be interesting to
record the affernt discharge from one of its flexor muscle
groups before and after subjJecting it to the method of stretch
which has been described. A period of stretch lasting three
months is suggested, If, after this time, when the part was
Passively flexed and then extended, no afferent discharge
appeared until the locus in the arc of full extension was
reached in which the 1imb had been splinted, but thereafter
the record showed a sudden rise, this would suggest a
peripheral rather than a central thange,
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Whatever the intimate mechanisms involved 1t may

that the analysis of results presented offer some
nggggggg the method ma§ have a place in the management of
hemkplegia. Other methods of treatinﬁ the bBemiplegic
patient and in particular his muscle hypertonus will be
discussed. In so doing it may be possible to determine
the place of the muscle stretch method which has been
described.

Modern methods of treating hemiplegia caused
by cerebrovascular lesions appear to fall into three main
categories. Immediately following onset, ipsilateral
stellate ganglion block is sometimes advised. When the
signs of hemiplegia are fully developed rehabilitation is
almost universally accepted as the treatment of choice., 1In
the residual phase where spasticity is hindering further
progress several methods of reducing it have been tried.
Apart from these three main lines of treatment there are
few accepted methods. Bourguignon (1925) claimed good

e rom trans-~cerebral lonisation and Martucci et al
{lsg%gsagvised %%ans-cerebral diathermy. In the absence

of statistical proof of their efficacy these methods have
fallen into disrepute, as has the "almost athermic" short
wave diathermy of Wolf (1941). Brunstrom (1956) has
described a method whereby the flexor and extensor synergies
of the upper limb may be put to useful purpose, but he did
not provide clear evidence of their value. Sciaroni (1948)
attempted operative treatment whereby the circulation was
partially re-routed to the affected area. In three residual
hemiplegic cases so treated one showed moderate improvement
and the others died soon after operation.

é%llate ganglion block is not comparable in any way

to the method of treatment advanced in this work, and will
therefore be briefly commented upon only because of its wide
use. It was first introduced by Leriche & Fontaine (1936) who
described it as a method of increasing the cerebral blood
supply by blocking, with local anaesthetic injection, the
sympathetic fibres to the vessels of the brain, They believed
that spasm of these vessels enhanced the ill-effects of the
cerebrovascular lesion., Villaret & Cachera (1939) conducted
experiments with dogs which appearcd to support that opinion.
gerhaps the most objective clinical study was that of Mackey

Scott (1938), who found a quick and marked improvement in
nine out of nineteen cases of early hemiplegia; that resulting
from embolus responded best and they advised injection imm~
ediately after onset. This assessment has been supported by
the work of Risteen & Volpitto (1946), Gilbert & de Takats
(1948), Walsh (1956) and Amyes & Perry (1950). The last
named called attention to the danger of puncturing blood
vessels or pleura and also to the short-lived effect - a
few hours - of a successful block. Harmel et al (1948), in

a study of its effect on the blood supply of the brain, found
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that "Neither cerebral blood flow or cerebral vascular
resistance was significantly changed following stellate
ganglion block." Brain (1956) has stressed the need for
more controlled trials of the procedure.

. Rehabilitation. This might be described as a
method of training the hemiplegic patient to make the best

use of all the mental and physical resources spared by his
cerebral catastrophe., Warren, (1948, 1950 & 1953) in this
country, and Busk (1953 & 1954) in America, have played

a prominent part in securing recognition for this method.

The idea of rehabilitation has however been gaining ground
since the beginning of the century.. Graham (1902), advocated
regular passive and active movement of the limbs as soon as
the acute phase had passed. Shepherd et al (1915) reiterated
this advice and claimed that functional improvement could be
so obtained. In 1920, Thompson wrote, "Re-education of the
patient in making new movements will often greatly improve
the paralytic limbs." The first recorded use of the word
rehabilitation was in a paper by Mann (1935). In that report
the modern concept had begun to take shape. Passive methods
were not recommended. The emphasis was on active movement.
Mann selected a duration of six months or more as signifying
residual hemiplegia from which spontaneous iImprovement could
not be expected. Since his report there has been a great deal
of published work on rehabilitation of the hemiplegic patient.
Much of it 1s repetitive and to avoid confusion it may be

best to outline the main features of the method as practiced
by leading authorities,: Of these Warren and Rusk have already
been mentioned; other contributions have been made by

Lowman (1948), Rusk & Marks (1953), Fields (1955), Droller

& Thornley (1956) and Benton & Rusk (1956).

: Rehabilitation is now generally begun as soon as
¥he acute stage of the cerebral accident has passed. Simple
measures are carried out ab initio to prevent contractures,
such as a pillow in the ax1lla and a foot board. More
general splinting is very rarely advised, but in view of the
results obtained in this study it might be interesting to
treat an early hemiplegic with an appliance which kept the
shoulder in atiduction and the elbow, wrist and fingers in
extension, Development of spasm in the muscles opposing
those positions might thus be prevented., On the bther hand,
if spasm did not appear it might be argued that this had
been a spontaneous occurrence, Perhaps a more instructive
time to gpply such a splint would be when a marked degree

of spasticity was clearly developing and then observe the
subsequent effect,.

Returning to treatment by renabilitation, the usual
procedure is to begin with passive and agsisted movements;
later free active or resisted exercises are given., When
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sufficient voluntary movement returns in the leg the patient

is encouraged to stand and sit under supervision. With
further improvement he graduates to walking between pgrallel
bars or holding a rail. Next he is trained to walk with the

h of a three or four legged stick., In bhis manner he is
t:%ght to get about inﬁepe%gently. At the same time he is

taught to make the best use he can of his upper 1limb in
dressing, feeding and other personal activities. Many
special {nstruments and alterations in standard equipment
are used to help him these matters. In this way the patient
can often be discharged homeand able to look after himself.

he author had the good fortune to work for some
time with Dr, Marjory Warren and so gained experience of
the great value of rehabilitation. Nevertheless the impression
was formed that it has one major defect; it rarely produces
much useful movement in the upper limb. Muscle hypertonus
is commonly the limiting factor. 1In the leg this usually
produces constant extension at the knee and the ability to
walk is thereby assisted. But in the upper limb 1its effect
is to cause a constant flexion of fingers, wrist and elbow and
so function, far from being assisted, 1s usually greatly
curtailed. The ability to use what movement remaing can of
course be improved by occupational therapy but where hyper-

tonus is marked it apgears that little can be gained even
in that way. A spastic upper limb is a great source of

annoyance and frustration to the hemiplegic patient and it
was surprising to see with what eagerness they agreed to try
the muscle stretch method despite its apparent tediousness.
They seemed to welcome it as a positive line of treatment,

Experience with this series of patients suggests
that the technique is probably most worthy of trial in the
residual phase of hemiplegia when it is clear that hypertonus
is not resolving and that further functional improvement in
the limb is unattainable by the usual methods of rehabilltation.

What other ways of reducing spasticity are available?
Probably the most comparable method of approach to muscle
stretch is that described by Psaki & Treanor (1956) who
proposed that afferent impulses from muscle and skin played
an important role in maintaining spasticity in hemiplegic
patlegts. They stated that if such influence from the more
spastic muscles could be peduced some movement of their less
spastic antagonists would result., As a test they blocked the
nerves to the spastic groups with 1% Zylocaine and if antagonist
move@ent resulted nerve conduction block was carried outy by
surgical procedure. Disappointingly,they gave no information
regarding the results obtained.

La Joie & Gersten (1952) carried out an interestin
study of the effect on the excessive muscle tonusg in hemi- ?

Plegia of various procedures cxaimed to be of value in
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reducing it, These were hot packs paraffin wax, infra-red

0y

radiation, the drug "Myanesin", tetanising current, constant
current and ethyl chloride spray. The degree of tonus was
estimated by a mechanical device which extended the elbow,
the tension required to initiate movement being recorded
before and after the use of the method which was being
examined. Electromyographic records of activity in the elbow
flexors were made at the same time., The corresponding muscle
roup on the unaffected sice of the body was used as a control.
%hey found that only two of the above methods had any effect
in reducing tonus. Infra-red radiation at a distance of
fourteen inches caused a slight reduction. This lasted about
ten minutes after removing the heat source. The other was
"Myanesin". The drug was slowly injected over a period of
some fifty minutes and it significantly reduced resistance.
The maximum decrease usually occurred during injection and
after it was stopped spasm returned within twenty minutes.,

La Joie & Gersten's results indicate that "Myanesin"
(3=-0Ortho-Tolaxy-1, 2-Propanediol) was a potent reducer of
spasm. Other workers have confirmed this opinion. Berger
& Schwartz (1948) found that orally administered, in the form
of a 3.3% solution, it caused abolition of gpontaneous motor
unit activity in the spastic muscles within five to twenty
minutes. Electromyographic recordings were used. They found
that when spasm was reduced active movement was increased. The
subjects of their tests included patients suffering from
-chronic residual hemkplegia, They found that the drug was
well tolerated over a period of many weeks., Regarding the
last point, other clinicians while agreeing that'"Myanesin”
reduces tonus have not found it safe enought for prolonged
administration. For example Schlesinger et al (1948) using
@he intravenous route of administration noted that, when given
in concentratifons sufficiently high to produce clinically
effective results, side reactions such as nystagmus, blurred
vision, drowsiness and paraesthenia were commonly experienced.
They also found that its effect lasted a maximum of forty-
five minutes after administration was stopped.

Bome other drugs have been tried. Among them was
Cuyare but it does not appear to have been well received
mainly perhaps because of the danger of respiratory paraiysis.
It was also found that effective doses were likely to produce
ugpleagant side effects such ag weakness, giddiness and
diplopia. Again, woluntary movement was abolished at the same
time as spasm since Curare exerts its effects by blocking
transm}551on at both the alpha and gamma end platés (Hunt 1952).
Schlesinger (1946) reported good and sustained results by
using a suspension of Curare in oil but even he admitted that
its main value was in permitting physical therapy during the
period of relaxation. Another which had a vogue was Neogtigmine,
Controlled studies by Schwab & Chapman (1947) and Teltelbaum

& Vyner (1949) did not support i
success, b previous reports claiming
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Basmajian & Szatmari (1955) preshéted an interesting
acecount of the effect of Chlorpromazine on hype;tonus.
Thirteen patients presenting spasticity, includlng_residual
hemiplegic patients, were studied by clinical exgmlnation
and by electromyography. The drug was injected intravenously
and within three minutes a dramatic release of spasm was
detectable clinically. Electromyographic recordings showed
simultaneous disanpearance of spontaneous motor unit activity.
Two hours after injection spasticity was found to have
returned to its previous state., Most of the patients were
made drowsy by the drug. Given by mouth the effect was less
obvious., Discussing its mode of action the said, "Judging
by the clinical effects oh psychotic and on hyperexcitable
patients it can be said to affect higher centres. However
the exact level of action is unknown., Does it stimulate
descending inhibitory pathways or repress facilitatory ones?"
They concluded that the latter seemed to them the more likely.

It is evident that all of the above-mentioned drugs
have disadvantages which preclude their general use. The
ideal drug would be safe in effective dose, reasonably pro-
longed in action, easily adminstered and would act selectively
on the appropriate extrapyramidal centres, At present no
such preparation is available,

Some modern methods of treating the hemiplegic
patient and his spasticity have now been reviewed. It may
be agreed that no really effective treatment has yet been
found, Hemiplegia presents a great and increasing problem,
the magnitude of which is shown by Howard Rusk's estimate
that there are between one and one and a half million hemi-
Plegic patients in the United States of America. It is
therefore apparent that an advance in the treatment of hemi-
plegia is urgently required. The only really effective
treatment would be to prevent its occurrence, but until that
can be done the only course is to make the best use of the
nerve elements which have escaped destruction. In that
connection, Lassek (1950) has published some interesting
work. After an extensive study of the relationship between
clinical paralysis and destruction of the cprtico-spinal
pathways he said, "I have not been able to find any distinet
correlation whatsocever between the degree of destruction in
the motor bundle and paralysis." Some patients presenting
an almost total hemiplegia were found at autopsy to have an
intact pyramidal system. Lassek's findings offer hope that
voluntary movement may be regained by such patients if the other
factors restricting movement can be overcome. What are these
factors? The most obvious one is hypertonus but it should be
noted that at least one other has been suggested. Sherrington
(1947}, Walsh (1948) and Lassek (1950) have called attention
the possible importance of the interruption of afferent influx
tg the sensori-motor cortex, vparticularly that from the
distance receptors. It will however be difficult to asses this



factor until a means of abolishing muscle spasm has begn
found., It seems therefore that the immediate problem in
the treatment of hemiplegia is to find such a method.

There is 1little doubt that the most promising line
of apprbach is through pharmacological research on spasm
relieving drugs. If an effective preparation can be dis-
covered it will of course reduce spasticity in all the muscles.
Meanwhile there may be a place for the method introduced in
this work, whereby tonus in the more spastic groups can be
reduced with consequent release of active contraction in the
less spastic. Its main disadvantage is that it usually
requires several months of constant erxpart time immobilisation
to obtain lasting results. Nevertheless, when it is anti-
cipated that the patient will survive for a period of years
and will be able to make use of the resulting improvement
this may be justifiable. It can at least be said in favour
of the method that it is perfectly safe. Polythene-poly-
urethane appliances were used in each case and skin abrasions
never occurred despite rong periods of constant wear., But
apart from their comfort and durability there does not appear
to be any special virtue inherent in that type of appliance
and any comparably safe means of stretch would no doubt do
equally well,

A point which might be worth stressing is the
importance of actively using the limb as soon as the period
of constant stretch is over. This helps prevent two minor
troubles attendant upon immobilisation - oedema, and sometimes
also stiffness of the part. BEvery encouragemen% should be
given the patient to use his limb and occupational or
diversional therapy freely prescribed.

The danger of generalising from the results obtained
in a small series of experiments is stressed, Further study
is clearly required and, in future trial, methods of measure-
ment more exact than those of clinical examination would be
desirable, For example, change in the power of active move=-
ment could be more accurately measured by a machine which
records muscle tension. Th record changes in the degree of
tonus.would be more difficult., The apparatus described by
La nge & Gersten recorded this measurement by the amount of
tension required to initiate movement. The reliability of
such a technique is open to question since the tension recorded
will depend to a large extent upon the position of the limb
befo?e passive movement is begun. These workers did not
consider that poiht, but it seems important since 1t was noted
?hroughout the present study that if, for example, the elbow
joint was fully flexed it could then be extended through an
arc during which no resistance could be detected - commonly 3
some 400 - 500, Resistance would then appear in the form of |
a sudden contraction of the flexor muscle groups. ZThe locus |
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in the arc at which this Ehenomenon presented remained
more or less constant in the absence of treatment. It is

proposed therefore that it would be more satisfactory to
adapt thelr apparatus to measure this range of unresisted
movement and to measure also the strength of the reflex
contraction eventuallyelicited. Alteration in those features
would, it is thought, give a better assessment of change in
the degree of tonus.

It may be permissible to hope that further research
will substantiate the results obtained in the present
clinical study. If the method of muscle stretch is proven
to be successful in overcoming hypertonus, patients with
hemiplegia and perhaps also those with other upper motor
%eurggg diseases such as paraplegia or cerebral palsy might

enefit,
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PART 2.

THE POLYTHENE-POLYURETHANE SPLINT.

INTRODUCTION

The first plastic material, cellulose acetate
("Celluloid"), was discovered by Parkes in 1863. 1In
orthopaedic practice it was the only plastic commonly
used until 1943, In that year McGowan described the manu-
facture of Polymethyl Methacrylate ("Perspex") splints from
positive plaster casts of the patients' limbs. A year
later Kulowski et al described a method of splint making
in which a loosely knitted bandage of cellulose acetate
and cellulose rayon was used. This was wrapped round the
limb and sprayed with acetone. On drying the materials
became rigid. In 1945 Scales & Herschell described a
method of making small Perspex splints from negative plaster
casts. Cholmeley (1945) also reported favourably on Perspex
as a splint material. Collinson (1946) published a short
account of the use of urea-formaldehyde resins for making
splints direct to patients. Bandages soaked in these resins
were wrapped round the limb and heat applied. It was found
however that the length of the period of heating which was
required to harden the materials was rather too long for this
to be a practical method. It was also found that skin
reactions from the formalin were not uncommon.

Herschell < Scales (1948) reported further on the
value of FPerspex in the manufacture of small splints and
spinal jackets. Negative plaster casts were used. They
pointed out the necessity of have a specially equipped
workshop and the assistance of technicians skilled in the
use of plastics when making the large appliances. In 1950
Sca}es described the use of polyethylene (polythene) and
resinated asbestos felt in splint making. Both were moulded
over positive plaster casts. The procedure for making appli-
ances from resinated felt required svecially skilled work ,
though good examples of rigid applizsnces such as pylons could
be made with that material., Polyester resins and Vinyl
Polymers are also used for the manufacture of gplints though
positive plaster casts and skilled labour are also required
for their use, (Scales, in Nangle, 1951).

In 1953 at the 8th. International Congress for
Rheumatoid Diseases a new method of applying Perspex splint
material direct to the patient was demonstrated by Dr, H.
Van Swaay of Holland, (Van Swaay, personal ¢ommunication. )
The malleable temperature of Perspex is 140 Centigrade. The
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technique was as follows: a new hlastic possessing marked
heat resistant properties was interposed between the patient's
skin and the hot perspex. Heat insulation was sufficient to
exclude all but a comfortable warmth. The new plastic was
elastic in consistence and therefore was itself malleable,

The plastics were moulded to the part by bandaging and when
the Perspex cooled and hardened a mould of the part was
obtained. There was no adherence betwecn the materials and
if padding was required it was neccessary to glue them
together, Further progress was made in this method by using
polythene in place of Perspex (Scales, personal communication),
The advantages of this combination were the lower malleable
temperature of the polythene (120°C.) and the adherence
obtained between these plastics during heating.

It may be well to remark at this point that I
played no part in inventing the method of applying these
materials to the patient. My contribution was to extend
the scope of the technique from the stage of making cock-up
wrist slabs, to which it had been brought by the above
workers (Van Swaay 1954), to the manufacture of more
elaborate splints and spinal appliances. These are described
later, (Appendix, pp.20u4—255), The evolution of suitable
designs for making these anpliances, and elaboration of the
procedures required for moulding them, were the result of
my own research, I was fortunate too in being able to conduct
the first clinical trials of this type of splint, (Brennan,
1954, 1955 & 1956). Since these reports were published new
appliances have been desighed and improvements in the details
of using the direct to patient method have been made. It
was thought that this work might be of some interest. A
full account is therefore given in preference to affixing
reprints. In view of its technical nature it is enclosed
in the appendix., A description of the materials used, the
apparatus required and the method of manufacture is given
before describing the appliances.




34

OBSERVATIONS.

Material.
A polythene-polyurethane appliance is formed of

two adherent layers of plastic. The outer layer is polythene,

a semi rigid material., The inner layer, which lines the
polythene is a soft spongy plastic called polyurethane.
The polythene provides the required strength and the poly-
urethane, besides imsulating the skin from the heat during
mould%ng, remains as an adherent padding in the finished
splint, )

During a two year period two hundred and forty-
seven appliances were made with these plastics. A list of
splints and spinal supports which were designed and found
te be useful by clinical trial is given below. One example
will be given in some detail to illustrate the sort of
design and method of applicatiomn used,

RANGE OF APPLIANCES DESIGNED.

(A), Upper Limb Splints. See Appendix
Pageg Nogs=-

10 Ventral (COCK-np) WriSt splintoonoooonooooo 2090
2. Livelywrist splint.........0............‘. 212.
E. D@rsal wx‘ist splint.o.‘ooo.oo.o..'lo....... 2150
+e Ventral wrist splint with extension

to prevent ulnar deviaticn of fingerse.c... 217.
5 Hand splint to prevent ulnar deviation

gf fingers‘....‘.'.....OC......O.Q.I...COQOQ 219.
6., Wrist and finger splint for use in

spastic paralysis. (TyPe Ade.ceecececsceees 221,
70 Elbow Splint.............-.........o...-..o 22#.

(B), Lower Limb Splints,

1. Khee Splintaooooooooooooo.oc.'oc-ooooooooo0 '20”.
2. Long leg and fOOt splint.ocoooooooooooo.ooc 226.
E. Short leg and foot splinta..eccceceecsceees 230,

* Heel-sore splinthoo.oooooooootoocooo'.o.ooo 2320

C. A ances.

10 CerViCal c°llar'qc0000000000000-00000-0000o 2‘50
2e Lumbar-abdominal support................... 23 .
e Lumbar spinal SUPPOTte.cccocccccccscncccsse 245,
L ] spinal brace...‘..................'........ 2""7.
9« Sacral bed-sore Jacketeeeeeeoeosceoscsvesses 249,
6. Plastic bed”............‘l................. 252.

Wrist and finger splint for use in gpastic paralysis
(Type B.). =~ described overleaf, P thi
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MEAS ENTS.

l.. Distance between finger tips and 1" proximal teo
: mid point of forearm.
2. Distance between finger tips and wrist joint.
.3, Distance between finger tips and %" proximal to
M,P,. joints,
4, Circumference of fingers at M,P, joints.
5« Circumference of wrist. , :
6. Circumference of forearm 1" proximal to its mid point..

PREPARING THE PLASTICS AND DIAGRAM OF DESIGN,

This splint is virtually a dorsal cock-up slab
with bands round forearm, wrist and fingers. The design
required to produce these
results is shown opposite. The
bands round the forearm and e e e e e - -
wrist are made 2" wide and the e
width of the band round the
fingers is the distance between
middle finger tip and 4" proxi-
mal to M,P, joints, The dorsal
strip is 2" wide, and where there
is more than mila spasticity &
strengthening strip 1" wide and
of 1/8" thickness is laid down
the middle of the dorsal strip,
(shaded strip in diagram)..

In marking the
patient!s measurements on the
polythene 2% is added to the
circumference of each band so
that they will overlap the
dorsal strip in the moulded
splint, This adds a little to
the strength and also allows
press-gtuds to be set into the
Plastics themselves and so
avoids adding straps when
finishing the splint,

MOULDING,
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As described for moulding Type A. splint the
spasticity is abated by passive manipulation of the patient's
wrist and fingers £6r a few minutes. The heated plastics
are then removed from the oven and, while an assistant
holds the fingers and hend extended, the dorsal strip is
laid along the dorsum of the limb and the bands are



ed round the forearm, wrist and fingers - including
gﬁ:pﬁ.P. joints. They aré then bandaged in place. The
bandage 1s left on for some fifteen minutes to allow the
dorsal strip (now 4" thick) to cool and set adequately.
During moulding, the finger band must cover the ventral
surface of the M,P, joints., If it is moulded distal to
these joints and covers only the phalanges flexion spasm.
at the wrist joint will, when the finished splint is
worn, hyperextend the fingers.

- FINISHING,

Four straps and press-studs are fitted in
the position shown in the photographs and the splint
is ready to wear,.

Weight, 60zs. Cost W4/9d.

I had the opportunity ef making ome hundred and
forty-seven limb splints and spinal appliances by the direct
to patient method described and of observing the results.
The cutting, mouldimg and finishing of each was personally
carried out, About one hundred others were made by non
medical staff. ‘

There was very little waste of material during
manufacture, 0dd pieces of polythene left over after
cutting out certaim designs were used as strengthening strips
in other appliances, 0dd pieces of polyurethane were used
as extra layers of padding where this was indicated. Some
examples turned out badly and had to be heated out flat
for remoulding or, occasionally, thrown away. This only
occurred during experiments with new designs and when these
were satisfactéry no such waste occurred.

Regarding Safety, ne burn was sustained nor was
discomfort complained of by any patient during the manufacture
of these appliances.

the
. Malleability of.two adherent layers of plastic was
found to be adequate for all but a very few patients. The
limiting factor in each case was a sharp curve in two planes
at right angles to each other, e.g. it was found that they
would not mould satisfactorily to a knee which
mueh more than 45°. In practice, splinting anyw?gig%eggd



a greater angle of flexion than that was seldom indicated.

One of the most satisfactory reports from the
patients was that these appliances were comfortable to wear.
Only two patients refused to wear their appliances on the
grounds of discomfort, (Appendix P.P. 9¢ & I%5), In
no case did even a small skin abrasion occur though in
some patients with spastic muscles a rim of pressure made
a temporary appearance beneath the upper and lower borders,
(Appendix P.P, tha-i%06)

No skin reaction was seen though in hot weather a few
patients developed mild sweat rashes. Generally speaking,
the warmth of the lining makes them more comfortable in
cold weather than in hot, =

The appliances were found to be extraordinarily
durable, No appliance broke nor did any one lose its
moulded shape. The polyurethane lining usually required
renewal after about six months wear for reasons of hygiene.
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DISCUSSION.

: Since invention of the method of applying these
plastics was due entirely to the research of other workers
it would, I feel, be inappropriate to include a lengthy
discussion of its merits. On the other hand it may be
permissable to give a brief account of the impressions
formed during an extensive personal and clinical trial.

The polythene-polyurethane splint was found to
have the following properties. It is light in weight,
being some three to four times lighter than its Plaster
of Paris counterpart, comfortable to wear, durable and
inert. It can be washed., Temperatures tolerable to the
patient have no effect upon it, It does not distort on
prolonged use. It will burn slowly, like candlewax, if
rlaced in a naked flame but will no% otherwise catch fire,
It 1s almost perfectly translucent to X-rays. The cost of
material iy small, a splint complete with buckles and straps
is a little less %han a similar removable plaster splint and
@ fixing crepe bandage. If a splint is no longer required
gy a pgﬁ;ent it can be heated out till flat and remoulded
o another.

The method eof manufacture, avoiding as it does
the use of plaster casts, holds a great advantage over other
methods in whieh such in%ermediate models are required.
Experience showed that equally well moulded limb splints
could be made by either method while moulding on casts was
found to be rather better for making spinal supports,
especially large braces. Cervical supports could however
be made very well by the direct to patient method,

It was found by personal experiment that the
polyurethane layer between skin and polythene was indeed
an efficient heat insulator and that there was no danger
of burning occurring through it in the thiclkmess and density
used. This was supported by the testimony of every patient,
Begides, if burning did occur it could only take the form
of a "hot spot" under some point of undue pressure and would
not compare in severity with the severe burns of the whole
limb which have occasionally occurred with the "Glassona"
type of splint, The latter type carries also the danger of
acetone poisoning (Campbell, 1546). |

One of thegreat advantages of the direct to patient
method is that a physician or surgeon can devise original
types of splint and immediately put his ideas into practice,
No outgide technical assistance is required. Some examples
of appliances developed in this was are shown in the appendix.
These include a splint for healing bed sores (P.232), a
splint for preventing ulnar deviation of the fingers In
patients with rheumatoid arthritis (P, 219 ) and an adjustable
elbow splint for a boy with lower motor neurone paralysis of
the arm (P.300). '



Immediate conversion of onefs ideas into practiece
in this way was found most stimulating.

Another advantage was the speed with which
patients in urgent need of special appliances could be
supplied with them. Two patients with severe root pain
from carcinomatous secondary deposits in the cervical
spine were supplied with cervical supports within two hours
of request and derived lasting relief, (P.P. 296~ 2942 ),

A disadvantage of making thermoplastic splints
is that a certain amount of equipment is required. An
electric heating oven and a machine for punching ventilation
holes and riveting straps and  buckikes onto the splint are
essential, and a power driven buff is desirable. On the
other hana no large expenditure is needed. The oven is a
simple thing te make (Appendix P.149 ) and could in most
cases be made from the scrap available in the hosptial
engineering department. Thé punching machine costs seventeen
pounds and a buff costs about eight pounds. 8o that the total
outlay need be no more than twenty-five pounds.

The method of making the splints is easy to learn
and at the hospital in which this work was dene approximately
one hundred examples were made by physiotherapists and other
non medical workers.
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PART 3,
A STUDY OF THE VALUE OF STABILISING JOINTS IN THEIR
FUNCTIONAL POSITION, BY MSANS OF POLYTHENE-POLYURETHANE
PLASTIC APPL.TANCES, IN THE MANAGEMENT OF RHEUMATOID
ARTHRITIS AND NEUROLOGICAL DISEASE.

OREWORD,

Polythene-Polyurethane (P.P,) appliances were
used in the management of 163 patients in an attempt to
relieve pain, prevent deformity and help restoration of
function, of this number, 107 patients suffered from
rheumatoid arthritis. The remaining 56 included repres-
entatives of a wide range of chronic diseases, mostly
neurological, It was however mainly in the hope of
benefitting rheumatoid arthritic patients that work on
the P.P, appliances was done., A much wider experience
was therefore gained of their value in that condition
than in any other single disease entity. The introduction
and discussion of this series of patients will thus be
confined to their use’as a means of obtaining rest for
the affected joints in the management of rheumatoid
arthritis,

INTRODUCTION.

It is a fundamental principle in the treatment
of disease that the affected tissues be rested. It has
been found that the body's defence and repair mechanisms
function best when the diseased part is at rest. This
is perhaps of special importance in the treatment of
inflammatory disease and many great teachers of medicine
have laid emphasis upon it in that oonnection. Hilton (1860)
advocated rest in the management of a wide range of
disease processes. Hugh Owen Thomas (1878) applied it to
the management of disease in the locomotor system with
such outstanding success that his methods have been almost
universally adopteds In 1909, one of his disciples Robert
Jones, writing on the treatment of rheumatoid arthritis
emphasised the importance of resting the joints in their
gpnctional positions as part of the management of that

isease,

It is probably correct to say that rest is now
generally acknowledged as an essential part of the treatment



of acute arthritis. On the other hand the very small
amount of published work devoted to study of its value
suggests that this has not been widely investigated.

It appears that attention has been almost exclusively
directed towards the trial of a succession of treatments
advanced as having a specific action upon the disease
process, Simple rest must have seemed to many as a
confession of defeat, as indeed it is, though a remedy
the value of which has been so widely accepted appears
to merit closer study. A few workees have however given
it a high place in their scheme of treatment, and it
appears significant that rest has been, and still is
most strongly advocated by physicians with a very wide
experience in rheumatology,. '

Coates (1933) insisted on prolonged rest of
inflamed joints and forbade weight bearing when those
of the lower limbs were acutely involved. After his
death, Kindersley (1936) carried on his work and stated
that he considered splinting to be the main feature of
treatment and that other methods should be regarded as
subsidiary to it. Bell (1940) was another advocate of
reste He wrote "immobilisation while the cendition is
acute, and splinting to prevent deformity will make
the patient much more comfortable, allay the inflammation,
aid in arresting the progress of the disease and definitely
prevent deformity." In the same year Tippett advised the
use of a plaster bed in cases where the disease was poly=-
articular, saying, "This will give generalised comfort
and support to the painful limbs." '

While the search for a specific anti-rheumatic
remedy was persued with renewed vigour following the second
World War the employment of rest continued to be advocated,
Dunlop et al (1947), Copeman (1948), McMurray (1949) and
Wiles (1951). One of its strongest supporters was Duthie
(1951) who wrote "It would therefore appear that the best
results will be obtained in respect of both constitutional
and local symptoms if methods of treatment are used which
will control the inflammatory process in the joints., Viewed
from this standpoint, marked constitutional symptoms are
a clear indication of the need for treatment of the primary
lesion in the joints." He recommended strict immobilisation

in encircling plaster casts for % - I weeks while inf]am-
mation subsiﬁeg, and stated that ankylosis was preventgg

by this measure rather than encouraged as so many believed,
Parry et al (1952) also advised both local and general
-rest for children with acute arthritis,

During the last few years, as the limitations
and dangers of suppressive therapy became increasingly
clear, many authorities reiterated their belief in the

value of simple general measures including rest. These
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orkers included Tegner (1952), Duthien(1955), Lawrence €Sladden
Y19%5), Rae and Bender.(l956),’Kelly (1956) and Copeman (1956).
The last named said that the prevention and treatment of
deformity "rests largely on adequate and intelligent

splinting of the affected joints before they become
irrepairable.," Like Duthie he decried the dangers of
ankylosis and advised complete fixation of acutely .
affected joints for up to one week. Kelly (1954, 1956)

also claimed that the benefits of immobilisation had
been overlooked owing to fear of ankylosis. In his

opinion it was dmring the acute phase that splinting was
most desirable since its effect was to reduce inflammation

and so lessen the chance of adhesions forming. He advisged
three to five weeks constant fixation in the functional
position followed by progressive freedom from the splints.
Duthie and his associates (1955) studied the effect of
conservative method of treating 282 patients over the
course of three years. They concluded that "The results
which follow the conscientious application of conservative
forms of treatment in hospital compare favourably with
those claimed for other forms of treatment, such as the
administration of gold or cortisone.," ‘

Against the above background of work the value
of the polythene-polyurethane appliance as a means of
obtaining rest in rheumatoid arthritis will be indicated.
107 patients were fitted with these appliances and the
- benefits obtained through their use were noted. It should
however be pointed out that the primary object in this
olinteal tfial was to find out if the patients would find
this new pype of appliance comfortable to wear and helpful
in relieving pain during the long periods of use which
were foreseen as heing necessary for most of them. The
gréat majority of the patients had advanced rheumatoid
arthritis and it was not anticipated that objectively
measureable improvements would result from the employment
of these splints. From the clinical point of view the
trial was therefore intended to be mainly on a subjective
basis. It was only during the management of the few patients
with early acute symptomatology that the value of prolonged
stabilisation of the joints became objectively apparent.
Thus in the absence of controlled observations only two
1llustrative cases will be presented. It is hoped that
these have sufficient intrinsic interest to merit documenta-
tion. One feature of treating early acute arthritis by
rest which they suggest is that, since nearly all the joints
eventually become involved,-it would probably be best to
supply every patient with a plastic bed at the onset of the
disease.. In nearly all early cases a succession of limb
splints became necessary with consequent difficulty and
fatigue in fitting and removing them, ‘



OBSERVATIONS,.

MATERIAL.

LT

Polythene-Polyurethane plastic appliances were
used in the management of 163 patients with arthritic and
neurological disease. The case histories of 36 patients
are reported. The types of disease treated and the number

of reported cases suffering from each is
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METHOD, ‘ '

The only criterion for the inclusion in the series
was the decision arrived at by consultation with the physician
in charge of the patient that he would benefit from local
joint rest or correction by memns of a plastic appliance,
Thereupon one of the standard designsz or one specially
devised, was used to meet the patient's needs. His sub-
jective account and the objective observations were
recorded at intervals during the period of wear. Apart
from those patients with arthritis almost every one pre-
sented a different therapeutic problem and 1ts response
to the particular type of appliance used had to be
individually assessed., Two cases of early rhéumatoid
arthritis are described in some detail to illustrate the
method of treatment and ohservation,

RESULTS.

Rheumatoid Arthritis.
«P. plastic appliances were used in the

management of 88 advanced and 19 early cases of rheumatoid
arthritis. Their purpose was to stabilise and rest painful
joints in their functional positions, In all cases this
resulted in some degree of abatement of pain and in many
relief was complete within days or weeks. The average
period during which the appliances were used, while the
patients were under personal observation, was 0.91 years.,
No appliance was discarded on the grounds of discomfort.
In no case did deformity occur while wearing a splint
designed to prevent it., Although some patients kept
inflamed joints immobilised almost constantly for weeks

or months ankylosis was never seen as a resultj in fact

it was much more common to find that the range of movement
increased when the signs of activity in the joint had
responded to rest. It must however be pointed out that in
no case was immobilisation absolutely constant as each
patient removed his appliance at least once each day in
order to wash the part. All were instructed to carry out
a few active movements during that time of freedom,

In advanced rheumatoid arthritis one of the best
results obtained by using these appliances was the increase
in functional capacity.. In almost all of the 88 cases the
wrist joint was unstable to some extent and this prevented
full use being made of the hand's cppabilities. Stabilisation
in a P.P. wrist splint increased the strength of the grip
besides relieving pain in the wrist. Housewives were enabled
to do rather heavy housework and cooking which had previeusmly
been outside their scope. Fixation of one knee joint was also
of great help to many. Their comfort and light weight
permitted wrist and knee splints to be used as almost
permanent aids., Finally, the resilience of the splint
materials and the employment of press-stud fixation
enabled every patient, no matter how advanced his condition,
to put on and remove his splints without assistance.



Neurological Disgease. |

The types of disease and the aims of treatment
were so varied that the results can only be related to the
particular therapeutic problem which each patient presented,
The reader is therefore referred to the case records,
(Appendix, P.P, 300 — 324 )e It may nevertheless be
worth mentioning one or two features common to small groups.

Three patients whose hip movements were too weak
to permit walking in metal callipers were able to do so
while wearing P.P. plastic leg splints in virtue of their
light weight, (Appendix P.P, 303,312,3iq),

The abolition of spasticity by prolonged stretch
of the spastic muscles, already noted in the hemiplegic
series, seems capable of attainment e£%%similar means in
other upper motor neurone diseases. This is suggested by
the results obtained in two cases of disseminated sclerosis,
one case of cerebral palsy, one case of tuberculous meningitis
and one case of Parkinson's disease. It may also be worth
not®ing that the use of specially designed P.P. appliances
achkeved improvement in function in one case of polio=-
myelitis (Appendix P.P.%Y00- 303),

Disease affecting the : Vertebral Column.

Three’ﬁatients with spondylosis found P.P. spinal
supports light and comfortable to wearing during a period of
observatio§ lasting, on average,ten months, (Appendix P.P, 28I
—-— 296 . )

The results obtained by useing P.PL neck supports in
the management of 2 cases of secondary carcinomatous deposits
in the cervical spipe with severe root pain were very good,
They were indeed the most rewarding of all in the whole series,
Despite gross bony destruction the supports held the head in
good position and relieved pain almost completely until the
time of death, (Appendix P.P. 2%¢— 29q2)

Decubitus Heel Ilcers.

Three patients with ulcerated heels were provided
with specially designed splints and the sores healed rapidly
in two cases. In the third they resolved when other methods
of treatment were used in addition, (Appendix P.P.1q3-—'3oo),

oft Tissue lLe _
Two such lesions responded rapidly to rest,
(Appendix P.P. 326 —3206)%



CASE NO, 18; 58

Age 64 years.
Sex. Female.

Condition. Juvenile rheumatoid arthritis.

Case History.

This little girl was admitted on the 3.7.54,
with an effusion at the base of the left lung and signs
of pericarditis. Her temperature was 104°F. A few small
1ymph nodes could be felt but the spleen was not palpable.
On the 28.7.5% both wrists became swollen and painful, and
the diagnosis of acute juvenile rheumatoid arthritis was
made.

The wrist and carpal joints continued to be
severely involved and flexion deformity appeared imminent.
P.P. plastic cock-up wrist splints were therefore made. As
the fingers showed less evidence of activity they were left
free. Her elbows were also affected to a lesser degree, but
it was thought best to let her use her arms so these joints
were not splinted except for short periods.

The disease was kept under control by cortisone
and ACTH therapy until December, 1954, when attempts to
reduce the dosage produced a flare-up and other joints became
affected, particularly the knees, ankles and cervical spine.
Slgns were also present in the shoulders, hips, finger-joints
ahd tarsi, but were less acute. Radiography of the carpi
at this time revealed advanced osteoporosis and cortical
erosion, Of the newly involved joints the knees and ankles
were most affected, the former being held flexed at an angle
of 90° and the feet plantar-flexed. Attempts to correct their
position caused pain and were resisted. Leg splints were made
extending from thighs to toes. During application the warm
plastics helped to overcome flexion spasm, and the splints
could be made with the knees almost fully extended. Diagonal
straps were provided to keep the feet dorsiflexed to 900, A
cervical support was moulded with the neck in neutral position.

The child wore her splints almost continuously, day
and night, without complaint., The cervical support was worn
only during the day. All were, of course, removed for
bathing and for her daily physkotherapy periods. A careful
watch was kept on the hip joints, but it was found that hip
flex1og was effectively prevented by splinting the knee in
extension, Fracture boards were used under a firm mattress
Egr§revegta¥{phos§s. The dosage of cortisone and ACTH was

gradu ¥y reduced over many wee i
stopped on the 22.4.55 and the atte%séntggefgﬂ?§f5??ln o
rebound phenomensa occurred,
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By the middle of July, 1959, fugct@onal recovery
of the joints was almost complete and splinting was dis-
continued, There was a completely normal range of mgvement,
passive and active, at all the joints of the lower limbs.
Muscle bulk was fairs; about 75% of normal. The upper limbs
showed a 1little restriction of movement at oni orFiwo 301nt§.

ovemen t the left shoulder were normal. exion an
g%%u%tzgn o%stﬁe right shoulder was limited to 160° and
rotation was a little restricted, The left elbow movement
was normal but extension of the right elbow was restricted
by a few degrees (10°)., The wrist joints and carpi, which
had been severely involved for over eight months, showed an
excellent range:- right; flexion 90°, extension 60°,

abduction, adduction, supinatﬁon and pronation = normalg:
left; flexion 70°, extension 45°, abduction, adduction,
supination and pronation limited by a few degrees. Extension
of the fingers was full but flexion was a little restricted.
A11 movements of the cervical spine were normal with the
exception of extension which was limited to some 30° - LQ°
from the neutral position. The other parts of the vertebral
column showed a normal range, though there was a little
dorso-lumbar kyphosis.

By this time the child was being allowed home, in
a wheel-chair, at weekends. On return from one of these
outings, on the 1.8.55, she was found to have broncho-
pneumonia, Her condition deteriorated rapidly and she died
On the )_*_.'8. 55. ‘

I say this child every two or three days for just
over a year. 9Yn no occasion did she complain of discomfort
from the splints, and this despite being severely ille for
most of the time - with some consequent irritability. Pain,
which had caused considerable distress prior to immobilisation
of the joints was seldom complainéd of after. Her death,
when all seemed well, was a great tragedy.

The histological report on post mortem tissues is
given, At autopsy the right knee joint was opened. No
erosion of the cartilage was seen and there were no adhesions
between tpe,opposing surfaces of the joint. The soft tissues
of the joint showed remarkably little macroscopic change,

Histologist!'s Regort on post mortem tissues.

l. & 2. Bronchopneumonia with coccal masses and haemorrhage

in lungs,
3. Severe chronic inflammation with ulceration of and
" slight amyloid change in mucosa and vessels of ileum.
. Amyloid change in mucosa of colon.
e Chronic inflammatory infiltration, fibrosis and

superficial fibrinoid degeneration of novi
S oo g synovia from






53

CASE NO, 19,
Age. 32 years.
Sex. Male.

Occupation. Secretary.

Condition. Bheumatoid arthritis.

Cage Historz.

It was thought that it might be more interesting
to report this patient's history by means of a photograppic
record rather than by a prose account. Only a summary will
therefore be given.

He was admitted to hospital on the 11.8.54% with
acute polyarthritis. The wrists, fingers and ankles were
most severely affected,. Treated with bed rest and aspirin
" he made some recovery and was discharged home. The wrist
joints, however, remained troublesome and a pair of P.P.
ventral wrist splints were made on the 1.9.54%. During the

sugceeding nine monthg his condition slowly deteriorated
and almost all the joints became severely involved. His

wrist joints, stabilised and rested in his splints, gave
comparatively little trouble. Ulnar deviation of the fingers
was however beginning so "wrist and ulnar deviation splints"
(Appendix, p.2/%7) were made.

In view of the large number of joints geverely
affected it was considered that several more appliances were
required. But to fit and remove these would be tedious.

It seemed that the most logical approach to his need for

more general joint rest was to make a moulded plastic bed.

By doing so all his joints would be rested in their functional
positions for some ten hours per day.

_ A bed was therefore made and it was taken to his
hg@e on the 23.7.55. Boards were placed lengthwise down his
side of a double bed which he shared with his wife. When
the patient lay in the plastic bed his spinal curves were
‘held in good position, as were the hip, knee and ankle joints.
Upper limb supports had not been fitted, (a) to avoid en-
croaching on the other half of the bed and (b) because he
already had wrist and finger splints. The bed had, however,
been made in such a way that the shoulders were supported.

He was able to get into and out of the appliance with a little

aggistance. He could sit up in it unaided by pulling on the
sides. :

He began sleeping in the plastic bed that night and
has continued to do so until the time of writing, one year
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DISCUSSION.

In the management of rheumatoid arthritis
provision of splints or a plastic bed to rest several or
all of the joints might perhaps be regarded as a means
of treating the patient and his disease process rather than
as a local treatment of the joints. Support for this view
is derived from an observation made by Duthie (1951) while
treating a patient who had only one joint acutely inflamed.
By resting it in a splint the signs of activity subsided
and it was noted that as it did so the patient's general
condition improved and his E.S.R. fell. ©On removing the
splint and allowing the joint to be used the local signs
returned and with their appearance the E,S.R. increased
and his condition deteriorated. It may be desirable there-
fore when discussing the polythene-polyurethane appliance
as a means of obtaining joint rest to review both the
general and local forms of treatment in common use and
compare their merits to simple rest. A great many remedies
have been claimed to be of value in the treatment of
rheumatoid arthritis. ©Only those which have been reported
on by experienced workers within the last ten years will be
discussed since it appears probable that the others have
been found ineffective.

In the early part of the decade several reports
appeared on the value of the sulphonamides and antibiotics.
Coste and Galmiche (1947) treated 163 patients with penieillin
and were favourably imgressed with the results., On the other
hand Hench (1946) and Coss et al (1948) found it to be
valueless. OStrepbtomycin was also found ineffective by Rice
et al (1947). Virkunen (1947) and Parr and Shipton (1947)
believed that the sulphonamides were of some value, From
the lack of further reports on the above-mentioned drugs
it may be presumed that most rheumatologists have found them
to be of little importance,

Since its introduction in 1931 blood transfusion
has been given a place in the treatment of rheumatoid arthritis,
Appelqvist and Holsti (1947) used it in 24 cases and judged
it to give good though rarely dramatic results. Simpson and
Brooks (1948) noted an-improvement in the general state of
24 patients when their plasmaprotein values returned to
normal subsequent to transfusion. Its greatest value appears
to be in those cases presenting anaemia and poor general health.

Paul et al (1954) used nitrogen mustard in the
treatment of 17 patients. Good subjective results were
quickly obtained by most and in two cases joint effusions
were markedly reduced. Further work with this drug may be
indicated though it seems likely that its action is
suppressive rather than specific,
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In 1952, Currie conducted the first clinical
trial of the drug’'Butazolidine (Phenylbutazone). A ten day

course of intramuscular injections was given to 81 patients
with rheumatoid arthritis. Examined three weeks after

the beginning of the course 77 patients showed subjective
improvement and in 24 there was objective improvement.

Joint effusions were moderately or markedly diminished in
10 of the latter group. Currie concluded that "as an
anodyne in cases of rheumatoid arthritis butazolidine is
quite exceptionally effective." Freeland et al (1953)
supported this opinion after a controlled study of 57
rheumatoid arthritic patients treated with the drug.

A daily dose of 600 mgs. was given by mouth for a period

of one month. Statistical analysis showed a significant
improvement in the group treated with butazolidine. Toxic
effects were seen in only 3 patients but in another series
of 164 patients, observed by the same authors, W40% showed
such effects.. indigestion and skin eruptions were commonest.
The incidence’of 109 patients treated with daily oral doses
of 600 mgs. by Leonard (1953) was 42%. Nassim and Pilkington
(1953) and Dilling (1953) also noted that toxicity was not
uncommon, the latter describing a fatal case of agranulo-
cytosis and gastric ulceration. Brodie et al (1954), using
a daily dose of 800 mgs. found Severe toxic manifestations
in 17 out of 87 patients. de Seze and Levernieux (1954) .
administering the drug by the parenteral route obtained in-
constant results and they too found that the drug was liable
to cause toxicity. Pemberton's (1954) findings in a trial
with 210 patients was more encouraging, good results being
obtained in rather more than half the patients. Nevertheless,
using a daily dose of 600 mgs., side effects developed in 92
cases. Regarding the relationship between the clinically
effective dosage of phenylbutazone and toxicity, Bruck et al
(1954) found that subjective relief could be obtained with a
level of 5 - 10 mgs. per 100 mls. of blood and that at that

- level few ill effects occurred. To reach this concentration
they recommended that an initial daily dose of 200 mgs. be
‘raised gradually to B0O mgs.

Many of the patients supplied with plastic appliances
also received phenylbutazone in daily doses of 400 mgs. taken
orally along with an aluminium hydroxide mixture. Even this
minimal dosage was not found to be free from danger, especially
when given over a long time. In a majority of cases the
preparation had to be withdrawn, usually on account of
gastro-intestinal disturbances. Skin rashes were only
occasionally seen. On the other hand most patients obtained
a definite relief while using it.

Since its introduction by Lande’ and Pick in 1927
gold has been accredited a valuable place in the treatment
of rheumatoid arthritis and it is still used in many centres,
Nystrom (1950) surveying a group of 620 of his patients,



treated with gold between the years 1932 and 1946, found
that 61.7% showed improvement after completing their courses,
Complications arose in 40%, and he concluded that gold

was "by no means harmless", This opinion has been supported
by the work of many others. Browning et al (1947) reporting
on six years experience with gold stated that though 23%

of their patients had shown improvement 62% had suffered
toxiec manifestations, mainly skin rashes, Sundelin (1948)
reviewing the case reports of 3,912 patients found a compli-
cation frequency of 50% including 0.25% deaths, Bille (1948)
reported that 53% of 45 patients developed definite compli-
cations, mainly related to skin or blood.,6 On the other hand
despite ‘the risk of toxic effects Duthie (1951) was able to
state that gold was of undoubted value, and sincé then
Batterman (1953), Schreiner and Stephntschitz (1954),
Forestier and Thévenoz (1954) have reported favourably on
its use. Perhaps Copeman (1956) sums up present day opinion
when he says that gold salts remain the mainstay of the
medical tregqtment of rheumatoit arthritis., He admits that
there have been "no controlled series to support this", but
adds that "most experienced rheumatologists agree.n

In 1949 Hench and his associates at the Mayo Clinic
introduced the adrenal cortical hormone (l17-hydroxy-dehydro-
corticosterone) as an anti-rheumatic agent. 14 rheumatoid
patients were treated with it and another two patients were
treated with the pituitary adrenocorticotrophic hormone..
Excellent results were quickly obtained, though epigastric
pain and transient oedema were occasional side-effects. They
concluded that "Articular, muscular and other symptoms were
lessened greatly, and sedimentation rates were reduced when
either hormone was employed; when the use of them was dis-
continued symptoms and signs of rheumatoid arthritis usually,
but not always, returned or increased promptly." This transient
effect was soon confirmed by other workers. Boland (1951)
wrote that "The favourable action of cortisone is suppressive
only, not curative, and its administration probably does not
alter the course of the disease.™ He reached %his opinion
after using the drug in the treatment of 60 patients with
rheumatoid arthritis for periods which varied between six
months and fifteen months. Signs of hormonal excess developed
in 40% of the patients. He concluded that "it should not be
considered as the treatment of choice for most cases and not
as a cure for any case." Tegner (1952) also noted that
relapse occurred soon after the preparation was withdrawn.

He believed that the best method of using the steroids was

to suppress symptomatology during acute episodes. Duthie (195h)
agreed with that view as did Ishmael (1953). 8Side effects '
and rapid relapse on withdrawl were also reported by Clark

By that time it had become clear that the effect of
these drugs was, as Boland had said, merely suppressive and

that the course of the disease process was not affected by
their use, Even their administration in short courses was not



free from danger since withdrawal was not uncommonly--
followed by an exaccerbation. This feature could have

been avoided by indefinitely prolonging administration

but several reports indicated that the danger of side-.
effects was thereby increased, (West and Newns 1953,

Holbrook 1953). These workers found, in addition, that the
percentage of patients showing worthwhile improvement on a
maintenance dose was smally too small in their opinion to
warrant the risk. More recent studies (Duthie 1954, Toone
and Irby 195;, Ridings 1956) have tended to support that view,
Boland (1955) found orally administered hydrocortisone valuable
in selected cases but not an ideal therapeutic agent because
of the dangers of side effects. The two reports from the
Medical Research Council and the Nuffield Foundation (1954,
1955) on a trial of cortisone and the adrenocorticotrophic
hormones compared to aspirin has also thrown doubt on the
value of long-term administration of the hormones., After

two years they found very little difference indeed between
the results obtained by aspirin and those by the steroids.

On the other hand some workers of wide experience
believe that these hormones may bé given with benefit,
Ward et al (1953) found prolonged administration to be a
useful and practical meausre., Copeman (1956) stated that
long-term administration of the steroids was of great
assistance in the management of 20% of otherwise intractable
cases." He claimed that side-effects were easily controllable.

The synthetic analogues of cortisone and hydro-
cortisone, delta=l-cortisone and delta-l-hydrocortisone
respectively, have not on the whole been more favourably
reported than their parent steroids. Fisher (1956) found
that delta-l-hydrocortisone was more toxic than hydrocortisone,
particularly in respect of gastro-intestinal distupbances.
Boland (1956 (a) & (b)§,) found the delta group less liable
to cause salt and water retention but, like Fisher, he found
digestive disturbances more common. Rart et al (1955) found
both delta preparations to be identical in effect. All appear
to be in agreement that the analogues are more potent, weight
for weight, than their parent preparations though it has been
pointed out no therapeutic advantage is thereby gained,

~ Soon after the results of systemically administered
steroids were made known the effect of introducing them inte
the joints was tried. Hollander et al (1951) found that
cortisone had little effect but that hydrocortisone had a
clearly marked beneficial influence. The duration of effect
varied from two days to ten weeks but in most cases lasted
six to eight days. Ziff et al (1952) in a carefully controlled
study confirmed Hollander's finding that the intra-articular
injection of hydrocortisone was much more effective than
cortisone, The following year several other centres reported
good results., Sez et al (1953, (a) & (b),) got excellent

results with hydrocortisone and these lasted three to four
weeks following injection. They pointed out that the dose
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administered preparationg could be reduced
3geghgo§€€%é§ with lgcal ingecgions. Be Pap and Teixera (1953)
also found the method useful, the effect lasting about a
week. They observed however that the underlying disease
process was not affected and that symptoms invariably
recurred. In 1954 Bornstein et al reported good results
and stressed that side-effects were not encountered by using
the intra-articulsr route of administration. Duthie (195W4)
agreed that it was a safe method and that good though
temporary effects were obtained in the majority of cases.
Copeman (1956) stated that joints which did not respond to
general measures were vastly helped by intra-articular
injections of 25 - 50 mgms. of hydrocortisone at judicious
intervals.

Despite these good reports it must be confessed that
experience with over a thousand injections of hydrocortisone
into rheumatoid arthritic joints has left me in doubt as to
their value in the treatment of acutely inflamed joints.
Measurable objective improvement was rare when such joints
were injected. Few patients volunteered the opinion that
they had felt less pain though on direct questioning about
half admitted that the joint was a little less troublesome,

It must be pointed out however that all such cases treated by
me were Out-patients and excessive use of their joints may well
have counterbalanced any good effects produced by the hydro-
cortisone., Subjectively, the results of resting acutely in-
volved joints in P.P. plastic splints were better than those
obtained by hydrocortisone injections into similarly affected
joints. Most patients supplied with splints also had such
injections. Very few reported more relief from injection and
even in those few it was short-lived.

Much better.results were derived from injections of
hydrocortisone in the advanced stage. When only one or two
joints showed activity injection very often helped a great deal,

the effect lasting two or three weeks, A measurable d
in the size of a %hronic synpvgal sweiling was %ﬁe %ulgcgg% gr

than the emxception. Non-articular rheumstic menifestations also
responded very well. Nevertheless even in the chronic stage of
the disease the splints were usually found more useful as a
long-term measure. Using hydrocortisone, repeated injections
were required, usually once every two to three weeks and sooner
or later they had to be stopped. This was commonly on the
grounds that the degree of subjective relief had become in-
sufficient to warrant further trial. The splints, on the other
hand, almost always relieved pain ecually well and relief could
be maintained as long as the patient cared to wear them. If pain
returned after leaving them off a further period of wear allev=-
iated it once again, Furthermore, stabilisation of the joints
was obtained by the splints whereas hydrocortisone injection

was of 1little use in that respect. <

Having commented briefly on the value of splints
as a local pain relieving meagure and compared it with some

Pérsonal experience of hydrocortisone inj i '
C T Jection I i
to discuss the value of rest in a wider sense. Itsgzylgeligil




to preface this discussion with a note on the pathology

of ghe disease process in relation to its effects upon

the structures forming synovial joints. Boyd (1953) wrote
that the joint cartilage is "attached both from above

and below. The synovial membrane grows over it from the
side, forming a thick vascular covering or 'pannus' which
becomes adherent to the cartilage and eats it away." 'He

says later, "The cartilage is also attached from below by
granulation tissue which is formed in the superficial layers
of the epiphysis as part of the inflammatory reaction. The
commonly used anti-rheumatic preparations are aspirin, buta-
zolidine, gold,thé adrenal cortical hormonesy cortisone and
hydrocortisone, and the adrenocorticotrophic hormone. On
examining these therapeutic agemts from the standdoint of
theizr &ffect upon the pathologeal grocess the findings are
not reassuring. There appears to be general agreement

that none has any effect upon its course. On the other

hand most workers report that symptomatology is suppressed
by all to some extent and most effectively by the steroids.
Pain is relieved and so freer movement is permitted., This is
advanced as the main virtue of these drugs. When the
pathology of the joint is considered it may be questioned

if these effects do in fact constitute a virtue. It might

be argued that suppression of painful protective stimuli

is not without danger. Free use of the joints, particularly
the weight bearing joints, while the disease process is active
seems almost certain to damage the diseased cartilages.
Related to thips danger 1s the observation of Wiles (1951)
that cartilage once destroyed never regenerates,

When a patient presents with signs of early
rheumatoid arthritis it is most probable that the disease
will remain active for several years though it may settle
down eventually to a relatively inactive state. Seen in
the early stage the therapeutic problem is twofold., To relieve
symptoms is the immediate one and to prevent destruction of
the joint tissues is the long-term aim. How can both of
these be best achieved? Pain can be relieved by aspirin or
phenylbutazone but local signs are not often reduced by these
drugs. Both pain and the signs of activity in the joints can
be more certainly abated by the steroids or by immobilisation
of the joints. The former method can achieve these results
more quickly but it must gprely be better to achieve them in
a physkological manner »f’allowing the body's defence and
repair mechanisms to act naturally under the optimum conditions
provided by rest. Polythene-Polyurethane appliances have been
désigned which will effect stabilisation and rest for any or
all of the joints and which are comfortable for the patient
to wear for prolonged periods of time. This feature of com-
fort is a vital one and it is probable that the prior absence of
an easily available means of achieving comfortable rest has
been responsible of the small amount of investigation in
this field, I formerly found that attempts to immobilise the
inflamed and tender joints in plaster of Paris were seldom



successful. The patients usually reported that théir
discomfort was increased rather than decreased by such
heavy and rigid splints.

Regarding the second primary aim of treatment,
preservation of the joint tissues, there can be little doubt
that rest is a more effective method of achieving it than
analgesic or suppressive therapy. It may also be accepted
that natural healing affords a much more reliable guide to
the best time for permitting movement, particularly weight
bearing. It seems quite clear that ambulation should not be
permitted until the external signs of activity have dis=-
appeared from the lower limb joints. This is however a
connsel of perfection since many patients are obliged to
walk as soon as they are able because of social or economic
circumstances, In such eases a course of compromise must
be adopted. Kellg (1956) recommended putting one, or both
knees in plaster and allowing weight bearing with the
assistance of a stick or crutches. P.P. splints, because of
their dightness and comfort,would probably achieve the same
objects more effectively. When the ankle joint is involved
the P,P. ankle splint (Appendix P.P. 260 - 26i) has been
found useful and can be worn inside a shoe,

The ultimate aim is to preserve tissue and function
until such time as remission may occur. Shortg Bauer{19u8)
observed 250 patients over ten years. They found that 53.2%
showed some improvement and 15.2% went into remission. These
patients were treated with nothing but simple medical and
ortho&aedic measures. Ragan (1949) made a similar study
of 374 patients and his results corresponded closely to Shortts.
It appears from these reports that in a fairly large proportion
of patients the disease "burns out" spontaneously or at least
settles down into a comparatively inactive stage. If the
tissues and functions of the locomotor system could be pre-
served until that time the end results would be much better
that those which are so commonly encountered in patients with
long standing disease. It may appear unduly optimistiec to
propose that these could be preserved by simple splinting but
The clinical findings in many patients, and the autopsy
findings in the joints of the patient with juvenile rheumatoid
arthritis already reported (P.50 — 52), indicates that it
might be possible provided that sufficient care and super-
vision were exercised.

It is most rewarding to be able to say that all my
patients reported some relief of pain and improvement in
function through using P.P. appliances, but a controlled
study with detailed objective clinical and laboratory observa-
tions is clearly indicated. Perhaps the most revealing study
would be to compare the results obtained by two groups of
20 patients,. One gmoups would be supplied with P.P. beds
for use at night or during acute episodes, and with a range
of 1limb splints for day wear. A simple analgesic such as
buffered appirin would be allowed. The second group would be
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treated by a combination of all other useful forms of
treatment; blood transfusions to improve general condition,
short courses of adrenocorticotrophic hormone during acute
episodes, intra-articular hydrocortisone injections when
indicate&; aspirin or phenylbutazone as analgesics and all
the physiotherapeutic methods which are thought to be of
value such as wax baths, infrasred rays, passive and active
movements. A period of study extending over five to ten
years would be required. In the present series one patient
(P, 53 — 59) with severe active polyarthritis has been
under treatment with a P.P. plastic bed, 1limb splints and
analgesics for almost three years. No deformity has
developed and he is in full-time employment. It may be
permissible to hope that if one such good result can be
achieved other patients may benefit to equal extent from

a similar method of treatment. :





























































































































































































































































































































































































































































































































































































































































































































































































































































