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PREFACE

MoxoGRAPHS by English writers on the subjects treated of in
the following pages are rare. As far as mv knowledee 20eS
there are only the monograph on ** Artificial Limbs,”’ a small
thin octave volume by H. Heather Bigg, published in 1855

which was reproduced with some additions in “ A Manual of

Orthopraxy " by the same
I. .

I Togy, and a translation

i,

1e Irench handbook on ** Artificial Limbs” by Broca and
Ducroquet, edited by Major K. C. Elmslie, which appeared in
[gro among the series of Military Manuals under the general
editorship of Surgeon-General Sir Alired Keogh. [lns work
gives a good insight into French ;:I.ll'iilu', as well as editorial
notes on British methods. On * Amputation Stumps ™ there is

the excellent small book by Mr. Martin Huggins, published in

I, in whic

1 are embodied the results of his experience af

e 1:l-‘l-~'_'l'..|1. 10T The amputatecd at t

!

1e Pavilion at Brighton.
J' sepmed to me that if wonuld be wortl while to record the

i
Ar's

conclusions which have bieen reached as the result of six ves

experience in the treatment of amputation stumps at the Rowval

and m various Eed Cross hospitals and
In the PrESCTipiion anl supervision of prostheses at CUaeen

Mary's Convalescent Auxiliary Hespital at Roehampton.

During this Bl riod some 22 000 cases of amput: tion h e been

dealt with at Roehampton, the greater part of which have been
under my personal care, while as an adviser on artificial limbs
to the Minister of Pensions I have had opportunities of inspect
mg the wvarious prostheses which have been submitted for
approval.

In this book no pretence 15 made of offerimge a l'l?[.‘l|lfl:||: andl
encyclopaedic work on the \ll"i_'--.'l'l. such as has been produced

is_'-.' L]IEH_'\ authors in l;e-|'!||;_|:_\' under the title ot ™ ]-;|'A;||J{_-_;|':L-||l-‘_'

und Arbeitshilfen,’’ ete, published in Berlin in 1g20. I have

W




Vi FREFACE

contented myself with a description of British practice with
few references to foreign methods, which, however, differ little
and not often advantageously from our own.

The author of a work of this kind is in some danger of making
the book a compilation of limb-makers’ ecatalogues. This
danger I have tried to avoid, but at the same time I have availed
myself freelyv of permission accorded by wvarious limb-makers
to use their illustrations, for which I now take pleasure in thank-
ing them. Those which are here represented are taken as
typical, and it must not be supposed that equally good prostheses
of similar types are not produced by other makers.

Those illustrations of which the sources are not stated in
each case are from sketches or photographs by the writer.

At the time of writing the battle of the legs is still raging,
and at the moment alumininum seems to be in the ascendant
over wood and leather: it must be remembered, however, that
the two |;|_Il|':' have been I"\III"'CI.'II 0 a ||;|:'._"5|| and --L".'l".'il_i' il
proof to which it has not yet been possible to subject the former.
Mo matter which—if any—wins, the competition can be pro-
ductive of nothing but good to the amputee.

I take this opportunity of recording my indebtedness to the
Director-General of Medical Services of the Ministry of Pensions,
Sir Lisle Webb, K.B.E., C.B., C.M.G., D.G.M.S., for permission
to use drawings and diagrams and other material belonging to
the Ministry. To Mr. Harry Longmate, AM.IM.E., late
Superintendent of the Experimental Workshop, I am indebted
for much information and help, as I am also to the representa-
tives—too numerous to mention—of the wvarious limb-making
firms employed by the Ministry. I have to thank my daughter
to whose labours I owe the tyvpescript and the index, and my
son for reading the proofs.

E. MUIRHEAD LITTLE.

LOoMDON
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The author of a work of this kind is in some danger of making
the book a compilation of limb-makers’ catalogues. This
danger I have tried to avoid, but at the same time [ have availed
myself freely of permission accorded by wvarious limb-makers
to use their illustrations, for which I now take pleasure in thank-

ing them. Those which are here represented are taken as

1 1 i it I | 2 - 11-. 1
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ARTIFICIAL LIMBS

CHAPTER 1
HISTORICAL

AMPUTATION for injury or disease of the extremities has been
practised for many centuries, and no doubt dates from prehistoric
times. Some forms of prosthetic appliances have probably
been used for nearly as long. Ancient history affords an example
of a prosthesis having been used at the beginning of the fifth
century B.Cc. Herodotus tells us that Hegesistratus, a native of
Blis and a seer, was thrown into prison and condemned to death
by the Spartans. He escaped by amputating the foot by which
he was confined, and made his way to Tegea, thirty miles away,
where he fitted himself with a wooden foot. The amputation
Was -."L'il:lL"L:l|_\.' Very low down |-'.;:T|,.._r.ll.'_l{ =i .—-.ulm.w:l'l- However
crude the prosthesis was, it allowed him to continue his Pro-
fession of seer, for he was present at the battle of Platsea in 470,
though in the Persian interest. He was still travelling as a
prophet when the Spartans seized him at Zacynthus and put him
to death (Herodotus ix. 37). The oldest extant example of an
artificial leg is at present in the museum of the Roval College of
surgeons of England. It was found in a hitherto undisturbed
tomb at Capua in Italy, together with some vases. which from
the style of art were almost certainly made not later than the
Vear 300 B.C.

The artificial arm made in 1509 tor, and worn by, Gtz von Ber
lichingen is in the Nuremberg Museum and in good order. It has
been described in detail recently in the Zeitschrift fir Deutsche
Ingeniewre. It is made of metal and has articulated fingers,
and is said to have been so useful that its wearer could strike a

harder sword-stroke with it than he had been able to do with its

natural predecessor (see Medical Supplement to the Daily

Review of the Foreign Press vol. i.. No. O, p. 156)., This hand
. 5 P- 159
I




2 ARTIFICIAL LIMBS

the mechanism of which is shown in figs. 1 and 2, was not one of
which the fingers are capable of active movem nts, but they are
adjustable and can be fixed in the required positions. All the
joints of the fingers are movable and held extended by flat springs
When the end joint of a finger is flexed by the help of the sound
hand or by pressure against some resisting object, the other
joints of that finger also flex and all are locked by ratchet gear
in the positions thus acquired. °lo release them and extend the
fingers again, pressure is made on a projecting knob or button
on the exterior of the hand. The whole mechanism 18 very
ingenious and elaborate.

The remains of another sixteenth centur} artificial arm have
heen found in the tomb of an Alsatian gentleman who died mn

r564. It was made apparently " for an amputation near the

e

e " - r.

i I x

" S (
el o

elbow-joint; an elbow-joint capable of passive movemend 15
provided, movement al the wrist is possible, the thumb and
fingers can be flexed af both the phalangeal and metacarpo
phalangeal ioints. By pressing one button the thumb is ex-
tended, on another the fingers are extended ™ Il.lr.n'.l.'i.;"_ ."||i|:'..' 24
IG1G).

‘hat great French surgeon, Ambroise Paré, who, as a military
surgeon, must have had to do with many amputations, describes
both leg and arm prostheses in his “* Dix Livres de la Chirur
gie,” published 1n 1504, and gives exact drawings of them, which,
ae he wrote, he had by great entreaty obtained from a locksmith
in Paris, known as * Le petit Lorrain . . . witl the names and
explanation of each part of the said portraits, made in the
technical terms of an artisan so that any lock=mith or clock-

maker could understand them and make similar artificial arms

an ]c'::_'"--l,”




HISTORICAL )

he hgures and descriptions here reproduced fully bear out
Paré’s claims. It will be noticed that in the artificial hand and
Allll o .LII:1IL]-'_ was made to 5_;_“-.‘:- volitional control over the
movements of the joints. These could be set in certain
positions and fixed there firmly, and released by the interven
tion of the sound hand or by pressure against some external
ll:uil'l"..

It 1s ]*r'u‘:?-.l!:-l:' that with such an arm and hand it would bhe
possible for a soldier to hold the bridle leaving his sound
free to wield a sword, as is recorded of the Huguenot Captain
]'\:'.I."I!:'UE:- de la Noue in the sixteenth century, who 1s SUPPOst

to have been -I|_]-|'|}].|-|| with a similaz ;-In-!,!!.---|- |See 1ote ‘.'lll_ 11.,

p. 017, " (Euvres Complétes d’Ambroic. Paré ™ lited

,| I, .1'-!-:|I::|.I!,.;.:L_ Paris L I'his is a n Ore modest clamm, ancd
. . . ity 1= ] 1. 1
one more acceptable. tha that made for th arm ol otz vo
ot [y B . Yo
|J-.-I|I-'|I|.‘,_"|-i_ (=08 & Dove
I ] nwons, each WOLKITIE O WILICEH arg¢ O One plec

With the ningers, fitted (adjoustes) and assembled inside the back

Of the hand (see fig, 2

2. Iron pin which passes through the middle of the said pinions,
' ey turn.

hold firm one inger each
I':--1-:|-|'.1.--:.'.'.\. " or stops of the said catchi

of which ar pegs to stop the said catclies.




ARTIFICIAL LIMES

5 The el catch which OpeEns the four -1]1'I|!. catches which
hold the fingers closed.

6. The button of the tail of the great catch, on which 1t one
presses, the hand will open.

-, The spring which is beneath the great catch, serving to
return it to its place and holding the hand closed.

8. The springs of each finger which replace the fingers and

cause them to open themselves when they are shut.

Apparently, these fingers were kept extended by flat springs,
and when one or all were flexed by external pressure, they were
held so by catches which engaged in ]-il'.-iflll-- (cogs). lhey were
one and all released and sprang open on pressure on a
button.

On the outer cicle of the elbow 1s : STH cial helical Sprmg with
an arbor and ratchet and flute key. OUn releasing the ratchet
the spring extended the elbow until the ratchet engaged again.
There was apparently no stop to flexion. The socket and forearm
were all of 1ron.

Fig. 4 shows the outside of the hand and the method of attach-
ment of the arm to the sleeve of the doublet.
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r. Lhe forearm piece and socket (bracelet) of iron to represent

the shape of the arm.

. '['EI" -."i"i-" i'=|.I= il III-:'|=' e ||I';|- SPring i;, -||-|:'." Lo 1,1,i|:|| ;'I

Arge Spring al the elbow which should be of Il'::l_'.z---I'L'||

steel and 3 feet long or more.

4. The ratchet.

5. The catch (or pawl).

Fig. 5 is not described by Paré. [t represents a prosthesis
for a forearm or wrist amputation, and no doubt the mechanism
of the hand would be the same as that in the first of his illus-
trations,

I'ig. 6 was first published in 1585, and is thus ¢

i 5 i 1 i i 1 | ! | .. N w F
Portrait of a hand made of moulded leather ety bowilin)

escribed :

Or gumme:d paper (papicr colle), the hingers holding a pen for
s |

writing, for those who have had the whole hand amputated

into which the patient puts his stump as far as possible. and
which is fastened to the sleeve of the double by certain holes

which are seen in the ficure.

bly few of the elaborate hands just described were used.

and I||.LII|5_:||HI~| e next two centuries anm Prostineses consistecd

-i'|'||]‘:||:-\,' of a leather bucket and hook, fastened to the bodv bv
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straps After the MNapoleonic Wars i 1818 Peter Baliff, =a

Berlin dentist, made a notable advance, for he appears to have

been the first to mtroduc the use of the trunk and shoulder
girdle muscles as sources of power to flex o1 extend the
nngers,

This method has since been very generally adopted, and is
anical arms.  As will

e called the method of exfrinsic as con

used in all, or nearly all. modern mes

appear later, 1t may
trasted with that of ':.',"f",':.'x'.' muscular control 5]]1‘:'f.ll.|i.'|r'l.'l.] ]‘J_"..'
Vanghetti in his cinematization. The hand 1s shown in figs. 7
ancl 8.

The normal position of these fingers is in  flexion. Each

of three joints, hinged on the palmar surface. Flexion is

maintained by special springs, and extension through catgut

cords worked by the action of the sound shoulder with strap

-.-||||:|| 5':|.- chest |||; WICELE |""i”| i-. ||| -'I:-Iill:.[_ |]-. w10n Ol |||.
fingers, and consequent weakness of grasp. Morcover, the grasp
is only possible with the tips of the hingers ned thumb, and con-

it obiects can be held

sequently only small, ligl

1t will be noted that Baliff reversed th "]"i“.'-!. action of Par¢’
and the “ Gdtz " hands

About the end of the eighteenth century, however, Klingert’
artificial arm for above elbow amputations was mtroduced.
This was a most elaborate artificial arm and hand, with spring
extension of fingers. All the natural movements of the arm and
forearm wiel wrist exc |||. ab .lllll. acldug tion could be ]-r.l|"'l'.|I il
".'-i_l]l this ';I|1 = 2|:|-"-. were ten catgut o I.I|||-_ il 1 01 ::“ (]| '-.'H.'||:|

had to be pulled upon by the sound hand, it cannot have been

of much practical value. As 5Schlesin

L
=

1 who describes 1t




HISTORICAL

‘ Ersatzglieder,”” etc., Berlin, I0I0, PP. 404, 405, fig. 1g0),
the movements desired mirht much hetter be carried
out with the sound hand.

remarks

This arm is mentioned here as an
example of a useless prosthesis designed without any apparent

sense of what is of |'1'.l-'li-':L| value.

=
i
el
=
3T
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T o i
i ¥ e
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EBaliff's : rinn was designed tor a lorearm amputation. for which
no elbow-flexing n

mechamsm was needed., | he frst

arm for
principle was applied
that invented by a Dutch sculptor
sen, and submitted to the A

above-elbow amputation, in which Baliff's

to flexion of the elbow, was
Van Peeters

wlemy of Sciences 1n
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Paris in 1844.! This prosthesis was reported upon favourably
by Professor Magendie. A catgut cord attached at its upper end
to a special corset behind the sound shoulder passed into the back
of the upper arm segment of the prosthesis, over the front of a
ball at the elbow, to be inserted into the back of the artificial
forearm. Flexion or abduction of the stump and socket, by
separating the points of attachment of the cord tightened 1t and
pulled up the forearm into a flexed position. Other cords
extended the spring-closed fingers on extension of the elbow and
abduction of the arm.

The Crimean and Italian campaigns mm which the second
French Empire was engaged, lett a number of amputees whose
needs stimulated the inventive genius of the Comte de Beaufort.
A number of mechancial arms were devised by him, some of
which were approved by the French Government for issue to
military and naval invalids. M. de Beaufort also devised an
improved cheap and simple artificial leg, which was much used
at one time in Italy. These are described in s pamphlet,
“ Recherches sur la Prothése des Membres,” published at Paris
in 1867, but many of his inventions were brought to public
notice some years earlier.

The annexed figures reproduced from this work show de
Beaufort’s methods ol u:-||||1.:1:-_\.'1'1|5; extrinsic sources of power,
Judging from contemporary reports, these prostheses gave
great satisfaction. Fig. g shows the method employed for a
forearm amputation. The controlling cord, starting from a
button in front of the trousers, passed through a loop which
was fastened round the opposite axilla, over the shoulder of
the amputated side, down the front of the arm, and round a
pulley at the elbow to the artificial hand. It is evident that
this cord could be pulled upon by several different movements
of the shoulder and trunk, as, in fact, was done by the wearer.
who was presented to the Academy of Medicine in Paris in 1860,
when he performed as striking feats as any of those with which
the most up-to-date arms are now credited.

Fig. 1o shows another prosthesis for forearm amputation
with a simple hand with movable thumb worked in the manner
now familiar in many wooden hands. The arrangement of the

control cord 13 clearly shown.

I Bulletin Général de ..'I.l'!!..ll-ll,-'! WML, tome 59, P.ogl PPanis, 18€0
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[n fig. 11 is shown the arrangement of harness for the control
ol a spring thumb in a case of above elbow amputation.

In this arrangement two cords start from a trouser button
In front of the opposite hip. One of these passes in front of
the same shoulder, round the back of the neck., and in front of

the shoulder of the mutilated side to be fixed by two divisions

-,
e = |
= =)

I T
\ b
! !. L 2,
e

et 7/

k.
e

to the back and front of the socket. This is meant to keep the
arm 1n place without hampering the shoulder. The other cord
passes diagonally behind the back to the back of the shoulder
of the mutilated side, where if passes through a loop or pulley on
the first cord and behind the artificial elbow to the thumb. This
arm has a lock at the elbow.

M. de Beaufort showed in 1855 to the Society of Surgery an
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T
I}

above elbow prosthesis, in which the elbow was flexed by pressure
of a lever against the side of the chest. This method has recently
been resuscitated. He also presented to the Academy ol Medi-
cine in 1858 a hand in which opening and closing the fingers was

«d. This also has been

effected by repeated pulls on the same co

done In more recent arms, as described later. He also mtro

duced a locking mechanism in the thumb joint, and shows in an

illustration a double spring hook for holding objects on a principle
A TVCE .

Figs. 12z and 13 show de Beaufort’s mechanical hand. The

indiarubber spring: which are

similar to that of the well-known split hook of Dun

fingers are kept flexed by
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placed in the thickness of the hand and fixed inside the wrist

surfaces of the first phalanges

A 3 2 MNass -~ " | o 1 1
A 15 a pulley countersunk mm the back

[he catgut cords BC, DC, and E(

: of the hand.
re attached to the

of the same phalanges and to the pulley, which

15 caused to rotate by raction on the catgut cord F, which
descends from r 15 one of the indiarubhber
springs which flexes the fingers. The attachment of the cords
15 s0 arranged that, as will be seen in the hgure, traction on the
cord I will first act on the index finger, next upon the other

hngers, and lastly on the thumb.
HI 15 a spring which tends to keep the i

Reep the nnget -|:Zi1-;_'hl . |'|-.._ 1=
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a catgut cord, one ond of which is fixed to the hand and the other

to the end phalanx. The point 1 1s eccentric relatively to the

rotations of the finger, so that the cord flexes the distal phalanges
when the ]'Ii"'l.\Z!IL-I.l one is depressed.

The following remarks of de Beaufort on this and oth
i “ Certain combinations may

er ha ils
are worth quoting. He writes: he
made in order to vary the working of the fingers, so as to ‘l:-l'r:|1||1 I

diverse movements of the wrist and forearm in imitation of

nature: but to overcome these difficulties 1t 15 necessary to use

artifices which weaken the means of action and necessitate

great expenditure of force.”
“ The marvellous, moreover, can only be attained at the price
werifices, therefore one -lei.:.{i.t not to have recourse to

aof certain s
not only to hide a mutilation

it except when it is indispensable,
or a deformity, but yet more to turn aside curious glances by
the variety and natural appearance of those movements which

the |)g'»:L:-;[]|1--»'L-» 15 -:'.Ll|J.l]J]t' of performing.”
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The cheap and simple de Beaufort legs are shown in figs. 14 and
15. These are for through-knee or thigh and for below knee
amputations. The short rocker foot, about two-thirds the normal
length, is the salient feature of these limbs. It is made of wood
and cork covered with leather. There is no ankle-joint. Two

battens jointed at each side of the knee and fixed to leather

sockets form the shin and thigh parts of the limb. The knee-
joints are only used for sitting down, and are locked for loco-
motion,

Karoline Eichler, a Berlin instrument maker well known in
her day, developed Baliff's principle, but in her hand, which is
shown in fig. 16, the normal position 15 one of extension, main-

tained by spiral springs. Flexion is effected by means of catgut
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cords worked by the sound shoulder. Thus the arrangement
is the converse of Baliff's, Flexion of the elbow of the artificial
arm also bends the fingers. There are locks to all the fingers.
The hand is not very durable, owing to the extensive use of

=1

small cateut cords. In Dalisch’s hand of 1872, which is shown

in figs. 17 and 18, the fingers are worked by rads, which

yull and push like the connecting rods of a steam engine,
I I :

and effect thereby flexion and extension. The H'iL::ln‘..- an«l
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rather crude hand of Clasen produced in 1886, embodies the
principle of the worm gear, which is successfully used in the

l.i:_['|'|!.'3'~ arin. Ji"‘l" _E;l.':i" 15 Meant to |'l.' WO

ted by friction of a

milled wheel, which projects from the back of the hand against
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any flat surface. It may, obviously, also be worked by the sound

hand. This hand shows the first attempt to obtain a really

IHrIm  grasp capab
k k

e of holding heavy objects. The fingers,

however, are not jointed except at the metacarpo-phalangeal
joints,
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I'he hand of Rohrmann, of St. Gallen, which is shown in
hgs. 19 and 194, has simple jointless fingers and thumb, which
flex simultaneously by means of connecting levers which are

actuated !u.\' a thong or cord. Extension is effected by spiral

springs. The hingers can be locked in any desired position by

means of a lock worked by the sound hand. Only the first and
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middle fingers and thumb are rigidly connected with the mech-
anism. The ring and little fingers are worked simultaneously,
but by spring connections, which allow them to vyield to

pPressure.

Ambroise Paré (loc. ¢it.) describes artificial legs, one of which
is shown in fig. 2o0.

0, The string by which one pulls on the ring of the catch to
bend the leg.

r. The thigh socket, with the screws and the holes of the
said screws, to enlarge or tighten on the thigh (stump) which

will be inside.
». The pummel on which to place and rest the hand and to

turn oneself.
3. The little ring which is in front of the thigh, to straighten

and direct the limb where one wishes.

=01

th
th
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The two front buckles and the one behind to hold and attach
the limb to the body of the doublet.

5. The hollow below, within which the thigh (stump) 15 placed
as far as two fingers’ breadth from the end, serving also to produce
the |]:'.'|':]-'_'\' and sh Lpe of the |<'._1.

(. The spring which moves the catch which closes the leg (locks
the knee).

7. The catch which holds the pin of the leg straight and firm,

z0 that it shall not give way.

S

8. The ring, to which is attached a cord to pull on the catch in
order that the pin may bend (at the knee) when one sits or is on
horseback.

0. The hinge to allow the leg to move (at the knee), [%|Eli'i'i] in
tront of the knee.

0. A small stop to prevent the catch from passing outside
the thigh piece, for if it does so pass, the spring will break and
the man will fall.

11. Iron ferrule into which the pin is inserted.

12. Another ferrule at the end of the |I'ij'|_

[3. A spring to make the foot return to its place.

I4. The stop which serves as a spring to throw back the foot

downwards,
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A. Blades to form the shape of the knee

B. Shin piece to form the shape of the leg.

C. Calf piece to complete the shape ol the leg

D. Blades to form the ankle.

'Ell]_{--:._- |J];|\.:h-_4 :|];-l]l-<1|' to have been l:-".'l']']:’I]Jl.I'I'l'I:'._' ].*:_EI1-.‘:-'~ H'[ [ll‘:H
metal such as were still used in armour n 1504.

The reference under “ 8 " to riding on horseback shows that
artificial limb makers in the sixteenth century claimed to make
limbs as useful as their successors do in the twentieth.

Lastly, Paré shows a figure, which is here reproduced, and

which will be seen to be of the same type as some peg legs even

now in use, for amputations just below the knee, known as
kneeling peg legs (see hg. 21).
aa. Represent the tree of the leg.
bb. The two forks into which to insert the thigh, of which the
shorter is on the inner side.
ce. Shows the cushion, which is placed to support the knee
p -:':|'|]|||:|:'1,'|_|:||_'-,' on the hollow of the tree.
dd. Are the straps. with buckles traversing the forks of the
thigh in two places, to squeeze it and hold it firm between them.
By ¢ is marked the thigh in order to show the correct position
of it on the said wooden leg.
Peg legs, attached to the body by wooden o1 leather sockets,
have E_H'u:h;[:‘l[_y been made and worn since very remote times,
In “ Hudibras."" Samuel Butler describes Crowdero as wearing

W
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| with no metal in it. was intended to allow movements simila:

| to those of the natural foot and ankle, want of which was supposed
to cause great instability on unlevel ground and abrasion of the
<kin from pressure and lateral strain on the stump (hgs. 24
and 25 |1
B. Ivory or glass ball resting on vul inized rmbber bed.
C. The cords or tendons (only three are visible).
: 5. Rubber springs
™. Muts.

The five catgut tendons around the ankle could each be
adjusted by turning the nuts which secured them just below
the knee.

These nuts rested upon rubber buffers, which were compressed
when the tendons were tense,

‘ At the knee there is a mechanical arrangement presenting
the erucial ligaments, and affording natural action to that articu
lation, by which all shock to the stump in walking is avoided ™
(see 2, NE. 25).

Dr. Bly also introdueced the curved knee steels, which are now
generally used for below knee hmbs.




Great improvements have been made in limbs for disarticu
lation at the _’!i|| il-‘:5|1 m recent vears, but the type at present
1m :_1|'I||'.".|| se 1 this country 1s ::IE|.'-.' H |i.'l|||i|2'.|:i-::|| ol a much
older limb, such as that ascribed by H. H. Bigg to Charriére of
Paris. The annexed illustration (fig, 26) is copied from Bigg's
~ Orthopraxy,” published in 1877. From the style of the draw

g it might well date back to a much earlie: period, but as no

himb of this sort is described in the same author's book on
artificial limbs, published in 1555, 1t 15 probable that Charriére’s
limb originated between these dates. It will be noticed that the
] *-'~|:l:'|{!': |"\.‘I|'I!-||-:'|’i II|J'.I..||||-- il[lu b | ...I:l.ll COrset or 'l.'-.'éliﬁll‘l'liil
which embraced the thorax. while the modern type extends no
higher than the crest of the ilium.

In Hoffa's ““ ¢ Irthopaedic Surgery "' (first edition), published in
EF-"I: there is a di wwing of a limb for .:|i:_'« clisartic ulation which

15 essentially the same as those which are now in general use.
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CHAPTE
AMPUTATION STUMPS

Axmpurarions both in civil and military practice, equally on

account ol disease and ||Ii‘.]|'.'l.'_ have to be Bl riormed to save

i
L

e patient’s life or, at least, to cut short an exhausting disease

or to rid the body of a nseless SEFIEeNt.
These are the primary objects of amputations. T

1e secondary
object of an amputation is to provide a stump most useful and
suitable for the attachment and use of a prosthetic appliance
The term prosthesis (mporfers, meaning an addition) 1s a
convenient one, as it mcludes all kinds of artihcial *-Illir-[i1ll||-~
for lost parts. (The word is also used m grammar for the
addition of a svllable at the beginnimg of a word. On the
Continent the adjective * prosthetic ” is wrongly spelt withoud
the 5. In the following pages, for the sake ol brevity, instead
of using such terms as “* artificial arm or leg,” the word " pros
I||-.'~¢i--“ will be used whenever '|.-----I|-‘.l'. 1&"-,' Lin e --|'<=-|:-|.||1..
|-||jl-|'l only are we concerned i th present worlk, and therefor
amputation stumps will only be discussed in so far as theii
fitness to bear artificial substitutes is concerned.

For a good many years before August, 1914, amput itions of
the limbs had become a -'-::|||ju|';tlin-l_x rare operation i this
country ; for instance, as Mr. Edred M. Corner has kindly n
formed me, at St. Thomas's H-n]ﬁ'.I!'_ .ondon, out of 5,483
major operations performed in 1913, there were only 34 ampu-
tations. In 1915 the Roval Surgical Aid HI:'.iI'I.I\.I had -|I'i-|_||il:l:._
30 leps and arms AINOnE o total of 30,200 <l|||1!‘-.-".--'- Mot

only were these operations comparatively rare n this country,

but they wer .M-"I-I.|||'-. "--u"'l"'l L5 |I'.i!'||'ll'-|:.'-|:__ and littl
! i

consideration was given to the subject by teachers I he war
has drawn attention again to the importance ol amputations,
and the experience gained in the treatment ol some 40,000
amputees, the victims of enemy action, has caused a revision of

some of the opinions which were accepted formerly.

By
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In the United States of America it would appear that ampu-

tation was a much commoner operation, not because of any lack

ents are relatively

of conservative surgery, but because acci

arge
e survivors of the

and positively much commoner in that country. The

number of cases of amputation among t

War of Secession gave an impetus to the manufacture of artificial

limbs, which was sustained by the heavy demand caused by
accidents in civil life, and made the rewards of ingenuity in the
design and construction of prostheses larger and more certain
than in this country.

[ he |I|'|}||'L'\.'!':I: statistics relat il'._'._' to the number of officers, non-
commissioned officers and men who have lost limbs in the Great
War have been '_-ii:|r|]_'x' furnished by the Director-General of
Medical Services of the _".]i|ii_=~L|_'.,' of Pensions [t 15 understood
that these numbers do not include members of the Overseas
Forces for whom the Ministry was not responsible.

In round figures the total amounts to {1,300, which 15 thus

made up :

Livwer extremity i ) )

Upper extremity .. . : . [,350 (275 per cent

No information is available regarding the sites of arm ampu
fations

[t is nol surprising that in the ditheult conditions of the wids
spread and scattered theatres of war, and under the enormous
pressure caused by the unprecedented number of wounded, exact
details could not be universally recorded. In order to obtain
some 1dea of the exact sites of amputations in the upper as well
as the lower extremity, the records of 1,000 cases treated at

Uueen Mary’s Hospital, IKoehampton, were examined. As about

half the amputations which have been fitted with limbs in this

country passed through this hospital, a fairly representative

result mayv be -""]"": lor from this number of cases. taken indis

§ criminately, omitting those of which exact measurements were
not recorded.

Of these 1,000 cases 30 were cases of loss of two limbs making

I,030 amputations.

lhere were 723 of the lower and 307 of the Upper

extremity,
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. - | '
Putting the double amputations 1 a separate category, Lhert

Wwelg—

Doulde an PULatIons ¢ - - ] i per comt
U'pper extremity . . s : ' a7 (29°7

I
Lower extremity ., 5 . - DF3 673

l'otal ! e e T 0

Of the double amputations there werd

Of both arms .. . : ; - ISt
(O o "I!l|!|'l'.|'||| one lower it L T | CASEs,
1 both thizhs

{ |I. |‘~||'_|' =|'::~. - g . = o et o}

|:.|'|::||-||" .|§||| O0ne Toot [ Sy .
)] II'.I|.'| e H:-\'II:I'.*- - b E 1

Ut one thigh and one leg 2k i : . 1O Cases,

=

I'otal P o a0 : . A COSES

Among some 24,000 cases treated at Koechampton, nearly

every combination of mutilations has been met with, of which

the more rare would not be likely to occur in every thousand
cases. Thus some, such as disarticulation of both shoulder
Joints, loss of three limbs, and so forth, are not mentioned in the
above statistics.

Ihe amputations of the upper extremity (including double

amputations) are thus classified :

Fore-quartcer . ] 25 .
=houlder : e - y . - 24)
I 1 b ; o o .
Wrisd i ] ) . i . : 11}
Lipper arm S o - e <« 'LF5
Forearm ) o ; e o e
Hanc ; =

Total 45 g s o e : 0"

Ihe amputations of the lower extremity (including double

amputations) are thus classified:

Hip-joint i : : i e

WIS
Chopart's . iy i % . : 4

Piroroil’s

Total : S ; 2L : Ao |

Except for a distinct but small preponderance of the left

thigh and leg over the right, the two sides are equally liable to
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dMmputation. [he sites ol dimputation m the upper arm, fore-

arm, thigh, and leg, respectively, were as follows -

¥ ol i Sin of 13 o [ b ¥l o T & T
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Until about three years ago the official classification of stumps,
as regards their length, was based upon a scale of thirds, and
pensions were awarded, other things being equal according to
whether the line of section was in the upper, middle, or lower
third. No method of measurement was laid down, and a rough
estimate by the eye was all that there was to go by. After the
author had had to deal with some hundreds of cases, it became
evident that he, in common with other surgeons, had made

many erroneonus estimates, and a SVSTem of exact measurement

alpable was adopted and after

from such bonvy points as were
wards made official by the Ministry of Pensions. In order to
winpare measurements taken in inches or centimetres with
thirds of a limb measurements tn pivo of 100 patients were taken
at Roehampton at the author's request by Surgeon A. C.
McAllister, R.N. The results, which may be of some statistical

Interest, are here given in full, It is to be noted that these

>
measurements include the soft parts covering the bones, which

SOIt parts vary in thickness in different situations in the Same

person and in different persons in the same situation. They

cannot, ths refore, be .--;rI1I|‘-LI'm'I| with exact IMUSEU measure-

ments taken from the dry bones, or from recent dissections,
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The total height of all oo cases was 553 feet, giving an average

height of 5 feet 6 inches.

: . .
I'hus the average lengths of the bones are as follows:

3 ; _I' 4 I eel .r..'.'.", 5 ik Il
i1 1 I.'l- LfEs E 5 || 7
d L0

I |

¥ . d &
I e : s 1 &0 I v - . 17005
Il . ! ; 1 50 I'ibi: i ; o
HMumerus . : - 12+ 41 Humeru - L2
L : - 1435 Ulna -t o AR i L1

&

wese men were from s feet 4 inches

The heights of 53 Per ci 1. ot t

to 5 teet o mmches (inclusive) There were more men of the h i_:_;|'l

of = feet 6 inches than of any one other height. The following

table shows the average difference ot length of the femur and tibia

added together hetween the six commonest heights :

.|'.|'.'.!_'.'I.'\..

| ] } 5 2 5 '] il I
Femur . Tt b B L7°5 1705 T 82 L5 I
[ibi: . L4 L 47 1505 154 1575 154
lotal .. I 3110 i e 330 3
T
Difference ARl E 158 0 5 135

Measurements ol total height were taken with th nsual
ctandard. The other measurements were taken between
varallels with a shoemaker's size-stick, which was made 1n

the educational workshop at Roehampton with a longer scale

than usnal—namely, one of 22 inches (see fig. 27).
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['he data, or points of measurement, are as follows:

The upper ones, at the shoulder: The tip of the acromion
process, when the stump hangs down by the side. In practice
it is found more convenient to make the patient hyperextend
the arm or stump, so that the head of the humerus is exposed
beneath the skin in front of the joint, and to place one blade
of the measur¢ on the top of the bone (see fig. 27). This
method gives the same results as measurements taken from the
acromion,

At the elbow: The back of the olecranon, the forearm or stunip

being flexed to a right angle (see fig. 28).

At the hip: The tip of the great trochanter. In very fat or
muscular men it may be difficult to make this point out. With
the patient lying supine, and the thigh or stump supported by an
assistant, so as to relax the muscles, this |lni|il can, however,
always be defined (sec fig. 2q).

At the knee: The anterior edge of the upper articular surface
of the tibia, preferably its inner part. With the knee bent, and
the leg or stump supported so as to relax the quadriceps,
this can always be felt distinctly (sce fig. 30). The lower
surfaces are in all stumps the end of the bone as felt
beneath the skin when any redundant soft parts are held
aside.
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In measuring the sound limbs the lower points of measur
IMent are

For the humerus: The lowest palpable part of the external
condyle.

Ulna (for the forearm) : The tip of the styloid process.

Femur: The distal articular surface of the outer condyle, casily
palpable when the knee is flexed.

Tibia : The tip of the inner malleolus.

As in many cases the amount of pension depends upon the
! exact length of the patient’s stump, accurate measurement is

necessary when dealing with the numerous pensioners who have
5 suffered amputation.

An ideal amputation stump would be as long as possible, so as
to get the maximum leverage and to secure control over the
prosthesis. Its covering would consist of healthy soft parts,
with plenty of subcutaneous tissue; the scar would be a linear one
not adherent to the bone, and so situated that it would not be
exposed to undue pressure by the prosthesis.

It would have attached to it such muscles as would suffice to
move it with adequate force. No unduly sensitive nerve ends
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would be palpable in it. The bone would be healthy, and its
extremity of such a form as not to inflict Injury or cause pain
when pressure took place between it and the surrounding soft
parts.

Amputation through a joint would seem at first sight most
nearly to realize this ideal, as it provides the greatest possible
length and does not I!-'l‘r“il:alt-:|1|_~.' interference with the structure
of the bone. On the Continent. and particularly in Germany,
disarticulations are much in favour, but British surgeons and

makers of artificial limbs are agreed in the conclusion that. except

in the case of the hip and shoulder, where there is no choice,
disarticulations do not provide satisfactory stumps for the
following reasons:

I. The articular end of the bone is always more bulky than the
shaft; consequently, the resulting stump is always more or less
bulbous immediately after the operation, and becomes still more
S0 as time goes on, and the soft parts shrink. It is very difficult,
if not impossible, to fit such a stump properly with a rigid
socket, such as is generally to be preferred. Another objection
15 that the artificial limb must be wider than the natural one
at the end of the stump, and consequently unsightly.,

2. The joint of the artificial limb cannot be fitted on a corre
ipullliill_'_; level to the sound limb unless it is F:|.||'|':E on the sides
of the end of the stump, making the artificial limb still wider

than its fellow and increasing its asymmetry,
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3. Large flaps are needed to cover the bone end, and these are
often difficult to obtain in such a situation and are likely to be ol
low vitality and prone to slough.

If any exception might be made to the foregoing generalization,
it would be in the case of disarticulation at the knee-joint, but
even here it is not often found that a true disarticulation gives a
good end bearing stump, although amputation through the con
dyles more often does so. The advantages ol a good welght-
bearing stump outweigh the disadvantages in this amputation,

but if that advantage is not secured, the result is inferior to that

to be looked for after amputation at a higher level. Stumps
capable of bearing some part at least o1 the weight of the body can
he produced without osteoplastic procedures. \ lthough opinion n
(Germany is divided on this point, Seidler of Vienna stated at the
extraordinary meeting of the German Orthopadic Society in Feb
ruary, 1g1b (Zeitschrift fi ¥ Orthopddische Clarurgie, Band xxxv1.,
Heft 2-3), that out of 500 stumps he had found 2q7, or nearly
three-fifths, were fit to bear weight Experience at Rochampton
tallies with Seidler's, for out of 549 of the cases which In 1917
were fitted with legs, 275, or almost exactly half, were fitted

with an end bearing pad.
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The following table gives the proportion in the various regions

of the body

i 3 Hf :'|'l:-' Jina
Bearing Pad.
Gl L Of 22 q per cent

idle t] s 235 73
Lower thi { a1 77
Through or close above the knee-joint 5 {3 k]
'u'E'-].: r third of leg i 2 o $2 74 =i
Middle third ot leg . . : g : a5 05
Lower third of leg . . et i i £ 14 |':
Syme’s amputation o - e I4 20

Whenever there was a doubt as to the suitability of a stump to

bear pressure on 1ts end, an end bearing shing and pad was ordered.

Only extended trial in each case could decide the question, and
the shng and pad were inexpensive, and easily removed by the
patient himself 1f experience proved them to be useless. As

anticipated, a certain proportion of these patients discarded the

pads. In 220 consecutive cases which had been originally fitted

with end bearings and which returned for repairs or the supply
of duplicates, this question was enquired into. It was found that
100, or nearly 73 per cent., of them were using it. The remainder
hid discarded it, generally because they were more comfortable

without it. The details are as follows:

|'|'r|r| I|'._'-'

[ .Y rr e T = || ”|' |r_':-l: M .“.".._i-.;' il
.".|'|1:.|:|:||_i..|.- i 124 &y e
Amputation i b & TLH 0
Amputation o fa il Tie

I“rom this it must not be assumed that every case of amputation
through the knee-joint was fit for end bearing. It simply means
that mn the eight cases gquoted o ].-l'nz;:m-.n.--i-- was correct.  Ampu
tations through the knee-joint, in which no part of the lower
surface of the condyles has been removed, seldom bear pressure

well.  As end bearings were ordered in 50 per cent. of cases, and

It appeared that, of those ordered, 73 per cent. found them
advantageous, it mav be-assumed that in military practice about

i per cent, of cases are suitable,

[t must be remembered that these cases were tiearlv all

origmally septic, and that many had stumps with end scars

to bone, or otherwise unsuitable, In dealing with the
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results of aseptic operations, and in civil practice, a very much
larger proportion of cases may be expected to be fit to use end
bearings.

[his question has been discussed at some length becaunse
some distinguished surgeons have given it as their opinion that
no artificial leg should be so made as to press upon the end of
a stump excepl in cases of 3‘1;'1”4-?- ;L]l‘-|1lili'~.liu.‘1.

A priori it would seem advisable to distribute pressure
widely as possible, and as every pound of weight borne by the
stump end means a pound the less pressure on other parts, end
bearing is to be recommended. Extended experience in limb
fitting hospitals has justified the assumption. No doubt the
best end bearing stumps are those in which the sc ction has been
made through cancellous bone, but the fact that the section 1s
through the compact bone and medullary cavity of the diaphysis
has proved no bar to the use of an end bearing pad. Of course,
scars over the end of the bone are not well adapted to bear
pressure, although many of them may do so.

[n a memorandum on amputations and amputation stumps
issued by the War Office in March, 1916, the following - require-

ments were set down as being characteristic of a good stump :

A ,;lnn| :'I]‘\('I'ills_"' for the bone.
Sound healing.
3. Consolidation.
{. Painlessness.

3 [Freedom of movement.

And the following conditions were cited as those which prevent

or most commonly delay the fitting of prostheses :

1. Sinus.
2. Painful nerves or tenderness due to inflammation of

the bone.

3. Unsound scars. |
Contracture in the neighbourhood of the joint

immediately above the amputation :

A good covering for the bone should consist of healthy skin

and subcutaneous tissue and fascia, with the scar of union well

out of the way of pressure by the socket. The skin should be

freely movable. The bone should not be covered at the end
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with muscle, which is of no use in such a situation may be

tender to pressure, and will ultimately atrophy. Muscles and

tendons should be prevented from retracting by fixation to the

periosteum, but not brought over the end of the bone. There

may be too much mobihity of the soft parts. This occurs when,
instead of fixing muscular aponeuroses to the bone end, the
surgeon has sutured the flexor and extensor masses of muscles to
each other across the end of the bone, and healing has taken place

without adhesion between these aponeuroses and the bone. In

such a case if the patient attempts to move the stump, the first

effect is movement of the scar to and fro across the end. When
a limb 1s fitted and walking is attempted, a good deal of power

is wasted in this movement, and friction between the skin and

the limb socket is liable to produce abrasions, ete. (see figs. 31

and 314). Sound hea ing and consolidation in ]:|:-.' that all inflam-
matory processes are at an end and that there is no cedema, and

that the scar has reached a permanent condition as regards

vascularity, Ewven after the wound has run an aseptic course
this permanent condition n ay not be reached for three months.

After sepsis and prolonged su puration it may be many months

before things have settled down enough to allow of the nse of a
permanent prosthesis.

Among adverse conditions, sinus is due to necrosis and the
presence of a sequestrum of bone, or the inclusion of fore e
bodies such as missiles or frasments of missiles and unabsorbed
ligatures and sutures such as silk. Small sequestra and buried
silk ligatures and sutures were a ve ry irequent cause of sinus
and delay in complete healing. The former cause was unavoid-

able, probably, in the conditions which prevailed in the late war.

The latter was avoidable, and it is to he hoped will be avoided
in the future. The use of w absorbable ligatures and sutures,
which ar |lllli!'l| n the tissnes has :gr||||§'_|-ﬂ to commend 1t excs |l‘[
convenience in sterilization.

An occasional cause of sinus after amputations through or

near above the knee-joint is the presence of some part of the
ayNovial membrane of the jomt which has cECaped remowval at

i = ; I - e i
the fime of operation. Somq part of the _'.1I"!I|Z'||_ which extends

Lp the front of the |.]I:..'._'I: under the r||'_;c:_,"i.;-._!-|-._ 12 the most
|;_]{l'|."-.' to be letd |]|'=’:illl|. This mav canse a troublesome -'"‘-"‘"'”i.:h‘-i-
which, if it becomes infected, mav suppurate and discharee,

|.I.':|.‘.'||I_:_:' a Cl 'I'I'J||i|; w-_i||'_'!-.. |t |.; = '::|-|.|-: IxEII'I‘.T'lI J.li'-»1 to :;i-‘-l. 1.1‘”['.]:-"'

1
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yvears after the amputation was performed, but is more likely
to do so earlier.

Pain in amputation stumps often continues after the skin
wound has soundly healed, but in most cases such E:;iil].—k siibside
after a few weeks or months.

FiG. 31.—FRroM A PHOTOGRAPH OF A THIGH STUMP TAKEN DURING CoN-
TRACTION OF THE LEXTENSOoR MUSCLES.

11A—FROM THE SAME 3TUMP AS THE PRECEDING TAKEN DURING
CoNTRACTION OF THE FLEXOR MuscLiEs NOTE THE PosITION O]
FHE SCAR IN THIS AND THE PrREcEDING FIGURE

A distressing symptom in cases of amputations through the
thigh, especially when the site is above the middle, is pain
referred to the stump during the act of micturition, defzecation
and seminal emission. These pains may be very severe. This
symptom -:'nrml!l*ll.]_\,' El]'.-:133|1|':|1'.-; spontaneously after three
months or so0, but 1t may continue for yvears, [ have recently

seen a patient who still suffers from it more than four vears after

the amputation was performed.
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[he existence of this symptom appears to be unknown to many

surgeons who have to deal with amputees. Patients seldom
volunteer information about it, but enquiry will soon bring
forward abundant proof of its existence.

[t is evidence of the profound disturbance of the spinal nervous
system caused by amputation, and no doubt aggravated by
5;-|)~;i-;, and it imphes a neuritis spreading up the nerve trunks
of the limb to the lumbar enlargement of the spinal cord. The
treatment is the same as that of painful nerves and neuritis in
the stump, which latter tronble may be kept up by the irritation
of adherent scar tissue around the termination of the surviving
fibres of the nerves,

Persistent ]J.‘Lill in the STUmMp may be due to |i|i;.;1'!ill:!_{ l;'ll_j'i]l:in;_"
inflammation, especially when affecting the bone. It is most

“

often due, however, to the presence of painful nerve endings,
which are often palpable beneath the skin as bulbous nerves.

The formation of a bulb is part of the normal

rocess of healing

of the proximal end of a resected nerve trun

5, and 1t 15 not
necessarily painfully sensitive to pressure. Sepsis is probably
responsible for the frequency of tender nerve bulbs after septic
wounds. '['lh-_'g-' are pi |'|::|;}_~: commoner and more troublesome
In the upper than the lower extremity. The pain experienced
upon pressure 1s sometimes only local, but most often it is also
referred to the peripheral distribution of the afferent fibres of
the nerve concerned. When the end of the nerve is i|'_‘-,'r:]r:-;|

In dense scar tissue, as sometimes happens, no bulb may be felt,

1

These nerve pains generally cease as soon as pressure on the
nerve ceases, but in case of C|.l.'['i".'l' neuritis ]].‘Iil'. mav be constant
without any external irritation. A discussion of the micro.

d be out of place here:

pathology of painful nerve endings wou
their treatment, however, is a subject of great importance to the
prosthetic surgeon.

tvery painful nerve end should be sought for and removed.

and 1n addition to this the trunk of the nerve should be resected

as high up as is consistent with t
I"'il1]i|'-'ll L0 actuate f

e innervation of the muscles

e stump. Thus, in the case of an amputa-
tion between the knee and ankle, having a bulbous end to the

posterior tibial nerve, the bulb should be excised and also an
mch or two of the internal popliteal nerve should be resectecd

in the thigh. The resulting paralysis of the inner head of the

gastrocnemius is of no consequence, as this muscle is not
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required to act on the stump, and its atrophy is often an
advantage.

It is not enough simply to resect the nerve, as a new painful
bulb mav then be formed. It is advisable to crush the nerve
trunk at the site selected for division with a smooth-jawed
appendix clamp, to transfix the sheath at the same site with a
round-bodied needle armed with catgut (which in the case of a
large nerve trunk should be stout), to tie firmly in one or two

; parts, and finally to inject enough absolute alcohol to distend

LT |

the sheath above the ligature. When operating u e great

cciatic nerve, each half should be injected separately, as the
I

separate sheaths of

e two popliteal nerves extend for a long
way up the main trunk. The object aimed at in crushing the
nerve is the retraction of the axis cylinders, so that the sheath
may be ligatured below their ends and their subsequent out
growth be prevented. As it is always doubtful 1f this end has
been completely attained, the subsequent injection of alcohol 1s
designed to make assurance doubly sure, and to prevent pain
immediately after operation. Operations have been devised
and deseribed of which the object is to seal the end of the nerve
by dissecting up a sleeve of sheath before division, and aft rwards
suturing it closely, or to attain the same end by other means.

| |
| 1§

These are difficult of performance and of doubtful efficacy.
L”-”c-,.,h”-“.; above desecribed have given good results, and are
simple and easy to carry out.

The nerves which most often require resection are the tibials

and '|:HE|]i1|'LI,|-, the great sciatic, the internal --.’|]-i'.l"!|flll-- in the
thich: and the median, ulnar and musculo-spiral m the upper
extremity. All the main trunks of the brachial plexus, except
the circumflex (which should be carefully avoided on account of

ite innervation of the deltoid), may !"t"'l"lil'l' division i”"1 below

the axilla. In cases of cansalgia it may be advisable, as pointed

out by Mr. E. M. Corner, to excise the occluded end of the main

ST |-'\' ZI}I-CE. .il_'\-\. ".|I':i||.‘:|. i','|._'|l_;| :_'_'!5'_=_ 'ili Lie CAse |||. Flli.:lll.'l..."\- i ZIII-|i:

the internal saphenous nerve. Care zshould be taken to leave

some cutaneous nerve supply to the skin of the stump. A stump

deprived of all afferent nerve supply is li

ely to bhe damaged

without the knowledge at the time of the patient, as has been

|:.|' ('||.!1|_:_'-.-1 T ;=_|--|:- L0 ]

sepnl  In several ecases, *|‘|'|'-'i'-

i

fearedd _|]t||¢:||__'_:';| the author 15 not aware that any such hawve

been reported.
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[here are, unfortunately, cases m which, despite repeated
neurectomies, pain persists; in some only when a prosthesis is
worn, and in others constantly. These most distressing cases
are due probably to neuritis and to mvolvement of the posterior
nerve roots, or even of more central parts of the nervous system.
For some of these, posterior rhizotomy has been performed in
vain. Associated with these cases are those of jactitating stumps,
in which on pressure, or even on a light touch, the muscles moving

e stump are thrown into violent clonic spasm. Reamputation

has been necessary in some of these, after treatment by complete
rest—such, for instance, as Axation of the joint for months in a
gypsum splint—has failed. Prolonged rest and avoidance of all
irritation do sometimes effect a cure, and are always worth trial

before more drastic procedures are undertaken, As in some of

1ere 15 a strong mental element, the patients should be
encouraged to occupy their minds and hands (or hand in the case
of a one-armed man) as fully as possible in order to divert their
thoughts from their troubles.

In septic war practice, some stumps which may have been

healed for many months, and which to all appearance are quit

zonnd with £00 | scars and well-covered bone, on '-\,'\-,l-::?'i_'|:=_-_ 4 pros-

thesis, without anv known trauma, become cedematous, hot,
'_.ﬁl.i!l'.-ll-. and l':'.'-.'|ill."|I:'_ll':|-_ In some cases an abscess results:
in others, with rest and care, the inflammation subsides. Tt
ilppPaals |':":"-!.-"i" that i these cases some microbes which were
-.L!--:_';--:ll“.'-l.:'-! have been set fred by the ":i--1EJI'|:||:|'.-c|: Ifu-]ur‘_--
and have ’-li'i.:ill 1ted a fresh mmfection. ‘.'“-=":>Li'-. i:'l[l.l"\-:'..l'.:‘lil?i_'_' with
L COTSI |I'I'.E|l!|'
In many

widely prevalent se

rise of II'I‘!!I-'TE‘::'.I'-- may OCCUr.

SIUmMps alter amputation in the field owing to the

!

sis, primary union of flaps has failed, or on

account of gas sangrene or other acute infection no

been made. In such cases, when at length healing is complete

laps have

there 1s bound to be a large amount of scar tissue at the end

of the Stump, gend rally adherent to the bone.

Many such stumps, although unfit to bear any weight on their
ends, are yvet quite suitable fo1 |]:'f.:--'_|;|'--|'-- and unless the Ammpii-
tation is in the lower half of the le

o below the knee, the advantage

of length of 1 ver outwelzhs the l|i.--:!.-.5';'.LI|l.=‘__h-- of the bad scar. and

reamputation is to be avoided. But in some cases the nutrition
01 lEII' SCAr 15 50 '.':!':‘-l'l [t ',||'|,‘_ i‘ i-x unable to |"I'.|.I' |J|._ 'i|||.|':'||"|'l'|'l.'l.'

with the circulation caused by

e pressure of the socket of the
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prosthesis, or the drag on the soft parts from the same cause.
If such a stump be held in the hands and the skin steadily drawn
upwards, the scar will be seen to become blanched. In that case
ulceration 15 very likely to occur when a socket 15 worn, as
happened in the case shown in fig, 32.

Should this happen, either reamputation or some operation
L|'-‘-E_'_[I]L'r| Lo I'I.'|J].'=|‘-:- the scar with ||I.'i|.|[|i.".' tizsue is indicated,

As already remarked, reamputation is to be avoided in most
cases. Ihere remains, therefore, the operation of excision of scar.
[f despite the adherent scar there is plenty of awvailable skin,
as In the bifid stump represented in fig. 324, all the scar tissue
can be at once excized and the skin brought together on the end of
the bone. To prevent the formation of new adhesions between
the scar and the bone, the deeper parts of the flaps may be drawn
together with buried catgut stitches, or temporary button sutures
may be used in addition to those on the edges of the skin, the
object aimed at being the eversion of the scar.

When there is not enough skin to provide proper covering, a
preliminary course of extension should be undertaken. For this
either Thomas's splint is used, or if the patient is confined to bed,
weight extension may be substituted. Two stirrups of strapping
are applied to the skin of the stump, one sagittally and the othes
transversely, so that they cross one another at right angles.
several circular strips cover and fix the ends of the stirrups on the
stump. | he extension cord 1s to be fastened to a wooden stretcher
inside the stirrups, which prevents lateral pressure on the end of
the stump. Weight extension is applied in the usual way,
and should be as powerful as is tolerable, up to and even over
10 pounds.

When a Thomas’s splint is used, an elastic accumulator or
a spiral steel spring is attached to the stirrup and to the bottom
of the splint by a cord, the tension on which can be regulated.
In the case of the upper extremity, or in the lower if the splint
is made with a patten, this treatment may be ambulatory,
which is, of course, much more agreeable to the patient, and
better for his general health. In treating thus forearm stumps,
a difficulty is found in getting a satisfactory surface of counter-
pressure. This may be overcome by suspending the stump from
a collar or cravat, thus using the weight of the limb itself as the

extending force.

After some weeks' steady and unremitting traction the skin
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will probably be stretched enough to allow of operation as already
described, although sometimes it may be necessary to sacrifice
a small amount of bone. When the amputation is below the

Fic. 22 AMPUTATION IX MIipDDLE THIRD oF THIGH. ADHERENT SCAR.
This scar gave no trouble until a limb was worn, when the drag upon the
end of the stump interfered with the blood ?—l||l!.:']_'\-. and the uleer

(shown as a dark mark) at the end dex eloped .

Fig. 324 Birin Stume, THE RESULT orF ADHESION OF THE EDGES OF
FEDUNDANT SorFt Parts To THE BONE, NECESSITATING EXcCISIoN OF
ALL Scar TissUE axpD EVERSION AND SUTURE OF THE SKIN EDGES TO
OME ANOTHER.

knee, excision of all that remains of the shaft of the fibula
will add to the amount of skin awvailable, and sometimes
enable the surgeon to cover the tibia .H'.Lli-liu-‘.li:;'ﬂj,' without
shortening it.
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In such operations, if there is still fear of suppuration, the
scar should be painted with liquid carbolic acid just before
operation and excised well down to the bone, and the instruments
used in doing so discarded for the rest of the proceedings. It
is always well to drain for twenty-four hours afterwards, pre-
ferably by means of half a dozen strands of silkworm gut. No
skin grafting operation is to be recommended for covering the
end of an amputation stump. The imperfect quality of the
resulting covering, and, above all, the absence of sensation in the
graft, make it an undesirable mode of closing in the end of a
stump.

Deficiency of skin covering of stumps has been common,

Less commonly the surgeon has left too much skin, which is

Fla. 23 1 1
e { IG. 34.

thrown into folds which are liable to become sore when a pros-
thesis is worn, and in some cases are the seat of eczema. An
extreme case of this sort is shown in figs. 33 and 34 from photo
graphs kindly taken for me by Major A. A. Atkinson, late
R.AM.C.

Impairment of function of a joint above the site of amputation
is a serious drawback. In the upper extremity ankylosis or
subnormal range of movement in the shoulders not only reduces
the range of movement of the stump, but 1t also hampers the
use of a prosthesis by impairing the sources of power by which
the artificial elbow joint is flexed and locked, and the fingers
and thumb extended or flexed.

Similar loss of function of the elbow is, however, chiefly of

importance 1 so far as it limits the movements of the stump,
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1E provided that if the elbow is stiff it is fixed in a useful
e position,
ks Contracture of the hip-joint is, unfortunately, common in cases
[1 of amputation of the thigh, particularly when the stump is short.
Most often 1t 1s limited to a reduction of the range of extension,
0 and this is sometimes accompanied by diminution of the range
e of abduction, the stump being outdrawn. Flexion contracture of
i the hip should be measured after the manner recommended by
e H. O. Thomas (see fig. 35). The patient lies on his back upon
a a table (110t on & mattress or couch or bed). The SUTEeon i_.;a_.x':-u

the tips of the fingers of one hand under the patient's lumbar

L. region, the thigh stumpis flexed fully, and the assistant then flexes

Lt !
Ty

" i
'-‘fkl

2 b1 35
1

the sound knee and hip on to the abdomen until the surgeon feels
' that the lumbar curve is reversed. (At this stage of the 3:;'1:-:----_-[|-

ings the surgeon s fingers are in danger of a severe pinch between

the spinous processes of the patient and the table if the assistant

s too vigorous,) While the assiztant prevents extension of the
i sound |‘:|1I the =UIEe0n extends the --1‘.]1]i|| ':.t|[-f|i|'_;_: il h||'|'::|'|].l.,'
i downwards as far as possible. The angle which the stump

makes with the ta

ole is then measured, using the back of the
great trochanter and of the end of the shaft as the two points
of the line of the stump.

By means of a simple wooden goniometer the amount of con

traction 18 read off in LEI'E_:|""I.'.'~, for purposes of record and for
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measurement of future progress (see fig. 36). Individuals differ
as to the range of hip flexion, and the writer has been in the
habit of regarding anything under 15 degrees as negligible from
the point of view of the artificial limb maker. Contortionists
and indiarubber men afford proof of the extent to which mobility
of the hip may be cultivated. Obesity prevents full flexion of the
thigh on the abdomen, and in fat persons the measurement 15
difficult. Stiffness of the so-called sound hip also intereferes
with it.

Abduction 1s ||;1v;|_,-1]|'vr| |Jj-.' l]ll:' SNrEcon ]J|.‘l('ill;.{ his t|:1|1|!_'|1.- 01
the two anterior superior iliac spines after seeing that they
are on the same level (* level " is here used in the sense it would

have were the patient erect), and the patient is told to bring his
stump close alongside his sound thigh without moving the
latter. If the anterior superior spine on the side of the amputa-
tion is felt to descend with the stump, thereby indicating a tilt
of the pelvis, there is abduction contracture. Care must be
taken to see that abduction is not masked by flexion when thus
measuring.

Some space has been devoted to the above description because
contracture of the hip is easily overlooked by the unwary, and
is of great importance in the fitting of an artificial limb. If it
is not corrected by treatment, or if, proving incorrigible, it is not
allowed for and accommodated in fitting the socket or aligning
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the prosthesis, there will be much trouble for the patient and,
indeed, for all concerned. The treatment of this condition
consists in passive movements of extension, which are carried
out in the above described Thomas’s position with the sound
hip fully flexed. In some limb hospitals, effort is economized
by the use of a simple apparatus, but this, though convenient,
is not necessary. If the contracture does not yield to passive
movement, resistant bands of fascia and contracted muscles
must be sought for and divided, and the correction maintained
during healing by weight extension, or by a plaster spica carried
up over the lower ribs. The tensor fasciz femoris is the
structure most often resisting extension and adduction. This
can be freely divided with a tenotome subcutaneously.

IFailing this procedure, it may be necessary by open operation
to divide all resisting structures, including the tendon of the
ho-psoas at 1ts msertion. When the stump is not abducted,
but simply flexed, the adductor longus is in some cases in fault.

If all these remedies fail, the flexion must be accommodated by
the imb maker by shaping and setting the socket on the knee
plece so that the axes of the socket and knee piece form a curve,
having its convexity forwards.

Ankylosis of the hip in a wvicious position is a very serious
drawback. If the stump is short, a limb may be fitted without
correction of the deformity; but if the stump be long, means
must be taken to JL'rHr.'I'L_‘\' the .L11].;_'|,'|u-;i-- or, at least, the vicious
position.  Excision of the joint or, better still, arthroplasty are
the means at our disposal. It is needless to say that the latter,
i successful, gives the best result, but as an attempt at arthro-
plasty may fail and result in renewed ankylosis, care should be
taken to see that if this occurs it shall be in a favourable position,
that of |,_"|1 flexion. For while for locomotion full extension
is the best position of ankylosis, for the sitting down position
flexion is convenient. Ewen after excision, with resulting loose
pseudarthrosis, the patient may walk well with a prosthesis,
as the weight bearing function of the femur may be eliminated
and the stump will be used only as a lever for moving the
prosthesis, |

Contracture of the knee-joint is of less importance. A patient
with a firmly ankylosed extended knee will walk well and with
little limp, and not more than 30 degrees of movement is essential
fora good gait. A knee that cannot be flexed to at least a right
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angle is, however, awkward for the patient when he sits down,
especially so in crowded conveyances and public places.
More Serious

Reduction of the normal range of extension is a

¢ in the use of a prosthesis, and when t

1ere 15 Not 0552015

drawbac
ankylosis, passive movements and the wearing of an extension
splint are necessary to endeavour to correct the ds formity.
The slighter grades of flexion contracture are often gradually
cured by wearing a prosthesis.

A flail joint after excision may exist in the same linb as an
amputation lower down. This rare combination 1s only likely
o OCcCnr i1 the elbow and forearm. [he same Ll|-|:lill'.|1l]-~ ".".'ll'..l.‘]l
is used to attach and control the lli'l:l-»i|;l.--|:- can be made effective

to stabilize the flail elbow.

On STUMPS IN PARTICULAR SEGMENTS OF THE LIMBS,

Upper Extremity,

l'he functions of amputation stumps in the upper extremity

are almost entirely confined to leverage,

ressure because,

The end of the stump 15 not exposed to

anlike the lower extremity, no superincumbent weight has to

be borne, and thrusting movements are not offen necessary.

For efficient leverage, the longer

e stump the better, and
the presence of even an extensive adherent scar on the end of

the bone is no hindrance to lever action, so long as the

of the stump is covered by sound and not tender skin.

ot
=

fore, after guillotine amputations of the upper extremity, no

reamputation should be performed with the intention of 1mproy
i;'.;q the stump; Ior the value of eve 'y CEIl imetre of bone is great,
and even a large adherent terminal scar is no drawback. The
anterior and outer surfaces of the end of the stump are those
most |,'j'~.j|§||'l,-|'-!i to pressure, -.--»!,:--_-l'l';l||_'-,' in the upper arm.

[t follows that in amputating in the arm and forearm as

much bone should be saved as possible, without much considera

tion of flaps; but where the soft parts are abundant, two equal
!_i_;i_E:-:-. giving a linear end scar neither adherent nor |-:1|||II|I|‘:I-~
are to be preferred. In forearm stumps it will generally be
found that the bones are in the position of semipronation, In
which the radms hes above the ulna and the brunt of the work
in moving the socket falls pon the lower part of what may Lie

=

left of the radius.
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Forequarter Amputation.—These cases are rare. Those that
have been seen were fitted with much the same kind of apparatus
as that appropriate to disarticulation of the shoulder, but such
arms are more ornamental than useful.

Shoulder-Joint Disarticulation.—Most of the scars in these
cazes do not interfere with the use of artificial arms, but the best
position is the commonest one—in the hollow below the acromion.

The usual artificial arm 1= fitted with a :-|j|-'.!|f.5|'1' cap and a
large bearing surface, therefore pressure is not often trouble-
some, but occasionally the axillary nerves are involved in the
scar on the chezst wall and :_;'i'-.':- trouble. There, as elsewhere,
the nerves should be cut short,

In cases complicated with burns and consequent scar tissue

or damaged skin, difficulties have arisen owing to want of sur-

Iaces able to bear continued 1

Upper Arm-— Upper Third. : An amputation in the upper third

of the humerus—that is to say, at a level in the average man
- o

INESSUTE,

{ inches or less below the tip of the acromion process—affords
no stump for the working of a prosthesis. The attachments of
the muscles forming the folds of the axilla are situated so low
down on the humerus as to make it impossible to insert the
upper third of this bone in the socket of a ]'-Ill.--1||J =15, ]:_'«.'
dividing and turning up the lower parts of the insertions of the
pectoralis major, latissimus dorsi, and teres major something
may be gained. It may be necessary in such an operation to
slide a flap of skin from the chest in order to cover in the wound.
'he arm must be kept well abducted throughout the period of
healing

[t 15 only when the stump is just too short to be useful and
when the _': mch of awvailable length is 1'-||I!il'-'-| that this
operation is worth performing. It is not adwvisable if the final
result 1s hikely to be : stump of no greater gvailable length than
1 or I1 inches.

Mi{]fHE Thil'ﬂ, Below th anterior axill; v fold a socket can
be fitted to even so short a stun p (measured from the fold) as
I inch, which generally represents 5 inches of humerus; buf
such an arm is of v ry little use, and it is often better to treat
amputations ghove the middle of the humerus as if thev were
disarticulations at the shoulder, particularly if the patient is

likely to be engaged in heavy manual labour. The lower part

of the middle third affords a useful st ump.
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Lower Third.—The whole of this portion of the upper arm
gives useful stumps. The best site here 1s just above the epicon-
dvle. Disarticulation at the elbow-joint is objectionable, as
;II!J'l'ELLl.‘..' stated. The special objection at this site is the circum
stance that when the socket is fitted on to the stump its end is

sitnated much lower down than the natural
1 elbow. In some occupations this 1s not
A objectionable, but clerks and others who
work at a desk or writing table complain

E111]i'|L of the l,'l,".‘.']\;‘-.\'.'ll'lil[]l.':'h‘- 01 “-L',L']I an arm,

—
Fic. 37.
This diagram illnstrates the disadvantages of an
amputation through the elbow-joint. A 15 the

stump, B the stift leather socket, and C its soft
leather EXPANSION, [¥ 15 the artificial forearm

in the position of flexion to a right angle. The
awhkward projection af the end of the socket in
this position 15 obvious., [} represents the fonre-

arm in ifull extension

because they are unable to lay the forearm
flat on the desk to hold down books and
papers (see hg. 37).

Forearm.—The rules as to flaps, applicable
to amputation in the upper arm, apply also

' 3 here.

i ‘~ Upper Third (up to 31 inches).—In the

: ‘ b4 upper third, at least _J;ll inches of the

Nk Ay e ulna is not awvailable for application of a

", prosthesis, for, although the posterior surface
Rl of the ulna is free and a socket can be pro-

longed upwards behind, in  front there

is no hold to be got below the insertion of the tendon of the

biceps into the tuberosity of the radius. This tendon is, of
course, of great importance, and cannot be dispensed with.

The lowest inch of the upper third is more or less available,
;p;'c:l:i'tl.]'u:,_-; to the individual's l]:"\.'t'l'li:ﬂllt'lﬁt and ['II,'i_'ZL]li.-:I.['ii,il.:.':.
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[f, however, 3 inches of the ulna at least cannot be preserved,
amputation in the lower third of the upper arm, just above the
epicondyle 1s to be preferred. In some such cases it has been
1!'.'.-H|15.;3|L advisable to take advantage of this necessity to form
Vanghetti motors and to cinematize the stump.

The very short forearm stump is useless to actuate a socket,
while its presence much hampers the application of a pros
thesis, which must be of a special pattern. As the short and
useless forearm stump must bz included in the upper arm socket,
the side joints have to be placed considerably above the end of
the socket. In that case little WIong 15 noticeable as |:|||_\:_; as the
elbow is extended, but on flexion to a right angle or, even less
the lower end of the socket projects much below the line of the
torearm. Not only is this unsightly, but, as before stated anent
disarticulation,’it prevents the forearm being laid flat on a table
in order to hold down or steady any articles such as papers;
also, when the end of the stump rests on the table, the shoulder
1s raised l.‘flll"hifft'l'i-.-!}'l.‘x' above the level of its fellow.

Middle Third (31 to 6§ inches).—The upper part of this section
gives stumps which partake of the disadvantage of the upper
third, while amputations at any point from 5 inches downward
give useful stumps.

Lower Third (6§ to 10 inches).—The same considerations
apply here as in the middle third, but it is more important to
preserve supination-pronation movements, as it may be possible
with the longer stump to fit a socket which allows of such move
ment. Amputations should, if possible, be planned so that the
ends of the two bones shall not be tied together by scar tissue.
Bony union is still more objectionable.

In the lower part of the lower third of the forearm the skin
is often badly nourished, cold, or cyanotic, and consequently
bears pressure badly. The advantages of a long stump must
be weighed by the operator agamst the disadvantages of the
possible malnutrition of the skin. Most often the former will
be preferred, seeing that reamputation can later be resorted to.

['he objections to disarticulation at the wrist ar those common
to all disarticulations. Special objections are: (1) That the bones

dl € Very I‘ii*.hl-!' L0 |IL' '|:E|'|| If||ll_.l\:'f;|']|"|' |'|.'..' |i|:|r'|;p||__= tissue =0 1]“”

pronation and supination movements are lost © and (z) that the
artificial forearm, when fitted, is likely to be of
length.

unsightly
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Below the Wrist.—From the carpo-metacarpal joints down
wards it is difficult, if not impossible, to formulate rules. The
only generalizations possible are:

1. That adherent scars on the flexor surface are more objec-
tionable than on the extensor, because the most mmportant
movements are flexor, in which such scars would be c-_\.|1|3-1{-:5_
to pressure.

2. That almost any fragment of a digit may be useful, if not
ornamental.

The carpus alone, if movement at the radio-carpal joint is
preserved, may be made of considerable use. An end scar is
probably the best in this situation. In such amputations the
bare stump, which is endowed with cutaneous sensation, 15 often
more useful than any appliance could be. Prostheses in these

cases are only worn to conceal the mutilation.

Lower Extremity.
After healing, fat and n

bandaged to promote shrinking of the soft parts, thus anticipat-

iscular STUMpPS should be Iir'_;|!1].'-.'

ing the process which occurs when a prosthesis 1s worn, and
enabling the provision of a second zocket on account of shrinking

best for this purpose.

to be postponed. Two crépe bandages are

A troublesome form of tinea is often found on the nner
surface of thigh stumps and the adjacent secrotum. It is easily
cured by several applications of tincture of iodine.

It is surprising that all sorts of unpromising scars in the lower
extremity have been found compatible with good locomotion,
but the ideal amputation either in the thigh or leg is one with
a long anterior flap and a scar behind the end of the bone. The

result should be a stump |':|]-:|]-'e'l' of bearing end pressure and

I

also the leverage pressure to which the front of it is exposed

in actuating the prosthesis. Moreover, in the thigh the outer

part of the stump is exposed to pressure, wl ile
the inner side 15 not so0 --?{]Jiu-:n'll LD any 5.'_I'I.':!1 extent.

sidle of the lower

. i . u 1 " [}
[f a thigh stump or, perhaps better, a radiograph of one

be examined, it will be seen that the femur lies along its outer

side with hardly any muscular covering on that aspect. The

bulk of the soft parts of the stump occupy the inner two-thirds
of the stump.
This is fortunate, because it is on the inner side that bony

spurs are often found, which obvicusly are ill adapted to bear

g
e 2
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pressure. Thev seldom _E;i*.'l' II'flll:':|l'J and when 11|i'_‘\.' do zo 1T
will HL-[}--]';[l.“.,' De tound that the paln 1= causcd |'|_‘-. Pr '\-1.|.|I.\ |.I_‘:, HRY
osteophyte upon a bulbous internal saphenous nerve (see fig. 38).

Conical stumps used to be condemned. In itself a conical
stump should not be objectionable, because a resistant cone
would make a good object on which to fit a socket, with good
distribution of pressure. But a conical stump is generally one
in which the adductor and flexor muscles, ]I:_I,'-.:.j'l:.'_:: lost their distal

attachments, have been allowed to retract, forming a mass often

I 1 MIDDLE THIRD OF THI

: :
i H! LARGE SPUR oN INMER SIDE.
SMALL SPur ox OUTER

GIVING N0 TROUBLI

almost hemispherical, or at least fusiform, at the inner side of the
top of the thigh. A serious loss of muscular control results, and,
furthermore, this mass is apt to get squeezed or nipped by the
edge of the socket, and recurrent attacks of painful inflammation
of skin and subcutaneous tissue give the patient much trouble.
Therefore, whenever it is possible, the tendons or aponeurotic
expansions of these muscles should be fixed to the ]1|-:'5u~'t--1||n
as low down as possible.

The practice of uniting the tendons or aponeuroses of the
'n:i--xfﬂ' and e xtensor 51|'l-11[|:~ of muscles dCI0ss 1

he end of the bone
I
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leads, in those cases in which adhesion to the bone end does not
occur, to a scar moving with the action of the muscles in walking.
I, as is desirable, an end bearing pad is fitted, the skin of the end
of the stump will be exposed to friction each time the muscles
contract, and it is likely to become sore.

The experience of the last few years shows that the higher
up the thigh we go, the worse (on the average) is the resulting
stump, as regards the covering of the end of the bone,

Suitability for end bearing may be taken as a fair indication
of a satisfactory stump. The percentage of such stumps out of a
series of over 500 lower limb amputations was as follows in the
three I'l'j_';in'ﬂh of the ‘.t}igl: .

Upper third

Middle ¢l
i

Lower third “ 44 - - S ] e,

0O per cent,

The majority of these cases had suffered amputation lower in
the limb at least once, and therefore 1t 1s only fair to assume
that it was only dire necessity in the form of sepsis which deter-
mined the sites of the higher amputations, and the nature of the
flaps (if any) and the resulting scars.

[t is perhaps unnecessary to argue further in the matter.
Probably everyone realizes that a thigh stump should be as
long as possible, with the exception of the upper 5 inches. Below
the knee the case is different, as will be seen later.

In all amputations below the hip or the neck of the femur,
and above a Syme, the best scar is a non-adherent one, situated
well to the back of the bone. Such a scar is out of the way of
end pressure if an end bearing is used, and also of the chiel

leverage pressure, which falls upon the front of the stump.

Amputations at or near the Hip-Joint.

Stumps after disarticulation at the hip or amputation through
the neck of the femur are sometimes seen in which the soft parts
are redundant. This is a great hindrance to successful fitting of
a socket. The best flap for this stump is a posterior one containing
no muscle (the glutwei should be cut short), fitting closely to the
pelvis, with no slack, and with the scai close up to Poupart’s
ligament. The great and small sciatic and the anterior crural

nerves should be cut as short as possible. The directions for

carrying out this operation, given by Mr. Martin Huggins, F.R.C.5.,
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in his book on * Amputation Stumps " (London: Henry Frowde,
1g18), p. 123 ef seq., are excellent, and should be studied before
undertaking a disarticulation of the hip. If conditions such as
--.u-]:n-'.i-'. allow, it is Eil'-'l-l'l'.i.'.':-|-.' to leave the head and neck of the
bone tn sifu, carrying the section through the shaft below the
trochanters. This simplifies the proceeding, and leaves a better
shaped stump than complete disarticulation when shrinkage of
the soft parts is complete. However, the presence of septic
arthritis will necessitate the complete operation. Such stumps
1s are left aft:r an amputation by the methol of Furneaux
Jordan are very difficult to fit on account of the flabby redundant
soft parts. If for good reasons such an operation is performed,
it should be followed when the patient’s state permits, by a
secondary resection of the soft parts on the principles above

mentioned.

Amputation in the Upper Third of the Thigh.

The average femur being 18 inches long, the upper third will
be only 6 inches. An amputation at this level leaves a Very
short lever for the actuation of a prosthesis, seeing that the
upper 3 inches of the average thigh stump 1s unavailable owing
to the disposition of the soft parts. This is particularly notice-
able in the case of muscular or obese persons. An amputation
which does not leave more than 5 inches of femur is best fitted
with a hip-joint prosthesis. In such a case the socket is fitted
to take the stump with the femur flexed to a right angle. If the
remnant of that bone is much more than 3 inches long it makes
an awkward and unsightly prominence in the front of the socket.
which makes aceurate fitting difficult. An amputation in which
the bone-section is made abouf : inches below the tip of the
great trochanter—that is to say, through or ust below the lesser
trochanter—affords a better stump than one an inch or two

longer. The end of the bone, when flexed, does not project

beyond the general surface of the pelvic stump, and its posterior
(under) surface is capable of sharing with the tuber ischii the
unction of weight bearing if the socket is properly shaped. On
such a stump the limb maker can better anchor the pelvic

socket than on that left by disarticulation.
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Amputation in the Middle Third of the Thigh.
[n this region the rules for amputation m the thigh and leg
generally apply. Ewven if the scar be firmly adherent to the
back of the bone, the stump is often quite a useful one. On:

fairly common type of stump with such a scar has been called

Known colloguially as the " Shark’s mouth stump. Y mood end
beanng stump, althowugh the scar s adherent.

‘ the shark’s mouth stump.” These stumps have often a good
pad of skin and subcutaneous tissue over the end of the bone,

which stands pressure well (see hg. 3q).

Amputation in the Lower Third of the Thigh.

The considerations referred to mn discussing amputation in the
middle third apply equally here. The best site is one between
3 or 4 inches above the knee-joint, with, if possible, a hooded
anterior flap consisting of skin and all subcutaneous tissues down
to the periosteum. The patella should be removed. Some
surgeons, however, prefer amputation, through the condvle, which
gives a larger bearing surface, but has the drawbacks common to
all disarticulations already referred to. The Stokes-Gritti ampu-
tation, when correctlyv and r]l.c""lt':-r.?l:”_‘..' pel formed, 5_“.:';'-;---1 rood end
bearing stumps, but in the experience of the present writer they
are no better than the stumps produced ||:\' :-ir]|]3|¢- ;:r:|]:-|||;:-1E4:-|:-;_
In a large number of cases it has been impossible without the
help of a radiograph to distinguish clinically between them and

simple amputations above the condyles, and from a prosthetic
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point of view one 15 as good as the other. If, however, the patella
has not been securely fixed, and has become displaced, the Gritti

stump is decidedly inferior. It does not seem, therefore, worth

while to ]]r'rl|ll."|'.i and l'::-l'l‘.'|1]if.‘..|_t|' the 'l'ZIEZII'I'iI,l'iIIE'l ||:\' i[l]lllllé“:‘_{
Gritti's procedures. IFig. 40 shows an attempt at a Stokes-
Gritti stump.

Amputations through the knee-joint, while having the draw-

back ot disarticulations in '._';.-IIL'I'.Ju' have the ||;g__"1i_1":|i;a_." disadvan

tage of leaving exposed to pressure the roller-like surface of the
condyles, which do not always bear that
When resting on a flat surface

femoral pressure well.
only a very small part ol these

rollers takes all the weight, and although the end bearing pad

¢ cartilarinous surface of
trat 15 intended to

i':!ll.'l!.l_ i'\- Ol S i:':!

may be shaped so as to distribute pressure somewhat, an amputa-
tion through the lower part of the condyles, which affords a
broad. flat surface of cancellous bone, is to be preferred. Among
many thousand amputations of the lower extremity examined
by the writer at Rochampton, no instance of an amputation
through the knee-joint in which the semilunar cartilages
preserved has been recognized.

as to its practical value.

Al
No opinion, therefore, is offered

Amputations below the Knee,
In all these the

fibula, which bears end
and is

often tender, should be divided at a level 1 or
higher than that of the

pressure badly

inch
section of the tibia. Down to

o
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the middle of the leg, say 7} inches below the upper articular
surface of the tibia, the longer the stump the better.
Many patients walk very well with very short stumps, even so
short as 21 inches, with a prosthesis skilfully fitted upon modern
principles. The old seat of election in the leg was a hand’s-
breadth below the knee, but it is said that this site was chosen
with a view to the use of a kneeling leg. If the stump 18 so con-
tracted or ankylosed in a flexed position that it cannot be used
in a leg socket, amputation in the lower third of the thigh is

to be preferred to the kneeling leg stump in most cases,

B A

\. patella; B, lowerend of ridgeof shin; €, lower end of posterior border
of tibia: from C to D, redundant soit

A certain number of amputations in the upper half of the leg
are met with in which, instead of only bevelling off the anterior
edee, the surgeon has made an oblique sect ion of the whole bone,
thus losing the advantage of the leverage of this part of the tibia,
every centimetre of which 1s of value in a short stump. More-
over, the oblique surface thus left is not suitable for end bearing.
When also, as in the figure, the soft parts are redundant, the
stump presents a combination of disadvantages. The one in
question would have been more useful if the bone had been
divided at right angles at B, and if the part of the tibia between
B and C had been sacrificed as well as the bulk of the soft parts
hetween C and D, so as to make an end bearing stump with a
posterior scar.

Some surgeons have maintained that, owing to the broad
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surface of bone available for end bearing in an amputation at
this level, it is preferable to one lower down, but the experience
of all limb makers and most surgeons points to the desirability
of a longer lever, the advantages of which much outweigh any
disadvantages of the smaller cross-section of bone.

Excluding Syme's operation, amputations in the lower third
of the leg are not to be recommended. The bone surface avail-
able for end bearing is small and does not stand pressure well,
and the circulation in the end of the stump 1s often poor and the
skin cyanotic. This is especially the case when, as has often
happened, such amputations are performed for frost-bite gan-
grene. From the @sthetic point of view, the suitable prosthesis
leaves much to be desired, as the lower part of the socket has to
be wide and clumsy in order to contain the stump. Theoretically,
the extra leverage should be worth preserving, but i practice
a patient with a stump of 7 inches is found to walk just as well
as one with 1o inches or more.

Syme's amputation, when performed through healthy tissues
and followed by aseptic healing, as in the majority of cases in
civil life, produces one of the most useful stumps, and one which
should be L':>].~:|':3||' of bearing the whole weight of the ]:.url_\' on its
end without pain. Unfortunately, many, 1if not most. of the
examples of this operation among naval and military pensioners,
were performed on septic tissues or for frost-bite gangrene.
Many of these are not capable of bearing full weight on the ends
of their stumps, and in such cases the value of the stump may
be considered as inferior to that of an amputation at or near
the middle of the leg, and many patients who have had reamputa-
tion performed after wearing prostheses on imperfect Syme
stumps have much preferred their latter condition. Before the
surgeon decides, however, that a Syme’s stump is hopeless,
and that reamputation must be done, he should satisfy himself
by means of a radiograph that there are no disabling osteophytes,
and by careful palpation that no nerve trunks are implicated
i the scar. If there is reason to think that anv of these are
present, they should be sought for and removed by operation,
Not only may the main deep nerve trunks be mvolved, but the
larger cutaneous branches such as that of the musculo-cutaneous
or the external saphenous may be giving trouble. The stump
must not be deprived of all sensation, and if only comparatively

large nerves are resected close above the scar, the smaller branches




50 ARTIFICIAL LIMBS

innervating the flaps which come off higher up will not be
damaged.

In performing Syme's amputation, a more sightly stump will
result 1t the bone section is made well abhove the malleoli about
1 inch above the articular surface. Care must be taken that the
plane of section lies at right angles to the line of the leg as a
whole, and not at right angles to the incurved lower third. In
this Way a varus stump 15 avolded. I'he ]|\|_|_| <hould not be
redundant. The method of dressing the stump after a Syme’s
amputation has been performed affects the permanent usefulness
of the stump. That described by Mr. G. Martin Huggins
(loc. cit.) is to be strongly recommended.

The msthetic objections to Syme’s amputation remain, how
ever. It necessitates a prosthesis which is comparatively heavy,
weighing from 3 to 4 pounds, and the ankle is ni cessarily clumsy,
so that anordinary boot cannot be worn ; and although an ordinary
Oxford shoe 1s applicable, the artificial ankle bulges in an un-
sightly manner above it.

'or working purposes, when appearances are not to be con-
sidered, a Syme stump may be fitted with a simple stump boot
or elephant foot, for which it is well suited.

There are well-known objections to Pirogoff's amputation,
the chief of which from a prosthetic point of view is that it
makes too long a stump and leaves too little room for an artificial
ankle-joint and foot below it. [t appears to have no advantages
which are not possessed by a Syme, and has disadvantages of
its own. It is, therefore, not to be recommended, The same
remarks apply to subastragaloid amputation, and to Handcock's
and Tripier's operations.

[t i1s obvious that wounds or disease of the foot may leave
the surgeon scant choice of method, and he must often get his
flaps where he can. The prosthesis must then be adapted to
the resulting stump.

Chopart’s operation produces a good sound weight bearing
stump, which, however, it is difficult to fit with a regular pros-
thesis. The commonest fault in these stumps is retraction of
the tendo Achillis, whose antagonists have lost their leverage
even when the extensor tendons are securely fixed to the perios-
teum covering the head of the astragalus. During healing
the remains of the tarsus should be kept by splints at a right
angle to the leg, and it may sometimes be necessary to divide
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the tendo Achillis subcutaneously to counteract a tendency to
talipes equinus. When there is enough skin available, the
plantar flap should be long enough to bring the hine of suture to

the upper edge of the anterior surface of the stump

Notes on Radiographs of Stumps of the Lower Extremity.

[he accompanying reproductions of radiographs of amputa-
tion stumps represent some of those forming a collection of
116 prints presented to the museum of the Royal College of

Surgeons by the writer.

Fig. 42. FIG. 43.

In many of them the point of interest 1s the growth of new
bone forming osteophytes or spurs, the occurrence of which has
been already referred to.

In other cases the radiograph was taken to clear up doubts
as to the nature of the amputation, or to show the results of
faulty technique, etc.

Fig. 42 shows 4i.||z[‘.|;1".;L1.iH]1 through the neck of the femur,
The fragment remaining is much abducted, and the lesser tro-
chanter is partially detached and displaced.

Fig. 43 shows a somewhat similar condition, with the formation

f

of much new bone. In both 1 and 2z too much of the neck
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has been left and operations for removal of bone were
necessary.

Fig. 44 is from a case of disarticulation at the |'_1.L|-jl3:111J which
was followed by the growth of a large osteophyte from the
wall of the pelvis. This was removed, but the long pendulous
stump, consisting of soft parts, still prevented fitting with a
prosthesis. This patient has had much trouble from hemorrhage
and it is not thought prudent to remove the redundant soff
parts. As he can bear no pressure on the ischium, and as the
whole stump 13 tender, it is doubtful if he can be made to walk

with a 11:'-:}H'L|u-~'5.4. This case illustrates one of the problems

which perplex the surgeon and limb maker. As this radiograph
15 very faint the ¢r=1L-LJ|Ji:_'-.-"l'.'. |1:'h'l:~. and soft parts have been
outlined on the print.

Fig. 45 shows an osteophyte on a short thigh stump, and

Fig. 46 shows one on a long stump. Neither gave
trouble.

Fig. 47 shows a buttress osteophyte in a thigh stump. This
form is rare. Perhaps it represents an attempt of the organism
to repair the original fracture.

Fig. 48 shows one small internal and posterior spur. The end
and most of the periphery of the end of the bone are quite clear.
The appearance suggests a tag of periosteum as the cause.

This spur gave no trouble.
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Fig. 49 represents a femoral stump which has been the seat of
11-.'1'[<P:x'1ili:‘~ and ostitis. This stump was quite satisfactory for
fitting a limb.

| £ 8
Fig. 50 shows evidence of sclerosis of a femur stump, and
detached fragments. Despite the unfavourable appearance in

the radiograph, the stump is clinically good, and bears end pressure

£

well, This is one of many instances of the untrustworthiness
of radiographs of stumps as indices of their functional
value.

e — e
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Fig. 51 shows an amputation through the condyles ¢ la Gritti.
This operation is now generally abandoned for Stokes's modi-
fication. This stump bore pressure well.

Fig. 52 shows a good result from a Stokes-Gritti amputation,
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but as 4*.-|1]_'g,-' one wire was used to

been shghtly displaced.

Fig. 53 is a good result
cedure. The patella has been

nails.

fix the patella, the latter has

after the Stokes-Gritti pro-
efficiently fixed with two
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Fig 54 shows a bad result of Gritti amputation from the
operative technical point of view, but the stump clinically was
good. The patella appears to be rarefied.

FIG. s&. FigG.

Fig. 55 is a bad result from a Stokes-Gritti. The patella is
displaced, not in contact with the femur, and there is a spur and
osteo-sclerosis. The ring marks the situation of a sinus leading
to the patella.

Fig. 56 is an instance again of a theoretically bad but func-
tionally good stump. The fibula is too long, the tibia very short,
and with an osteophyte on its end. This is a lateral view.
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In Fig. 57 the antero-posterior view is seen. This is a useful
end bearing stump.

Figs. 58 and 59 represent a typical, short, but good below knee
stump, which bears weight on its end well.

Fig. 6o shows a below knee stump of good length, in which the
ibula has been cut properly short, but has developed a long
troublesome spur requiring removal.

Fig. 61 is the result of a Syme’s amputation in which the bones
have been divided obliquely. Bad technique.
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Fig. 62 represents a lateral view of a Pirogoff’s amputation
which began to be painful eighteen yvears atter the operation was

done,

Fiac., 63,

Fig. 63 shows a Pirogoff's amputation with angular displace-
ment of the fragment of os caleis backwards and upwards.
Fig. 64 shows a more extreme displacement, but extensive
8- 04
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bony union. There are severa

metallic fraements in the
:-'1Il||:[1.
[IL{ D4 iz 2 I'L'|-I'|-t;.lll'1.‘:-|1.| of A ||._'|I.l[-\..-'_!‘_'.|'_.‘\-||. the EXACT :-'»Il'r’.L' ol el

h.Fll":'i[]JL'II now in the museum of the Roval ['-::-|§-.-.:_H- of ,":11|_'I5_'"{--J]'|:=.,

The ll-»ll-ll]ﬂﬂ.'h' hier 1'-"|'|-""~|'::|l.'l'] was removed by the author
from the inner side of a s

wrt thigh stump, because unlike most

osteophytes in that position it caused pain. It was attached
to the femur only by the two simall |-|-.:fi*.'iL--u,

A and B, and was
imbedded in the adductor muscles.

['his specimen is numbered
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460-2 in the General Pathology Series. The author is indebted
for the photograph to the kindness of the President and Council
of the College.

]|.|,: 66. From a case of .'un;*lil.Hi*-:-l‘_ of both ||';!3'H. The ends
of the bones of the left leg are typical of a good result, but

those of the right leg, here shown, have developed outgrowths

I'iG. 60.—ANTERIOR VIEW F RicHT BELOW KKEE STUMP

from both bones, which have joined together forming a V-shaped
bridge. Reamputation became necessary, when it was found
that the osteophvtes from tibia and fibula were very hrmly
united by cartilage or dense fibrous tissue and not by bone.

This X-ray picture was taken four years after primary ampu-
tation.



CHAPTER IIl

CINEPLASTIC AND OTHER PROCEDURES FOR
IMPROVING THE UTILITY OF STUMPS

WHEN, in 18g6, the [talian dream of African conquest melted
away 1n the disastrous conflict with the Abvssinians at \dowa,
a number of the mutilated victims of the brutalitv of th
victors reached Ltaly, For tlthough the Abvssinians ||||-I|-a«
and call themselves Christians, they treated their CTIETT Y
wounded with horrible barbarity., Eviration amputation

[ 1 - 1 i | 5 B
of the external FETITAlS wiis CArried ont on numbers 01 |;||.“|:, =

together with amputation of the hand or hands

When the survivors of these unfortunates reached Italy, their

condition naturally excited widespread pity [“or the evirated
1100 ||_'x|-l||:---'- Wils .=|-'_:-!'-':-:;':.- but surgical and mechanical
attention was directed to the provision of artificial limbs for
those who had lost hands or feet.

In 1898 Dr. Giuliano Vanghetti of Empoli in Tuscanv, then
a general practitioner, conceived the idea of so modifving the
stump by operative measures as to enable its intrineic musecles
to be harnessed to a prosthesis, and thus to actuate the artificial
seoment.

IDr. Vanghetti is not a surgeon, and he had no opportunity
of putting the suggestions of his fertile brain into practice, hut
he performed many experiments upon fowls, and during the last
twenty vears his writings hawv ctimulated surgeons to put his
principles into practice ['o all such procedures h applied the
term ' cinematization ' or cinematic plastic. His suggestlons weri
II;'\-II'_:_‘.I"Il""? for vears. for | IIJ.:_: |.;_:__| t 12 ‘.'."II:IZ'_: .'” lll' Jrl."'."'
.."'fJ;':"_-'--.I_*'r,-'_;'_'-' could only cite two dases of operation, but there
were then not less than twenty suggeste ways of making plastic

motors of muscles and tendons. I will not go into the details
III.

|| = 1 e . : B ke . i
the various methods proposed or practised, but refer to i

reports of Professor Putti’s lecture in the British Medical Tournal

and the Lancet ol |I_||-'.‘~_ IQ1&, and to the articles by Vanghet

T T
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himself, by Stassen, Pelligrini, and Pieri in the Archives Medicales
Belges, No. 71, p. 657, of 1018.

These four articles :_Li*.'l' 2 :_;-:;-l:lr'. account of the whole :-I'.|JjLLl,
An illustrated abstract of them appeared in the Medical Supple-
ment of the Daily Review of the Foreign Press, issued by the
General Staff, War Office, and on sale at H.M. Stationery Of

No. 10, vol. i., October 1, ‘1gI8. A monograph 1n Spanish by

Dr. G. Bosch Arana of Buenos Ayres, published in 1920, also

o <Y

FIVEs AN account of a number of cases fll'l!".'::_':l.'l'l L pon |:_‘-. that

author in the lower as well as the uppet limbs, with successful
results, especially in the lower extremity. The various kinds of
mMotors may be 1'|J'.]3-_1||;‘1 ||'.k'.||1'-:. into two classes, the club and

the loop. In the former class are all those motors which are

meant to be connected with the prosth by thewr peripheries,

while in the loop class are all those which are connected by their
inner and more central surfaces, such as the loop (in I[talian ansa,
which means a il;:; handle), the tunnel, and such like,

The club motol :-::I:-ii--l-- Ol one or more tendons or tendinous

l-\{!_::.l'ﬂil.-l'_--, if ',-||-_--i||!:- ||'-_'_;':1.;;-_ r with a 5."":'."'.. ol then |'l-!..'-.'
attachment, surrounded by a sleeve of sound skin. A ring i
| o0se |'\' -:":;':|;,'::-l || :'{:||:|:| l|'|' neck ol |||.‘- -'!';Il L -,‘-,|;:|'|: ".;.I ol
or other connection with the pro thesis 185 attached.

In the |'.|l.||| Lype, O the other hand, a rod or cord 1s |-I-‘~li

through a skin-lined opening in muscle or tendon, or else, as m the

case of the il[_'_:: 1andle form, ; cii*.'icin il Iil:'_! 15 |'|.|'||'|-:c. on the skin
covered tendon. Some of these jug-handled motors consist of the
tendons of two muscles which are united together to form a

!lnlp much as if two club motorswithout hone were jomned togethen
enod to encl it is asserted that b aicles ::IiI!L; '."5.'_"|||' I 11 O
pull, their alternating action can be used by means ol two clamps.
The writer has great doubt of the efficacy of tl s arrangement,
which he has not yel seel in action,

So far as a limited experience goes, the club motor with
osseous nodule in its end gives the greatest promise of useful
TS5, If 1t 15 macde |:||'5;|- ;-|.|-1|:_;| and with a ,_ nodule of bone,
it is better fitted to stand the pressure of the attachment than

18 the tunnel, and it can be so planned as to provide a larg

=

exenursion ol range ol movement more easily than the tunnc
Also it can be placed at the end of the stump, a position more
advantageous than that of the tunnel, which has to b

lateral.
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'he desiderata in a |1l| motor are th Ill|2:-'-.'~'f‘.|_-_-1

1. sufficient muscular
Well-nourished and innervated skin coverin
3. Ample range of movement.
{. size—sufhicient length and thickness.
5. Appropriate surface for counterpressure covered with
well-nourished and resistant skin.
This last condition is important. Unless such a surface is

available, the patient’s efforts may expend themselves in simply

pulling the socket of the prosthesis further on to the stump.
such counterpressure may be exerted against the end of the
bone of the stump or against the sides of the wider upper part of
the stun P, 43 i1 the forearm.

i

[he range of movement in the upper extremity should be af

least T mch: i or 2 inches is prefe rable., If the range 15 small
tae difficulties of htting are increased, for with a small range
with loose fitting there is danger of all the effort being expended
in overcoming the baclk-lash. Aeain, if the range 15 small only
short leverare can be used. and the effort must be greater. In

WO INOLors DeingE :|::'.3|- veodd for two '::"_.'lli.l'\-l'l!

movements—iftor mnstance, the one for extension and the other for
xion of the ingers—the range of movement in the two should be
nearly the same, but a difference of range can be accommodated
by varying the leverage for the two movements. [t is, probably
easier to get a good range of movement with a club than with a
tunnel, because the extremity of the club is free, while the distal
l is apt to be bound down. This is specially
hkely if the tunnel is in tendon.

Sauerbruch, who is an enthusiastic tunneller, prefers to ma

I
i ':i.l'll'i'_',|l the muscular substance. | e writer has seen tunnels
0 tightly bound down that the amount of movement was too
little to be of anv use. He has, however, seen other tunnels
with ample range of movement.

[ e .|'|||J|:!.|:i-:|: sites suitable for cimematization are, first
those so close to the ot that the seement below the articnla-
tion is of no use to work a socket. By rean putating through
the bone above the joint the patient’s condition is no worse

even if the cinematization is a failure, and the skin of the r

amputated part is available for covering the motors, while th

ey X | | e b 11 11 ] {
bones are utilized to form end nodules. Secondly, stumps thad
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are too long alter .IZ.:_":'I':.I[i'ZEII through joints, as at the wrnst,
can well afiord to lose an inch or two to make plastic
Morors,

Most of the cases operated upon in this country fall into
these two categories But were the practical value of the
procedure, and |L||':i.'|||.|1.'|_'\.' of the appropriate prostheses,
established, there would prébably be few stumps that might not

be improved iIE unsefulness :i'-, LA l:|||':;_|:_|-:;, | ||-, il i- |- 55 TOOM

for it in the lower extremity than in the 1pper, because the

lunctions of the leg and foot ar simple compared with those of
the arm and hand, and they are far more successiully imiitated
by existing prostheses.

In the upper extremity it seems probable that it will be best
to limit the number of motors to two—extensor and flexor.
A third motor designed for supination has been added, but there
are difficulties in .LI|.||IEZ‘.5_:_; prostheses for more than two motors,
which, however, may be soon overcome. After all forms of

cinematization it is essential that the power and tone of the

muscles should be improved by the frequent use of an apparatus

such as a Thomas's splint, to which elastic resistances are fitted

and attached to the motors =uch an APPArAils Serve: alzo to

pressure wived friction of the -'|.l||'|1- Or Tols,

l"."--i.":. WO Motors ark i_lf:-".'l-il_'ll SaY, ,illl'-' ' P |_-'_|.| W, 'I_:';l'
question arises of how best to use them. Should one be used
to move the elbow and the other to flex and extend tha |'||:-_5|-'
against the opposition of a spring, or should the elbow be worked
by one of the older methods, and the motors be used in antagon
ism to one another as flexors or extensors of the digits ? Theo
retically, the latter method recommends itself, becanse it seem
||"-::|-;5|||:- that with use the muscular sense mav be so far devel
"]_-"-'l that a co-ordination re I'l"""'.-- to some extent the sense of
touch may be acquired. If the cinematization hand is to acquire
any delicacy of grasp, it seems clear that the spring action must
:u'.l‘-_-lil|< '.|.

A loop motor may be used simply as a means of attaching
the socket of a |IZ'Z:--li:|'--"- to the stump and to prevent the latter

when verv short, from --!|::|- o out of i, Thizs has been done In

all ATrin case ||'\ Wierzejewski, w ho also ftted a double-ended hook

to the loop so that the patient could carry weights with his stump

without the use of any socket or artificial arm, as is shown in fig. 6;
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(see Medical Supplement to the Daily Review of the Foreign Press,
vol. i., No. 6, June 1, 1q18; and Zeitschrift fur Orthopadische
Chirurgie, Stuttgart, 1916, 36, p. 647).

There have been few cases reported 1n this country. Mr. Enc
Pearce Gould reported two in the Brifish Medical [ournal,

p. 277, 1916, One of them, an officer, was sent to Rochampton

B

to be fitted. He had an amputation of the lower third of the
upper arm and one club motor, without bone nodule, connected
with the flexors of the elbow.

He wore a clamp on the neck of this motor and an exercising
sphnt with elastic resistance for nearly three months without
any tronble, although the end of the club was somewhat cyanosed.
Immediately after the artificial hand was fitted he left well
satisfied for South Africa. and we have not heard of him since.
Major Fitzmaurice-Kelly has operated upon a number of cases,
and ]H]|J|i\'-l',--|:| a4 Ppaper on his exps riences in the Lancet of
August 16, 191g. Numerous cases have, it is said, been operated
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L
upon by other surgeons in this country, but there are few

published re ords of results.

In the discussion upon Vanghetti’s cineplastic amputations

at the meeting of the British Orthopeaedic Association in November,

101 |J_. J|\.!-L'!|"- kk';'?:'_'_:-.'III'I.:.:l_'-,' expressed that a usetul 1.1.'u|'|{::||-__- pros-

thesis for such cases would soon be forthcoming

The chief difficulty lies in the want of power and suthcient
range of movement in the motors. It s true that some motors
Caf IH 1.J.';:u_-i] I.Iill.'l'[l"-.' ||‘:I'I'_|'.--.--|.|| 10 A '..I.-Li.l_:|_[ 0Or & -:f_'\'g'.t|]|.|._
meter, as much as 20 ]-LIIII'_1|_- but this is '_I'i:]il'.:; lt.*ll'.;:::zl'ci
with the force that must be exerted by the normal muscles
at '['nn:- 1;|-i1|1.- ol insertion of the ir tendons, [T i,:|.|:-li<' MOTOr,
like the natural muscle, must act on a lever at a disadvantage
so that a zo-pound pull may result in a grip of only 4 or
5 pounds. If the lever is lengthened in order to gain power,
A |-:.~|[;_:|-;' l,:'\'._l":'ll"‘--iill'_ 1% II;';':1ELfl I|i~;I: Can __\I".I'.'.-ll.._'l. |'I|' i=..5'|=-."!}|r|
and mechanical difficulties are increased.

Some German writers have insisted on the necessary distinction
between the palmar grasp for large and heavy objects and the
finger-end grasp for small and light objects, and they have devised
different hands for these different grasps. Many men can exert
a force of 35 pounds by the former, and 10 or 15 pounds by pres-

sure between the end of the thumb and index finger in the latter.

_'l..'||'\'t|'_i||-_j ii'|"'.i|"'-'-| i|;'_j this force 1s not to he hoped for from

l.i;l--lir motors, but for very light work or ornamental purposes

nrostheses for cinematized arm stumps will probably prove
]3|'.L|'l'iu.||:ui-.'.

Lambret of Lille has described an operation designed to

rovide a useful stump In cases ol disarticulation al the shoulder

saint in which the soft parts are abundant and the deltoid active.

With a chisel he removes the spine of the s apula, which has been
pres ionslyv denuded, but leff in connection with the soft parts
on the outer side. The acromion process is not interfered with.
The bone thus freed is rotated through a right angle to the front

of the acromio-clavicular joint, and buried in an incision in the

1il.' ':l.lil:iL_ ]| '|:'|-.' -'i_-'J'_llitE andcl |;:|'Il|:;:_ 15 MATOr are 1ol II!.i‘I.l.E |I_'-,'
scar tissue, they are to be sewn together. Lambret considers
that a useful stump may thus be mad. but he records no
specific case or any result of op ration.

[n this country an attempt to graft an artificial humerus 111

. ¥ £
1 S II' iFHa ¥ hethad & Surrer "._i.: L, . 212,
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a case o1 disarticulation of the shoulder ende

111 ::—:1||]ulil':r.1|;u-lll.

Lambret also describes a proceeding for the lengthening of a too

short forearm stump; given sufhicient soft parts, which can be
stretched by ||"| liminary extension, the STUIT Ol the radius 1s
to be removed from its normal ||l---':liul! and gri fted on to the end
of the ulna, or a tibial or fibular graft may be employed mstead.
Unfortunately, however, these ingenious operations do not ofter

much prospect of providing results of practica

value.
Krukenberg (*° Ueber plastische Umwertung der Armamputa

tionsstiilmpfen,”’ Stuttgart, 1917, F. Enke) has attempted to

e ——

] 4 ! ARM STI { I I 3 I
Ix1 . i L) 1 b b » 3 5 0L )
9 T™L L .
BT 1 1 I he i 5 LIe o Ll
'l Lo | il 7 il yrhed

utilize the muscles of long forearm stumps in a different manner,
His operation consists in sphitting the stump, so that the radius

: l RER R e | i _
1all form. as it were, the two blades of a TrLll

(0] 0D11es

['he muscles and their attachments to the bones are car fully

weserved or reinserted, those muscles which fake origin from
ath bones within range of the split being carefully separated o1

if necessary divided. If necessary, plastic methods are employed

{0 cover the adyacent surfaces of the two bhong --|-!-:-!'_'_:-~,l':.“~.|||||||:i’|_
[t is claimed for this operation that, although admittedly wery

unsightly, it provides a very useful prehensile organ, having the




74 ARTIFICIAL LIMBS

great advantage of tactile sensation at the ends of the blades.
Artificial hands have been made for these cases, in which the
fingers and wrist movements are to be carried out by movements
ot the tongs, and such an '"Z'|_I]i-:||'.l.'l.' is outlined in fg. 7

<L | L

but the difficulties of illt:i!-ll:_'\_ these j"r"IJ“'..ill.':-l'- S0 A5 Lo ll.l:'::"'-'i'::;l

a useful hand are so great that the double stump must be

. A

ii'|l'|'l.':\.' l'||'|'|:_i,'|-:,'|f[.ll hand can, o course, be fitted fo ~|[||1|xll'1l]]|<"

considered as only useful without any appliance at a

sake. It is claimed in Germany that this operation produces

results of great value, and that it is justifiable, especially in cases

of loss of bot

1 hands. So far as is known to the present writer,
the operation has not been performed in this country. The one
case which came under notice was that of a British soldier, on

whom the operation was performed while a prisoner. The result

was a failure; the bones were covered to a large extent with skin

erafts and scar tissue, and were quite useless. The limb had to

be reamputated higher up. This case was misrepresented in the

ill :ﬂI-":'.I:'-l daily press s One of German atrocity. [.ambret ol

Lille performed a similar operation in 1918, and speaks well ol
the results of Krukenberg's proceeding (see *' ( hirurgiec Repara-
trice ef {H"I:'_I'I'l'-l..'il|§|4.|'_|_'_l- vol. 1. p- 310 ; Maszon et Cie, Paris, 1920

When the thumb is lost and one or more fingers remain, a
useful grasping organ can be made by fitting what is described
later as an *‘ opposition appliance,” on to which the remaining
digit or digits can close and thus held objects.

Walcher of Stuttgart has in long forearm stumps made a
false joint, with the view of ;|]'.‘|'-|j-‘i|';; the above !;.tl'il'.x'iz‘.-h'_ He
removes about 7 cms. from the end of the ulna and makes
a false jlﬂ:]]l in the radius at the same level, -‘.'|_?-.I|:.1'..I'I:'_: the bone
surfaces ||j.,' means of a free !':.|]- of fascia from the ];_ii.:_':ﬂ. The
tendinous attachments to the distal portion of the radius are left
undisturbed, so as to secure active mobility (see fig. 71). A simple

socket carrying a plate on the ulnar side is fitted to the forearm.
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Objects are grasped between the lower end of the radius and this
plate. One obvious advantage of the use of the end of the stump
itself for grasping purposes is the possession of sensation, which
15 a great aid to co-ordination of muscular action. Walcher
has reported eleven such operations, with results which are
claimed as satisfactory.

[n order to improve the usefulness of wrist amputation
stumps, T. H. Openshaw has made pseudarthroses of the radius
and ulna. so as to |:H'||!|I'.-.'I' a factitious l'iai']:-llr ot o ‘x'l":jil‘lj i
hand could be fitted which should be capable of voluntary

extension and flexion. The new carpus can also be used to

HiIG. 71 IFOREARM STUMP AFTER YWALCHER 5 UPERATION

From ** Ersatzelieder und Arbeitshillen,’ Ir.

open and close artificial fingers by its action. Such pseudar
throses are, unfortunately, very liable to become stiff and
nseless

In France Lambret has practised * phalangization of the
metacarpals.” This operation consists in dividing the tissues
between the metacarpal bones with as little injury as possible
to muscles, etc., and clothing the cut surfaces with skin. Any
surgeon who has had to deal with the operative treatment of
webbed fingers will realize the difficulties of this proceeding.
The muscular control of the metacarpals may be assured by

attaching the tendons of the flexors and extensors of the fingers

S ———
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directly to the bones. Practical eXpPericnce ol this op
iz wanting in this country.

The same surceon has grafted the great toe ol
had lost his thumb to the firsi metacarpal b
:I:.I;mi:!_‘_ifu'_ ISt e '_;!'.!-|‘.1.|; I.l.‘-,' the Ttalian ms
._-|_|'||1..'._-'.|:_|-'_|'_ Lo use '|_||_- oredt toe ol |!|:' ::IE>||IJ-iZ_-.' --E|'!I,'_ I
H R that :||2|_~'.-",-;|| the whole !:-!'-.||'|-|-||I:'|_=_; ."I."E||.i|'x'- VEeIr'y fredl
care and patience and attention to det 1ils, the result is of in-
estimable value. Such a graft is not likely to be endowed with
much sensibility, and in the absence of normal sensati
difficult to believe that the new thumb can be of great use

N1co igi an, which has been also
carried out by E. Muhsam, who has described t

in detail in the Berliner Klintsche Wochenschri

adoni is the originator of this P

e l|||:"".l,'_!|.l'_'|

o :I-'IH\' :\'\h.;u :I.'._

p. 1045. This writer states that sensation in the new thumb,

late great toe, became norm al, esplie SOIme nNecrosls anl Fangrene

of the "'.\.il. Unlike Prolessor Lambri t, he 1s cilent as to

the

functional results of his intervention. It is clear that there are

no insuperable difficulties in the technique of this operation
but it iz doubtiul if the game 1s worth the candle.

J. . 5. Esser also has reported good results after gral
four toes witl part of their metatarsal bones on to the meta

meers (see Medical Supbplement,



CHAPTER 1V

THE RELATIONS BETWEEN THE NATURAL JOINTS
AND THOSE OF PROSTHESES

WHEN an orthopedic instrument or artificial limb encloses
a2 natural joint of the patient, which is to be allowed to move,
9 ;'|||--_'i_.;i'|§|;=..’ ioint has to be 1115 rtedd in the .':'::-|Ii".ii1'.l= [t 1
i||||||,:'1|||| that the centre of movement of the artificial _:-:ii'.‘.
should be in the same plane as that of the natural jomnt, o
coincide with it as nearly as |...--i|||-_-_

[1, |IH-'.'.'-.-'-.'|'|'_ as OlTen |;; ‘=-|_||'.‘I'- 1T 15 1M |I||"""E|||\. to realize ‘;:;I:—
ideal, there will be a greater or less amount of movement ent; il-
ing friction between the surface of the limb and the artificial
:III'::'l:.ui..I'..'..

In the case of a --‘;||:|:|L hinge joint, such as the elbow or th
ankle, if the centres of the artificial joints are on a straight line
which coincides with the axis of movement of the natural joint,
there '-||-ill|-:. be o motion between the LTI nt's limb and the
';l|'ll:|i.:!':l.'l.

In the case of the knee, which is a combination of a hinge
joint with a sliding joint, it is not practicable to fit an artificial
joint of which the movements shall exactly coincide with those
of the natural joint, although for movements of small range
as in walking, the difference should not be great

In the case of ball-and-socket joints, such as the shouldes
and the hip, no ngid oint can be devised which will allow ol
movement in more than one plane without much discrepancy
of motion and consequent friction between limb and appliance.
I-:.-|!----||':|«.I:I!'-.L_ if an .-|-!f:|'||x:'_'||:]"|-'| to the normal movements
is desired, the parts of the apparatus above and b low the joini
are usually connected by means of straps

[his is the rule in the case of the shoulder In the case of
the hip, the artificial limb may be fitted with a pelvic band
because of the shortness of the stump and consequent dehcient

control of the limb.

I ——— =
— p—— —————
S—
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The ||1]|f:'.'.i;]_=_;' Iy be taken for !_H';ll'li-.'.‘l| Purposes as the P 31
tion of the axes of movement of the six principal joints of the
limbs:

Shoulder-Joint.—Flexion and extension—a straight line joining
the centres of the heads of the two humeri. Ab- and adduction

-1 :m11.-"13-'!:|L|~%tx'|'i-.:-:' line passing through the centre of thi
head of the humerus. Circumduction cannot be imitated.

Elbow-Joint.—A line passing through the epicondyle and
the epitrochlea.

Wrist—Flexion and extension only 1 line through the
tips of the styloid processes of the radius and ulna.

Hip-Joint.—In the normal man, standing erect with the feet
close together, the centre of the hip-joint 1s situated on a straight
Line ‘n.'~']|i|'§| |:li.|"-"‘-\-l.":'\. i||-1 above the L1ps 0l the great Thod llanters
of the thigch bones, and in front of the whole of each trochant
The centre of the artificial hip-joint should be in this line

[he decision as to how far in front of the trochanter the il-.'I:I
chould be will ||-.-'in'|||| upon the i'-l--i':n'| of the stump ol the
femur as regards rotation. [If it is rotated outwards, the tro
chanter will be further back than normal, and the joint must
placed further m front of 1t. If it 1s rotated mwards, the con
verse 15 the case.

[f the condition is not normal owing to permanent contrac
tion as follows:

. In a flexed position. the trochanter will be further back
and the artificial hip-joint must be placed more in front of the
trochanter than in the normal

2. In an abducted or outdrawn position, the trochanter will
be lmgher and the artificial hip-joint must be placed below the
tip of the trochanter.

s In an adducted |_-c:,|'.|'.l.|: imwarcls |-:--'I|-.:‘:| the trod :'.|'|1:‘
will be lower and the artificial hip-joint must be placed more
abowve the trochanter than in the normal.

It may be assumed that in the erect position with the fece

close together the thigh bone is adducted 10 degrees—that is

10 5a%, 1L 15 at an .‘:1_:_Li|- of 80 degrees with the --!I:'f:;i|';
horizontal line joining the centres of the hip-joints.

The ti;:- of the trochanter rises about 1 inch for every 10
degrees of abduction until 120 degrees is reached. Similarly,
it falls about the same amount for everv 10 desrees of

adduction until 40 degrees 1s reached.
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[t 15 not practicable to estimate the movement backwards
on flexion, but it is not Prear, becanse of the _-;'||.::-_r'1|'_[-_~:_~'. of the
radius of motion.

In the diagram represented in fig. 52 the outlines of the
transverse section of the pelvis and upper ends of the femurs

are traced from the engraving in the classical work of the brothers

I
.‘r_fll‘u'
f i
9 ¢ i
[
"‘
L
20°
F1a 72 =—=I)AGRAM SHOWING THE EFFECT OF APDUCTION ETC. ON THI
POSITION OF THE GREAT TROCHANTER

Weber, “ Mechanik der Menschlichen Gehwerkzeuge,” which are
approximately half the actual size. The measurements obtained
by using it hawve, therefore, been doubled to arrive at the
foregoing results.

Knee.—A horizontal line passing through the tip of the ex-
ternal condyle of the femur, or at the level of the middle of the
patella, and at the junction of the middle and posterior thirds

of the knee-joint.
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Ankle.—A horizontal line directed outwards and somewhat
backwards, passing through the tip of the internal malleolus of

the tibia.

The Joints of Artificial Limbs.

Shoulder-Joint.—The shoulder-joint of a prosthesis 1s rarely
made to enclose an active stump and natural joint. When this
iz done, the centre of the artificial _'il'z'lll should be '[:|Llf.'l d about

inch below the lower edge of the extremity of the acromion
process. It is well to place this centre rather lower than the
centre of the head of the humerus, in order that on flexion the
socket shall ride up upon the stump and counteract a tendency
of the latter (which in most cases is very short) to escape from
the socket.

Prostheses have been made with shoulder-joints designed
to allow circumduction, but none are in use in this country
and their usefulness is problematical. Movements of the scapula
usually suffice to replace the abduction movement of the normal
shoulder jL'l:Il?l.

Elbow-Joint.—For amputations in the lower third of the fore
arm artificial elbow-joints are seldom ne cded. Given a lorearm
stump measuring 6 inches or more from the tip of the olecranon,
the elbow-joints of the prosthesis mav be pla ed in the axis of
the natural joint, but in shorter stumps it is better to place these
joints as far forward as possible.

Wrist-Joint.—This presents no 'li!:.-'llﬁil_'-. as |||||_'\. Aexion and
extension need be 'lml'n::\.'in:;,x'-| for and the joints should be placed
in the axis of the normal joint. Pronation and supmation are
only feasible in the case of long stumps, for which no rigid elbow-
joint is fitted. If the stump is capable of active rotation, this
movement will take place above the wrist, which the short
socket and elbow straps allow |-.|'|':.:'l.. In '!'I':Il'lifl it 15 fonund
that, although many forearm stumps allow of a good range ol
passive rotation, few have much active force for it. Movements
at the shoulder-joint are generally substituted for true pro- and
-|l|1i‘.1.|!.i:-!'..

Hip-Joint.—The centre of the steel ]|:||-iluml should be
placed above the tip of the great trochanter and a little in front
of it. In estimating this position care should be taken to
see that the stump is not rotated out- or inwards, but 1s
in the indifferent position. Most artificial limb makers
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place this joint much too low., This joint 18 desiened to allow

[f the centre of the artificial hip-joint 1s situated at any point

on the PrOMONEATION OF T line above mentioned, its ||{-_\;i::-|1 anel

extension movements will correspond with those of the natura

" 1 3% = 3 .
joint, but as regards ab- and adduction and rotation the case is

different. The movements of ab- and adduction mav be ac-

curately represented by an artificial joint situated on any point
on a horizontal straight line passing directly backwards through
a 'i-uil'.' situated about 1 inch below the middle of |‘-.!II]1.||"1'~
lgament. [he movements of rotation, however. can onlv be
accurately represented by oa joint ituated on a ~||.|.i.-__-'r-t line
il-:'.lf'!., the centre of the head of the femur with the i1.'||-.-|'|'|-‘_|;!.'|,'].'||'
notch. All movements at the hip-joint, except rotation, must
affect the position of this axis relatively to th pelvis. It is,
theretore, obviously impossible to have a joint fixed to the
1 the
rotation of the natural joint, not :-:!5.'-.' because of the variable

pelvis of which the movements will be COnNgruons wit

relations between il yarts, but also -:'---'.|1|--|' the axis referred
I

to 15 deeply situ;

ted m the limb and trunk.

11 | ;_l'-----';|-§-- to make 2 |'_i'_:- 1011 T :=||-:'-'n'. 1§ i:;l .|.‘|f.i .i|Li1|f.'.‘;i|Jz]
and even slight rotation, but in most cases this is not Necessary
or even desirable, as the patient 1s unable l.*l'll|-|'."!_'-.' to control
these movements with a short stump.

[he functions of a pelvic band are not only to keep the pros
thesis from |'|-:'::||i'i_'|:_- ||-.- upon the --:l'.=]|||. b |:'|'.;|'|.‘-,' [
prevent it from swinging about |n'_'-.'-:|||| the }|;|1‘;- nt's control,
particularly in the direction of abduction. If a joint allowing
even a very limited abduction is interposed between the usual
hip-joint and the band round the pelvis, the patient, as a rule,
has a feeling of insecurity and finds that he cannot control
the limb Prop: rlvy.

Kuee-Joint.—For amputations through the leg below the knee

a thigh corset attached to side steels and an artif

icial knee-joint
on either side is almost universally used (Svme's amputation
excepted). As any book on anatomy will show, the mechanism
of the knee-joint is vervy complicated. It has no fixed centre of
movement, but flexion and extension are accompanied by a
.]i-?;l:-,: movement of the bones on one another. ['he rotation
e lee on 1ts longitudinal axis mav for ourn pur
pose be neglected For ordinary walking it mav he assumed

[

e ———— ——
B — ————
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that the axis of flexion of the knee passes horizontally and trans-
versely through the tip of the external condyle. The artificial
knee-joints should, therefore, be placed on this line or at the
level of the middle of the patella and at the junction of the
anterior three-fourths with the posterior one fourth of the joint,
Assuming that the thigh corset is a fixture, then, 11 the artificial
knee-joint is placed too far forward, on flexion to a right angle
the leg socket will be pushed upwards and forwards against the
Epu]ﬂitl-:l] space, and a gap will tend to appear in front between
the stump and the socket. A similar displacement occurs if the
artificial joint is placed too low. The converse resnlt is obtained
if the joint is too far back or too high up. In practice, however,
the thigh corset is never quite fixed upon the thigh, and when
there is no room for the leg socket to slide further up, a substitu-
tory downward movement of the thigh corset will occur, the
more so as the tapering form of the thigh favours such a
movement,

Ankle-Joint—The axis of movement in the ankle-joint may
be assumed to pass horizontally through the tip of the mternal
malleolus of the tibia, running outwards and somewhat back-
wards. In the present connection, however, this joint 1s ol small
importance, as it is only In cases ol amputations, such as that
of Chopart, that the living joint has to be accompanied by a
mechanical one.

The normal ankle-joint allows only of flexion and extension,
movements of ab- and adduction and rotation taking 'I"li“'i' in
the tarsal joints. Some surgeons think that this movement
of rotation round a horizontal antero-posterior axis should be
represented in an artificial foot, but this is seldom done. Patients
whose feet have become loose, so as to allow of a few degrees of
this motion, generally complain of insecurity. It should be
remembered that a movement which is useful when controlled
by powerful muscles may be a source of weakness in the absence
of such a control.

In order to arrive at some estimation of the principles upon
which the best practice was based, the following questions were
asked in 1019 of eight of the best-known artificial limb makers
in London:

“ On what principles do you fix the positions of the centres of
artificial joints—i.e., what are the relations between those centres
and definite anatomical points on the patient’s stumps or trunks:



)
e

|

RELATIONS BETWEEN NATURAI JOINTS AND PROSTHESES

-

1. At the elbow for forearm amputations

e oAt the .:Ii'!l for thich amputations not mcluding No, 1

| Al A 5T R . il = NPT &7 . o
| --!I:.! I,-_-‘|~|-, 1 AllY STAremen EXPIALNINE the reasons for
o111 ':.:'.||'|!- e, O [or any other mtorm LT10nN '._'."|!|'!| VOU Imay !IIZ.IIL'

well to m1ve me
Wi 0 F1ve me,

The answers received wer SOMmMewnat :!i'-i':l:_i-"ii.'.l-.'l_::'. i
malker |1"-.:'f'_---::'-:! il'.:'f.*'|i|'.L 0 answer the i stions, .I'_'-|:|I:_-_'
[ this were P issible, it would be guite a *-§'=||-_1|' matter for any
reader of such a paper to become an expert fitter without the

- A S S S Lok S
practice or tramning that such have had to go t rongl .

||| .I'_I-_-':l:_-j‘ I Onlvy oni |'|-||!'._' Wiils TR i-_|'|| e ||!. l il
I

the mmternal condvyle * of the humerns

I'rlI“-"'II'l” } Lhere were s1X answers -

A. " Five eirchths to one inch abow top ol t1 hanter and on

outermost part of curve of soclket Eotated mm not mor than
b (IeETees

B

rreat trochants T,

alf to three quarters of an inch above head (sie) of

L. * Justin front of, and on a level with, the gre:

I}, ” Unable to give an exact rule.’

I£. * Horizontally, the centre of the great trochanter
} inch in front of it.”

e I:".'s_."!:'n'.|||*; level with, and -|'-.'!|I.!'-,' :I; Iront ol, centre ol

rreat trochanter.’

rom these answers 1f will be seen that the I'I': LIce varies
l':-!E-'\Il:l-'I':I].*."-_' Detween that 0f A, one of the Most successinl

makers, who places the joint as high as 1 inch above the top

of the trochanter, to that of I, an equally successful maker
W0 purs it ai the level of the o ntre of the great tros hanter

and -I'I.'-.."“ a note to this effes g SOMmMerimes 11 IO NECESSATS

to '|“"|‘ the joint a shade below the centri of the sreat trochanter
n order to hold the lim

» more firmly to the body when sitting.”
[0 question 3 there were six answers

4. " Level of tip of external condvle.” But this maker

states mvg voce . that th position 1s practically determined
empirically, both at knee and elbow, by the fitter placing his

. o 1 pie = F o & -
hnger and thumb on each side of the joint while the patient
I

ey — T e———
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flexes and extends the knee. The point s lected 18 that which
felt to move the least while these movements of the joint are
performed

B H:

patella, with the mb at rest ind the knee extended.”

f-wav between  thi upper and lower borders of the

C. " One and a guarter to on: and : half inches abowve th

Tl
Ca i

lower edge of the ]J-||L'|

uestion 2.

1), See answer to «

ly, junction of femur and tibia; laterally,

£. ** Horizonta
CeEnNTre ||!- exiel ||:5_I |'||:':|!‘.|'E.'_'

F. * Junction of femur and tibia. For a fat-stump 1t 1s
sometimes necessary to set this joint slichtly abowve the junction

of the femur and tibia when in a standing position, i order to
oive more freedom to the hamstrings and muscles behind when
in a sitting position.”
To guestion 4 the answers were rather vague, as the fact was
not made elear that this question only referred to amputations
B

in which the natural ankle was preserved, such as that of Chopart.

Only one maker, £, appears to have understood the question

and hz 1'-'||!i-.cf ‘ Acenme a via media line laterally and hon
zontally between the external and internal malleolus.” 1he
question is not of great importance, as the number of cases
concerned 1s not large,

[t is to be inferred from the above answers that in the case

of the knee the practice 12 to |.!;' = the artificial joint too low

: of imb maker 1 in this -"t!||1|.--:'1:.|11| as to his [ATE C1CE

The remar

in fat stumps 1s In accordance with the principles laid dows

above (see . 02
The position of artificial joints which de not enclose n: tural,
living joints, but are situated below the end of the stump, 15 of

i|:_11|~r||"_:|_|!|'|- in the lower extremity, and l'--‘ln-.-'i.'i!'i'\ m the case ol

In the natural limb the arrangements are such that the erect
position can be maintained without anv contraction of the
musecles and tendons passing over the joint, which, when fully

extended. has no tendency to vield forwards (i.e., to flex) under

the weight of the erect trunk, because the vertical line througl

of the joint.
amputation of the thigh to place the knee-joint as fa back as

cohvenient on similar grounds
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Obwviously, the most secure position of the centre of movement
would be a the extrenie edge of thi lexaor part ol the i||i||||
[ i L] |::l |I 111 £l ::!lli:l (8] ._-! iIIEHI ‘|_||I|||:'_,||i|;|| |' ',Ll._._.||5.| by a2
the front, and in the knee at the back. Such exageerated limbs

have bDeen made it thew re not ol

nractical  wvalue becanse T thie case .IE
[0 - 11 .|'||i-||I. tion 1t 15 found |.|.-I.|-. '/

able to lock the hip-joint so 5 1o

allow of no movement in walking and

generally ""il.'i.'l'l!lli'l.l! s 50 mMany oue:
tions have to be In prosthetics, and the
knee-joint placed rather behind the

||j_|'|.._'i.' il |iI!' !il:'!ll_ A COIMMmon :'_'-\,iu I
shown 1n fig. 73. (Rowley knee-joint

ili Illl..-l!-.;l ||!.' COeTLr 1 i||l Ea\lil [ é'li|5|
i5 situated one-twelfth o the antero
postenior measurement behind its middle
line, The curvature of the lower end o J

the knee piece round which the shin pieci

{ | 13+ i i . [
oit by the lme of the back wall o
the socket and knee plece, which is continned wvertically
downwards.

In some limbs the centre of the knee-joint is brought still

lurther back by curving the socket with the convexity forwards
50 as almost to take a scimitar form, as shown in the photograph

of alimb by C. Salmon (see fir. 18q). In the Desontter lighi

metal limb and in { Experimental Workshop

1at made in tl
of the Ministry of Pensions the knee-bolt is placed much farthe
e I'C'\‘.':Il'-u_ '.'.i|:| '_;||||:§ et

I'he centre of the ankle-joint, which it is not desired to lock i
any particular position, is generally placed vertically below the

il i';l- of th J-_:_',

e —— - e
T ——————




CHAPTER V

ON THE COMPARATIVE USEFULNESS OF ARMS
AND LEGS

% BM ]1!'-l-~l|!-. ges are nelther so necessary nor so useful as those fol
the lower extremity. The functions of the upper extremity
are far more delicate and complicats d, and require a much higher
'l'-'.._|'l.'l' Ol CO ordination of muscles and nerves than do those of
the 1 £, L},-u-.._-|:|1|-|'_!,|'-. it is |.-|_~-_-\i|||- L approd ch more ne: l:}

the ideal of a true and complete substitute in the latter than in
the former cas The foot of boot-wearing man has ceased to
e used as a pr hensile orean, and the functions of the lower ex
tremity are confins d to locomotion and the maintenance of the

erect |ll|1. | ||-' !:'5_; al |'__:-:|I.'-' '-.'\.Jll-.: ;'|.|_- 11 |-1.|---1_'|.L_--i-- CAannol

move easily from place to place except with the help of crutches
and for him, therefore, a prosthesis is a necessity. On the other
hand, those who have lost one arm in many walks of life can do
as well with one sound hand as with two, and a number of them
have declared, after they have adapted themselves to a om

armed existence, that they hardly knew what they wanted with
two hands forme :"__'\_ Those who have had the misfortune to los
bhoth hands are in a diffterent Category :L:l-1;|'|||:-t_ [hus while
it is more difficult to make good the loss of one hand or arm
than that of a leg, it is fortunately less necessary to do so. To
the labourer, however and to the handicraftemen whose work

is bimanual, a prosthesis 15 necessary, and the more simple the

efforts required, the more useful will it be. The agricultural

labonrer may be capable with a COITILLE tivels 'E!Iill!" Drosgiiesis
of doing a rood and hard day’s work, .-||:'_.|| in some cases to what

he could do belor s disablement. In France, where so large g

& ~'-'|.~--I|i~"! 0 Tl ':-|-||'.| vtion works on the land, it has been loul d
that such occupation is best suited to the arm amputee

| e most in_!_mi.l;L'.H factor, however, in the estimation of the
value of an arm stump or stumps is the character of the patient

himself. [hose who have pluck and perseverance in short, arc

| W}
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so fortunate as to be endowed with the will to make good, will
succeed in the use of almost any prosthesis, and the better that
prosthesis is, the better will their work be. There are others
who are easily disheartened after a short trial, or who will not
try at all.

[t 1s unfortunately true that a large number of amputees who
were provided with arms by the Government did not wear them,
An enquiry made by the Ministry of Pensions in 1918 elicited
the information that out of 1,746 men amputated above the
elbow only 20 per cent. used their prostheses in their occupations;
and that out of 737 amputated below the elbow, 485 per cent. so
used them. Fifty-seven per cent. of the above elbow cases and
30 per cent. ol the below elbow cases wers l.':!f';.l'.;l'l| in L:-.'-.']||::Ltir:t;:-'.
which did not require the use of two hands.

As many of the arms concerned were of old patterns, a second
and more detailed enquiry was made in 1919 into the usefulness
of 1 354 arms issued in LOIY . [his ¢ ||||||.i:'.‘L- elicited a rather more
encouraging report. It 1s to be noted that of the total number
there were more left (717) than right (637) arms. The enquiry
cannot, however, be considered complete, as a considerable
number of those circularized did not reply.

The institution since this enquiry of systematic training of all
arm amputees in the use of their prostheses at limb-fitting
hospitals, and the improvements in the design and manufacture
of arms, will, it is to be hoped, result in greatly increased useful
ness of arm prostheses among the wounded of the Great War,
These statistics confirm the conclusion to which most observers
had already come, that the problem of the provision of above
elbow prostheses 1s distinct from, and more difficult of solution
than, that of the below elbow arms.

In the case of all arm |-Z'-l.-!!_|1|'--|'--. th -::.l.'.':il._JI and details of
manufacture present the greatest difficulties, and are more
i!:'llz'l-:rl'{:l‘H than the f-lllil_;_ﬂ of the socket to the stumip.

In leg prostheses, on the contrary, the converse obtains, TFit
s more important and more difficult than design and manufacture
of the Parts other than the socket.

Indeed, it may be said that the crudest and worst type of
artificial leg., with a well-fitfing socket and well aligned and
balanced is better than the best and most elaborate type, i
Ul-fitted and badly aligned and balanced.

I'he stump n the upper extremity does not have to bear any

——

——




upward pressure excep i rare conditions. On the contranr
the downward pull of the weight of the prosthesis has gens rally
to he borne i:_\. the stump and parts above 1t,

The principal function ol the stump is to act as a part ol
lever formed by it and the socket together. The more closel)
the socket and stump fit, the less lost motion between them there
will be, and the better the result.

The shorter the stump, the more accurately and closely should
the socket fit, « --!__:"l"_.l”*. at 1ts lowel end. slack IE"_E'-.__ allows
the socket to tilt and assume a position in which its long axis
is at an angle with that of the stump. The greater this
angle, the more is pressure concentrated upon two small area

which are likely to become paimiul ; nd abraded

[n the diagram, A represents the socket, B the stump, and
C and D the pomnts of pressure where the socket 1s too large and
is tilted on the stump. The lower figure represents a socket
which is too loose, and which is consequently tilted. The upper
drawing represents the ideal in which the stump exas tly fits the
cocket and there can be no tilting. This is unattamable 1n
]1:'.u'1':l'--_ but it may be approached ; : nd the closer the fit, th
the possible angle of tilt and the less concentrate d the pressure
will be. This is applicable to legs as well as arms, but 1s mor
-|||i|1;:-!'-'..'|1.ll 11 !'ll[il'.:; the latter, 1n wil 1ch .""'.~"-!Z_5' 15 the most
important function of the stump, andweight b iring 1s eliminated

[he stump in the lower extremity also has to act as part of ;

lever in swinging its segment of a limb forwards or b ckwards



-|_-| theraiore, e morg acCurdtely '~'.ILZ|I|'.II:-| sOockel Dt one

another the better ; but this 15 not the most inportant role of

the stump n the lower extremity, which 15 to transmit to the
prosthesis the whole weight of the body during locomotion when
thz foot of th Opposite side 15 not resting on the oronnd, [his
W i_:_'|5| 15 lelt L[0Tl the -iIL.'|||| anl ]_-||I s above 1t as the .|'rn1,.|;'-':_
counterpressure of the prosthesis.

s pressure may be, and Fen I';l_||_'-. 15, borne in two wavs
ViIE, (d !1_‘\ direct vertical Pressure Detweer two almost horizontal
surfaces such, for instance, as the upper surface of th pad at the
bottom of a byme's prosthesis and the under surface of the end
ol thz stump and (4) by oblique pressure, as when a solid cone is
forced into a hollow cone such as the stump formed by the tibia
and fibula, and a well-fitted wooden socket. Other instances of

(a) are the under surface of the end of any suitable stump and the

so-called end bearing pad, and the under surface of the tuberosity

cet shaped to receive

of the ischium and the top edge of a thigh soc

it or the seat formed by the inner surface of _'|i';- cocket (1t

mstances ol are the surface of the thigh in a below knee Pros

=,

thesis and the enveloping thigh corset, and the surface of a thigh
--'_|1'1|'|J.:_i|-| il-- CONMTRITINE SO0 !u'l. I':'l.l'” F T | |;."-:--.‘|.-'--i- 1Or .‘“~_*-_|||| g
_L||:||';I.|li||'_|. which most nearls :‘l:|""::'*"'|'="' 1 pure e i iUiII.:.:
apparatus, some weight is taken by oblique pressure between
the socket and the sides of the stump. In rare cases of ;"|3~~ |||:-,;||

stump with firm muscles all the weight may be borne through
oblique pressure on the sides of the stump.
Prostheses are attached to the bodv by straps of leather ol

webbing, or in the case of cinematization they mav be sufficiently

secured by the clamps and cords attached to the motors.

——— e e —




CHAPTER VI
PROVISIONAL PROSTHESES

HESE serve during convalescence aiter amputation to accustom
the stump to pressure, and to hasten by well-distributed pressure

the necessarvy .LI_I'-Ilu:W.'-,' af the soft PATLS and '-||‘.'ZIIE.;.I;_'_L' of the

g0 serve as a temporary means of locomotion until

stump. lheya I

a permanent prosthesis 1s fitted, and are also used indoors as a

12 alm Ol the surgeon in ':'l:..f!_'l. 01

slipper 1s used instead of boot. I
the after-treatment of an .|.||:|-|'_|.L1fu:1 stump 1n the lower extre-
mityshould be to avoid the use of erutches altogether, or at least to
give it up as early as possible.  As soon as the edges of the wound
are united and any sutures removed, a temporary prosthesis should
be fitted. The early ones are best made with gypsum sockets,
which fit evenly and closely to the stump and promote shrinking,

Ly, s soomn as the stump has

These are quite simple and not cos
become loose 1n the socket 4 new one 15 made and fitted to the
lll|1'1u]|]-~ i1l 1|}.||‘c of the old, and this can be re |I..|l|-|| s Olten as
necessitated by shrinkage. There 1s only one objection to these
gypsum sockets, and that is on the score of their weight [he
heaviest part, howewver, is close to the stump, and thus does not
exert much leverage (see figs. 75 and 76).

Another and favourite form of provisional prosthesis is the
fibre peg leg, sometimes popularly known as the megaphone leg
This extremely simple, but light and useful prosthesis consists
.-~--{'|Ili.|.|i._\' of a sheet of * fibre " rolled into a cone and the
edges riveted together, the top of which 1s suitably shaped and
'|~.L'1f||-|| to fit the upper part of the stump while into its lower
:|',-| 15 inserted a block of hard wood '-.\.'|| i:h rests on thi ql--*i;gr!_
Only occasionally 15 an end bearing pad used, and in most cases
all weight is borne on the upper edge of the socket, as in a Thomas
hip splint. IFor below knee amputations a pair of side irons
and rough overlapped knee-joints are fitted, and a short fibre

thigh corset. For a method combining a fibre cone with a

[i]4]
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PROVISIONAL PROSTHESES Ijl

gypsum socket, see “ An Efficient and Economical Pylon,” by
W. Montgomery Johnston, L.R.C.P., etc., Lancet, February 14,

1920, vol. i., p- 374 (see figs. 744 and 74B)

A good provisional prosthesis for disarticulations of the hip

=

is shown in fg. 77, from a photograph of a limb made
by the Surgical Requisites Association, 17, Mulberry Walk,
Chelsea, S.W. This has a papier-maché socket connected

by light side steels, and joints with thigh and shin-pieces

of fibre, and with the usual wooden peg.

Fic. 7% Various P

By Dr. I'. Martin, of La Panne Belgiam Froan the Medical

A G AT A

ProvisIioNAL PROSTHESES oF GYPSUM AND Woob

1

It has ring-catch locks at the hip and knee, the latter having
a al||i|'_=__ which renders its action automatic as soon as the knee
is fully extended. The weight of this particular specimen
(which is unusually long) is 6 lbs. Although this 15 only a
little lichter than the No. 1. duralumin limb, it is much less
costly. It is of wvalue for training purposes, and in some
complicated and difficult cases it i1s useful as a means ol

certaining whether or no the patient is likely to be capable
of manazing a "'llll'_!il. L i"l""'-ii!' 315,

Provisional prostheses for the upper extremity have been
Very little used mn this country Yet it would seem that,
although not so necessary as temporary peg legs, they are of

distinct value as a means of improving the nutrition and
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CHAPTER VII
ARM PROSTHESES IN GENERAL

[HE materials out of which the sockets of arm prostheses are
generally made are leather, metal—such as duralumin—celluloid-
and-fabric, glue-and-fabric, and wood,

Leather is used more often than any other material. For
'.'i:;:.L] Ton ;I-lill*-1:=|||- soclets sole leather is I|'.l||'.|_\.'l'4}. and this 1s
monlded wet Lo i |||;|--I|-|' Cilst, --l‘.l--li’.lllil'.;; what 15 known
as a blocked leather socket. These are commonly used for
short stumps. For longer stumps a thinner leather 1s used, and
the socket is I"':'*'L'II:'-L:. down the front and closed by means of st Tel 5
and buckles or evelets and lace, II-!‘niII:_'_ what is known as an
adjustable leather socket.

The metal nsed most generally is an alloy of aluminium. This
material has lately been more and more used in the workers’
and combined workers' and show arms. No attempt is made
to fit these metal sockets exactly to the contour of the stump, but
the fit 15 Al :|_|1]1"-::|_xi|§|u[r O, For the sake of coolness and
lichtness, the metal is very often perforated.

As aluminium alloys are being more and more used for
prosthetic purposes, a few words as to the composition and pro-
perties of this metal may not be out of place here.

Pure aluminium unalloyved is generally too soft to be of much
use, and the older alloys were too brittle The alloy used most 1n
this country is known as duralumin.’

The composition of the metal is a secret, but it has been put to
severe tests, and its properties are well known since it was
introduced bv Messrs. Vickers, Limited, some ten years ago,

[t is slightly heavier than aluminium, having a specific gravity
of 28, while that of aluminium is 2-7, and of steel 0. Its
strength is about the same as that of mild steel of the same bulk.
Like brass, it can be made stiffer by hammering or rolling, and

S A New Material for Surgical Appliances,” by E. Muirhead Lattle,
British Medical Journal, March 3, 1912




1t 1s supplied in varying degrees of hardness, according to the
purposes or w ich it f-l--|'|f|-l|.
|'| i ;1:'.||'!i |!.\' non-corrodible, bel 1& SCATCH v aftiected by
prolonged exposure to a concentrated solution of sodium chlorid
1

ammonium sulphate in 1o per cent. solution, ammonia, sulphuric

T 1.1 1 i
or nitric acids, sulphuretted hydrogen solution, or sea watex

¢ 1t guickly.
.

[uralumin takes a high polish, which is scarcely dulled by

!.1:-'_n'_];_---|l exposure to the air. even to the air of London. [t

Caustic alkalis, however, atta

cannot be brazed, but it can be soldered: but as soldering ha
an annealing effect on it, it is not advisable to use solder. No:
can it be I-‘||!-.:I'! il steel, but the hardening effect
';|.|I|E1|I|'I'i!'_'.; 01 I|':|i2|_ takes the place o I-"!i--. 0 s0me
extent. >Stampings can be mad with appropriate machinery,
and it can be “spun’ on
annealine during the process to prevent 1ts becoming too
brittle.

[f, as in soldering, the temperature of the metal is raised to a

'
1o

gree far below its melting point, the rigidity imparted to 1t by
rolling, etc., is lost, and a further raising of temperature, as n
casting, burns off the components other than aluminium, so that
the properties of the alloy are then lost.

As a result of expernnments conducted at the National Physical
Laboratory, another alloy has been ]l::'--':_‘:ix'-l|. whichh can be
cast without damage to its !';Ii.i'..i'.i!". This 15 stated 4]

cons1st of:

O
Micke .
Magne 1 1

[t is claimed for this alloy that its properties are at least as
good as those of duralumin, but it has not vet been tried to any
extent in the manufacture of artificial hmbs

Celluloid can be made non-inflammable bv the addition of cal
cium chloride in the proportion of 1 in 10, or by adding certain
other substances [t has been used for I|.I dress or ornament: I
LTI =, lhis 15 a similar materal to that so exten ively used of

te years in the manufacture of splints and spinal supports. It
consists of successive lavers of muslin or similar material, whicl

AT -|_||||-.--5 in. or brushed over with, a solution of non-inflam







i

Med

m the

Fro

P —



i
o

[T

e

ARM PROSTHESES IN GENERAI g7

mable celluloid dissolved in acetone, applied over a plaster cast
in the case of a socket, or over a former or core in the case of a
dummy forearm. Each layer is allowed to dry before the next is
.L‘i‘.lg:-]il'::i. Thiz makes a ;:'f.f_h_l and strong socket, but a stronger
and equally hght socket 1s that made of Certus glue and fabric in
a similar manner.

This combination, which is the result of experiments made in
the Experimental Workshop of the Munitions Inventions Depart-
ment, is known as Certalmid, and is also used for the sockets of
leg prostheses. Certus glue 1s stated to be prepared from casein,
and is r|lj;_511]ic-cl in the form of powder. Equal quantities of the
powder and cold water are mixed into a cream and applied.
[he glue sets very hard, and i1s one of the most tenacious and
durable known." Tests have shown that certalmid sockets
welgh half as much as those of the same strength made of willow
wood and covered with raw hide (see Appendix II.).

Wood is very little used for arm prostheses. The socket of
the Carnes arm 1s made of willow wood L:;=_;<-|'[g|]}' ;;]-h-LE:.L d, and
in some of the older patterns of above elbow arms the elbow-
joint, of mortice-and-tenon type, is made of licht wood. In
other cases where artificial joints are required they are made of
steel or of aluminium alloy, with hardened steel wearing surfaces,
for these alloys, although as strong as mild steel and resistant to
strain, are rapidly ground away by friction of metal on metal,

Arm prostheses may be divided roughly into two classes: th
working arm, and the ornamental arm. The former is designed,
without any regard to appearances, as a working appliance,
and may be used as a tool for work only and discarded at the
end ol the day's work.

A typical prosthesis of this kind is the German working arm
of Siemens-Schuckert, for which a patent in Great Britain was
actually granted during the war. As is shown in the illustra-
tions, this is meant to be worn over the clothing and in working
hours only, so that it may be laid aside as a mere tool when
work is done. It is attached to the shoulder girdle and not to
the stump, which is, however, used as a lever to actuate it. It
15 shiown in figs. 78 and 7q.

The ornamental arm is intended to mask as much ac possible

I The mat 1

| naterials for making " Certalmid ** for all p [ b tained
m the General Surgical Company, L l 1 . Farringdon
Road, London, E.C. 1,
i
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the mutilation and to fill the sleeve. There are, however, many
eradations between the two types, 50 that few working arms are
not also useful to conceal mutilation, and many ornamental ones

are of some practical v alue.

The simplest form ofworking arm consists of a socket, generally
of stiff leather, fitting closely to the end of the stump, and mali-
tained in position by straps round the shoulders and chest in the
case of above elbow amputation, or by straps connected with a
laced corset above the elbow in the case of forearm amputation,
This socket is fitted closely to the end of the stump, but not s0

closely that shocks from the use of tools such as a hammer would

Fic. 81.

iar the end of the stump. Itis stre ngthened by steels, and carries
a steel nipple at the end, into which a hook or other appliance
can be fitted. With such a simple prosthesis even an above
elbow amputee can do a greal deal of hard work in such occupa-
tions as agriculture. A long-shanked hook or ring enables him
to support the handle of a shovel or other tool. In such a case
most of the work is done by the sound arm, the part of the tool
held by the p|‘n--|n«.---i- serving as a fulcrum. The shorter the
remaining segment of the hl1l|]]lll.Lll'l| limb, the more 5:—.|:-.--i‘--_' will
be the role of the prosthesis.  Arms of this kind, made by Messrs.
Anderson and Whitelaw, are shown in figs. 80 to 33

The old method of attachment by means of a standard § mnch
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Whitworth screw, which was recommended in the early years of
the war by a War Office Committee, 1s now superseded, and the
use of a spring snap catch 15 becoming general. The advantages
of a snap catch are saving ol time in exchanging tools, and safety,
In the event of the artificial hand or appliance becoming caught
in machinery, or otherwise, it cannot be unscrewed in time to
save the wearer from danger, but by means of the snap catch any

appliance can be instantaneously released and the danger avoided.

This has actually been demonstrated—e.g., in the case of a man
ploughing with an artificial arm and appliance.

The screw attachment has the additional drawback that in
movements of a twisting character in the direction of unscrewing
the appliance is likely to become loose and the effect of the effort
consequently lost. To counteract this it is customary to add a
butterfly lock-nut, but this is somewhat clumsy and not very
trustworthy. With a good snap catch the appliance can be fixed
in any one of several positions so that rotation is impossible, or if

desired, it may be so secured that, while in no danger of mvolun-

e
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tary detachment it can freely rotate. There are a good many
forms of snap catches. An older form is the kevhole catch
formerly much used to attach artificial hands to prostheses.
In this the stem on the wrist plate of the artificial hand o1
the proximal end of the hook, etc., Is shaped like a key with

ount wards. It is inserted through a corresponding keyhole

in the plate at the end of the artificial forearm, and can be

v FoR A GooD FOREARM STUMP BY ANDERION

FiG. 84 —WORKING AR
AND WHITELAW,

turned round and fixed by a spring in any one of the various
points of a circle. This form is, however, hardly strong enough
for hard work, and it is not quite so easy to change, because
the key must hrst be in one definite position before 1t can be
‘hserted into the keyvhole, while the other pattern can be equally
well inserted in any =::||-ili-:|-_. Many ingenious appliances have

been invented, some of which are valuable for special purposes
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and will be described later. The plain steel héok, however, 1s the
most generally useful, and can be put to a very great number
of uses by persevering and energetic men.

Such simple arms as thos just described are very generally
useful on forearm stumps of sufficient length (see hig. 84), but for
above elbow stumps their usefulness is limited to a few laborious
occupations, and for most kinds of work it is necessary to add an
artificial elbow-joint, to which is attached an artificial forearm or
a metal rod to take its place. In order that the forecarm piece may
be held firmly in any desired position an elbow lock is required
which gives the wearer the power of fixation at various angles.
[n the simplest forms this elbow lock is worked by the hand of the
sound arm. This is not always a drawback, but it often happens
that the sound hand is already occupied, and that it cannot be
.~1|‘|:l1'-'r| to adjust the elbow of the prosthesis. It is also difficult
to work the elbow lock through the coat sleeve, but this diffic II]':_‘.'
does not exist when a man works in his shirt sleeves. To meet
this difficulty the so-called automatic elbow control has been
invented.

In all arm prostheses having artificial elbow-joints it is
necessary for the sake of appearances that the elbow should be
free when the arm hangs by the side, so that when the wearer
walks the forearm shall swing as naturally as possible from the
elbow. In all arms fitted with elbow locks, therefore, 1t should
be possible easily to throw the lock out of action so as to
allow of this motion.

In some ornamental above elbow arms a strip of elastic webbing
is attached in front above and below the elbow. This serves to
help elbow flexion, and renders the swing of the arm in walking
more natural,

As mentioned in the historical note at the beginning of this
work, the method of flexing the artificial elbow by tension of a cord
produced by movements of the stump, shoulders, or chest walls
15 more than a century old. It was elaborated and applied to a
number of prostheses by the Comte de Beaufort in the middle of
the nineteenth century (see * Recherches sur la Prothése des
Membres,” par le Comte de Beaufort, Paris, P. \sselin, 1867).

Limb makers vary in the details of the arrangement of braces
but all of them use the same method essentially. Experience
has shown that three  pulls ' or sources of power extrinsic fo

the stump can be made use of, and these are exerted through
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the medium of cotrds or thongs attached above to the harness
and below to the mechanism of the prosthesis.

These sources are:

1. Movement of the sound shoulder, reinforced if neccessary
bv that of the mutilated side. This movement consists In
bringing forward and adducting the shoulder, prmcipally by the
action of the pectoral muscles.

2. Expansion of the chest, thereby tightening a belt to which
a cord is attached.

3. Movements of the stump of the upperarm, such as flexion and
thrusting into, and withdrawal from, the socket. This is, strictly
speaking, a shoulder movement.

All theze three sources are for above or through elbow amputa-
tions. or for the case of a too short forearm stump.

For good forearm stumps which have the use of the natural
elbow-joint only two sources are generally used.

Flexion of the elbow-joint is produced in the following manner:

A cord or leather thong is attached at one end to the fore part
of the artificial forearm, passes behind a pulley in the upper arm
or elbow piece, and is attached above at the back of the shoulder
to webbing or leather straps round the shoulders. Flexion at the
shoulder-joint will put tension upon this cord, and thus flex the
artificial elbow : but it is not always desirable to flex the shoulder

and elbow simultaneously, and flexion is best produced by

bringing the sound shoulder forward, and thus putting tension
upon the elbow control cord.

The mechanisms generally used for the purpose of fixing
the elbow-joint in various positions of flexion of the forearm are
known as  elbow locks.” They all consist essentially of a
lever or bolt attached to one of the segments of the limb, which
engages in any one of a number of slots or holes in an arc which
iz attached to the other segment. This bolt is pushed nto its
engagement ]1_&':1|||-:~'_|4 of a _-.1ru"|n-; but may be retained out of
action by a catch, so as to leave the movement of the joint iree
and allow the forearm to swing naturally in walking. The lock
can always be worked by the sound hand, or, in the case of so
called * automatic flexion " mechanisms, by contraction of some
of the trunk or shoulder muscles pulling on a thong or Bowden
wire. which withdraws the bolt from its engagement in the arc.
In most *“ automatic release " elbow locks the holt 15 necessarily

attached to the upper arm and the are to the forearm. [n the
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McKay, the Cauet and Hobbs arms, the lock, which is not auto-
matic, but is worked by the sound hand, is attached to the
torearm. In such arms the bolt, when released, slides upwards
into the arc attached to the upper arm.

[he old ‘ flute key " elbow lock, 1n which a pin carried on one
end of a lever at the back of the forearm falls into one of a series
of holes in a plate fixed behind the lower end of the upper arm
piece, is weak, and is now nearly obsolete.

5|\|_'|.'1'1|:_1 |1I'I-‘.],=_:|'.l the elbow to the 'I'|'|.|I'.i:'|'~'3 ]‘l-ch:.l‘;ml_. to lock it
there it is necessary to relax the thong or Bowden wire and
allow the bolt to engage.

The bolt is held up by a cord attached below to it and to the
braces at the front of the shoulder above. By relaxing the muscles
in front of the shoulder-joint, or by flexing the shoulder, this cord
is slackened, allowing the spring to push the bolt into a slot or
hole in the are. A very slight movement achieves this, and
experts can lock the joint without perce ptible movement.

In the older Anderson and Whitelaw A 3 arm a lever elbow
lock was concealed in the forearm, and was controlled |1_‘\' a
button on the front of it. In this arm the locking lever 1s
placed in the forearm. The joint is unlocked and the elbow
bent bv tension of one and the same cord. The first effect of a
pull on it is to draw the bolt out of the perforated plate. A
further pull draws up the forearm. To extend the elbow the
wearer gradually relaxes tension on the cord, so as to let the
forearm fall without letting the bolt engage again with the
plate before the desired position 1s reached. This lock ecan be
cut out so as to allow the forearm to swing from the elbow, It
iz not intended, nor is it fit, to resist great strain.

In the arms of certain makers the elbow is only locked against
extension, and further flexion is not opposed.  This is often found
to be a drawback when. as fr I'!II|-I':E|'\.' |:'|:|]1E.H'I.'|\'_ the wearer wishes
to press down on some object with the flexed forearm. It 1s
-r|,|-~5_]';=_|1]._-_ therefore, that all elbow locks should arres! both
flexion and extension.

In the worker's above elbow arm with elbow-joint and detach
able forearm and hand we have a prosthesis which combines
utility with ornament, and in some measure conceals mutilation,
The forearm portion is detachable below the elbow-joint, prefer
ably by means of a snap catch, so thaf appliances can be sub

stituted for it, and when so substituted the appliance, instead of
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being rigidly fixed to the socket, as in the simplest worker’s arm,
is movable in the directions of flexion and extension automati-
cally (i.e., without the intervention of the sound hand).

A short forearm stump may be long enough to fit into a socket,
but it mav not be |i'a|lf_' enough to control the movements of the
foréarm, or, if it is capable of controlling them for a time, the
effort required may be too great and fatigue may rapidly come on.

In such cases it is necessary to help the stump by nsing the
elbow controls similar to those for upper arm stumps, but mot lified
on account of the presence of the natural elbow which precludes
the use of the same flexion mechanism as is concealed in the
artificial elbow for upper arm stumps. In this case, as well as in
arms for amputation through the elbow joint, the elbow control
mechanism is placed on one side of the joint. By these means
the shoulders are enabled to help the stump, and the elbow lock
relieves the muscles of the fatigue caused by keeping the elbow
flexed, when the nature of the patient’s occupation makes this
necessary. Unfortunately, the necessary projections at the side
of the elbow are apt to wear out the clothing.

Just as the worker's arm for above elbow amputation, with a
socket terminated close to the end of the stump, can be converted
at will into a quasi-ornamental arm, so a similar socket for a short
forearm stump can be converted by substituting for the hook or
other appliance a rod carrying an artificial hand, and a leather
oauntlet to complete the filling of the sleeve.




CHAPTER VIII
ARTIFICIAL HANLS

MosT artificial arm prostheses, and all those issued by the
Ministry of Pensions, are supplied with artificial hands, which
serve to some extent to mask the mutilation, and which are
occasionally useful. It is matter for regret that more than this
cannot conscientiously be said of this part of the prosthesis,
despite the ingenuity and industry of engineers and limb makers
during five centuries, and especially during the last five years.
This is hardly surprising when we consider the elaborate mech
anism, the numerous muscles, and the delicate co-ordination of
the natural human hand, of which the functions, anatomy, and
15]|‘..'-~iIJ]L]:_L=.';LE'|' so well -:E_L--|'1'1'|1|i]. in Sir Charles HL'”'.—: celebrats i
Bridgewater Treatise intended to * assert eternal Providence
and justify the works of God to men.”

Since there are fifteen muscles, of which the tendons pass over
the wrist-joint to the hand and fingers, and nimeteen intrinsic
muscles of the hand, making thirty-four in all—and that under
the control of the will the hand can be rotated, flexed, extended,
abducted and adducted, and the fingers and thumb flexed,
extended, abducted and adducted, either singly or altogether,
with the greatest nicety of adjustment—it must be evident that
the task of the maker of artificial hands, who has at most only two
or three sources of power at his disposal, is not a very hopeiul
one, even with such assistance as cinematization of stumps may
be able to offer.

The best and the most elaborate artificial hands as yet invented
provide only a simple grasping movement of flexion and exten
sion, all the fingers together acting as one jaw of a forceps, and
the thumb as the other.

Since artificial hands are supplied with all arm prostheses, and
as with few exceptions any type of hand may be fitted to any
arm, it will be convenient to describe them before going on to
particulars of the various arms.

Animportant consideration in the design of artificial handsisthe

{8
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desirability of making them as light as possible. Since the hand is
situated at the very end of the lever, every ounce of weight makes
itself very distinctly felt. This is more particularly important
when dealing with upper arm stumps or with short forearm
-1'Z'|||'.|'I-.

Some writers on the Continent have laid stress on the import
ance of recognizing two kinds of hand-grasp, and of making
hands accordingly.

These are the broad or palm grip for large and heavy objects,
in which all the fingers and thumb and the palm of the hand take
part; and the finger-tip grip for small objects and light work, in
which only the tips of the thumb and of one or two fingers are
concerned. If artificial hands were of mort practical use, it

might be worth while to design and supply these two types ol

hands, but it may be pointed out that the copper cored fingers
of the McKav and Blatchford hands can be adjusted to both
types, while the Pringle-Kirk hand is chiefly a broad grip one.
Examples of broad grip hands made in (zermany are seen in
figs. 85 to go, which represent the mechanism of the Siemens-
Schuckert, the Sauerbruch, and the Miiller hands. The hnger-
tip grip is shown in the simple Sauerbruch mechanism in fig. gI.
The wooden hands commonly supplied with arm prostheses
are nsually made out of lime wood, and are of two kinds, of which
one—the fully articulated hand—has mortice-and-tenon joints
corresponding to the metacarpo phalangeal and interphalangeal
ioints of all the fingers. These joints are fitted stiffly, so that
when any position is imparted to them they will retain it against

4 moderate force, thus, for instance, making it possible to carry




Fig, 3. —SAavErprUcH'S Broap Grip Hax

Fic, 88 —SapErkrUcH's Broan Grip Flaxn.
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light objects on the bent fingers up to as much as 10 pounds in

welght. In the other kind there are no _illl.]ll'-' in the fingers,

i
b A SN

Fic., g2,—THE KELLER CLAW FOR AGRICULTURAL L

w.Iur & ) 1 .I:'l:'_fl."il_ MmN

which are carved, together with the hand, out of one piec

The fingers are strengthened with longitudinal tenons ot
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hard wood, and are all more or less curved, so as to serve as

carrying hooks. In both kinds of hands the thumb is hinged at
a point approximating to the metacarpo-phalangeal joint, and
is kept flexed, or rather adducted, by an internal spring. [his
spring presses the end of the thumb against the radial side of
the forefinger or the tips of the first two fingers. Thus the
thumb and forefinger act as a spring chp, which may be opened
by the sound hand or by means of a cord attached to the base
of what represents the first phalanx
of the thumb. This cord 1s connected
by a thong or Bowden cable with
the shoulder control.

For carrying purposes, the ring
and little fingers are modelled, flexed
intoc hook form, and may be
strengthened with a metal plate or
plates (see fig, 93).

A hole or recess is often made in
the palm of the hand near the thumb,
large enough to receive the end of a
fork, or pen or pencil, and thus to
steady it while it is gripped by the
spring thumb and fingers.

The above-mentioned method of

spring grip is common to a number .

of patterns of artificial hands, in g 13.— THE OPENSHAW

some of which the fingers as well as HAND or ANDERSON AND
7 WHITELAW.

It has the usual spring thumls.

the thumb are flexed in a similar
manner. This may be called passive

closure as contrasted with the active

ttle hingers are cars el

muscular action by which extension position of flexion with

is effected. It would, of course, be MO '.'-“'T”':!.::-m-":]
: . with a metal plate fo

possible to reverse the proceeding, carrying purposes.

making the spring extend (passively)

and the stump muscles flex the digits (actively). The objections to
this are obvious, for while the momentary effort of opening may
be carried out and repeated without much fatigue, to maintain
the grip by active contraction of the muscles would be too fatigu
ing. Moreover, the continued contraction of certamn shoulder
muscles would be inconsistent with the free movement of the

stump. Another argument against the plan of passive spring
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extension is that when at rest in the extended position the
appearance of the hand would be unsightly, and the fingers o1
thumb would be likely to become entangled with surrounding
obects.

Unfortunately the (passive) spring closure can have no greater
force than can be overcome by the stump muscles concerned,
and as these act on the hand at great mechanical disadvantage
the force available is small, and the grasp gives way rather easily.
[For this reason devices for locking the fingers when closed and for

releasing them at will have been introduced.

Fig. g4—CARNES Arym For ApoveE LiBow AMPUTATION.

(From a photograph.)

Fic. 0f —MEcHANISM OF CARNES ArM For ApovE LLBOW AMPUTATION

There are two types of hands among those issued by the
Ministry which cannot be removed at any moment and replaced
by appliances such as a hook or vice. These are the Carnes and
the Pringle-Kirk hands. The well-known Carnes artificial arm
is a wonderfully ingenious machine ; but the hands, which are
made of steel, have the disadvantage of being heavy, weighing,
according to type and size, from 16 to 24 ounces. Un the other
hand, they have theadvantage ol a laptability to various positions,
which enormously increases their usefulness. The hand can be
fixed in various positions of flexion or extension of the wrist by a

simple adjustment made by the sound hand. Similarly, it can be
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placed in pronation or supination. Most detachable hands can
be fixed in a number of positions of various degrees of supination
or pronation, but they are generally worn in semipronation, o
that when they hang by the side the thumb is in front, as in the
natural position of rest starting frem this position. In the Carnes
arm, flexion of the elbow is accompanied by supination of the
hand at the wrist-joint, so that as the hand is brought up to the
mouth, for example, the palm instead of the radial border 1s
turned towards the face.

Fic. g7 —MecHanIsM oF CARNES ARM FOR ABOVE Erpow AMPUTATION.

(From a drawing.)

For the above illustrations I am indebted to the Carnes Artificial Limb
Co., Kansas City, Mo., Ll.5lA.

This action does not only add to the natural appearance of
the movement, but it enables the wearer to convey food to the
mouth easily. The power to do this is not of much importance
when there is one sound hand remaining, but in cases of loss of
both hands it is of great value. As it is not desirable that elbow
flexion should always be accompanied by hand supination,
provision is made for catting out this latter motion. This is

done simply by fully flexing the forearm upon the upper arm.
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The action of the fingers and thumb is one of simple flexion
and extension. The fingers when closed are locked, so that they
are much more resistant than those of hands which depend upon

springs for resistance to extension. This s effected by mechanism

contained in the hand, of which there are two kinds, one for above
elbow and another for below elbow arms. In the above elbow
arm there is only one source of power available for the fingers,
therefore the mechanism is so made that one pull opens the

fingers and the repetition of the pull on the same thong closes them.,
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In the below elbow arm there are two sources of power availabl
as one 1s not wanted to flex the elbow. There are therefore two
thongs, traction on one of which opens and on the other closes the
fingers. The annexed illustrations show the mechanism, but

it 1s too elaborate for description here. 1t has been minutely
described, however, by Barth and Schlesinger (see figs. g8 to 1o1).°
The Pringle-Kirk hand already referred to is used for heavy
L Zeilschr. .
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worl. It is not a mechanical hand in the sense that it can be
controlled by the muscles of the mutilated side, but it requires
ihe aid of the sound hand to open and close the fingers. It has
the advantage of a ball-and-socket joint at the wrist, which allows
the hand to be fixed in various positions relatively to the fore-
arm (see fig. 102). The fingers and thumb are movable at the

metacarpo-phalangeal joints only, but are modelled in the

':r'.':-:.LiU'-'I of semi-flexion at the iIL1.I"-1'J|'.'=1:|J'-1,E.'"~liI joints.

[n the Cauet hand, a French invention, the wrist and
metacarpal part i made of aluminium alloy and of thin
steel, Tach digit consists of a dorsal shell ol nickelled
steel filled with cork, so that the flexor surfaces consist

of the latter material. The grip of such a surface is less likely to
slip than that of metal ol wooden fingers. The fingers and thumb
are movable at the metacarpo-phalangeal joints only, but are

modelled in the position of semi-flexion at the interphalangeal
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joints.  Closure is effected by means of a spring, and the
grasp 15 opened by a Bowden cable worked by the shoulders or
chest, and actvating the thumb and the index and middle
fingers (see hg. 115).

In this hand the disadvantage of spring closure is obviated by a
locking mechanism. By means of this, as soon as the fingers have
closed upon an object and the extension cable is relaxed, th
fingers are locked. The first effect of a pull upon the opening
cable is to open the lock, and further effort pulls open the digits.
With such a locking mechanism it is not necessary to employ very
strong springs, and therefore the power required to open the fist
can be reduced and fatizue avoided.

I'he Cauet hand can be rotated at the wrist by the help of the

Fic. 102.—PRINGLE-KIRE {HAND.

sound hand so as to fix it in various positions of pronation or
supination. It is attached to the forearm by means of a spring
snap catch, and-appliances can bz substituted for it.

The McKay hand is made of indiarubber with a wooden core,
to which a duralumin plate carrying the pinion of a snap catch is
fixed. Thz digits are strengthened by central stems of stout
coppzar, which give stiffness to them, and at the same time
allow of their bzing bont or straightened as dssired. These stems
can bz easily removed and replaced in case of damage. The
thumb is mounted on a hinege at a point corresponding to the
metacarpo-phalangzal joint, and is kept in flexion-adduction by

a strong spiral steel spring. A spring catch at the wrist, worked
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by the sound hand, enables the artificial hand to be rotate d and
fixed in any desired position ol pronation or supination (see
fig, 103). In the MeKay arms the snap catch mechanism for the
hand is not the same as that used for appliances. In the end of
the forearm part of each Mchay arm there are two snap catch
sockets, one within the other. The outer and stronger is for

apoliances, and the inner one for the hand only.

Frc. 103.—Mchay Haxp

The McKayv hand is necessarily somewhat heavy. A lighter
hand on somewhat similar principles iz the Blatchford hand with
felt fingers (see fig. 112). [his hand is made of wood, except the
fingers, which are of felt with copper central stems which are
adjustable, like those in the McKay hand. The wooden thumb
is long, being hinged at a site nearer the imaginary carpo-

metacarpal than the metacarpo shalangeal joint. This is un-
I 1 g ]
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sightly in the uncovered hand, but when a glove is worn the
leather takes the place of the musculo-cutaneous web of the
natural hand and masks the deformuty. The thumb has
the typical spring clesure and active opening by a pull from
the shoulder. This hand is not suited to hard work, but may
be useful for light work and for appearance’ sake. It is mostly
fitted to arms for short stumps in which lightness is a great
consideration.

The lightest artificial hand that has been supplied by the
Ministry of Pensions is that made by Albert E. Evans, which
weighs about 6 ounces. This 1s constructed of muslin and
celluloid covered with leather, Although 1t 15 hollow throughout
it 15 very strong ; ndeed, I"‘.'\'E'III!_' to the absence of grain, it is
stronger than the ordinary types of wooden hand. The fingers
are not articulated, the thumb 1s hinged, and is closed by a
spring in the usual way. It is detachable by means of a keyhole
catch. A light hook can be substituted for it. Such a very
light hand is acceptable in cases in which from shortness of
stump, paralysis, or other complications, only the lightest
possible prosthesis can be worn. It may reasonably be urged
that in such cases it is better to do without one altogether.
There is, however, a very strong desire among amputees to con-
ceal their mutilations as much as possible, and it is right and
proper to meet their wishes in every possible way.

IFor long forearm stumps in which the power of pronation and
supination 15 of good range and force, hands have been devised
utilizing this movement to open and close the fingers, but the
result appears to be poor and hardly worth seeking. It seems
better to use the rotation power for its natural physiological
function of adjusting the position and inclination of the hand,
and to flex or extend the fingers by other means, The power of
pronation and supination is of great value, and every care should
be taken to preserve it and to avoid hampering its action by metal
elbow-joints, or too long or stiff sockets, whenever these are
avoidable,

Lt 1s to be noted, however, that often, even in long stumps,
when passive rotation is easy and of full range, active volitional
]H'--Eiilﬁu.": 15 feeble and of restricted range.

supposing that the pronator teres is normal, these conditions
appear to be due to two chief causes: one is the abzence of, or

severe injury to, the pronator quadratus, which is the most effec
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tive agent in pronation; and the other is the loss of the triangular
cartilage and of the normal lower radio-ulnar joint.
Electro-magnetic and pneumatic hands have been made and are
described by Schlesinger (* Ersatzglieder,” etc., Berlin, Julius
Springer, 1g1g). These are brought into action by the inter-
vention of the sound hand or by pressure on a button or bulb by
other means. They do not appear to be of much practical value.
For cinematized stumps special prostheses have been devised
for the two chief classes of motors- the tunnel and the club. It
ie ohvious that, given one or more sOUrces of power, the esse ntial

mechanism of a hand such as the Carnes could be ope rated ".>_~. the

cords attached to the motors. Most of the cases are those of above
elbow amputation. In these it is essential that the cords from the
motors to the hand shall pass through or very close to the axis
of the elbow-joint. If this is not done, it is obvious that the
distance traversed by the cord between the artificial hand and
the motor will vary with flexion or extension of the artificial
clbow. The tension of the cords, therefore, would vary. and
when they were slack the motors would act at a great disadvan-
tage or even have no effect at all.

The prosthesis shown in figs. 106 to 109 was designed
and made in the Experimental Workshop o the Ministry of
Pensions, for club motors made by Mr. M. Fitzmaurice Kelly, as
described by him (wide supra) and shown in fig. 104. The

clamp by which the cord or cable is connected with the motor 1s
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shown 11 !:.!.'. IS, |l|=~ form was devised to avolwd the const Tie

tion and consequent congestion which the ring form was likely
to cause. The two curved jaws of this clamp securely gri
-
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the neck of the motor above the nodule of bone, without con
stricting it. The biceps and brachialis motor is used to close
the fingers and the triceps to supinate the hand at the wrist.

The |.||:_L:'l:'| mechanism, which for above elbow cases is ||].||'.-.|
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in the forearm (thereby relieving the hand of its weight), In cases
of below elbow amputation is placed in the hand. Itis simple,

and light. When the fingers are closed upon an object

strong,
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Fia, 1097 —ANTERO-POSTERIOR Fic. 108 ANTERO-POSTERIOR VIEW
View ofF FIG. 106 WHEN oF ForEARM AND Hanp oF FPRrROS-
Erpow 18 FLEXED. rHaEsIs roR CINEMATIZED STUMP.

they are locked so that a pull upon the cable is necessary to relax

the grip.
Fie. 10 shows the arm in wear. It is not intended for heavy

manual work, for which the strength of the motors is insufficient,
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but could be adapted for any strength of motor, and by using a
rod and shackle instead of the clamp, can be equally well worked
by means of tunnel motors. Until the usefulness of this or of
other special arms is fully established, the operations of cine-
matization of stumps cannot be recommended.

Arms and hands for one or two tunnel motors of the Sauer-
bruch type are described by Schlesinger in ‘ Ersatzglieder."”
It is easier to fit prostheses for these than for club motors,
because the latter require more room when they contract, and

(especially the triceps motor) sometimes move in a direction at
an angle with the long axis of the socket.

The simple Rohrmann arm and hand is designed for one biceps
motor only, which is used to close the thumb and fingers together,
opening being produced by the action of a 51:t'it1;{. This arrange-
ment is probably the best, provided the motor is not easily
fatigued. The design and manufacture of prostheses for
cinematized forearm stumps offer fewer difficulties.

L Op ctf,, q20-421,
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Tue arms supplied by the Ministry of Pensions are divided into

three classes ;

r. Those for hard work: ‘ Heavy workers' arms.,”

2 Those for light work: *‘ Light workers’ arms.”

2. Those for ornament more than for use : [ight dress arms.”

Although these “ dressarms * are intended primarily merely to
£11 the sleeve and mask mutilation, all the prostheses in the cate-
gory 3 are of some use. A light bag or despatch case can
be carried upon the bent fingers, and when the elbow is bent and
locked at a right angle an overcoat can be hung across the fore
arm and so carried.

[t appears likely that the second class will disappear, as a type
of ornamental arm is being evolved which is well suited for light
work. The amputation region for which each arm is intended 1s
indicated by a letter of the alphabet thus:

A. Through the shoulder-joint, or without useful stump.
B. Upper arm. Short stump.

C. Upper arm. Long stump.

D. Elbow-joint, or too high in forearm for usefulness.
E. Forearm. Short stump.

F. Forearm. Long stump.

(. Wrist-joint.

The combination of a letter indicating the region and a number
indicating the purpose for which the arm is intended specify
each arm® thus A 1 is a shoulder-joint arm for hard work, and E 3
is a light dress arm for a short forearm stump.

The average weights of the arms (including hands) supplied by
the Ministry at the present time for the more common types of
amputation are as follows
For disarticulation at the --'|-.|:I-!:-| i .5 ','IJ. e b

For amputation above elbow . 3lb . zlb

o ! el . - » 1 : 14 OF
e
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Arms for Shoulder Amputations.
Disarticulations at the shoulder-joint and amputations through
the shaft of the humerus so high up as to leave no useful working
stump are fitted with shoulder-joint prostheses.
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Fic. 110.—PBrLATcHFORD'S WORKING APPLIANCE FOR SHOULDER-]JOINT
AMPUTATION. APPLIANCE COMPLETE; FLEXED AT SHOULDER AND
ELEOW.

In the early years of the Great War these were generally made
without any joint at the shoulder. A stiff leather case, moulded
on a plaster cast enclosed the front and back and upper surface
of the shoulder, and was rigidly continuous with the upper arm
piece of wood and other material. A rotation joint to enable the
elbow and forearm to be fixed in various positions was sometimes
inserted in the upper arm piece. The rest of the arm and hand
was similar to those of upper arm prostheses. These arms were
of limited usefulness, and experience showed that not many of
them were worn.

The ornamental or dress types at present supplied by the
Ministry of Pensions all have joints at the shoulder, which allow
of flexion and extension and a few degrees of abduction, so as to
allow the limb to swing and thus appear the more natural.

A useful worker’s arm for shoulder-joint amputations, etc,, 1s
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the A 1, made by Anderson and Whitelaw, ol leather and steel.
This has no movable shoulder-joint. Although appliances and
an artificial hand can be used at the end of the forearm, for heavy
work the elbow-joint and all parts below it are detached not far
below the shoulder, and a hook or other tool is affixed directly
to the socket., In digging, using a wheelbarrow or a sledge-
hammer or pickaxe (all
of which occupations are
practised at the Arm
% Training Schools of the
Ministry of Pensions),
very little actual force
is exerted through the

Ll]"‘*-lihl'hi*. The latter

o is used as a point of sup-

:*,f:-' . port and fulerum for the

L :J;::IJ' tool, which 15 ene I';_'_i'.-’.i:ll

\ A and directed by the
1 ¥l  sound member.

I || An A 1 worker's arm

for shoulder-joint ampu-

: tations, which is officially

(4 ; described as a working

appliance, is made by
s C. A. Blatchford. This

differs from other
1] shoulder arms in that it
has a joint just below the
shoulder which 1s con-

FIG. 111 BLATCHFORD'S SHOULDER APPLI- trolled by the action
ANCE WITH TH} ARM AND FOREARM

: : of trunk and shoulder
PARTS DETACHED AT THE SNAP CATCHES

muscles, as well as a
joint of the usual type at the elbow. “Theupper arm part can be
detached just below the shoulder-joint, and the forearm part just
below the elbow. This is a skeleton arm, and makes no pretence
to imitate nature in appearance, but ornamental arm and forearm
pieces can be added to it (see figs. 110 and 111). This apphance
is suitable for men doing certain kinds ot work, but for the
majority of shoulder cases a more simple prosthesis 1s preferable.

Another type of worker’s shoulder-joint arm 1s the A 1 arm
made by P. M. McKay. The shoulder cap, arm, and forearm
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pieces of this prosthesis are made of duralumin, strengthened
with steel and with steel joints. The elbow control and lock

o do not differ in principles from those

LY \ i e .
already described. The rubber hand with
X ; cOpper cores to the fingers has Ll]l'k'ill’.]_‘-'

been referred to.

Shoulder-Joint Arms for Ornament and
for Light Work (A 2 and A 3).

[t is characteristic of all licht arms for
all amputation regions that the forearm or
the forearm and
elbow are not
made detachable,
as is the case in
the workers'arms.
In some patterns

Fic. 112.— BLATCHFORD'S ABOVE ELBOW ARM, fot ]i:_:],n:u-q:;' salke
WITH STIRRUP ATTACHMERXNT.

the hand is made

a fixture, thus saving the weight of two
metal wrist plates and screws, but it is
more usual to make the hand detachable
so that appliances may be used; but
these prostheses are primarily intended
merely to fill the sleeve and mask
mutilation.

The light dress arm is quite strong
enough to bear the strain of appliances
for clerical work and for draughtsmen
and such-like, and therefore it is gener-
ally made with a detachable hand.

The light dress shoulder-joint arm
A 3 of Anderson and Whitelaw of the
latest pattern is shown in fig. 113. It
is made of celluloid and muslin, and
the elbow is flexed and locked and un-
locked by movements of the shoulders,
as already explained on p. 103 in
describing the older pattern.

Another useful shoulder-joint arm,
which is classed officially as A 3, but is Fic. 113.—A 3 ARM.
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suitable also foi ]iI:_'I'.I work, is that made ||_‘~ H. St eper, Ltd,,

who are makers of the Cauet hand in Great Britain, This

hand has already been described (see figs. 115 and 110).
The A 2 arm of Ernst is a dress arm which is distinguished as

1
L T A T
L has & mou

ded leather

having a ball-bearing shoulder-jomnt.

shoulder cap. The elbow can bhe locked Im any one of ‘-';;.::'I{
positions, but there 1s no ™ antomatic ' elbow control, The fore-
arm 1s made of blocked leather. The wooden hand has the
usual spring thumb. This arm has a rotation joint just abowe

the elbow, by means of which the forearm and elbow can b

turned outwards or inwards aecross the front of the body, as
mentioned on p. 123 (see hg. II4).

[he worker’s shoulder-joint arm A 1 is the type most suited
for stumps of the upper arm of 2 inches or less in length,
measuring from the anterior fold of the axilla. There are, how
ever, a few persons whose stumps and whose wills are so strong
that they will make good use of a B arm with a stump unde:
that lengzth, but the poor leverage afforded ||_1 the short stump
for moving the socket makes the use of a below shoulder worker’s
arm in such cases very fatiguing. Light dress arms may be

ort as 1 inch below the axilla.

fitted to stumps as s
B Arms,—For short stumps over 2 inches in length (measured
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from the axillary fold) there are a number of useful arms. The
types that have been most used are, for workers (B 1), those made
by Anderson and Whitelaw, Blatchford, Cory and Grundy
(the Adams arm), McKay, and Pringle-Kirk

The workers’ B and C arms generally have detachable [ore-

arms, so that apphances may be used close to the stump, avoiding

the la:\'t'i';lgx' of the artificial forearm.

Fig. 117—A, Cory axp GruxDY's LIGHT ARy Fig. 118 -—=Li1cHT DRESS

FOR DISARTICULATION OF THE SHOULDER A 3 ARM, MADE BY
WITH LIMITED ABDUCTION Joint. B, LIGHT ANDERSON AND
ARM FOorR FormarM AMPUTATION, WHITELAW, FOR

AMPUTATION AT THE
SHOULDER.

For this purpose the stirrup appliance of Blatchiord is very
useful. As shown in the illustrations, the artificial forearm
and hand is attached by a snap catch just below the elbow to a
U-shapsd piece bearing a socket. This U-shaped piece is
controlled by the usual mechanism, and can be flexed and locked
in various positions. For work the forearm is removed at the
snap socket, and any appliance can be inserted in its place (see
figs. 123 and 124).
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The Anderson and Whitelaw arms have leather sockets strength-
ened with steel plates. The sockets for B arms are made of stiff
moulded leather, but those for the longer C stumps are made

with an opening along the front, which is closed by means of straps
and buckles, so that the socket may
at any rate m its upper two-thirds.

e adjusted to the stump,

The Blatchford arm is
the same for B as for C
stumps. It also has a
moulded leather socket,
close to the end of which
appliances may be fitted
when the elbow-joint and
forearm are detached (see
fig. 11q).

The Cory and Grundy
working arm B 1 and
C 1 is of the Adams
pattern, which i1s made
entirely of metal, the arm
socket, forearm and much
of the fittings being of
duralumin. The hand is
detachable, as is the fore-
arm part, just below the
elbow by snap catches.
The elbow-joint and lock
are both wvery strong,
and the arm is very suit-
able for hard work (see
figs. X121, 127 and 128).

The McKay worker’s
FiG. 11g.—BLATCHFORD'S B 1 ArM, arm is the same for B

T'he anwvil shown weighs 58 pounds.  This is

a test of the efficiency of the harness, and for ( stumps Like

the same maker’s

shoulder-joint arm, it is made chiefly of duralumin strengthened

with steel. This arm 1s much liked by amputees, and largenumbers
have been supplied by the Ministry (see figs. 122, 125 and 120).

The Pringle-Kirk arm is the same for B 1 and C 1. It has

a moulded leather socket reinforced with steel ribs, and an elbow-

joint specially designed to allow complete flexion, and an elbow
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The Anderson and Whitelaw arms have leather sockets strength-
ened with steel plates. The sockets for B arms are made of stiff
moulded leather, but those for the longer C stumps are made

with an opening along the front, which is closed by means of straps

and buckles, so that the soc

el may be ;ui_il,:.-:!_q_-gl to the ?1{]11']’1‘
at any rate in its upper two-thirds,

The Blatchford arm is

the same for B as for C

stumps, It also has a

moulded leather socket,

close to the end of which

appliances may be fitted

1 when the elbow-joint and

forearm are detached (see

fir. TTI0)

wans ROV JULILT dNd 10CK
are both wvery strong,
and the arm is very suit-

g

m able for hard work (see
figs. 121, 127 and 128).
The Mckay worker’s
PiG, 119.—BLATCHFoORD'S B 1 ArRM. arm is the same for B
The anvil shown weighs 58 pounds. Thisis

and for C stumps. Like
the same maker’s

a test of the efficiency of the harness

shoulder-joint arm, it is made chiefly of duralumin strengthened
with steel. This arm is much liked by amputees, and large numbers
have been supplied by the Ministry (see figs. 122, 125 and 126).

The Pringle-Kirk arm is the same for B 1 and C . It has

a moulded leather socket reinforced with steel ribs, and an elbow-

joint spacially designed to allow complete flexion, and an elbow
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lock. Unlike most workers’ B and arms, the forearm cannot be
removed, or appliances used at the elbow or wrist (cee fig. 12q).

|
4

been already described.

e outstanding feature of this arm is

the hand, which hae

The arms in category D are for amputations through or =o
close above the elbow joint that there is no room for a joint
having a transverse bolt. ]

ey are also needed for amputa
tions 3 or 4 inches below the elbow, which afford no practicable
'“'.Ilr:'ll:'l'.

= All these stumps are bulbous in form. so that if a rigid socket is
made to fit the upper part of the stump, the enlarged lower end

could not be thrust down into it I'he socket must therefore he

" - made adjustable, with an opening all down the front, to allow

—
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= = ol the msertion of the bulbous end. the upper parts being after-
o wards drawn together by evelets or hooks and lace. or straps and
e buckles, The same difficulty is met with, and is similarly sur
= - mounted. 1n cases of :|'!|;'-||1.I'.i:-ll :;’:|'||'3|r_|| e i\--“.:.L i-!i-il:[ and of
*'__ SVINE'S amputation,
-T 'he ]'"\"-"'-"*-'II!!III th tump 1s enclosed, often in soft leather and
L the artificial joints are situated one on each side at a level above
= the end of the stump, and corresponding to the axis of move-

ment in the i F 1_;!i-_l| é||i|;| ;l;' | | 0 savy. “l'i”lh':t" 1_|||, |.||i-."l]|'2:!". ll'

and the pitrochlea. This arrangement gives a satisfactory ap
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of the forearm, and the r sult 1s unsightly. It is to minimize this
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lock. Unlike most workers’ B and ¢ arms, the forearm cannot be
removed, or appliances used at the elbow or wrist (cee fig. 129).
The outstanding feature of this arm is the hand, which has
been already described,
The arms in category D are for amputations through or =o
close above the elbow-joint that there is

no room for a joint
having a transverse bolt,

They are also needed for amputa-
tions 3 or 4 inches below the elbow, which afford no practicable
stump.

All these stumps are bulbous in form. <o that if a rigid socket is
made to fit the upper part of the stump, the enlarged lower end
could not be thrust down into it. The socket must therefore be
made adjustable, with an opening all down the front. to allow

Fic, rza.—McKay Apums

Ol the insertion of the bulbous end. the upper parts being after-

wards drawn together by evelets or hooks and lace, or straps and

buckles, The same difficulty is met with, and is similarly sur
mounted, in cases of amputation through the knee joint and of
Syme’s amputation,

The lower end of the stump is enclosed, often in soft leather, and

the artificial joints are situated one on ea h side at a level above
the end of the stump, and corresponding to the

ment in the natural joint

axis of move-

that is to say, opposite the epicondyle
and the epitrochlea. This arrangement gives a satisfactory :.l[l-
Pearance as long as the elbow is extended. but when it is flexed
the end of the humerus in its socket projects below the level
of the forearm. and the result is unsightly.

[t is to minimize this

k=
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]rl'Llil'l'.ﬁ:'-I'. that the end of the stump is often enclosed in thin. soft
leather, instead of 1n a thick sock: L. I'his f,'l'lli--l'12|-|' also |l'!| VENLs
the wearer from laying the forearm flat upon a table, etc., as
mentioned n the section on stumps (p. 46).

It would be, of course, easy to i1gnore the position of the

natural joint, and to fit the joint as in a C arm; but the dispro-

portionately short forearm is then wery unsightly, especially
when the forearm is in flexion, The D type of arm 1s also htted
to forearm stumps which are so s
socket

The Blatchford D 1 arm with stirrup fitting and detachabls
forearm is very suitable for such cases. In this the lower end of

the stump is encased in buckskin, there is * automatic ” elbow

I’
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flexion, and a lock, Other makers construct the socket of leather
or of aluminium alloy with a detachable forearm,

[} 2 and D 3 arms are constructed on similar principles, but
the forearm portion is not made detachable.

FForearm stumps, in which not more than 2 or 3 inches of the
ulna remain (according as the development of muscular and

adipose tissue is less or more), offer no stumps whatsoever for

T

127 shows™ the above elbow Adams Arm being used with a slede-
nammer, and Fig. 128 shows it nsed with rake and spacde.

the attachment of a socket. Such stumps must be fitted generally
with D type arms. Ewven if containing up te 6 inches of ulna,
the stumpis a poor one. This fact isrecognized by the Ministry of
Pensions, which assesses the pension for such a stump at 10 per
cent. higher than for those of greater length. To get a hold on
such a stump, the socket has to be carried well up in front of if
but on -'lEh']II]HiH;_-_ to bend the elbow to a right angle, the tendon
of the biceps and the remains of the forearm muscles bulge out
n front of the joint, and either prevent the performance of the




1

centres of the artificial elbow-joint ¢ hould he |:|.l|;-::

% ~e s 1
;r!_!||,'| the raciius Of 1EM1011 2l I!!-_
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movement or else push the socket downwards so as to favour the
cacape of the --1'.11||]- ITOm 1T,

This movement downwards is checked by the side steels, and
by the grip of the uppes

| arm corset above the condvles of t

=
humerus.
[f this latter is effective, the socket cannot dese

the same time the elbow cannot be bent to :

of the muscles in front of the joint. Thus a block occurs and

-
_‘-\.
n \' :
WX
‘al | i I
he movement is arrested. he only practical way of setti
ver this difficulty is to cut away the top of the socket in front
ufficiently, and to fit 1t to the stun P as accurately as possible
so as to minimize the play between them ane Prev nenlar

wvement (see illustration, ete., o 88). At the same time the

ont of the axis of movement of the natural joint, in order to

consedquent excursion up
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wards of the front of the top of the socket. An attempt has

iford E 1 arm to allow the upper end of

been made in the Blat
the socket to tilt forwards when the elbow 1s bent, and so give
more room in front of the elbow. If, however, the socket fits
: ¢closely as it should do, any effective movement of this sort
is impossible. These very short stumps, which tend to slip
out of the socket whenever an attempt is made to flex the
clbhow ot the L:I'H--llu---i-- |l_'\' I||-.i: means, are best il[['."l with a
‘mechanically assisted '* elbow-joint. This consists of a flexion
mechanism worked by the shoulder muscles, as in an above elbow
arm, with this difference, that owing to the presence of the natural
l'E‘EJ"-"‘\-"-' the mechamsm has to be external, The icrilff 15 e .\;e'ei,
locked, and unlocked by muscular actions precisely similar to
those used for the upper arm stump. Even for short stumps
which do not shp out of the socket this * mechanical assistance ™
1s recommended, because repeated efforts to flex the prosthesis by

means of the stump alone (uick

v cause great fatigue, In o all

workers' arms for short forearm utations the socket ends

close to the end of the stump, and the rest of the forearm and the

hand are detachable, and apphances are fitted close to the end of
the socket in order to reduce the leverazse,
The annexed figure shows how an arm amputee has devised a

means of employing a short forearm stump (3} inches long

measured from the tip of the olecranon), which had to be fitted

vithh a prosthesis as tor a through elbow amputation Ihe
3 :

stump of the forearm was thus of no use, and often was in the
way. By attaching a cord to the soft leather covering at the
end of the socket and connecting it with the fingers of a mechanical

hand, Mr. H. Mills, of Rochdale (late Lancashire Fusiliers).

DT E I It 15 obvious that

-
H 1 ]=

vided for himself a useful g LEPHTIE

the same cord could be attached an appliance such as the
split hook (see fig 130

[he elbow of the |-:'I--'||-'-!-» 15 tlexed as usual El.'\' shoulder
action.

The illustration shows the stump and the cord in the two

positions of !':'l_l_n';|'~.i:|;_ .|||-Z-_ ':"\E'l'.. |||. |||"-.'i|':' ||"||;'||Em'-
o be of much walue for short or otherwise useless forearm
--'.Ii.‘nlla,

= 1T 15 OITen

Even in light dress arms for very short stum

advisable to fit a forearm shorter tl natural, and mask the

disproportion by shortening the coat sleeve accordingly.
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below the tip of the olecranon more than forty years ago.

The following description of the spring G hook and 1ts attach
ment 15 given by Dr. W. L. Grifliths of Swansea (see hg. 131):

““ Within the wrist of the forearm casing is a block of wood
ar other suttable matenrial over the onter part ol "-'-|IE' h 15 firn |‘
|.|',Ll || .I||=| ol B’ I|".-E_ ] -';||| 1e-sh :f'l'li ||_|'|.|| |'=|| 1 |:'i|'il". H, |I<!". 115

a central hole or socket., T. screw-threaded internally. A cor

respondingly threaded plug, K, provided with an outer flange,
L, is adapted to screw into this socket. This.plug is centrally
bored, so that the shank, M, of the C-shaped hook can freely pas
therethrough. The part of the bore nearest to the-arm has an
enlarged part, N, similar to a stuffing box, to receive a spring, O
which is coiled round the end of the shank when placed therein
[his spring is compressed between abutments, formed by the
shoulder, P, in the plug, and a nut or cap, {) which 15 screwed
on to the end ot the shanlk, and 15 small nougn 1o enter

N. The plug, K, is then screwed into the socket, J, until the
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lange, L, meets its seating, R, and the appliance is ready for use.

The hook, with its shank, M, is free to revolve axially in the plug
K, after the latter is screwed home, |:|'.J'_ |:I'|-l.|_:|'|:--c;_ from doing
so too freely owing to the friction on the ends of the spring and
between the base of the hook and its abutment, S. When a
sudden pull comes upon the hook, the spring is further com
pressed and lessens the jar.”

With this arm, despite his very short stump, )

r. Williams

of hard work, could lift

himself is able to. do a great dea
s hundredweight, and sling a 14-pound sledge-hammer. It is,
however, nof |1|!'.*-'-Ei.‘!|' to flex the elbow 1 |5|_~. with this arm, and
therefore it 1z unsuited to some occupations, When mads
for ornamental dress PUrpnses the socket is made of lighter

o
£
I

leather, certalmid, or celluloid, and instead of the special Williams

screw fitting a light snap catch is substituted, or when lightness is
the chief desideratum, a light undetachable hand is affixed. It
then becomes an excellent dress arm, masking mutilations for
those who find shoulder and chest harness irksome: but in the
case of very short stumps, the absence of an elbow lock detracts
from 1ts usefulness,

When the stump 1s s0 short that it can onlv be ke Pt in the
wcket by fitting the latter very high up in front, so that full
flexion of the joint is thereby prevented, an additional joint
1s sometimes fitted in the artificial forearm below the end of the
stump. Flexion of this joint is effected by means of a shoulder
control thong. By this movement it is possible to bring a forl
up to the mouth. Such an arrangement 15 not often needed
except inn the case of loss of both hands.

Workers' prostheses for long forearm stumps (F arms) whic

il or more of the length of the ulna do not need metalli

contain
clbow-joints, In order to retain the socket in place I.|;:_'\' are
usually fitted with an upper arm corset, laced or str pped round
the arm above the condyles, and connected by a pair of lateral
leather straps with the socket.

When the Williams arm is chosen for such stumps, the
~]1:‘t'i:|l above elbow lacing pieces are used, as already
'll'.-»t'!'”if.'-il.

I'or hard work of a simple kind, a worker's forearm with a stifi
leather bucket :-II-.":ll:__E|.|'!'.-'|| with steel |-:!'_---- and fitted with a

hook and other appliances is most satisfactory. Some workmen

who have to liff heavy weights with the arm find a shoulde:
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harness necessary to take some of the strain off the supra
condylar region of the upper arm

[he maijority of F arms, however, are fitted with muscula:
extension of the thumb, and for the split hook or other grasping
apphance. [hese are worked 1n the same way as for amputations
above the elbow, but seeing that the patient has a natural elbow
only the one source of power is needed, and only one shoulder

] f 1
ACTION 11 |.'|| e |"!'|"i||:|'l"_\|_l'|__

Long Forearm Stumps.
Fhe more elaborate workers’ arms for these stumps, are

the Adams, McKay, Pringle-Kirk, and Blatchford, all of which

have their rood points and their advocates among amputees.

Az a dress arm for clerks and soms

I cupations the Carn

arm is successful.  With these stumps the weight of the hand is
not so much felt as in short forearm and above elbow stumps.
The Canet arm also gives good results, and has the advantage of a

detachable hand and .|!||1|-;-_‘_].- S5 (3ee 1Zs5. TI5 and 116

Wrist Stumps.

[he drawback to all prostheses for disarticulations at the wrst
1= their necessarily d 'Il":":..lII'I'.I-"|.|!-' I ::._lil. Provision below
"i-I‘E:' |8} recel Vi |||!' sCTEW (1 '-I!.-'ll
catch pinion projecting from the wrst plate of the hand,

attached, the appearance when both hands hang by the side
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asymmetrical. This disproportion 1s minimized in some light
dress arms by making the hand a fixture, or, if the hand is detach-
able, the piion 1s fixed to the end of the socket, and the femals
screw which receives it is in the hand instead of in the forcarm.
Too much should not be made of this difficulty, for as much a
r inch extra of length will remain unnoticed if the coat sleeve i
lengthened in proportion

Ca M

TOTERrm -':'.‘!III|"'- Ol amputations m the lower third of th

and in cases of disarticulation at the wrist, it is desirabl

to fit a prosthesis that will allow of movements of supination
and pronation, if it is found that these movements are still

l.".|_-\'l_ir.'.|_|:u|-.',
[f the ends of the bones are united by new bone or by scar

fissne . the movement 13 ill.|l-22----i.’=i= , and in such cases the question
does not arise. When, as after amputations at or just above

the wrist, the pronator quadratus survives, pronation is likely

to be vigorous and useful. Unfortunately, after amputations

above the pronator quadratus, it is often found that although

passive rotation movements may be easy and of full or nearly full

normal range, active movements are feeble and of small range,
[t 1s presumed that the supinator brevis and the biceps are active
but the pronator teres appears to be of poor efficiency. The

1e triangular fibro-cartilage and of the rest of the lower

|-;:--l.-- OF 1
radio-ulnar joint also handicaps attemps at rotation.  Supposing

3 H 1 1 -1 T | » ¥ ¥ . .- = . 7 |
that it 15 decided that voluntary rotation 1s oW rful enough to

be worth providing for, the end socket must be very short and

connected |1_1 straps <-|:|_'-.' with a1 upper lorearm corset, as in
the Blatchford G 1 arm. The end, or wrist, socket must fit
closely enough not to allow the stump to twist round inside it,
but at the same time itmust not be so tight as toprevent theradius
irom moving round the ulna. This constitutes a difficulty whicl
can only be surmounted by wvery careful fitting. In some

xng arms for long forearm and wrist stumps the stiff leather

wor .
socket is moulded so closely to the lower ends of the bones thaf
no rotation between them is possible. This is generally done in
order to preserve the rotation movement by making the socket
move with the bones without lost motion, but it defeats its

iihil':‘.i. although 1t 15 advantageons in another re SPEC in that

1T glves the st 1P & SeCure 10ld on the '::-I'-I'-l|'_L"-f~.
Amputees who cannot pronate and supinate properly soon
learn to substitute shoulder movements for the proper radio

ulnar movement, and thus to some extent get over the difficulty.




CHAPTER X

PROSTHESES FOR THE AMPUTATION OF BOTH HANDS,
ETC., AND MUTILATIONS OF THE HAND

Tue plight of the man who has lost both hands i1s distressing,
even if he labours under no other disabilities and if he has two
long forearm stumps. With such stumps it is surprising how
much a man can do for himself without ]3|"'*-1:|"'-t s, lor I'_"\. |'|'i|i_'-C:.||,~'L
them together he combines them into a prehensile organ o
rudimentary hand, which has the great advantage over a pros
thesis of possessing tactile sensation, wi ich becomes more
delicate with |-I-'|--II_'_!-'fi nse. With the loss of each inch of hone
in one or other stump the disability increases, until the lowest

depth of deprivation is reached in the man who has lost both

arms at the shoulder-joint, or a few inches below 1t. These
unfortunates are happily few in number, but their case needs as
much consideration as that of the more frequently occurring
amputations. A remarkable facility in writing with a pen o
pencil held in the teeth may be developed many other light tasks
may be performed by means of a stick, generally held in the
mouth: but the best |'|-':3-- for them lies in the utilization of the
feet, when these are uninjured. Persons who have been Iomn
without hands have been able to use their feet as prehensile
organs with very great success and dexterity. The case of the
truly limbless artist, Miss Sarah Biffin or Beffin, shows what may
be done by those who are congenitally mutilated (see The Dic-
tionary of National Biography). Whether mobility and pre-
hensile power in the toes could be developed by giving up the
constant use of shoes and stockings 1s vet to be demonstrated,
but the remarkable usefulness of the feet to those who have been
born without hands suggests the propriety of further study in this
connection. In 1916 Mr. Sheehan invented a table fitted with
levers to be worked by the feet for these cases (see Brifish Medical
Jouwrnal _1'||'|_'.,' 5 IQLY, Pp. 543 and Mr. George lhomson of

Edinburgh has since devised a most ingenious machine on
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somewhat similar principles, which enables the truly armless
man to do a variety of things (see British Medical Journal,
January 3, 1920, p. 20).

[his machine, however, is stationary, and the patient 1s nearly
helpless when he leaves it. Attempts have been made to design
a prosthesis of which the motive force is supplied by movements
of the thigh and leg, but up to the present time (1921 they hawe

not resulted in anything of much practical value.

Not only in these extreme cases, but in all those of loss of both
hands or of more, the patient is unable todress himself or to attend

to the common needs of daily life or the calls of nature, and must
depend upon the constant service of an attendant o1 relative,

Even a cold in the head is a severe increase to the troubles of a

man who has lost both arms above the elbow, so that 1t may b
found best for him to keep his bed during an attack of
catarrh.

With Thomson’s table, after only a few hours’ practice, ai

average man is able to feed himself and lift a cup and drink from

it. With more practice he 1s able not only to feed himself with
ready cut food, but he can cut it up for himself. He can wilt

and do a variety of things which have been impossible for Ium

since the oceurrence of his mutilation [his table consist:
escentially of an ordinary table 3 feet g inches by 21 1nche

The width may be much ereater than this, but the measurement

from back to front cannot be varied much if theends of the lever

are to reach to their proper '|ul-i'.i-:||-

is 4 ry free. Each consists of a vertical part an 1 two horizontal
arms, one of which extends nnder the table, and the other to
corresponding position above it. On the end of each arm i claT
the table 15 a ||',_:_].- on or under which one foot of the amputed

sts, with a short upright rod passing between the first and
second toes.

Any movement imparted by the foot to the end o e
under the table is reproduced by the end of the lever over the
table, which carries an ingenious snap grip to hold the various
apphances.

These appliances are arranged in racks at the sides of the takle
and bv a most clever contrivance, an :_|1_L|!i.|1|:. can be easils

B lll:ll':'::_ in the rack, o leased, and another one ]'i‘ ked up
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By using both feet and both levers a two-handed action is
IJhL;LiIIL'lL

The table obviously will not enable a man to earn his living,
but it renders the double arm amputee far less de |:1l'[‘lflt'|'l'[ LN
others than he was without it, and offers him very great oppor-

tunities of useful and mind-satisfying occupation to an extent

which no other apparatus can do. Mr. George Thomson deserves

the very greatest credit for the g 1|ni'_:-.' perseverance, and ]ﬂllliil'
pirit which he has shown in inventing and perfecting his machine
without any thou "ht or hope of gain.

[he mouth tongs devised by the present writer and improved

m the k':hp:-:'ilhllll:-.:. "-.1'|'-'I|~Z--||H|J of the Ministry of Pensions are
shown in the figure. This simple appliance can be made of any
convenient length, but is found most generally useful when about
o inches long. [t consists of a palr of |II11'|'1'll- bearing a metal
plate on each of £l ]:-I--?-.iI|E;1| ends, or handles, corresponding

in its curvature with the line of the incisor, canine and bicuspid
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teeth of one of the jaws of the patient with a slight ridge of
rounded form raised about ' inch on the posterior edge of
each plate. These ridges rest at the back of the teeth, and
prevent the tongs from slipping out of the mouth when the grasp
is relaxed, in which condition the plates are kept against the
teeth by the spring which opens the tongs.

In the simplest forms one pair of tongs is made to open vertically

1.¢., with one blade above the other—and another pair with the
blades opening horizontally, so that the sides of an upright object,
such as a chessman, may be grasped. When made of wood with

metal mouth plates, such tongs weigh about 1§ ounces.
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In the improved form made in duralumin the one pair sers

=

for both purposes, as the jaws are made to be easily rotated on
the long axis of the tongs as much as go degrees. This little help
being easily portable, can be used away from the Thomson’s table
(see fig. 135), which is unfortunately too large to be carried about.

When deciding what prostheses, if any, should be prescribed
for double arm amputations, each case must be considered on its

merits. In the first place, the guestion of earning a livelihood by

manual labour may generally be excluded, although some deter
mined individuals, having good long stumps, may succeed in
certain occupations; but these will be found on examination
to be more of a clerical than a manual nature.

A well-trained expert may be able to do all sorts of tasks with
two arm prostheses, but he cannot perform them fast enough

to make his work economically successful. When there is no
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useful stump or veryshort ones above the elbow, it is not probabl
that any prosthesis will be useful; but if the patient wishes to try
and mask his mutilation, a pair of light ornamental arms may I

ordered. If there is only one good u

yper arm stump, an arm
should, of course, be fitted to it, if possible with a useful mechanical
hand. If there is one good forearm stump and one useful above
elbow stump, a Carnes arm may be fitted to the forearm stump,
with which the patient may be able to reach his own buttocks
and attend to the toilet necessities of his person, and with the
same arm and hand he can feed

iimself,

[t should be remembered that for double arm an putees the

]1['-|:-'l]|u--~n--~ should be of the most widely serviceable kind, becansi
it is impossible, or at best very difficult, for the patient without

help to change his arms or his a phances. In the case of a

|:I.|1i.|'i.]|. who had one forearm .II|||1||I_;=,]4-|| at the wnst and the

other in its middle, these and other difficulties have been well

surmonnted by Mr. I, ;. Ermnst of London, who |1||]~;i-~||:-.[ AT
illustrated description of the case and of the various apparatus in

1

iich the reader is referred for further details. But in

I50)3, Ty W

higher .|‘.||]:||I~L‘.iilll- the difficulty of changing apparatus i

likely to prove msurmountable.
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Mr. Johnson Scott, who was born without hands, makes good
use of the special hooks which are known by his name. With
these it is possible to do many things.

For mutilations of the hand, the ornamental and the useful
prostheses are usually best kept apart, and no attempt made
to combine them except for patients not engaged in manual
labour (see fig. 136). All such cases should be provided with
ornamental fully articulated fingers, which are easiest fitted in a
leather glove, or the more severe cases in a leather socket specially
fitted to the stump and laced or strapped round the wrist.

Amputations of all the digits leaving the carpus or much of 1t
intact are rare. Very few have been seen among the many
thousands of cases treated by us at Roehampton. For such

For figs. 130 to 150 and explanation of figures see p. 146.)

cases, when the wrist movement is good, a prosthesis has been
devised mn which flexion of the carpus pressed up the proximal
end of a lever, which thus produced flexion of the fingers., The
grasp with such an appliance, however, is not very strong, and
the patient will generally prefer to use the naked stump, which
may be made surprisingly useful. In cases of loss of both hands,
however, such an appliance may have its uses,

When a useful thumb and one or more fingers remain, no work-
ing appliance is likely to be of any assistance, but when the thumb
15 totally lost, or all the fingers are gone, an artificial digit to
which the thumb or finger can be opposed will prove useful.
This is not made to resemble the lost part, but consists of a firm
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CHAFPTER XI]
APPLIANCES FOR USE WITH ARM PROSTHESES

'HE most efficient artihcial hands hitherto invented are of

rusty and abvi usly unused except the hook, which would be
||I§'.!|!I|'-. polished |"~ daily friction and would show other
ol wear

| he anthorities then wisely restricted the 1ssue of :'.|'!:.Ii|"-~
until, atter the establishment of arm-training schools, it becams
|1:3x-i||1,-' Prag tically to ascertain which : ',.i-l:,u',-'u-. wotild be likels
to be of real nse.

A wisit to a workshop, such as that of the McKawv Artificial
1

Limb Company, where a large n
employed, shows that as a rule only simple appliances are used.

IFor forearm amputations the hammer or file is fastened directly

to the forearm socket. For upper arm amputees the hammer or
file must be wielded by the sound hand, because the movements
of an artificial clbow-joint and forearm are too weak for the
hammer and not delicate enough for the file. Besides these ;
short piece of plain wood, which is pushed into the snap catch,

15 115 Il-'|-l-. 55 against the work and to support 1t while the sound

hand manipulates it.

CH]

ol "~|:.I|"' device 15 a primifive representative of a class
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of special appliances which have been devised by individual
workmen for use in the 1"::-|i-\-|'_-|3- in order to perform :-,;u-u'f;,;
and often repeated tasks, but there are not manv of these, and
those that have been made are generallv simple.

An L'}{.I:II'::]-.' of a more e

aborate appliance for a special task is
shown in figs. 153 to 155, which represent an appliance which was
devised and the first example actually made by Mr. N. |'>,.|'||:',|--._
il |'|I';I;|;_'_E|'.:x||:;!! in the |'_..'\i'"-'lil!'.l."|:'..|.| 1'|"|-.III'!-C=I.'I'!|'I of the .-'lfilliw‘.i'_\
of Pensions. Mr. Jones has an amputation of the left forearm,

andd ""=1I'~--IH':_& uses the :fll'l'!':.l"'nl"l'_ with which he can do as much

FiG. 153 —N. B. JoNES'S DRAUGHTSMAN 'S APPLIANCI
& Milledd head which 15 serewed on to the forearm socket

socket ioint ;. C, screw which clan Bl the ball: ID and I rub

=, pencil sharpene:

and as pood work as he did before his mutilation. A number

=
of the drawings illustrating this book have been made by him

with the aid of this appliance. It is made of duralumin, and

fitted to a iih'!'ﬂ armm for forearm :II."||-'.]i\|I1'r'|'|_ The two rubber
feet are hixed at the end of legs so jointed to the body of the
appliance that downward pressure of them against the desk
tends to draw them closer together. One of these feet is placed

on the T-square and the other on the set square. When the

wearer rests the weight of his stump on the appliance, the set
square 15 drawn firmly against the T-square. A small but
useful addition is a pencil sharpener, into which the dranghtsman
inserts his pencil and rotates it with his sound hand. The

labour-saving appliance for inking the drawing pen is shown in
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use 1 hgs. 156 and r57. This was not specially designed for
the nse of amputees, but 1t 15 of even more value to them than
to the two-handed man.

wok already referred to is the prototype of a number

introduced from America, where it is

The split

of applhiances. It was

I 1G. 154.—3IDE VIEW OF DRAUGHTSMAN'S APPLIANCE

known as the Durrance hook, by Messrs. J. E. Hanger and Co.
ok, which consists of two halves with

e

It consists of a C-sha
their bases, and kept together by a rubber band. or

a hinge at

IF1G. 155.—UUSE oF APPLIANCE WITH SET SOUARE AND T-50UARE

steel spring. One half carries an arm to which the same cord

or Bowden wire is attached which is used to actuate a spring

thumb, so that by exerting a pull from the shoulders the two
parts of the hook are pulled asunder. When t
er again by the spring, and any

1is pull is relaxed,

the two halv es are brought toget
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overcome by the showdder pull (see fir. 162, No. 1

i |

T "

LS
~.27

With this applian

be inked with one Dand

\n appliance which is issued with every

arm prosthesis 1s the
nailbrush holder. This consists of a strong steel spring paper
g = q . & .1 | i :
Clip to whi h a standard screw or snap catch 1s attached. [

clip grasps a wooden projectiol wck of an ordinary
nailbrush. and is worked by the
"'LII'-.III'-'I'. 1.':'. |'||'..'~..'I 15 "l'f"'l'!'-.'l.ll. |..|-. I.'II': Can b 1154 |_ |'|||'

::Zl.' L'Il'.'cjl £ I

ding

ia]

! ... -4 S "y ¥
such other objects as may
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A oood many ingenious devices have been produced to enable

the arm amputee to cut up his food or feed himself, but ftew
One=-al I d men care to availl themselves 01 Thern. [he most
enerally useful help for this purpose 1s fhe Nelson knife, which

T :. I\I\"-I'l il

after he lost his hand. It consists of a table knife with a re

i said to have been invented for the beneht of

I'his shows on hook i use by a it with a worker's below elbow a

i.|;.g-!.|||||;' Tl ||-|| .:'l|'i!|' I,:|i|l'l-'|':"_|!i::|':i.'|i||I-:II:||
and the mouthiul picked up with the prongs. It 15, of course,
used with the sound hand.

\ll appliances are inter of the

| A 3
= - . mrdy o . the
standard #d-inch screw or LA

serew can be hitted into a ol an

acl; [rer, and, similarly, 1 | ||:.~|'.|""- fitted with sMAap Calc can be
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used with a screw-threaded socket. A number ol apphances
made by various limb makers are shown in the following plates.
The McKay arm is peculiar, in that it is fitted with a double
snap-catch—that is to say, that although there is only one
retaining spring, there are two steel chambers for the reception
of the shanks of appliances. Of these, the upper and smaller
15 of a well-known type, and receives the duralumin shank of
the artificial hand. The lower, which is much larger, has a

>

- e ——

! Fig. 150.—Cory aND GRUNDY'S B 1 axp C 1 WoORKER'S ARM WITH
CERTALMID SOCEKET, SHOWING APPLIANCE Ix USE HOLDING A CUHISEL.

number of longitudinal grooves, which receive corresponding
ridges on a massive steel cylinder which forms part of the shank
of each appliance intended for hard work. Thus a very strong
attachment is formed, which will stand continual hard wear

such as it is exposed to in the use of the hammer, etc. The

annexed figures show some appliances in use,
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€57 APPLIANCES FoR USE wiTH ARTIFICIAIL ARMS SUPPLIED BY
MEssRS, Cory AaxNp GrusDy, L.

1. split hook IIIl.'l].ilI';il'Z-'.”}.' or manually controlled : the nearest leg
on photograph, if depressed tow :
thus forming a loop. The ball of No. 1 snaps into ball socket No. 4,
which is fitted with a six-spline adaptor to soit Cory and Grondy,
automatic snap-catch either in wrist piece or the T picce of elbow-
j||||'|l_

ard the ball, may be tumed round

. 2. Cory and Grundy’s new Universal tool holder, recently placed on

M.O.P. Consolidated List, the outstanding feature being the quick
application of same. The shankor stem hasa square worm turned on it

and by pressing a stud which projects from the cone the latter mav be
preszed forward, thus bringing the small grips together instantly. ' By
removing the pressure from stud the coneis positively locked instantly,

|':'|E:|I|i|'.".'. the user to hold a chisel, hrac e or the ike W turming the
grips go® the appliance holds a hammer quite satisfactorily.  While the
TIPS are in this ‘l"l’:':ﬂlil:'ﬂ anail, serew pencil, or the hike can i):-;|n'-'||-m,|_

quite well. By turning the grips outward the appliance may now be
used for working a }:l|.'..'|-:: or the like. This :_|'|||_:-ii::|||'|' also has o six-
gpline adaptor, as in No. 1.

3. This tool holder is formed of a 2-inch round mild steel central body
or hook, and one flat steel toothed member on eitherside. The latter
arel forced forward toward the V portion of the hook, and form
a grip of good range; by screwing the round knurled disc forward the
two flat members are easily detached, thus allowing the appliance to be
nsed as an ordinary hook for its known uses

4. As described in No. 1 (for left arm)

5. came as No. 4 (for right arm

6. Spade or agricultural appliance fitted with a new patent ball joint
designed especially with full rotation, bit with limited lateral move
ment, to obtain the best results for the purpose it is designed for, and
is only one-third the weight of an ordinary ball joint

7. Side view of No. 6.

&




CHAPTER XII
PERMANENT PEG LEGS

oW knee an !l".'“'llllj:' the site ol :I:i"_i-:'ll

S LTOIY -':.I|' FE R LA by |.!- '.".'|-'-'5| PASSES |--.:I:-| I':|- 1ha and a bow
fie. 166). Such limbs were also used
for amputations thro 1zl the knee-joint or above it in those cases
in which the full weighi conld be borne on the end ol the stump.
\s a rule, however, permanent peg legs or pylons ar s
with wooden or leather sockets, fitted in pre isely the same mannet
: those of -_-|;||'i-|.-'_- artificial hmbs I'he old-fashioned ' Chelsea
Pensioner " leg for the sake of cheapness, strength and lichtness,
has no knee-joint, the wooden peg being pushed * hand tight
into a socket adf the end of the knee ECEe. In case a Nnew pog

1= !':-I':-I--| i‘. i- --i||'|-'1 |-=Z--i| -! i' Lo '.::-' ol ---:-']_|-1 '.'I;_'. JJ
Such a prosthesis, however, is very awkward when its wearer

wishes to sit down, as the socket cannot follow the flexion of the
tump unless the peg leg protrudes horizental
patient; or f the end of the peg is allowed, as is usual, to rest upon

the ground, the back part of the top edge ol the socket will

additional drawback that the peg is very much in the way of othes

PETS0NS, -»---|u-;'il!'._'\' 1n :_:.||-|f OIIVEVAIICES. IFor these reasons,

permanent peg legs are now generally made with a mortice mn the

lower end of the

cnee piece. The upper end of the peg s ex-
nanded into a tenon which fits into this mortice, where it is
-'-_.";|'_'-_-| ]|_ '_:',|‘,|-.1.,'-,|3-|--I.“-|':|||’__‘-.'-.I'_| | |.:||,|:.!"I!II-.1':_ Ay ".‘IiIII:_'

catch at the back of the knee !!'_I--'s'n:llir':||

v locks it as soon as t
fully extended position i attained, and the wearer walks with 1t
thus locked. When he wishes to sit down, the lock is released

by pressure with the hand on a flute-kev lever at the back ot the

ak

I A

v in front of the

pressing uncomfortably into the buttock. [his position has the
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1

thigh. In order to avoid risk of :

L
the lever 1s sunk in a recess in th
surtace when the knee is locked.

For amputations below the kn

Fic. 16f KNEELING PEc: LEG F

'OR AMPUTATION BELow KNt
THE WEIGHT BEING TAKEN
CusHION

This leg is also made with padded |
ra ¢ ng stumps 11 i nt wl
ankle, et 1 and is i
deaden sound whi I'l I L

legr 1 attachi WK 1

sented in fig. 168. The writer

Horace V. Duncan, for this and the

of peg legs.
Articulated permanent peg legs

rough worlk. Thev are licht, and tl

LR

I
L
11
Pras
1 1wl
1 Wil
1




PERMANENT PEG LEGS L01

generally at or above the knee-bolt—so that the leverage strain
on the stump 1s much less than in a complete prosthesis, and the
fatigue from wearing one 1s much less than that from the last
named. If they are to be used on soft ground, however, into
which the simple peg would sink, the lower end must be expanded
into a larger surface, or a “ rocker " foot such
as that of the Beaufort leg may be added (see
fig. 14, p. 13).

AEsthetic considerations have, however, In
this country prevented many men Jfrom
accepting peg legs even as a duplicate
issue, The desire to conceal their mutilations
as far as possible is extremely strong among
the pensioners of the British Services.

Whatever form of peg is used, the end must
be shod with sole leather, to which 15 olten
added a rubber pad, such as are used for the
heels of boots. In the case of the simple un
expanded end of the peg, the leather shoe 1s
removable, and a new one is easily slipped on

in place of a worn one.

FiG, 168 —S0CKET PEG LEG, FOR AMPUTATION
BELOW KNEE, wiITH LoNG STUMP.

It is made of willow wood, and fitted with or without
steel side joints according to stump, and is fastencd
by a soft leather bandare above the knee 1
{ usually has a soft knee-cap for stump. The pin
is of hard waod, the end of which is either leather
r rubber covered. A shoe to lace on can also be
supplied.

Bosides the above-described wooden peg legs, which have
stood well the test of time, in recent years various metal
pylons have been devised, such as that ol Spitzy (see
hg. 169).

Anothar ingenious metal pylon 15 that devised for himself

I by Mr. Winthrop Young. This has two peculiar features:
| (1) For a short thigh stump there is a working knee joint used n
: walking as in a complete artificial limb, but this knee-joint is
i placed close to the end of the stump, and consequently at a much

higher level than the normal knee. (2) The leg part, which is
:: made of steel bicycle tube, can be shortened or lengthened at will

by means of a sleeve and catch (see hg. 170).
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i

| AT ' % b Tass 1
[h= following advantages are claimed for t

1s pylon:

Owing to the ngh position of the knee-joint, and consequent
shortness of the thagh lever, the muscles of the stump have less
work to do, and fatigue 1s consequently diminished.

2. By lengthening the leg part in going downhill and shortening
it in going uphill, walking 1s much facihitated.

| he obvious objection to this pylon 1s the unsightly a

PedlEallce

of the short 1||i_Eﬂ:.' and :C-IIE_: |-.':_1. The mventor, who 15 an ex-

IG, 160, —SPITZY's METAL Pyi

perienced mountameer, has himself found this leg of great
practical use, and proposes to use it to ascend the Matterhom.
[he pag leg is |lZl|.[i-L‘ll|Lll'|_'-.' useful in civil practice in the after-
treatment of children and young persons whose limbs have been
amputated on account of accident or disease. After the temporary
pzg. which is discarded as soon as the skin-wound is healed a

permanent peg leg should be ordere

and worn, and the length

adjusted to the growth of the patient by changing the peg for a
longer one as often as necessary, the same socket being used as
long as 1t can be made to fit comfortably.

Crutches should hardly ever be used by young amputees. - The

ption of a peg leg not only facilitates locomotion, but by

1
3 \

restoring function as far as possible to the muscles, bones, and
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other tissues of the mutilated side it encourages their development
and puts the patient, when growth is complete, in the best con-
dition to make full use of a complete prosthesis. The wealthy
may, if they wish, supply a new artificial leg and foot every year
or so during growth, but the child
appreciates the lightness and simplicity
of the peg leg. It is true that for above
knee amputations, owing to the absence
of movement at the knee, peg legs have
the disadvantage of fostering a mode of
gait in which the thigh of the advancing
limb is circumducted and swung round
in order to clear the ground, and this
habit has to be eradicated when the
complete prosthesis takes the place of
the peg leg. But this can be done by
perseverance in training, and even were
it to persist, the drawback would be
slight compared to the advantages of the

use of the peg.

It is to be much regretted that many
surgeons and other hospital officials are
in the habit of advising, or at least of
allowing, patients to go about on
crutches until they have stopped grow-
ing, instead of insisting upon the use
of a prosthesis.

Analogous to a peg leg 1s the stump boot, or elephant foot,
as it is sometimes called, which is made for Syme’s, Pirogoff’s,
and Chopart’s amputations, and is suitable to those cases, in
which all the weight can be borne on the end of the stump.
Such a boot 1s shown in fig. 171.

It 1s made of strong sole leather moulded upon a plaster cast,
and 1s opened down the front so as to allow the expanded end of
the stump to be inserted, and is secured by lacing, as shown.

Short permanent peg legs for amputations of both thighs are
described in Chapter XVIIL,, on Amputations of Both Lower
Extremities.




CHAPTER XIII

NORMAL HUMAN GAIT AND GAIT WITH AN
ARTIFICIAL LEG

NOrRMAL gait has been studied by the Brothers Weber, who
published diagrams illustrating it in the classical work on the
““ Mechanics of Human Gait ' in 1836."

These authors, however, had not the advantages conferred by
instantaneous photography and the cinematic camera. Since
their time the subject has been studied by O. Fischer in Germany,
and Amar, Marey, and Ducroquet in France, and others. Dr.
Ducroquet has studied not only normal but pathological gaits
cinematically, and has published instructive diagrams in his
book, ** La Prothése Fonctionnelle des Blessés de Guerre.”

Fischer obtained his records by means of Giessler’'s incandescent
tubes, one of which was strapped to the outer side of each thigh
and each leg of the subject of observation. These tubes were
momentarily lighted up at given intervals of time, while the
subject walked along a marked track in a room as nearly dark
as was consistent with his seeing his way.

Professor du Bois Reymond® used this method for the study
of the gait with an artificial leg, presumably for an amputation
above the knee. Two cameras with uncovered lenses were used,
one on each side of the patient, so that each camera recorded
the movements of one leg only. A spark was passed through the
tubes twenty times a second, so that twenty 1mages per second
were made upon the plate. The annexed figures show some of the
records thus obtained. (In what follows the word ** shin " is
used for the leg below the knee.) The following facts appear to be
established by the photographs taken by this method :

I. In swinging forward, the artificial shin remams much less
behind than the normal.

In slow normal gait the knee tends to bend as much as

L % Mechanik der Menschlichen Gehwerkzen o Cottingen, 18306,
= This abstract is gquoted from the Medical Supplement to the Daily

Revien ru‘lf- .‘l.l!.'r' |r'-'l:"|'"",l. fli' 55 WOl 1. .\l..lll o l‘.l,'.":-.!. , 1918, PP. 242-244
105
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16 ARTIFICIAL LIMBS

140° to 130°, but in an artificial limb 20~ to 30° less. Artificial
limbs of different makes vary much in this respect.
2., Wh

the body it remains in full extension (at knee). In normal gait

¢ the artificial limb rests on the ground and supports

the knee during support is slightly bent. Both these facts may
be noted as constant characteristics of walking movements
with an artificial leg. Both are easily attributable to simple
mechanical causes

In normal gait, if the toes are raised from the ground, the shin

instantly swings free, while the thigh is brought forward.

Through movement of the thigh the upper end of the shin (1.e., the

knee)is also drawn forward : the lower end remains at first behind,

so that the bending of the knee is accentuated. As the thigh
comes farther forward the shin follows it with increased velocity,

so that the bending of the knee again diminishes. Soon after

setting down of the foot the forward movement of the thigh
ceases, and as the shin again swings free, the leg comes at once
into extension,

In artificial limbs, obviously, the thigh cannot be drawn up at
the beginning of the swing; thus bending of the knee 1s brought
about exclusively through the lagging behind of the shin, and 1s
consequently weaker and slower. Add to this that the mean
centre of gravity of shin and foot in the natural limb is about the

middle of the shin; in an artificial limb with boot it lies lower,

The cause of the differences between movement of the artificial
limb and normal gait movements—namely, that the knee in
supporting position remains extended—lies simply in this, that
muscular action, which could make support possible in slight
flexion, is wanting in the artificial limb.

3. A third difference between the movements of the two
consists in this—that the hip of the artificial limb side, while
the limb swings, is raised considerably higher than in the natural
limb.

Since the artificial limb at the beginning of its swing cannot be
moved by muscular action either in knee or ankle jomnts and
hence swings in less flexion, it has the tendency to scrape the
floor with the toes. This can be avoided by increased lifting of
the hip. The hip must, however, also be raised if the body,
as happens in normal gait, is inclined to the other side.

Besides this, to the artificial limb bearer proper support from

the ground is wanting, such as exists at least in many kinds of
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natural gait. It is to be supposed that the artificial limb bearer
makes up for this want through a shuffling movement ol the
bhuttock. In order to-settle this point the author took rece rls
of the fore and aft inclination of the buttock n artifi ial leg:
whence it appears that lso in this the artificial limb walk differs
from the mnatural, and that much greater | elvic movements
(fore and aft) oceur than in normal

Various circumstances combine in the increased raising of the
|l' [11 s0me cases, Cspe ially of |':__'il.l'.I rs, the |Ii|- el whale
].q:.l[_'.' AT |‘,.~||:!--|| forcibly up and to the S rting side, 1m « reder
to shde |'.-|,1|":h- the artificial limb with the necessary cwin
forwards. This very clumsy movement diminishes after mor
practice, buf in most cases the increased lift of the hip remains
permanent. The wavi line which the hip describes has in
differently trained walkers different forms. In some the
cummit is reached early, and the greater part of the wave 1
taken up by the descent; in others the summit is near the end,
<o that the wave ends with a steep fall. Probably the same
object is here attained in different ways. [he rise and fall of the
wave mayv be in other cases quite symmg trical,

In connection with the excessive lift of the hip, especially in
those cases where the summit of the wave hes at the end of the
swing, a fourth divergence of the artificial pait from normal 15
found. which consists in this—that the leg, before the foot
<ot down. is swung too far forward and then drawn back. In
normal gait exclusively forward movements are made. Relative
backward movements occur, but not absolute—that is to say, th
limb moves backwards as regards 1ts relation to the trunk, but
does not move backwards as regards 1t |--:--E|§"'.| In space. Ol h
a movement 1s a waste of ettort. [t often occurs with '!IZ|-".|-'I‘;--<-'
artificial limb wearers, when either the artificial or the sound limb
makes a backward movement.

In the records the crossed lines show this movement. Such
|".'(|-c-i||;_: occurs if the thigh 15 drawn back befire the end ol
the swing of the leg more forcibly than in normal gait, in order
ta shift the shin forward. Further, crossings appear I the
plates if the leg is thrown too far forward before the foot 1s set
down. and must be drawn back again in order to reach the

ground.
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Comparison of Records of the Sound Side with the
Normal Gait.

The one remarkable deviation from normal gait on all the
records (Aufnakmen) of the cound side consists in increased lifting
up of the hip during the swing. Of this there 1s just the same
to be said as of the artificial limb side.

Besides this, one sees also on the sound side 1in some cases the

‘ crossed picture ' that is caused by a backward movement of the
leg 1n space.

[n particular, at the end of the swing the thigh is moved much
too far forwards, and then back again. 5Special attention is
called to the case of the practised artificial limb walker who used
three artificial limbs of various makes one after the other, and
each time made the same fault with the sound limb. This
observation is important, because it shows that the faults in
artificial limb gait may depend not enly on mechanical, but also
on physiological causes.

Obviously, the case is to be thus explained—that a man in the
trouble of mastering the unaccustomed artificial limb makes too
energetic movements of his stump, Through the bilateral
connection in which the nerve centres for the movements of the
leg stand to one another, this effort involuntarily causes too great
activity of the sound limb as a result. Hence, it comes about that
in learning to walk with an artificial limb it is not only necessary
to learn to carry out the correct movements of the stump, but
the sound limb also must be taught anew to refrain from excessive
movements brought about by co-ordination with the stump.

The deviations, described above, from natural pait of the
artificial limb may not be very obvious to superficial observation,
It must, however, be pointed out that they have a very important
influence on the amount of effort expended in walking. Accord
ing to Pischer, the hip in normal fast walking is raised and
lowered about 4 cm. at each step. Equally great is the rise
and fall of the centre of gravity. According to Kattzenstein and
Zuntz, the total work of a 55-5 ke. man in walking amounts to
3I5'4 mkg. a minute. The lifting of the centre of gravity
alone must in eighty steps a minute therefore be reckoned as
80 x0'04 x 555 =1776 mkg., about half of the total work. If
the raising of the hips and of the centre of gravity is double the
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normal height, as not seldom happens in artificial limb gait,
then the work caused by the lifting is increased to 355-2 mkg.
a minute; thus, the lifting alone entails more expenditure of
work than the whole walking movements do normally. If all
other conditions were to remain the same, then the work of
walking with an artificial limb would, through exaggerated
lifting of the hip, be increasd to 164 per cent. of the normal.

One can from these data estimate how much the eflect ol
walking may be increased by apparently slight alterations of
the movements made, and thus the necessity of investigating
the artificial limb in such a manner as to distinguish slight
differences in movement becomes apparent.

Further details of the method employed will be found in the
abstract of du Bois Reymond’s articles which appeared in the
Medical Supplement (as above).

Professor du Bois Reymond does not state what kind of
artificial limb was used, but it is not likely that it was one having
shoulder control on the American principle. Probably an
elastic knee extension of some kind was fitted. The differences
between the records of gait with a normal and artificial hmb
were much greater than those found in the records produced
at the Experimental Workshop. The discrepancy may be due
to the kind of prosthesis used, to the difference of amputation
stumps or of the skill of the wearers.

At the Experimental Workshop of the Munitions Inventions
Department at Thames Ditton an investigation into the normal
gait and that with an artificial limb was carried out in 1gI7.
Exposures were made at the rate of 160 a second, and the film
thus obtained, when projected upon the screen at the rate of
about sixteen to the second, produces the effect of an extremely
slow movement—much slower than any that can actually be
made—and enables observers to determine the nature and
¢xact sequence of the movements which constitute a stride.

For the following notes I am indebted to Mr. Henry Longmate,
A.M.I.Mech.E., Director of the Artificial Limb Section of the
Munitions Inventions Department of the (then) Ministry of

Munitions.*

L Since transferred to Roehampton under the control of the Ministry

of Pensions
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Analysis of Walking Movements.

The accompanying Cinematograph Chart No. 1 shows a
series of successive positions of a human leg during ordinary
walking, and was prepared from a cinematograph film of an
uninjured man who walked in his usual manner on a wooden
horizontal ]-l;'|]||-i'::| in front of a screen divided by white tapes
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The man was naked except for boots and socks, and the
““ salient points "' mentioned on the chart (the crest of the tlium,
great trochanter, etc.) were marked on him by means of plaster
discs.

[he camera was specially rapid, taking about 160 pictures
per second, and prints were taken of every eighth picture to
complete the step shown on the chart. [his required twenty-one
prints, giving the successive positions, marked 1, 2, . =+ . 2L,
shown.

An interval of about .5 second thus separates any position
from the next succeeding position. Lines were drawn on the
prints connecting the * salient points,” and the positions of these
lines were transferred to the squared paper readily on account
of the squared screen behind the subject.

These lines obviously represent the line of the thigh, the line
of the leg, etc., in successive positions every JY; second, and are
in correct relative position as regards space

It will be seen that the maximum bend of the knee and of the
ankle, and various other important facts, can be measured
directly from the chart.

[n considering these cinematograph records it is to be re
membered that the subject is wearing a boot with the NEIRRE
r inch heel and ‘ inch sole.

When the film is projected on the screen at a very slow speed,
the subject is seen standing in the position of “ attention.”
The first movement visible is slight flexion of the knee of the limb
which is about to be advanced. The heel still resting on the
ground, the pelvis next comes forward with the superincumbent
trunk. and the knee is straightened and then flexed more as the
heel leaves the ground. Meanwhile the ankle becomes more dorsi-
flexed, but becomes less so after the heel leaves the ground until,
as the foe leaves the ground, there is plantar flexion, which
persists till the heel reaches the ground again, when it gives
place to slight dorsiflexion. At this stage the toe-joint 15
extended o that the toe descends in a eurve not far from the
vertical.

The hip during this stride follows a wave-like curve, with its
first trough just as the heel leaves the ground, and its second
just as it reaches it again, the crest of the wave being midway
between these two phases, but not corresponding to the time

of maximum knee flexion.
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As the toe leaves the ground the knee is flexed 35 degrees
(145 degrees). This flexion increases as the knee comes forward
(with the toe in the air) till it reaches 68 degrees (112 degrees).

Just before the heel is set down the knee is practically straight,
but it is flexed again, so that when the heel makes contact with
the ground the knee is flexed to 16 degrees (164 degrees). The
maximum ankle movement is 21 degrees, g degrees dorsiflexion
and 12 degrees plantar.

[t is of interest to note that the angle between the line joining
the great trochanter and the external condyle, on the one part,
and that joining the external condyle and the head of the fibula
varies in the diagram with varying degrees of knee flexion, due
to the normal rotation of the tibia round a transverse axis
through its head.

In the artificial limb diagram, of course, this is not seen,
movement at the knee being a simple rotation around one
fixed axis.

The diagrams of gait with an artificial limb were prepared
from films taken of a subject having an amputation in the middle
of the thigh, walking with a prosthesis fitted with central knee
control, as described in Chapter XIV., on the Mechanics of
Prostheses for the Lower Limbs,

Cinematograph Charts Nos. 2 and 3, illustrating the gait with
a thigh prosthesis, were taken under conditions similar to those
under which No. 1 was taken, but the observation points below
the hip were placed at spots estimated to correspond to the
anatomical points upon the natural limb. In Chart No.2 only

thirteen positions of the artificial limb are shown. It is to be
noted that the crest of the ilium only moved forward o-4125 metre
horizontally in space. In Chart No. 1 it will be seen that the
first thirteen positions of the natural limb covered 0-825 metre
It appears, therefore, that the rate of progress with the artificial
limb was only about half that with natural limbs. Allowing for
this reduction of the horizental scale, the differences between the
Charts T and 2 are not great. The heel of the artificial foot
leaves the ground sooner than does that of the natural gait.
This is probably due to the restricted range of ankle movement
in this type of leg. In Nos. g and 10 of No. 2 Chart the knee 1s
checked temporarily, but in no phase does it go backwards in
space as does the knee in the chart of du Bois Reymond. The

prosthesis used was one with shoulder control of knee move-
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uxiliary elastic knee exte d rubber buffer ankle
ments. auxiliary elastic knee extension, and rubber bul ankl
action

The chief outcome of a -:_'-L!-IIL]J.:l]'i.:-IJH of these charts is the

evidence of how nearly the gait of a well-trained walker with a
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proper prosthesis approaches to ‘the normal. In Chart No. 3,
showing walking with a prosthesis down a slope of I 1n b, the
effect of the help of gravity is seen, which minimizes efforts of
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propulsion. The walk is much quicker, and there is no tendency

Lo C :1".'L'.III'.,' of the knee movement about '|'l-::':-i'|'lll'||'- g and 10,
The accompanying four plates, hgs. 175 to 178, have been
made from enlargements from exposures selected at regular

intervals from the length of film used.

In fig. 175 the subject is starting from °° attention,”’ the
prosthesis next the camera. These fifteen photographs show

a little more than one step with the right leg.

In fig. 176, taken in the course of a walk, nearly two com
plete steps of eight photographs each are shown, the natural
limb being next the camera.

In fig. 177, also taken in the course of a walk, two whole

steps down a slope of 1 in 6 are shown, the prosthesis being
next the camera.

In hg. 178 the same subject is shown jumping over a box.
[t should be noted that he alights upon the artificial foot, with

his whole weight and impetus upon it and the stump.
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CHAPTER XIV

THE MECHANICS OF PROSTHESES FOR THE LOWER
LIMBS

HowevEr cunningly devised and constructed an artificial leg
may be, the fact that its wearer has lost the muscles or musculay
insertions by which the amputated segments were controlled
makes 1ts use a very different matter from that of the hving
limb. In the case of amputation through the shaft of the femur,
the power of moving the thigh portion of the prosthesis remains,
and 1z the more efficient the longer the segment of the bone
remaining. The question of the muscular power of thigh stumps
of various lengths has been investigated by Mommsen,' and the
relative muscular value of stumps of wvarwous lengths may be
estimated from the annexed figures. It is to be borne in mind,
however, that in many stumps the muscles acquire new attach-
ments, and that therefore there may be a much better muscu-
lature than a consideration of the figures alone would suggest.
Dr. Mommsen sought to analyze the influence of the height
of amputation on the muscular action by the help of the exact
researches of Roith. In fig. 179 are shown the relative insertions
of the extensors and flexors, and in fig. 180 those of the adductors
and abductors of the hip. The continuous lines represent the
distal insertions which act on the hip-joint under favourable
mechanical conditions. The dotted lines show the insertions
of those muscular fibres which, according to the investigations
of Roith, act under relatively unfavourable mechanical con-
ditions. As to flexion and extension, there are three muscles
i front and three behind inserted into the tibia, which nearly
balance one ancther. Higher up, the long fibres of the adductor

longus, the short fibres of the adductor brevis, and the anterion

L Sy Mommsen ! Muskelp] e des oberdchenkelstimpfes.”

Mi ¥ igischz Woch 1918, No. 45: and abstract in
r '’ ] | LSTF .l.- it i | ¥ KT} i i J s f ¥ " I,

1e Wedical Subblament, Datly Heview of the Foretgn Press, vol, ii., No. 4
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fibres of the glutzus act on the hip-joint under relatively
unfavourable conditions, and the only true hip flexor is the
ilio-psoas.

The flexor muscles of the hip-joint have their insertions
relatively higher than the extensors, as the gluteus maximus
s not an extensor under ordinary conditions. In an exarticula-
tion at the knee-joint bot

1 extensors and flexors lose their

nsertions, but the balance ol power i1s not affected. In an

amputation between the lower and middle, or between the middle

and upper thirds of the femur, the flexors are much less weakened

than the extensors. There are two kinds of hip extension:
Distale
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FIiGg. 170 —DIAGREAM oF THIGH-STUMP MuscLi
Extensors and Flexors,
1. By the posterior part of the adductors and the ham-
strings.
2. By the combined action of the adductors and the glutzus
maximus.
gait on

e )

The usual kind in the erect position and ordinary
level ground is the first named. The second kind, according to
Mommsen's researches, acts only when the following three
conditions are simultaneously fulfilled:

. If the knee-joint is somewhat flexed.

2. If the suprafemoral centre of gravity of the body falls in
front of the common axis of the hip-joint.

3. If the extensors prevent further flexion of the knee and
hip the above is true for normal limbs, but without these con-
ditions Mommsen has proved by repeated examinations that the

=
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MECHANICS OF PROSTHESES FOR LOWER LIMBS L77
glateeus maximus does act in walking on level ground, but not
in short stumps.

The relative heights of insertion of the flexors and extensors
account for the prevalence of flexion contracture of the hip.
This weakness of the flexors makes it necessary to set the knee
joint as far back as pessible, in order to prevent the knee from
yvielding forwards in walking. In an artificial limb the lines
joining the situation of the tuber ischii with the knee-joint, and
that joining the knee-joint to the ankle-joint, should form an
angle open in front; for short stumps this angle-should be 177
to 178 degrees.
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Adductors and Abductors.

In prostheses for very short stumps elastic extension at the
:'1i}\-1le]]1 15 a very great help.

As regards adduction and abduction, when the amputation
15 above the knee-joint the two groups of muscles are fairly
balanced if the bone section is below the middle of the femur,
but as we ascend above that point the abductors have an in-
creasing advantage. To assist and maintain adduction it is
necessary to tighten the suspenders over the sound shoulder.
The nature of the alterations in the form of the stump which are
caused by muscle atrophy depend largely on the height of the
site of amputation. If the site is such that the adductors and
hamstring muscles are still active, it will be found difficult or

1z
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impossible to give a broad support directly under the tuber
ischii. When, however, those muscles are no longer effective,
it is possible so to shape the top of the socket that it is bowed
sharply inwards under the tuber, and affords a broad horizontal
support to that bone. This formation of the socket (Keitsiz,
ridine seat) has the additional advantage that it brings the point
of SUPPOIt farther outwards under the affected side of the [ll'l'k'iﬁ.
and therebv tends to counteract the drooping of the right hip
or apparent Trendelenburg phenomenon.

No matter what may be the muscular power over the thigh,
control over the knee and the foot is lost. Even if it were
feasible to construct knee, ankle, and foot joints similar to the
natural ones, they would be worse than useless in the absence
of the muscles which control them, and of whose co ordinated
and constant action when the limb is used we are for the most

part unconscious.

It is necessary to examine the methods by W iich in walking

the movements of the leg and foot of the wrosthesis are effected.

Supposing the leg or shin part to be [ully extended on the thigh
and the foot resting on the ground, on flexing the hip by means
of stump movement the knee will be raised, and first the heel
and then the toe of the artificial limb will leave the floor. The
knee-joint being free, the weight of the parts below the knee
will produce flexion at ihe knee. Pendulum action, or the
action of springs of various kinds, may again extend the knee.
but if active extension is necessary there are two methods of
achieving it. One is by the use of knee control cords or straps.
which will be described later; in the other method the desired
movement is effected by extension of the hip and backward
pressure of the stump. [his is only possible when the foot is
fixed, as by contact with the ground. In the diagram (hg. 181)
ihe three arrows show the main forces concerned. The end of
the stump pressing backwards tends to push the knee-joint in
the like direction. The foot, however, is fixed upon the floor,
and the weight of the trunk oOpposes a resistance to the mowve-
ment of the upper end of the thigh lever backwards, and 1ts
momentum also helps. The effect of pushing back the knee,
then, is to extend that joint. At the same time the hip is raised
and downward pressure of the foot upon the floor is increased.
In this wav the wearer of a prosthesis who is about to put his

weight upon it is able to obtain firm support Similarly, if in
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walking when the limb is loaded the knee begins to flex, back-
ward pressure of the stump stops the movement and restores
stability. This method of effecting knee extension may be
enough in the case of a long stump, but it 1s obvious that the
shorter the stump the greater the disadvantage at which the
force 1s applied, so that in very short stumps control over the
knee is but feeble. During the last few years the method of
central knee control has been used more and more in this country
by limb makers, and has been adopted as the standard by the

Fic. 181, FiG. 152 DIAGRAM OF THI
STANDARD LIME FOR ABOVE
KNEE AMPUTATION.

Ministry of Pensions in agreement with the British Limb
Makers' Association. Different makers have had different ways
of applying the method, but the principle is the same, and is
represented diagrammatically in fig. 18z,

The diagram represents a fore-and-aft section of the knee-
jr;I'IH. in which the knee bolt |:',‘ll_ passes through the knee lever ::”_Z.
the lower end of which is fixed in the staple (C) inside and at
the back of the shin piece. At the upper end of B is the roller (D)

round which the roller cord (E, E) passes.
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[here are two of these cords, a right and a left, only one of
which is represented in the diagram. The upper ends of the
cords are connected at back and front with the suspenders, of
which one passes over each shoulder. When the wearer stoops
the cords are slackened, and when he straightens his back and

throws back his shoulders the cords are tightened and their

Fic. 183.—ERNsT's PaTELLA AND ErLastic EXTENSION,

traction upon the roller, acting through the knee lever upon the
shin piece, causes extension of the knee. With practice this
action becomes automatic, so that without conscious attention
the shoulders are thrown back directly the wearer feels that his
knee is beginning to flex unduly, or when going down steps or

on a slope it is necessary to maintain extension of the knee.
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The knee lever also acts as part of the stop which prevents
over-extension of the knee. In full extension its anterior surface
is pressed against the knee buffer in the front part of the slot
in the knee piece.

Despite the safeguard against falls afforded by the shoulder
braces and knee control of the American type of limb, which
undoubtedly enable an amputee who is used to the method
to recover from a stumble, some patients have complained of the
irksomeness and constraint of the shoulder braces, and welcome
any arrangement which enables them to do without it.

The light metal limb with rather stiff knee-joints and pelvic
band dispenses with the shoulder control, and has only one
webbing strap over one shoulder, which holds up the belt after
the manner of the Sam Browne sword belt. Ewven this strap
may in some cases be dispensed with.

The older prostheses of thigh amputations had spring exten
sion of the knee, of which one of the drawbacks is that it 1s
always in action while the knee is flexed, and, if powerful, will
cause the leg to kick out when the wearer is sitting down unless
the foot is pressed upon the ground.

This spring may be a spiral one of steel inside the shin piece,
or a strip of strong elastic webbing in front of the knee, attached
below to a piece of leather called an artificial patella, and above
to suspenders or to the upper part of the thigh socket. In some
cases both kinds of spring are used in the same prosthesis.
This pattern is still preferred by some amputees (see fig. 183).

In the Hanger leg, one of the most widely used types, which
is adopted by the Belgian Government, an ingenious arrange
ment of a wooden knee lever and elastic webbing concealed
inside the shin piece affords an adjustable extending force, which
aicls the active shoulder control (see fig. 18 4)-

The forked upper end of this lever is pivoted upon a pin
placed in the knee piece behind the knee bolt. The lower end
of the lever is fastened to the lower end of a stout piece of elastic
webbing, which runs upwards to be attached by a leather thong
to the back of the shin piece about 2 inches below its upper edge.
The tension of the elastic is regulated by the tightness with which
this thong is tied. When the knee is flexed to a nght angle, the
line of upward pressure of the elastic on the lever passes through
the pivot and the centre of the knee bolt, and has then no turning

effect, the mechanism being at a ** dead centre.”

i
]

3
i
2




==

152 ARTIFICIAL LIMBES

But when the knee is flexed to less than a right angle, the
stretched elastic exerts an extending force on the knee by
pushing the knee lever upwards in a manner similar to that of
the connecting rod of a steam engine on the crank axle, the
elastic representing the propelling force of the steam in the
cylinder. This knee lever also serves as part of the stop which
prevents over-extension of the knee.

The movements of the natural ankle, taken together with those
of the tarsal joints, are flexion-extension, ab- and adduction, and
rotation outwards (varus) and inwards (valgus). Abduction 1s
normally accompanied by rotation inwards and adduction by

T1G. 184,

rotation outwards. These movements, which are very iree, are

of ereat value in the normal foot when controlled by the action

of the powerful muscles the tendons of which pass over the ankle.
Artificial feet are made which allow of a rotation movement on a
horizontal antero-posterior axis, placed in a position approxi-
mated to that of the medio-tarsal joint, but with extremely few
exceptions surgeons and limb makers are agreed that there is no
advantage to be gained by this practice. One or two makers
prefer to do without any ankle-joint, relying on a flexible foot and

toe-joint or t

ie tocker action of a curved sole for the necessary
resiliency. The older British practice has been to articulate the
foot with the shin piece by means of a wooden mortice and tenon,

through which a steel bolt passes horizontally at a level corre
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sponding to the tip of the internal malleolus of the sound limb. It
is a matter of indifference whether the tenon be part of the shin
piece or of the foot. In what has been known as the clapper foot
movement is checked in both directions by the interposition

spiral steel springs at the heel and the front of the ankle. In

FiG. IS5, — AMGLE

A. Side view of limb for amputation above knee, B. Section of limb
puta i
showing details of construction,

the so-called Anglesey leg, which was introduced as an im-
provement in or about the middle of the last century, the anterior
spring is dispensed with, and the foot is prevented from dorsi-

ﬂt"\'ill:_[_ too far by an inelastic cord, usually of careut which 1=
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securely fastened to the back of the knee above, and, passing
through the hollow shin piece, is fixed to the back of the heel of
the artificial foot. The length of this cord, or tendon as it is
generally called, is adjusted so that when the knee is extended
the foot 1s 1n a position of talipes equinus at about 100 degrees,
and when the knee is fully bent dorsiflexion some 5 degrees
beyond the right angle is allowed, under the action of the heel
spring or of pressure of the front of the foot upon the ground.
This method has been popular for a long time, but against it
may be urged the fact that it 1s not desirable invariably to
associate knee extension with plantar flexion, and that a very
slight stretching of the tendon or yielding of its attachment
destroys the action, and that this yielding is the rule after a few
week's use (see fig. 185, A and B). The Anglesey leg has the
great advantage of lightness, and is much liked by those amputees
who are accustomed to it.

The annexed figures show the mechanism of this limb as made
by W. R. Grossmith. It will be seen that this particular speci-
men has an internal knee extension spring.

In the standard pattern limbs the ankle-joint consists essen- i
tially of a transverse steel ankle bolt, to which two steel bolts
are rigidly fixed at right angles to its length. The bolts pass
vertically upwards through the hard wood ankle base and lower

end of the shin piece or socket, and are secured with nuts and
washers inside it (see Appendix). The lower surface of the
ankle base is suitably hollowed out to receive the lower half of
the circumference of the ankle bolt.

The foot is connected with the ankle base by means of a steel
staple which passes round the ankle bolt. Its ends pass through
two holes in the foot, to be secured with nuts on the sole.

The amount of ankle movement is regulated by the resiliency
of the rubber buffers, and the extent to which they are com
pressed by tightening the nuts on the staple in the sole.

This kind of ankle-joint allows generally of less movement
than the clapper or the Anglesey patterns, but it gives more
security, combined with elasticity of gait.

[n some patterns the hollow for the heel buffer is carried
right through the wood of the foot, so that the rubber protrudes,
but is prevented from escaping by a strong piece of soft leather
fixed over the opening. By this means any jar on the heel is f
absorbed by the rubber buffer, through which upward pressure
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on the heel is transmitted without the interposition of the wood
of the foot. It may be questioned whether any advantage is
gained by this arrangement, as the main weight of the body

Fi. 186, —GROSSMITH Fic. 187.— GROSSMITH ANGLESEY LLEG WITH
No, 8 LiME, MorTICE AND TEXON ANKLE-JOINT.

must be transmitted through the ankle bolt, the leather bushing,
and the sole of the foot.

Ball bearings for the metallic joints of prostheses are used
by some manufacturers. The idea is an attractive one because

ball bearings are well known, and it is recognized by the public
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that they save a great deal of friction and useless expenditure
of energy in the case of bicycles and other machines. But the
cases of such machines and of prostheses are very different. In
the case of a bicycle wheel which is revolving many times in a
minute there is a great advantage in ball bearings. The joint
of a prosthesis, on the other hand, in no case is subject to a com-
plete revolution or to fast motion. The movements are slow
and of small range; probably no joint moves through an angle
of more than 30 degrees in ordinary locomotion. The sole real
advantage of these joints is their adjustability. To a certain
extent the wear of the joint can be taken up by tightening the
serew cone or replacing worn balls by new ones,

For these reasons the Ministry of Pensions, with the con
currence of engineers, surgeons, and limb makers, decided not to
use ball bearings in the joints of standard limbs.

It has long been the practice of the best limb makers to fit
brass or phosphor-bronze bushes in steel joints in situations
where leather bushes are inapplicable.

Broadly speaking, there are two kinds of steel joints used in
all sorts of prosthetic appliances. The simplest and cheapest

is the lap-joint, which consists essentially of one piece of steel
overlapping another, with a screw or bolt passing through
perforations in both. The belt 1s prevented from turning in one
of the stee
the other steel moves upon the bolt. These lap-joints are weak
and do not wear well; their stability depends entirely on the

bolt or screw which draws them together.

s, with which it moves as if it formed part of it, and

The mortice and tenon, or male and female joint, 15 a much
more efficient mechanical device, which is almost universally
used in the best work. The female part or fork is cut out of
solid metal with a milling machine or other tool. The male part
which fits accurately between the jaws of the fork, is bored
with a perforation larger than those in the latter, so as to leave
room for a bush, which consists of a ring of phosphor-bronze on
which the bolt or screw, which is fixed to the fork, turns. [f
the joint 1s p]'n]:(-r[_\' mounted and not exposed to improper
lateral strains, the wear will come chiefly upon the screw, and
the faces of the mortice and tenon will last for a long time with
out serious deformation.

The bush and the screw are both easily removed and replaced

when worn.
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All complete prostheses for the lower extremity represent
attempts to imitate the lost member not only as a means of
support and locomotion, but also by providing ornamental parts
for the sake of appearances and movable joints to take the
place of the natural ones and to allow the normal movements,
as far as these are possible and consistent with the maintenance
of stability.

It must be remembered that, looked at as a complete whole,
any articulation in a limb consists of much more than the osseo-
cartilaginous, synovial, and ligamentous parts, for the muscles
and their tendons which pass over the joints play a most im
portant role in regulating and limiting, as well as causing, the
movements of the bones, and that without their aid and support
the usual physiological functions of the joints could not be
carried out.

Unfortunately, in prostheses the muscles cannot be repro-
duced. and the elastic accumulators, which are sometimes called
“ artificial muscles,” are really only artificial elastic ligaments,
fulfilling functions analogous to those of the ligamentum nuchw®
in ruminants.

For these reasons it is not advisable to provide for all the
normal movements in artificial hip or ankle joints, because the
muscles that should control those movements are wanting, and
although makers of prostheses have from time to time devised
and advocated such joints, they have not been generally
adopted.

[n the Bly leg, which is described in the historical section
of this work, an attempt was made to represent the five principal
muscles of which the tendons pass over the ankle joint, but
although this limb was highly spoken of by H. H. Bigg, it has
fallen into disuse and oblivion. In some of the feef made
in the present day there is an additional joint with an antero
posterior horizontal axis placed in front of the usual transverse
ankle-joint. This joint allows rotation of the foot, and is in-
tended to represent the movement of the natural astragalo-
scaphoid joint. Dr. F. Martin of La Panne, in his monograph,
‘ La Prothése du Membre Inférieur,”’ published in 1918, strongly
advocates a similar mobility.

[t is argued plausibly enough that it must be an advantage
to accommodate the sole of the artificial foot to obliguities of
eround level, as in walking on a sloping sidewalk, and that, in
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the absence of this adaptability, undue strain is thrown upon
the stump, but this advantage is in practice found to be out-
balanced by the grave disadvantage of insecurity. Patients
whose ankle-joints have accidentally become loose so as to allow
of this lateral angular movement generally complain of it and
ask to have it done away with.

On the other hand, some limbs without any ankle-joint move
ment have been, and are, popular, and many patients walk well
with them.

The advantage of a stiff, or relatively stiff, ankle is found in
the support which is afforded by the front of the foot in walking
when the opposite limb comes forward, and which enables the
artificial limb to be used as a means of propulsion from the toe
when in its most backward position. The same object is aimed
at in the Anglesey tendon leg, which was therefore a great advance
upon the clapper leg. A considerable degree of freedom of
movement in the ankle is no doubt useful in going up and down
steep hills, but this advantage can only be gained by the sacrifice
of a certain amount of security.

In an above knee limb, when the ankle-joint mechanism
allows too much dorsiflexion, it will sometimes be noticed that
there is an unsightly eversion of the foot after the heel is placed
upon the ground and before the toe comes down into contact
with it. When this occurs, patients generally will complain of
It because of 1ts ugly look and a sense of insecurity. It is easily
corrected by what is called ‘ increasing the resistance in front
of the ankle ''—that is to say, by reducing the range of dorsi
flexion, by increasing the thickness of the instep rubber buffer,
or, in the case of a tendon leg, by tightening the heel tendon.

This tendency to rotate out the prosthesis is not due to the
shape of the top of the socket, which, as already stated, often
produces inward rotation when weight is put upen it, but is more
probably due to the preponderance of external rotators among
the extensor muscles of the stump, which are in action as soon
as the heel comes down upon the ground. If there is enough
resistance in front of the ankle to hold the foot slightly in the
equinus position, the toe comes down upon the ground so soon
after the heel as to prevent the outward twist of the limb.
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Alignment of the Above Knee Leg.

The relative positions to one another of the segments of an
above knee limb are important, and care has to be exercised in
assembling the parts accordingly. This is often called the
“ alignment of the limb."”

The foot and ankle-joint are connected with the shin piece
in such a position that the foot is everted 5 degrees that is to
<av that the outer end of the ankle bolt is placed a little farther
forward on the foot than the inner end, and the leather bushing
and holes for the ankle staple are disposed accordingly. The
heel should not project too far backwards beyond the back of
the ankle base. The ankle bolt should be placed transversely
under the middle line of the shin piece, so that in the erect
position it shall be vertically under the knee bolt and its axis
parallel to it. Some makers prefer to place the ankle-joint
farther forward, and at an angle with the knee bolt, but the
practice appears disadvantageous.

The position of the knee bolt in the knee piece has been
already determined as well behind the centre line of the thigh
segment of the limb. The side steels attached to the shin piece
into the upper ends of which the knee bolt is screwed, however,
are attached on the middle (transverse vertical) plane of the
shin piece. Consequently, when the joint and the attached
segments of the prosthesis are assembled, a continuation verti-
cally downwards of the front line of the thigh segment will fall
clear in front of the shin. Extension of the knee being limited
by the thigh buffer or, in certain types, by knee check cords,
these are so arranged as to allow slight hyperextension so that
in the erect position the vertical line through the centre of
gravity of the trunk shall fall well in front of the knee bolt, thus
conducing to stability.

[f it be necessary to reduce the hyperextension, it 1s
easily done by thickening the buffer or tightening the check
cord.

[+ is obvious that the farther back the knee bolt is placed, the
less the danger of the knee giving way forwards under the weight
of the body. If however, it is placed too far back, the gait
with a short thigh stump is apt to be stiff, owing to difficulty

flexing the knee.
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The position of the hip-joint of a pelvic band in an above knee
,I. leg has already been discussed. The aligament of an artificial
;l- ileI'll which owverlies a natural lei-Hl is, however, of little im
I portance in this connection, as stability is determined by the
| latter. In the case of a prosthesis for a hip-joint amputation
! the position of the hip-joint is important, and will be discussed
in the section dealing with the

No. 1 limb.
The size and disposition of the
rubber buffers at the heel and instep
| have important relations with the
| control of the knee-joint of an above
_ 4 knee prosthesis. If they are so
i I t arranged as to allow too easy dorsi
| flexion, as in B, the upper end of the
| shin piece comes forward, and the
knee is encouraged to yield. If, on
A B the other hand, there is much

Fra., 188

resistance in the heel and the foot

In this diagram it is assumed

that no movement attheankle

ispossible, The arrows repre- when the sole is flat on the ground

sent the direction of the

force of gravity, transmitted

9 through the knee-joint. In back and extension of the knee is
1L} A this force tends still further Ey A AT,

to exiend the knee, but in B "”l'””['i:'-:l'(l- A similar effect is seen

it tends to flex that joint in children who have walked for

some time with uncured talipes

equinus in whom hyperextension (genu recurvatum) is a com-

is held in plantar flexion, as in A,

the upper end of the shin piece goes

mon symptom. The annexed diagrams may make the modus

operandi more clear (see fig. 188).

A properly shaped socket will fit the stump correctly in one
position, and one only. If it is twisted or otherwise shifted
- from this position it will not be comfortable.

Therefore adjustments intended to produce more eversion or
inversion, etc., after the limb is assembled must be made by
altering the relation between the socket and the parts below it.
j This can only be done by detaching the socket from the parts
below and fixing it to the knee-piece or shin-piece (as the case
may be) in a new position, after any necessary modifications of
the opposed surfaces have been carried out.

That peculiarity of gait with an above knee prosthesis, which

15 known as double action of the knee, sometimes gives trouble.
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It is not always easy to determine which of several possible
causes is responsible for it.

This phenomenon is the result of extension of the knee
being divided into two distinct phases. As the trunk comes
forward on the prosthesis, the foot of which is on the ground,
extension is nearly effected in one continuous movement, all
but a very few degrees. There is then a momentary check
to the movement of the joint, which 1s soon overcome with
a slight but unpleasant jerk. An occasional cause of double
knee action is too much resistance at the back of the ankle-
joint—i.e., that the heel rubber is too large. In that case,
as the heel is placed on the ground and the hip and trunk
come forward, the toe does not come down quickly enough to
check the forward movement of the knee and allow the thigh,
as it were, ** to catch it up.”

This, however, is only one of the possible causes of the pecu-
liarity. Insome cases it appears to be due to a faulty alignment
of the thigh socket upon the knee piece, in which case it may be
necessary to fit a new knee piece and set the socket further
forward upon it. In some obstinate cases 1t is thought to be
due to idiosyncrasy of the patient—a kind of stammering of the
muscles controlling the stump.

Exact rules for alienment, which depend upon measurements
based on the contours of segments of the prosthesis, are apt to
be illusory, seeing that those parts of the latter which do not
enclose the stump may be shaped by the maker arbitrarily for
various reasons, msthetic or otherwise. For instance, some
makers shape the thigh socket and shin piece of an above knee
leg for a short stump in the form of a scimitar (see hg. 159).
It is almost impossible to lay down rules for the p wition of the
knee bolt, based on the anterior or posterior line of the thigh in
such a case.

Similarly, the calf may be made large or small, and
the position of the middle line of the shin piece affected
il'll..!'l'l.'.l":'-.'.

The materials of which artificial legs are made are wood,
leather, metal, and compositions such as certalmid, celluloid,
or shavings and glue, as m de bv Dr. Martin at La Panne 1n
Beleium. The wood chosen is almost always willow, which has
been found by long experience to fulfil better than other woods

the requirements of lightness and strength. It is best when
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naturally seasoned bv long exposure to the atmosphere and to
the changes of temperature of the English climate. For this
purpose the logs are usually stacked under a - hed, which protects
them from the direct impact of rain and
snow, but allows the air to circulate

g

freely around them.

Under the great stress and demand for
willow owing to the war, it became
impossible to obtain enough naturally
seasoned willow, and for much of the
material used methods of artificial and
comparatively rapid seasoning had fo
be substituted. This method consists
essentially of the application of artificial
heat. and has been long known. During
the Indian Mutiny, when seasoned wood
for the manufacture of carriages and
wheels was scarce and transport was
urgently needed, Stewart Clarke devised
ad vsed a method of baking green wood
with complete success.

Although limb makers prefer the
naturally seasoned wood, that artificially
seasoned has proved useful, and with

attention to various details of prepara-
F1c. 189 tion there is apparently no reason why

the process should not be successful.
Willow, like other soft woods, is liable to attacks by insects.
Caterpillars, such as that of the willow hawk moth, may make
large tunnels in it, and the larva of the sawfly often burrows

into it and forms its chrysalis in it. These are generally dis-
covered when the wood is sawn up and roughly shaped, but
they have been known to escape notice in a remarkable manner.
The thigh socket of a prosthesis now in the Natural History
Museum (Entomological Department) was taken from a limb
which had been worn by a patient for some time before the first
of some dozen sawflies was hatched. The flies (Xiphvdria drome-
darius) were unable to penetrate the hard raw-hide covering of
the socket, but made their way out on the inner surface, to the
annoyance and dismay of the patient.

Stout leather has been much used for the sockets of artificial
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limbs, and by some makers and some amputees is preferred to
wood; for the pelvic sockets leather has held the field, and is
only now being rivalled by such compositions as celluloid and
certalmid. Wood is quite unsuitable for these sockets. The
leather used is that kind of ox-hide which is known as sole butt
or bend.

The advantages claimed for leather are adaptability and
freedom from any tendency to split. On account of its flexi
bility, a leather socket can be made adjustable by means of
eyelets and laces, or straps and buckles; but as the lower end
of a leather socket must be attached to a rigid wooden part,
1t 1s only at and near the top of the socket that any real
adjustment can take place. A well fitting socket is seldom
circular, but often roughly triangular in section, but when
such a socket is drawn in by tightening the lacing or straps,
it at once begins to assume a more circular or cylindrical
form, and loses its accuracy of fit. Prostheses with leather
sockets are heavier, other things being equal, than those with
wood, because not only is a leather socket of sufficient rigidity
heavier than a wooden one, but the leather necessitates metal
plates to make its junction with the wooden knee or ankle part
strong enough.

Wood has the drawback of having a grain, and being therefore
liable to split. It is, however, lighter than leather, and as
requires no metal plates to strengthen the junctions between
its portions, the resulting prosthesis is still lighter than that with
a leather socket. Moreover, a wooden socket can be accurately
fitted and adjusted to all the irregularities of a stump. This is
specially important in the case of a st ump below the knee, which
presents several bony prominences which require accommodation.

Lhe practice, introduced from the United States, of covering
the wooden parts of leg prostheses with raw hide very much
increases the strength of sockets, etc., thus illowing them to be
reduced in thickness and rendering them less ¢ lumsy.

The hide used is not the whole thickness of the skin, but a
thin lamina of it, which, when thoroughly dry and varnished
15 only of about L. inch thick. This is applied after it has been
soaked, 1n which condition it is much swollen and phable. Itis
then glued to the socket temporarily fixed with small tacks,
thoroughly dried, its overlapping edges smoothed down and
then coated with shellac varnish. In its moist condition the

I3
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|::.-|: can be |I‘:1.-:. '.|--.--t|_\ ix-l'.'.l-.l. CUIr'ves and bhosses without
wrinkles.

Aluminium and its alloys, <uch as duralumin, is the only

i.'_I'."\.I.-| W 'i|i: h has beecn ||---1':. in ||'.||:'.- 11l ‘..l:u-. 5 101 the .-»lh_'?:.l-l--. BLC;

ostheses. While it 15 not so adaptable as wood or leather,
-+ has the great advantage ol lightness, and this has rendered

legs made with 1 popular to an extent which is perhaps hardly

iustified by its advantages, seeing that the saving in weight 1s

not very great. A very expensive and very good limb is made
of duralumin, and no doubt its lightness accounts 10 SOME ¢ xtent
for its popularity; but there are other valuable and important

advantages in the limbs made b} the particular limb maker 1n

question which have at least as much to do with its popularity
and undoubted success.

'|u'_||:_-] anel l-\'|'1:=.|l“-ii'._ HE] Ii-.'--"|i5.u'|'| in the :n-.-.!i-*ll 0N dl'Tis,

L

are materials which are also used for the sockets of leg prostheses.
hev have the advantare of lightness and absence of grain, and
their use will probably increase in the future. These materials
are always moulded upon plaster casts ol the parts in questiofn.

As used in the Ministry ol Pensions’ light legs, they have not the

disadvantages of leather.




CHAPTER X\

THE BRITISH OFFICIAL PROSTHESES FOR THE LOWER
EXTREMITIES.

L HE types of limbs most often used for amputation of the lower
extremity are eight in number. Like the arms, these are dis
tinguished in the Ministerial list by numbers, which form a series
corresponding to sites of amputations from above downwards.

No. I. A hmb for disarticulation at the hip-joint or amputa
tion so close to the joint as to leave no useful stump for the
attachment of an above knee limb.

No. 2. l'or above knee amputation, leaving a short stump or
one which for some reason is not able to control the prosthesis
without an artificial hip-joint and pelvic band.

No. 3. For above knee amputations, leaving a stump long
enough to give good control of the prosthesis, but not too long
ar IIi.'.ill_; the usual knee bolt and control mechanism.

Nos. 5 and 0. For amputations through the knee-joint o
condyles,

No. e ]‘.Il:'-':|||5_' !l.':_'_. | B ..||:|-'.|r|I_1||||-. below the knee 1n
which for any reason the leg stump cannot be utilized.

No. 8. Below knee leg.

No. II. For leg stumps with knee-joint ankylosed in such a
position that No. 7 limb 18 not il:_.:-l:.ll-li.iiliil..l.,.

No. 12, For long stumps for which artificial knee-joints and
thigh corset are not necessary.

No. 13. For Syme’s amputation.

No. 16. For the same when the stump is not end bearing.

No. 18. For Chopart's amputation.

Nos. 4, 9, 14, and 17 represent limbs that are so seldom
required that they are only ordered for rare cases, and are then
specially prescribed.

Lhe chief difficulty in devising a prosthesis for disarticulation
at the .fllii' 15 caused by the circumstances that while a joint at
the hip 1s a necessity without which the wearer could not sit

935
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down, in order to secure sufficient =TH']'I_L{':[’. and ]'Iﬁi";ﬂ_‘..' it is
necessary to attach the prosthesis to the stump socket by means
of steel joints on the inside as well as the outside, and that it
is obviously impossible to place the inner joint anywhere near
the inner end of the axis of flexion, because this is situated deep
in the pelvis.

If the joint is displaced downwards to meet this difficulty,
on sitting the thigh part will be on a plane below the seat of the
chair, and will prevent the assumption of a comfortable posture.

[his is shown in the annexed diagram (hg. 190, a).

SrEEL Qi

Fic, 1g0.—{a) IMAGRAM OF STANDARD FITTING FOR Hir DISARTICULA-
rioN. (3) DIAGRAM OF A QUADRANT HIP-JOINT FOR DISARTICULATION.
A, Centre of gquadrant; a, centre ol anaton ical hip-jeint (acetabulum};

B. tuberosity of ischium: C, thigh piece extended; D, thigh piece

fAexed.
'he normal mechanical device for the solution of such a problem
is the provision of a quadrant on the inner side of the thigh part
to which a corresponding quadrant on the socket is connected,

¥

e one working on the other with intervening rollers.

The centre of curvature of the quadrant theoretically should
be on the axis of the normal hip-jeint. As, however, the centre
of the acetabulum in the sitting position is situated not more than

2 inches above the lower border of the ischium, the correct
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radius for a quadrant would be little more than this. Assuming
that the pelvic stump with its covering of soft parts measures,
from back to front, g inches, the segment of a circle which must
contain this stump must have a radius of at least half that
amount—that is to say, 44 inches. If, then, the arrangement
is to work, the outer hip-joint must be placed about 1} inches
higher than the joint on the sound limb; but this asymmetry is of
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small importance (see fig. 101). With such an arrangement, in the
sitting position the thigh part would assume the natural situa
tion in front of the pelvis, and its posterior surface would rest
evenly on the seat of the chair. Such a prosthesis with an
ordinary outer hip-joint and quadrant and rollers on the inner side
has been made by Messrs. Arnold and Sons, and worn with satis-
faction by a patient having the necessary patience and endurance.
[ am indebted to the superintendent of the Experimental Work
shop at Roehampton for the annexed diagrammatic sketch
of its mechanism (see fic. 191). Detailed descriptions of limbs

constracted on sumilar |;ri_]h:i]]|-e'-' will be found in (. "‘.‘I_‘]'IlL'bl-l'.-:._!‘{'!"--'.
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article in ** Ersatzglieder,"" etc., 191g, pp. 642-645. The objec-
tions to them are, however, great. In the first place, the design
1

s mherently weak, and in order to render it resistant enough

the parts have to be somewhat massive, and the whole prosthesis
too heavy. Secondly, it is exceedingly difficult to prevent a
considerable amount of shake and rattling in use. Thirdly, the

quadrant, which is a segment of a circle extending from the

bottom of the socket to a point in front of it, and as high up as
about 1 inch below the level of the anterior superior iliac spines,
cannot be closely adapted to the socket, the contour of which
in this place is seldom or never a segment of a circle. TFourthly,
even if it were suitable for a true disarticulation, it could hardly

be applicable to the fairly numerous cases in which several

inches of the shaft of the femur remain and project in front,
as these would require a quadrant of too long a radius, and
consequently too bulky. In practice, therefore, the anatomically
equally faulty prostheses, with the joint centres situated at the
level of the inner side of the bottom of the socket, are to be

preferred.

The No. 1 Limb.

The usual prosthesis for disarticulation at the hip-joint has
been rather inappropriately called a * tilting table.”” As it has
no resemblance to a table, and does not tilt more than any
other socket with a joint to it, some other name would have
been better. In the classification adopted by the Ministry of
Pensions it 18 known as a No. 1 leg, and 1t may be most con
veniently so called. When the No. 1 leg is fitted to a short
l||';.i;.|| stump ol, say, 4 or 5 inches of femur, the latter should
be flexed and the socket fitted with it in the sitting position,
s0 that weight is taken not only on the ischium, but also on the
posterior surtface of what remains of the femur (see fie. 1g2).

The socket of this limb is made most often of leather, but
sometimes of celluloid or certalmid, and is supported by thin
steel plates, one of which, the tuber plate, passes under the
tuberosity of the ischium, to be riveted in front and behind to
a steel pelvic band which embraces the upper edge of the
socket.

The socket is carried up only far enough to get a good grip

of the pelvis, and in no case should extend above the highest

part of the crest of the ilium. In front it must be somewhat
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lower, so as to allow the wearer to lean forward when sitting
by means of hyperextension of the lumbar spine. The anterior
superior iliac spine should be included in the socket. It 1s
nsually moulded upon a plaster cast of the pelvic stump, no
matter what material it is made of, although some makers are
Very cuccessful in fitting leather sockets from measurements
and trial.

[he steel plate which carries one component of the outer
hip-joint 15 riveted at the top to the pelvic band, as well as
to the leather socket below it. This joint is not one used in
locomotion, but its sole function is to allow of the patient's
sitting down. The height of this joint is determined by the
position of the inner hip-joint, which is placed as high up as
possible under the lowest part of the tuber plate. In order to
ensure that the centre of the inner hip-joint shall be placed as
high as possible, this joint is made of as small diameter as is
compatible with sufficient stre neth. It is carried on a bracket,
which is riveted securely to the tuber plate.

Theoretically, the two hip-joints might be placed on the same
transverse (coronal) line, neither in front of the other, and at ti
same level, in order to ensure that, when the hip 1s flexed, as in
sitting, the knee and leg should be in a sagittal plane |J-:;i‘.1‘.i.1|_'_:'
straight forwards at right angles to the general front of the body.
[n practice it is found that if this is done the prosthesis will
appear abducted in the sitting ]1c:.,-i1:_n1|, which will be unsightly
and inconvenient. It is customary, therefore, to bring the
outer hip-joint a little forward, thus producing slight rotation
‘nwards. and at the same time to lower it slightly, thus producing
slight adduction and bringing the limb well under the pelwvis
when extended.

[he inner hip-joint in the extended position, when the patient
is erect. should be situated vertically over the inner ends of the
knee and ankle bolts.

When the thigh and knee are rotated inwards in the sitting
position, the leg carrying the foot with it will be thrown out-
wards, so as to give an appearance as of knock-knee. This
must be corrected by rotating out the knee piece on the thigh
':ai-:-i‘:' S0 as 1o |‘ll|1]5:|'1|--:|‘:u- for the i:]'»'n';al'xl rotation at the !':1":'.

The outer |'.i'!r-'iliil]1 15 ]:I'-.ﬂ-."':-l:-ll with a lock, which locks the
joint automatically as soon as the limb 1s fully extended, being

pushed into action by a spring. The weare unlocks the joint
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when he wishes to sit down, by pulling on a knob or sleeve.

This can be done through the I.I! ing or

conveniently by the

hand in the trouser pocket.

Fre, 1gz.—**TILTING TABL] AME BY F, G. ErnsT, Lonpox

The action of the leg is as follows: In the upright or
standing poesition the patient has the outer joint locked by
means of the ring catch, and walks with the leg perfectly rigid
at the hip; but when desirous of sitting, the trigger is raised
and the joint is made free; this joint now acts as a hip-joint,

enabling the patient to sit down, as shown in fig. 193, the
tilting table still being in position on the stump. When the
]3?11]--.1” desires to rise, the ]ii]]-_::ll'il]t locks :Ll_l1c:r:1;1[j-c'u]{.‘-.'
(fig. 194). The limb is attached to the body by * Ernst’s”
pelvic band.

There are two types of hip lock, the ring catch and the bolt
and slot. The ring-catch joint is well known among or hopadic
surgeons, who use it frequently to lock the knee-joints of instru-
ments for paralysis of the guadriceps. In this lock the male
part, which is below, is prolonged upwards between the jaws
of the female part, so that on flexion of the joint it protrudes
between them, but is flush with them in the extended position.

Locking 1s effected by a steel sleeve or ring which slides down
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over the two parts and prevents movement. By adding
spring which pushes down the ring, the joint i1s made to lock
itself as soon as it is fully extended.

[n the bolt-and-slot type of lock the female component of
the joint is situated below, and its

wards. This jaw |

has a slot cut in it parallel to the axis of the

outer jaw is prolonged up

steel plate and of the limb, into which a holt is pushed by a
spring when extension 1s complete.
There can be little doubt

that the ring-catch lock is the better
and stronger one of the

two, and one of this type has been
standardized by the Ministry of Pensions.
The lower component of each hip-joint—the male part when

a ring-catch lock is used—is fixed by means of copper rivets
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to a wooden thigh piece, which serves to fill out the clothing and
at the same time fulfil the more important role of connection
and support between the pelvic socket and the knee piece and
leg below. The upper part of this thigh piece has to be cut
awav in front in order to allow of flexion at the hip when the
wearer sits. and it has also to be cut away behind in order to

make room for the seat of the chair, for the reasons already
stated. This cutting away of the thigh piece much weakens it,
so that occasionally the wood splits and the hip-joint breaks
away from it. In those limbs which are made with a metal
framework continuous with the knee-joint this source of weak-
ness is avoided, and the thigh piece becomes ];Lu'l-'i\';-ll'..l:nvl'.hl],

as will be seen when metal limbs are described later
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'he wooden thigh piece already described is almost cylindrical,

but ':]:-:-l.“"I-"- l.'I'II!':!'I-I al il,-i lower « nd. which joins the I|||'I 'Il.. the

knee piece, to whicl it 15 fixed by glue and four or more hard
wood kevs, the joint being further strengthened by the raw

& covering the whole segment.

fui
[his is the usual practice, and the most convenient, but the
1.".i-.5£. and knee may b made 1 on« ]-:.--'l'. he knee PLecs 01

1 1

ihe standard limb has been ady described, together with the
|'|-||1":|! knee |'||,‘]'_I'-..-|. [ts curvature 15 the SeSment of a circle
of which the centre is the centre of the knee bolt, so that the
top of the front of the shin piece, which is carried as close as
practicable without touching, shall preserve that relation in all
staes of flexion. The back of the shin piece 1s cut away enough
ey allow full flexion of the knee : this must be so much as to allow
the patient to kneel comfortably with the point of the toe resting
on the ground, which corresponds usually to an ancle of
75 degrees hetween the longitudinal axes of the thigh and chin
eOTNents.

The knee piece 15 connecte: with the shin piece by means of
(RL) -\::-|a.- steels, which are riveted to the wood of the latter and

|‘.||i|'|‘| above it 50 as to lie one on each side of the knee |'-Il"'|'

The knee bolt passes I||"i-'1;j'!| circular threaded o IENIngs 1n the
| | :
side steels and through the wood of tl

it is separated by a leat

e knee plece from which

ly called a bush.

] ] 16T |'.1I5II.:_' technica
The knee bolt, which is slightly tapered, 1s scre wed into the side
steels and secured with a lo l{i:]h screw. 1hus the knee bolt
turns with movements of the shin piece, and friction takes place
hetween it and the leather bush. Moving with the knee bolf

are the rollers of the central knee -L'-'f||1"ln|.. which are elther

attached directly to it, as in the Hanger limb, or to the knee

lever, which moves with the shin piece and knee bolt, as In
the Rowley pattern, which has been adopted for the standard
limbs.

The shin piece, which is shaped to resemble the natural calf,
mav be made all in one piece with a solid lower end, or it may
be in two pieces with a keyed and glued joint. In either case
the solid lower end is slightly expanded to represent the shape
of the ankle, dand to 1ts lower surface 1s I:_l":l'Ll the hard wood

_!_1I-.C|-.' |'|],|||'-|.h '-.'L}'Ill !_'LI!I"'.I:]'-.' |'|:'_l|:' .||' .i"l:l.l.'ll_ WOOOR,

ankle, forw ards to

r.-'«ii":m::.r-l laterally to the width ot the natura

represent the beginning of the instep, and backwards that of the
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heel, or rather of the tendo Achillis. It is further secured by
two steel wood screws., The under-surfaces of the front and
back expansions bear upon the rubber heel and instep buffers
Through the ankle base and the solid end of the shin piece two
bolts pass upwards which carry the ankle bolt and its grooved
bronze bush. These bolts are secured inside the bottom of the
shin piece with washers and nuts, and they, as well as the wood
screws, hold the ankle base firmly in position. The ankle bolt
1s thus one with the shin and ankle piece, and movement takes
place below it in the joint between it and the top of the foot,
which is shaped to receive it and the bronze bush. This part
of the top of the foot is covered, where exposed to friction, with
a raw hide bushing. The functions of the bronze busn are:
(1) To take the friction of the steel staple; and (z) by being
partially imbedded in the hide bushing below, to prevent lateral
play. The ankle staple of steel passes over the bronze bush, in
the groove of which it rests; its two limbs, which are screw
threaded, pass through two holes in the foot and in a steel plate
on the sole, to be secured by two steel nuts and a locker plate.
[hese and other details will be more clearly understood by
reference to the specifications and drawings of the standard limbs
of the Ministry of Pensions.

The toe iLJillI should he l.lt.:ll_'{"':.i at the j'.]llt'1:.||]] of the
anterior third with the posterior two-thirds of the foot, with its
axis at right angles to the longitudinal axis of the foot. In the
older types of leg the toe piece was hinged to the rest of the
foot by means of a brass hinge fixed to its lower (plantar)
surface. The upper part of the contiguous surface of the toe
and of the foot were cut away, so that when the toe was fully
extended there was a gap, V-shaped in longitudinal section,
between the upper surfaces of the two parts.

In this gap a spiral steel spring or springs was inserted, which,
being compressed by dorsiflexion of the toe-joint, expanded and
extended the toe as soon as pressure was removed. With the
substitution of a hinge of balata or leather for brass and of
indiarubber for spiral steel spring

e

e

the above description

applies to the toe-joints now generally used. The toe-joint is
covered in above with thin leather, as described in the specifica-
tion in the Appendix.

A toe-joint without spring, but with a lever which extended

the toe on pressure of the sole on the ground, at one time was
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used, but may now be considered obsolete, and need not further
be described.

Rubber feet have been used for many years, and if made of
good material they are very durable and at the same time
resilient. The well-known leg of Marks of New York has been
made for years with a rubber foot and no ankle- or toe-joint, the
pliability of the rubber acting instead of the joint. This foot
has not, however, been popular in this country. Solid rubber
feet have the drawback of weight, but the sponge rubber foot
lately introduced by Messrs. Rowley 1s as licht as a wooden foot
and very resilient. Its construction is shown in the annexed
figure, where I is the sponge rubber, 2 and 3 are the instep

tl

and heel buffers of rubber, and 4 points to the ball bearing

wor buffer : 2. heel rubber buffer ; 4, ball
ng ankle-joint,

Sponge rabber; 2, instep r

ankle-joint. The lightly shaded part of the figure represents the
wooden shin piece, ankle base, and foot core.

Artificial feet should always be madé to ht the fellow of the
boot worn on the sound foot. If the foot were made an exact
counterpart of the sound foot, it would be found impossible to
oet the boot or shoe on to it, because ol its unylelding nature.
It therefore has to be made narrower and slightly smaller, but

not eo small as to be loose in the boot.




The No. 2 Limb.,

[he No. 2 limb for short thigh stump and the No. 3 for longe:
thigh stumps differ only in the circumstance that the former is
fitted with an artificial hip-joint and pelvic band

Pelvic bands and artificial hip-joints have been used for many
vears by orthopadic surgeons in the walking instruments of
cases of flaccid paralysis. Some kind of pelvic band and hip-
joint has been used from time to time for artificial limbs (se
A. Hofta, ** Lehrbuch d. Orthopidischen Chirurgie,”’ Stuttgart,
18g1), but the pelvic band and hip-joint, as used for instruments
for paralysis, was adapted to artificial limbs by F. G. Ernst
some years ago, and came into general use in this country for
short thigh stumps in 1915 (see fiz. 183 on p. 180
The uses of a pelvic band and hip-joint are to limit the move

ments of the prosthesis, when from shortness of the stump o1

weakness of muscles or other complication it cannot be con
trolled by the stump alone, and to prevent a short stump
from shpping out of the socket. The hip-joint generally fitted
allows the full range of flexion, but strictly limits ab- and
adduction.

The fli]J-ill'_Ill 15 of steel, and consists of an Upper \le-lil.' and
lower (female) part connected together by a steel screw bolt.
I'he male part, which bears the friction of the bolt, is lined with
a phosphor-bronze bush. The bolt is prevented from working
loose by a locking plate or a grub screw. The male part, which
is T -'“I!"E”"l above, 15 riveted to the steel of the 'iulx'l-;' band.
T
iliac spine to a point in front of the other, and should be placed

1¢ band extends from a point in front of one anterior superios
at such a level that it is not so low as to impinge on the top of
the socket when the thigh is fully flexed, but yet so placed as
to lie below the erest of each ilium. The centre of the hip-joint
If-‘l.'il'.l:_:' '_:?|:1-. ed so as to -i"-i]l'l'l"h:Jllj]-C:_ to the level of the fp of the
great trochanter, if the male part is too long the band will lie
too high ; if it is too short, it will touch the socket on flexion.

The ;1-L'|‘.'i-' band is made of shear steel 11 mmches wide and o
No. 16 to No. 18 imperial wire gauge in thickness, and it should
be fitted carefully and accurately to its place on the pelvis
before it is tempered and before the male part is rivet

eted Lo 1L.

After tempering, it should be placed again in its proper position

a5 :h.l.]i_'j.' horizontal as j:-::-_-»_«L';:lL; as viewed from the side, I'he

e
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position of the male part upon it should then be marked out,
after the position of the female part upon the socket has been
determined. This position should make the male part (the
patient being erect) nearly vertical, although this condition
may make it necessary to fix the T-piece in a line not parallel
to the pelvic band. [f ereat care is not taken in settling these
details. the band will be uncomfortable and unsatisfactory in
IMany cases.

A considerable strain is put upon the steel band by men who
are very active or follow laborious occupations, so that breakage
is not uncommon. This may often be obviated by shortening
the steel so that it does not extend quite so far as the middle of
the back, forming what is called a “ short steel pelvic band.”
Often this will be found to give sufficient support, while allowing
enough play to avoid breakage.

[n other cases it may be found advisable to add an additional
ioint in the male part between the usual hip-joint and the pelvic
band.

This. which is known as an abduction joint, is a hinge-joint

i
with an ,|[:|_|_'|':I'-|:'III:-'|I."I|I'T.l"\':.*- which allows of some 15 degrees of
abduction. further movement being checked by a stop shoulder
on the lower component of the joint. Such a joint 18 very
| commonly used in orthopadic walking instruments lor cases
; of paralysis following anterior poliomyelitis, etc., but it 1s

seldom called for in artificial imbs (see hg. 1gb).
If the :-wl.',T:._;:-nl'J':-- ulljl;L'l 11 l.!'|1-.IiII_L: d ‘I.u_h'il' band be _-h-:.-I|-|_'«.
to prevent the limb from slipping oft the stump, a steel pelvic

band is unnecessary, for this object can be attained by a leathe:

band buckled round the pelvis and passing through a leather
loop the lower end of which is attached to the outer part of the
top of the socket. The elaborate Desoutter pelvic band, which
serves the same purpose, will be described later in considering
aluminium limbs.

Every steel pelvic band 1s padded on the inside and covered
inside and out with leather, which is continued beyond the steel
and furnished with a strap and buckle

[he thigh socket, whether i1t be ol wood or leather, should
accurately fit the stump all round; it should offer a good seat
for the tuberosity of the ischium, but should not press on the
ascending ramus of that bone or on the pubis. In the absence

of end bearing (and few short thigh stumps can bear much
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weight on their ends), the pressure of the socket is taken by the
tuber ischii, by the outer side of the stump below the great
trochaniter, and by the soft parts of the buttock. The outer
side of the socket should come up nearly as high as the top of the

great trochanter, and should not be more than 1 inch below it

in anv case of short stump. When thus made, the hizhest point
of the outer side of the socket may be as much as 4 inches higher

than the lowest point of the inner side. In the front the slope

@ @ @

1
s ag g

e o)

____?

between these two points may be nearly continuous, although
it may be necessary to scoop out somewhat the part near the

OTOM. In the [lllal;'ljlll' half of the bucket, if the .~]i'-[1l' 15 1'|'|:!::.--.'.

continuous so that the tuberosity rests upon an inclined plane,
there will be a tendency for this bone to slide forwards and
downwards when weight is put upon it.

If it does so slide, the whole stump must rotate outwards

relatively to the socket, the evident effect of which will be a
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rotation of the socket inwards when weight is borne upon the
prosthesis. Besides this unsightly and disabling rotation, there
will be discomfort and a sensation of insecurity, and the conse-
quent friction at every step between stump and socket will
cause soreness and excoriation. The change of level, therefore,
should be interrupted ; it should be in steps, as it were, instead of
continuous, and the tuber should rest upon a nearly horizontal
bed, in front of which the edge of the socket should drop to clear
the ramus of the pubis and the tendon of origin of the adductor

longus.

Showing the roll on the inner side of the socket and the broad shelf under

the i1schium. This socket 15 unusually round in section.

There should be a roll, as it is called, or lip to the inner and
'|J1_J.*-'~[L"I"i_l2?'|_' part of the socket, so as to E?I'll‘-.'i,ll':' a shelf instead of an
edge on which the tuberosity rests, and to prevent pinching
of the skin of the buttock, This hp must not be wide 1n that
part of the inner edge which is situated in front of the ischium
or it will be likely to rub against the opposite thigh (see fig. 1g97).

In horizontal section a thigh socket should be roughly tri
angular, or, more properly speaking, circular with three flat
tened segments—namely, the inner, anterior, and external—
the angles of the truncated triangle being situated respectively
at the ischium, the tendon of the adductor longus, and the
great trochanter (see fig. 198).
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['he |1¥|1i|-11'_'--' first socket will |-:'|-:'|.|I:-|_‘\' b III'.|I'i_'\' circular
S lilm. I;‘-H-:'lll for a flattened 1nner a1l " 'Z:Ill as those muscles
atrophy, the section will be found to be more triangular.

As the socket has to be joined to the nearly cylindrical knee
!,:i-e-u,*, 1ts 1:'i_;|ﬂ;_;l|..|_‘:' form is modified below 1i‘h- end of I|’.L' shori
stump, and becomes more and more round as it is carried down

till it l.'lJI'I"i':hEIIIE]'.l.-R in section to the top of the knee |"il.'l'!'.

Fio, 200, —Dhiacram o CoONTRACTED THI

outlinge shows the '|ll-:-i'.'!l:I that wo

:» taken by th
.

nnbrolken L
ws how the knee and ler are -II'-"I'_L':'_ back into the |"h||":|” neCes-

SAry 107 --|!','-||--|'1I ||1 CUrving the

1}
1 1f a straight socket were 10 be fitted.

socket below the stump. Such limbs
wre best made shorter than the normal, especially in cases of abdu tion
: ;

deformity

A, Accommodation of abduction: B, accommeodation of flexion.

The thigh socket is joined to the knee piece with glue and
hardwood kevys, jl!.--l as has been described in the case of the [llf:§:1|l
piece of the No. 1 limb. From this level downwards, the
description already given of t

ie limb for hip disarticulation
i-:|l|'i'i~..-~ also to those for short and long thigh SLUIMPS after
amputations 3 inches or more above the knee-joint.

When there is loss of normal range of movement at the hip,
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and permanent contraction preventing full flexion or reducing
the range of movement of adduction or abduction, it becomes
most important to accommodate the deformity. In a bad case
of flexion contraction, if the deformity is not properly accom-

modated in the socket, the patient will be unable to assume the

upright position with the knee straight, but will be bent forwards
at the hip. In a case of abduction contraction, similarly, the
prosthesis would be directed outwards, and could not be brought
into position to support the pelvis. Flexion and abduction
contraction are not uncommon in short stumps, but adduction is
very rarely met with as a complication. These difficulties are
met by adjusting the axis of the socket to the deformity, thereby
throwing the end of it probably out of the line of support of the
body. The lower part of the socket and knee piece have, there-
yrought back into a position to secure stability. This

fore, to be
may be done partly or wholly by curving the socket, or partly
by joining it to the knee piece at an angle which is rounded ofi
in finishing the limb (see fig. zo0). The longer the stump the
less easv it is to accommodate the contraction, since the dis-
tance of the end of the stump from the line of weight bearing
increases with the length, the angle of deformity remaining the
same. Fortunately, the longer the stump the less likely is it to

be contracted, and the leverage available for correction of

deformity makes it possible, as a rule, to remedy it when it

OCCUTS.
Ankylosis of the hip is a grave complication which will be

dealt with later.

The No. 8 Limb.

The No. 3 limb for long thigh stumps differs from'the No. 2

only in that it has no artificial hip-joint and no pelvic band. It
is not necessary in the case of a long stump to carry the outer side
or front of the socket so high up as in a No. 2, but in all limbs
for above knee ;1|1'_lm'!;=_=,i|-[‘-,~; the socket must reach at its inner
posterior part to the tuberosity of the ischium.

An objection to carrying the front of the socket high up 1s
found in the tendency of such a socket to slide downwards upon
the stump when the patient sits. This displacement 15 caused
by the changed relations of the soft parts with the socket when
the hip is flexed. If the top of the socket comes in contact with
the groin in an early stage of flexion, further flexion is only
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possible if the socket slides downwards on the stump. In some
cases, no doubt, the back of the top of the socket tends to slip
off the chair, and so aggravate the trouble. The partial with
drawal of the stump from the socket disturbs the relations
between them, so that on rising to the erect position the stump
may sometimes fail to find its proper place. This sliding down
makes the knee of the artificial limb project beyond the natural
one, which makes an unsightly appearance, and also causes the leg

to be in the way in public conveyances, etc. Despite pelvic

Fra. 201 —X-Bay PIcTURE oF A LoxG THIGH STUMP IN THE SOCKET OF
A Mo, 2 PROSTHESIS

The wooden socket casts a scarcely perceptible shadow, but the metal parts
are very obwvious,

bands of different sorts, this movement cannot always be obviated.
If to conceal it the segment above the knee is made shorter
than the natural, the below knee segment must be lengthened,
thus raising the artificial knee above the natural. Some patients,
however, prefer a raised knee, which 15 only unsightly in ap-
pearance, to an anterior projection, which is inconvenient as well
as unsightly.

[he annexed figures show the usual position of long and short




214 ARTIFIZIAL LIMBS

v in the socket when the limb is worn.

thigh stumps respective
For these radiographs 1 am indebted to the kindness of my
friend and colleague, Dr. Stanley Melville. It will be seen

that the femur lies entirely on the outer side of the stump, and

302 —Y-Ray PICTURE OF A SHORT THIGH STUMP UNDER SIMILAR
CoNDITIONS TO THE PRECEDING.

Both patients were putting weight on their artificial limbs.

that pressure is taken on the femur on that side and on the
ischium on the inner side, very little resistance being offered by

the =oft parts on the inner side of the thigh.
] ]

Through Knee-Joint or No. 6 Prosthesis.

When the site of amputation is through the knee-joint or
through the condyles, two complications are introduced. Firstly,
owing to the bulbous state of the stump, it cannot be accurately
fitted into a rigid socket, because the expanded end of the stump
would not pass through the narrower part just above the end of
the socket. It is necessary to make that part narrow in order

that a ;;lun| :.;:"l y» of the stump should be obtained.

Secondly, owing to the length of the stump, a transverse knee

bolt cannot be used, as in the No. 2 and No. 3 limbs, because the
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stump itself intervenes between the sides of the socket, where
the knee bolt would be situated.

The first difficulty is overcome by making the socket entirely
of leather, which has an opening in front extending from the
top nearly down to the lower end. This allows the expanded
end of the stump to be pushed down into place, after which
the sides of the socket are drawn together by
lacing or by straps and buckles.

To overcome the second Lliﬂll'lll'[_‘-.' a knee
joint has to be provided on cach side of the
socket, formed by two steel plates, one of
which is affixed to the exterior of the leather
socket and the other to the exterior of the
wooden shin |1'!l.'l'l'.

The annexed illustration shows the construc-
tion. Extension of the knee is helped by an
elastic and by so-called crutch straps attached
to the shin piece below and to the suspenders
or to a waistbelt above, as described at greater
length in the section on the No. 8 leg. The
amount of hyperextension allowed 1s regu-
lated by a leather thong laced through eye-
lets in tabs attached to the back of the socket
and of the shin piece respectively, forming
what is known as a ' check lacing.” The
suspenders or waistbelt, as the case may be,
are connected behind with the socket by means
of an elastic * back hft."”

For heavy patients it is sometimes advisable
to join together the lower ends of the two

steels on the thigh by means of a curved
steel which passes round the lower end of the FIG ﬁn']\ '
socket. This counteracts any tendency to S
spreading of the lower end of the socket and the knee-joints.
[f the stump is fit for end-bearing a sponge rubber pad, } inch
thick, covered with leather, is placed in the bottom of the socket,
and on this the end of the stump rests. It is seldom that if
will be possible to bear all the weight on the end. A consider-
able proportion will be borne on the circumference of the stump
by firm lacing of the socket and by the tuberosity of the ischium,

up to which the top of the socket should in nearly all cases extend.
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A No. 5 leg is sometimes ordered for amputations through
the knee-joint. This has a wooden socket of which the front is
cut away in 1ts lower part and closed in with a lacing piece of
leather. In other respects this limb resembles the No. 6. The

No. 6 limb is in most cases preferable.

The No. 7 Leg.

The No. 7, or kneeling leg, i1s intended for leg stumps which
are too short to be usefully fitted with a below-knee limb—that
is to say, as a rule, for stumps less than 3 inches in length below

the joint, although in a few cases stumps of 2 inches only have

been successfully fitted with No. & limbs.

The No. 7 litnk is also suitable for short below-knee -'-||||Hj"-'=
of which the knee-joint is ankylosed at or near a right angle.

[t is of the same type as the No. 6 limb, but differs from it in
the shape of the lower end of the socket, which is expanded

his may be

backwards to include the stump of the lower leg.

entirely closed in behind, or the projection may be minimized

by leaving all but the periphery of the end surface of the stump
uncovered,

These stumps are generally end bearing, and a sponge rubber
pad is fitted, as in the No. 6 limb. Some weight, however, must

be taken by the circumference of the stump and by the ischium

for 1t must be remembered that the patella and the anterio:
surface of the knee and top of the tibia are not naturally weight-
bearing surfaces, despite the time-honoured practices of religious
devotees and charwomen. The familiar disease of housemaid’s
knee is evidence to the contrary. Naked and primitive man,
to whose practices, since the days of J. J. Rousseau, it is fashion-
able to turn for teleological authority, does not habitually kneel
when he wishes to perform any task near the ground. He
squats on s haunches. To go back to still more primitive

examples, the higher apes are, I believe, not known to kneel.

The No. 8 Leg.

The typical below knee limb—No. §—is suitable for all stumps
from 3 inches long down to a level 3 inches above the ankle.
At the time when H. H. Bigg wrote his book on artificial limbs
';E'” 15355 appears that for below knee stumps no :-.;|||'{'-jlli'!'|'|_'\-\.

were used. Long stumps relied upon the socket alone, which
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was prevented from dropping off by straps attached to a leather
band above the condyles of the femur. Short stumps were
fitted with kneeling limbs, doubtless because it was impossible
to enable their possessors to walk without steel knee-joints and
thigh corsets, which, however, had come into vogue before Bigg's
book, ‘ Orthopraxy,” appeared in 18%7.

Only a very few of the below knee amputees of the last war
are able to dispense with the knee-joint and thigh corset.

There are two methods of fitting a below knee leg. That
which was usual in this country up to a few years ago relied
more upon a stiff thigh corset carried high up than on accurate
fitting of the socket below the knee. In some limbs of this
kind all the weight was carried on the thigh and ischium, and
the stump merely served as a lever with which to flex and extend
the prosthesis below the knee.

In many cases what is called a slip socket was used. This
consists of a leather case, preferably moulded upon a plaster cast,
partially split at the back, and adjustable by means of eyelets
and lace. This slip socket fits as closely as possible to the stump,
and is kept pulled well up on it by two elastic straps attached
to the thigh corset above. On the front edge of the socket is
a leather shelf, which rests on the top of the wooden socket when
the foot is pressed upon the ground. The wooden socket has
to be made p]'u|]~..crrti-::-1|;=|':rl_'~' large to accommodate the stump
plus the slip socket (see figs. 204 and 205).

[t is intended that, instead of up-and-down friction occurring
between the stump and the socket, the two shall remain in close
contact, and any unavoidable pumping motion should take place
between the slip socket and the wooden one.

What may be called the American method of fitting below
knee limbs was introduced into this country when it became
necessary, owing to the number of amputees, to supplement the
efforts of the British limb makers with extraneous aid. This
method aims at making the pgreatest possible use of the
stump by fitting the socket as closely and accurately and as
high up as possible, and using the thigh corset as a secondary
and not a primary means of support. In this way, shorter
stumps can be successfully fitted than can be done by the
first-mentioned method, and the thigh muscles are compressed
as little as possible, so as to allow them to act and to avoid

atrophy.
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The comfort of the 'i:xllil'l':l -.:.l']'-l'!'||-- ].Il:{l']'-.' on the skill of the
fitter of the wooden socket.

[f it is well made pressure will be evenly distributed over the
sides and front of the stump, without undue incidence on any
one spot. To achieve this, adequate hollows must be scooped
out for the head of the fibula and the tubercle and inner tuber-
osity of the tibia. The top of the socket impinges upon the
ligamentum patelle just
below the lower border of
the knee-cap, and is
shightly hollowed out so as
to accommodate it., The
back of the socket is flat
tened and carried up as
high as 15 consistent with
convenient flexion of the
knee.

No. 8 limbs are gener
ally worn over two woollen

S ump socks.,

[F1G. 204.—SLIF SOCKET BY FiG, 205 SLIP SOCKET Ix SITU IN LEG
W. R. GrossMmiTti, LoNDON. BY W. K. GrossuiteH, Loxpox.

The annexed figure represents such a socket and s

10ws its
roughly triangular cross-section (see fig. 200),

However well and closely sockets are fitted, there are cases
in which it will be necessary to combine with the high-fitting
socket a blocked leather thigh corset ]H‘.‘I!EI'I\'.{ upon the tuber

ischii, and it may even be necessary to support the leather under
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the tuberosity by a metal plate attached to the inner side
steel.

For very difficult and sensifive stumps, these methods may
have to be combined with the slip socket, but the proportion of
cases for which the slip socket has been found necessary al
Roechampton is small. It makes rather a clumsy leg, and is
objected to on that account.

Some surgeons hold that thigh corsets should always be stift
and take a tuber bearing. The writer's experience and that of
many others leads him to hold that this is an extreme view.

1§ the limb fitter knows his business and is reasonably skilful, the

Fro. 206.—Woonex SockieT oF BELow KNEE LEG.

tuber bearing is generally unnecessary. Moreover, it is by no
means an unmixed blessing to the wearer. The pressure on the
tuber is often irksome, it restricts freedom of movement, and it
often causes unpleasant jars, as, for instance, when the amputee
jumps down on to the artificial foot: it also increases the total
weight of the limb. For these reasons many men disliké the
high-fitting stiff thigh corset. It 1s usually made to open in
front throughout its length and to lace up, but in some difficult
cases it may be preferable to substitute for this an undivided
short thigh socket of blocked leather, accurately fitted as if for

an amputation in the upper part of the thigh. As this does not
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extend below the middle of the thigh, it is laree enough to allow
the stump and knee-joint to be passed through it. The lower
part of the thigh below this socket is supported by a padded

strap or a lacing piece across the front of the limb.

some makers modify this thigh socket by making only th
upper 2 or 3 inches a rigid cylinder, and adjusting the rest by
an opening and eyelets or lace.

LIRES

FiG, 200, —BaLL BEARI:G KNEE Fia, 208, —SHows WEAR OoWING TO
JMNT (ROwWLEY). FAULTY CRANKING OF STEELS.
A, Properly cranked; B, improperly
cranked ; C, result in wear after
IMproper cranking,

What has already been written about joints in general applies
to the side steels and knee-joints of No. & limbs.

It is for these
joints chiefly that

some makers have vaunted the merits of
ball bearings. The annexed illustration shows a good type of

this knee-joint, made by Messrs. J. F. Rowley, Ltd. If bushed
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mortice-and-tenon joints are P:n;h-ﬂ_\,' fitted, ball bearings are
UNNecessary.
Unfortunately, on adapting the upper side steels to individual

cases careless fitters may do mischief. When the steels are

properly cranked, as in A, fig. 208, the parallelism of the upper
and lower components of the joint is preserved, and on move-
ment there is no unequal strain on either side of the joint. If,
however, as in B, the upper steel has not been properly held in
the vice or wrench when it was cranked, a
cross strain will occur, and the joint will
work stifly and its surfaces will be worn
away quickly in use, as shown in C. 5Such
wear is too often seen when pensioners
return for repairs after careless fitting. The
result is an insecure and rattling joint. It
is important also that the axes of the two
joints should be in the same straight line,
and that their planes of movement should
be exactly parallel.

Faults in any of the above conditions of
the knee-joints should be detected, when the
limb is first supplied, by careful examination,
which will show that the badly adjusted
joint does not work freely.

No ‘matter how long the below knee
stump is, it is generally advisable to give
it some assistance in extending the leg. In
the case of a short stump it is imperative to
do so. This is done by means of an extension
strap, forked below where it is attached
to each side of the shin, and connected
above with suspenders which pass over the
shoulders. A strong piece of elastic webbing
is interposed between the forked strap and the

Fig, 200.—No. 8
= ; 3 : HaANGER,
suspenders. Thisis called an elastic crutch

strap. The advantages of the forked strap are that on flexion of
the knee, as in sitting, the branches of the fork fall one on each
side of the knee, and do not form a prominence on the top of the
knee under the trousers. Wear and tear is thus reduced, and
also, in this position, the elastic is relaxed, and any tendency
to unwanted extension of the knee is obviated (see hig. 209).
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Some amputees learn to walk well with No. 8 limbs without
shoulder suspenders, which are often irksome. A broad webbing

belt stiffened with vertical cross strips of duralumin is fitted

FiG. zto—BeLT For SuspensioNn orF No. § Liums, mape By J. T,
RowLEY, LTD.

Fig. 211 . —SUSPENSION OF A No. 8 LEG rroMm A BELT INSTEAD OF FROM
SHOULDERS, SHOWING THE PATIENT's Power oF LIFTING AND Ex-
TENDING THE LEG.

This patient's stump is only 3 inches in length. As soggested by the

wearer, Sergeant-Major Whitton

round the upper part of the pelvis, and to this the elastic crutch

strap is attached. Wearers of this belt find the relief from

shoulder strain a great advantage (see figs. 210 and 211),

The No. 11 Leg.

When the site of amputation is below the knee, but the knee-
joint is ankylosed at such an angle that a kneeling leg, such as
No. 7, 1s unsuitable, a prosthesis similar to the latter is prescribed,
but very little weight can be taken on the below knee stump,
and therefore the sides of the thigh and the tuber ischii have to
take most of it.

If the stump of tibia and fibula is ankylosed at an angle of
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135 degrees and is longer than 6 inches, there will scarcely be
room for it in an ordinary trouser leg. The more acute the
angle. the less the length that can be accommodated. Such a
leg is awkward and unsightly, and necessarily somewhat heavy.
The longer the below knee stump, the more does it get in the way.

This type is seldom wanted. Patients with such stumps are
senerally willing to submit to reamputation above the condyles,
which affords a good "'-".'I_'E.I.';il"-.-.i5l.'.|:':.|'|_'-: STUImp, which can be fitted

with a No. 3 prosthesis.
The No. 12 Leg.

I'his 15 a leg for a long below knee stump on which the patient
is able to bear the whole of his 1\|I..J-\.'i_:_'|..]|. without the ]I’-"|]J of a
thigh corset and steels and knee-joints. A lacing piece a few
inches ilh'l']l is fitted above the k".l]'l'.l..\.'llf'.'cl..ll- the femur, to which the
socket is attached by two side straps. This arrangement is
designed simply to prevent the prosthesis from falling off when
the foot is off the ground.

The cases suitable for this type are few and far between, and
it can never be safely ordered until after the patient has well
tested his capabilities with a No. 8 leg.

When it can be worn it is a good leg for a horseman, as the
absence of the steel knee-joint makes it much more convenient

for the saddle than the No. 8.

No. 13. Prostheses for Syme’s Amputation.

The sine gua non of a good stump after Syme’s amputation is
capacity for complete end bearing. Therefore there is no neces-
sity to design the prosthesis so as to take much weight on the
sides of the stump, or under the tuberosities of the tibia or head
of the fibula. Still less necessary is it to carry any part of it
above the knee, for, owing to the bulbous shape of the end of a
typical Syme stump, it can be gripped in the narrow part above
the end, and so prevent the prosthesis from shpping down when
the foot is lifted off the ground.

Prostheses for this amputation may be divided into three types.
[hese are: (1) The older pattern, in which the whole stump 1s
encased in a stiff leather socket, and the movements of the foot
are limited ]11 an <il|_|I|_-'|:i,|l]l. leather tendo \chillis, and by an
elastic dorsiflexor in front of the ankle. (z) The new patterns,

without tendons, in which movement is limited by two rubber

=
N
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[
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in plantar flexion.
closed-in sockets of stiff leather as in fig. 212, or only a stift

of the stump as in fig. 21
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buffers, one of which is compressed on dorsiflexion and the other

These rubber buffer legs may have complete

leather front with a pliable leather flap coming around the back

3
In all cases the socket is strengthened by two or more stee
plates, of which one on each side enters into the ankle-joint.

The limb maker, in designing a Syme prosthesis, finds himself

strictly limited as regards the space at his disposal. The level

Fig., 212.—W. K. GrossMITH'S PROSTHESIS FOR SyME'Ss AMPUTATION,

Complete socket opening at one side,

at which the leg bones are sawn off varies, but the average
distance from the bottom of the stump to the ground, when the
patient is erect with the pelvis level, is only 2} inches. [t may
be as little as 2z inches or as much as 3 inches. Into this space,
therefore, the artificial foot and ankle-joint and the lower wall
of the socket or a platform, if one is used, must be compressed.

Some makers, to save space, do without the lower end of the

socket and use no platform, so that the end of the stump rests

on the top of the foot. This is a bad method, because every

—

-
fn
¥
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movement at the ankle-joint must cause friction between the
end of the stump and the top of the foot.

The end of the stump should always rest upon a surface which
1s rigidly connected with the upper component of the ankle-joint,
and which moves with it and with the stump, and not with the
lower component and the foot.

Whatever type is adopted, the stiff leather socket, whether
partial or complete, should fit the whole extent of the stump
closely, and it is best to mould it upon a plaster cast. In a long

IG. 213.—" LsSENTIAL " PaTTERN LiME ForR SvyME'S AMPUTATION
A, The platform; B, the heel rubber buffer: C, the ankle holt
Syme stump the remains of the malleoli on each side may be
hypersensitive to pressure, and here the socket should be slightly
bulged out beyond the lateral surfaces of the end of the stump
(see fig. 213).

When the complete leather socket is used with rubber buffers
instead of tendons, the side steels which articulate with the foot
carry steel buffer plates behind and in front, which press upon
rubber buffers resting on or partly imbedded in the top of the foot.
This type of prosthesis has not stood wear as well as the type
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next to be described, which is to be preferred 1if a rubber butier
action is required.

The type of prosthesis with an incomplete socket, which was
introduced from the United States by the Essential Artificial
Limb Company, has given great satisfaction to a number of
amputees. This limb has a half socket of stiff leather moulded

upon a plaster cast, and extending from the tuberosities of the
tibia to T inch or 1} inches above the end of the stump. This

\e anterior half of the upper four-fifths of the

half socket covers t
stump only. The rest of the stump is enclosed and kept pressed
forward into the half socket by means ol two pliable leather call
]_J;.l.'l.'l.'?. which 20 round the back of the stump 1o be laced 1n {ront
to the half socket (see fig. 213).

Four steel plates are riveted to the moulded leather, and below

are fixed by screws to the wooden platform, which resembles in

shape the ankle base of an above knee leg. The two lateral
steels are prolonged beyond the platform, and are riveted to the
ankle bolt.on which an ankle staple plays. The rubber buffers and
bushing, etc., are similar to those in the standard foot, from which
this foot differs in that it is much lower, 1In consequence of the
small space available for the platform, ankle-joint, and foot.

In rare cases of unusually low site of Syme's amputation it
may be impossible to fit a foot of any of the above types without
making the limb too long, and so tilting the pelvis. If this is
thought to be objectionable, the level may be easily restored
by adding to the boot heel of the sound side. [f the difference
is more than 1 inch, appearances will be improved by taking
half the difference off the heel of the amputated side, and adding
2 like amount to the heel on the sound side. This difficulty does
not exist in the case of double Syme’s amputations often from
frost-bite—which are dealt with in the section on double
amputations.

Pirogoff’s amputation has been very seldom performed in the
Rritish services, fortunately for all concerned. The resulting
stumps are too long to allow any ankle-joint to be used. A socket
similar to that for Syme’s amputation should be fitted, with
<ide steels attached to a sponge rubber foot, or a wooden foot
with the toe-joint sitnated farther back, and allowing more move
ment than usual, so as 1n some measure to take the place of an

ankle-joint.

As the result of sepsis and other --n-uz[-n-.':ui-::]a there are,
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unfortunately, among the men mutilated in the late war, a number
whose Syme's amputation stumps are too sensitive to take
enough end pressure to enable them to wear the typical
prostheses without transferring some of the pressure above
the knee. Such cases would be best reamputated in the
middle of the leg, but not all will
consent to this proceeding.

For such, No. 16 prosthesis is
provided. This differs from the
ordinary Syme type by having the
steel plates carried up to form the
lower components of knee-joints
attached to a thigh corset, as in the
No. 8 imb. Itmay even be neces-
sary In some cases to order a
blocked leather corset taking a
bearing under the tuberosity of
the ischium,.

No. 18, Prosthesis for Chopart’s
Amputation,

The problem of fitting a satis-
factory prosthesis for Chopart's
amputation presents considerable
':li.Hi.l.'!lJJl:'-'. The stump is too long

to allow of anything more than a

thin plate being placed under the

5:—] AITAr ﬂ-"l]l'r..'_u'l'. yet IEM- tarsal st umpp

. - ; ; {0TE., — Prosthesizs for ampn
15 too short tor anv :'.|1]1|l.’|:]c'|' IO tation of the foot, by H, V.

be attached to it without including Duncan. Thestump hereshown

is longer than a ‘' Chopart,
the ankle, and seriously hindering or but the prosthesis is suitable
preventing movement in that joint, '@ the latter.

Two types of prosthesis are used: the one (No. 18) suitable
for hard work consists of a steel sole plate with lugs at the sides
which articulate with two side steels, to which is riveted a leather
combined leg corset and anklet laced together in front. A leather
tendo-Achillis and a spring dorsiflexion strap are fitted, as in the
case of the tendon pattern Syme’s foot. To the upper surface
of the sole plate in front of the end of the tarsal stump is fixed
a block of cork modelled to fill out the boot, and the whole is

covered with soft leather. As the scar is often situated on the
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| front of the stump, a layer ot sponge rubber should be cemented
o the back of the cork block where 1t comes in contact with the
SLUIN.

The other type of prosthesis has no steel
of a stiff flexible leather sole piece with a soft le: ll]l'l laced anklet.
The missing part of the foot Juulm represented by 1 cork block
movement is effected ‘..1'-.'

joints, but consists

as in the he avy typc, in which case
bending the leather scle piece, or, instead of the cork block, a

wooden fore-foot is used with a hinged

toe-joint placed as far

back as practicable (see fig. 215).
[n all the prostheses for Syme's Pirogoff’'s, and Chopart’s

amputations little or no provision can be made for ventilation ;
guently, not only does the :|!1|I,=Il1l--.
the steel parts, are quickly corroded,

COISA  S1er discomiort bt

the leather, and still more

ART PUTATION, BY Mi

Fig. 215.—LIGHT PrROSTHESIS FOR UHOER

J. avp E. FERRIS, l.-w.:---\

See note under hg. 214,

although attempts are made to preserve the latter by nickel
plating or painting with an elastic bituminous varnish.
Another drawback
to accommodate the bulky
larger than the normal ankle With some types of Syme
ordinary low shoes can

is the necessity for specially made boots

apparatus, which of necessity 1s

prostheses, such as the Essential pattern,
be worn, but for the Chopart appliances specially made boots
or hoes are necessary.
! [For amputation and all less extensive mutilations,
boot with the fore
rubber cushion behind it, is all that 1s necessary.

All three amputations were probably first introduced with an

part filled out with cork, with a sponge

eye to fitting stump (or elephant) boots, and not complete

artificial feet, for which they are not well suited. Chopart’s
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amputation in particular seems to have been intended for a stump
boot i:he--:* {']|_;|]1]l-|- NII. on Per | ees), But the British amputes
of the Great War is seldom satisfied with them, for, as a rule,
he attaches an exaggerated importance to appearances.

There 15 no doubt, moreover, that, as already c-h]-|;|'lll-:'-'!. the
artificial foot, if not too ||'-'|']_'\' flexible at the toe and ankle, makes
the gait more secure and more natural In appearance.

.‘“‘:=.11||]1 socks of woven or knitted woollen material are worn
on all stumps of the lower extremity, except in cases of disarticula
tion at the hip, for which the underclothing generally suffices.

They are made of various sizes for the different amputations,
and should fit closely without wrinkles, but not be tight enough
to interfere with the cutaneous circulation.

IFor 4:,]'||_'|J:,||_;I_|_E,I'I]|"-\- above the knee, the socket, 1f it fits Prop tl,
will only allow one sock to be worn, but for amputations below
the knee taking a No. § limb it is generally best to allow ftor
two socks.

Inall sockets. knee, and shin |-i_-'|,'|'--, in which there 15 a clear
space below the end of the stump, openings for ventilation
should be made, one on each side. They should be of oval form,
and in a thigh socket for a short stump may be as large as
z4 inches by 1 inch. Not only do they help to cool the stump
by allowing evaporation, but they are also of use for inspection
of the relations between the stump and the socket, and for adjust-
ment of the stump sock.

IFor this purpose a tape is tied and stitched to the lower end o
the sock. When putting on the leg, this Lape 15 |1i|.--i'l.| into the
top of the socket, and out through one of the holes. As the
stump is thrust down into the socket the tape is pulled upon
firmly by the hand, and then tied loosely round the limb. The
object of this manceuvre is to prevent the skin from being drageed
upwards on the stump as the latter is pushed down. Such
|1|-'f='-.:il|; mayv cause the skin over the end of the bone to
l-.-1n‘!3|c-n-'|| against it, and its nutrition interfered with, so as to
cause ulceration. The danger of this is the greatest when there
is an end scar adherent to the bone.

End bearings have been discussed in Chapter II. An end
bearing pad consists of a piece of sponge-rubber, which 1s
*-']||'5'Jll'l'lt'fi on a leathel 1E|f|‘.|::, which 15 laced 1||!'-III'_!|I hall M
dozen small holes in the socket below® thi -‘.]|| of ';|'--' stump s0
as to form a lattice work. The amount of pressure between the

stump and the pad can be easilv regulated.

wF

g




CHAFTER XVI

ON THE LENGTH OF LEG PROSTHESES AND ON
APPLIANCES, ETC.

TuE relative length of limbsis estimated, as in cases of deformity,
by comparing the position of the anterior superior iliac spines.
With practice it becomes possible to say with certainty whether
the pelvis is level or no by so small a difference in the height of the
two spinous processes as } inch, but to do this certain precautions
must be observed. The patient must stand on a level surface
with the feet together and both knees fully extended, exactly
in front of the surgeon, who should be seated in a low chair with
his shoulders parallel to the patient’s hips, so that his eyves when

he bends forward are nearly on a level with the anterior superion

iliac spines. He then should place one of his thumbs horizontally
on each side of the pelvis, so that with its upper border he feels
the most prominent part of the bony process. The exact point
does not matter, as long as the two thumbs are in similar positions
on the two ilia. If the surgeon is not seated directly opposite
the patient, he is likely to over-estimate the height of the more
distant thumb.

In theory an artificial leg should be of the same length as the
sound one, or, in cases of double amputations, of its artificial
fellow. In practice it is found convenient in cases of above knee

amputation to make the artificial shorter than the natural limb

by about % inch. This shortening enables the amputee to

clear the ground and to walk upstairs, uphill, or on a side slope,

such as the usual town foot pavement, more easily. There is no

need to fear the development of serious spinal deformity from
the use of a short lee. Unfortunately we are all familiar with
the imperfect results of the cure of tuberculous disease of the
hip-joint, which too often leave patients with an adducted thigh
as well as an ankylosed hip. Adduction is then compensated by
a tilting up of the pelvis on the affected side, and necessarily by a
lateral curve of the lumbar region of the spine ; vet, evenin cases of

tilting to the extent of several inches, no more deformity of the
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spine oceurs than is necessary to compensate for the tilting of
the pelvis, even after many years, and no ill-effects result.

When the question arises as to whether the prosthesis is to be
shortened or lengthened, as the case may be, the trial boot
devised and patented by I'. G. Ernst is of great value. This
simple appliance consists of a leathern sandal which can be
fastened to the patient’s boot by means of straps, and into which
the necessary number of measured leather soles may be slipped.
The sandal itself is L inch thick, and soles of 1, }, and } inch are
provided, so that when all are inserted the limb is lengthened
I inch.

In cases in which the question of shortening the prosthesis
arises, the boot is put upon the sound limb, but in cases ol
lengthening, on the artificial limb. The patient is told to walk
in this on the level, on slopes, and up and down stairs, and a
decision come to on the surgeon’s observation and the opinion of
the patient himself.

This method saves many needless alterations in the length of
limbs.

A below knee lmb :—'~]||1|_'_|:l he of '_l'l' SaIne ]L'H_'.{'Ih as the l'j.L11II'.Ii
one, unless there is some disability of the latter, which is helped
by making the prosthesis longer or shorter, as may happen in
cases of ankylosis of knee or hip, or dropped foot, etc.

Before deciding that a prosthesis is too long, the surgeon
should see that the stump is properly inserted in the socket, so
that the latter is bearing on the right places. Sometimes patients
who have had a limb for some time, and whose stumps have
altered, to ease themselves will put on a number of stump socks,
so that the stump is partly out of the socket and the pelvis on
that side is tilted up. Care should be taken to see that only
one sock is worn on a thigh stump, or one or two (according to

circumstances) on a leg stump, before estimating length.

Pick-ups ; Anti-Biting Pads and Back Pads.

When a central knee control with shoulder braces is fitted to
an above knee leg, one of the advantages aimed at and claimed is
the prevention of friction between the braces and the patient’s
shoulders. The necessary movement should take place between
the cords and the rollers. Some patients, however, find that the
braces move on the shoulders and gradually slip upwards in front,

thus bringing the hooks to which the cords are attached too

.
¥
8
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high up in front and too low down behind. To prevent this
what is called a pick-up is fitted. This consists of a leather thong
which passes through a leather loop attached to the front of the
socket a little below the top, each end above being fastened to
one of the hooks of the suspenders. An elastic pick-up has
somewhat similar attachments, but different functions. It 1s
used for short thigh stumps, and helps to bring the socket forward
and to hinder its slipping down. It consists of a piece of elastic
webbing bound at each end with leather, the binding at the upper
end forming a loop, through which a thong passes to the suspender
hooks. The lower end is fixed to the front of the socket by a
screw or rivet some 4 or 5 inches below the top.

Fat or muscular patients often complain that the roller cords,

which pass over the back of the stump, press too hardly on t

il
buttock, where they may cause abrasions. To prevent this, a
[!_;|]1 of stout leather is fastened with screws to the back of the

socket just below the edge. This flap intervenes between the

buttock and the cords, and has come to be known as an ' anti
||']li|.-;_[" ||;|r.i,, ]I I.L';'|:;||_'_|| |'l' |-|'11:'|'(||--.-.'I'i':rltl asa’ L’Il'll'l"li'llf_j fl.él|'.”

Care has to be taken that the |]:|:.= lies close to the socket, s0
that the skin of the buttock does not get caught and pinched
between the edge of the socket and the flap, as will occasionally
happen.

[t is the Pra tice of Messrs, | I, Rowlev to fit all above knee
legs with what is called a back pad, as well as an anti-biting
pad in suitable cases. The back pad covers the
roller cords and the upper three-fourths of the
posterior surface of the thigh and knee parts
of the limb, and is fixed by four screws or
rivets. It consists of two layers of felt en

closed in a thin leather cover. Its uses are to

% protect the trousers from the wear of the cords,

0 om0 and to afford a more secure seat upon a chair

than 1= _'_;i\.'-1| by the smooth and roun ledd su

face of the varnished raw hide. Such a back pad has been

adopted by the Ministry of Pensions for the standard wooden
limbs (see fig. 216).

Knee Locks.
Patients who have only short thigh stumps or weak stumps
Il.ll..i_l,ll \'«'hii'l! ?,|||"-.' have not :_'*.:u::|| |'u|i|,1'||; of l..'ll knee, as wi [l as

]:;Lii.'lll:e '-\.'q.'l]'iJ:-Cl.'Q!-I.Zli'lll'i.ll.l"l'. L‘1JII!]J:'|.-' them to stand for a |-.-1|.:_ time,
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it F |

find a knee lock of use to them. It is useful also to secure the
knee from bending unduly or unreasonably in going downstairs.
Many amputees, however, who did not feel secure without a knee
lock when they first had prostheses, find after longer experience
that they no longer require it.

The automatic knee lock of the articulated peg leg has already
been referred to. It is a good lock, because the locking surfaces
are end to end, and it cannot give way, as long as the pivot of the
flute key holds, without severe damage to the wooden parts.
[t is, however, not designed for knee-joints in which move
ment occurs in walking. A knee lock must be strong and trust-
worthy, and it must not add much to the weight of the limb.
The position of its handle must be convenient, and it must be
easily cut out of action when required. [t must not be possible
for the lock to come into action of itself when i1t 13 not wanted.
Knee locks which are worked from a 5:--::-5-11'1i|||: below the knee are
inconvenient, and need not now be discussed.

A very strong lock is used for mortice-and-tenon knee-joints.
In this the tenon is prolonged above the knee bolt. On
the 1|||_+ of the ]lz'|-||-|:;:1‘.'l|-[; a slot [:11'-_-[1 with steel is made. A
square steel bar, which extends right across the knee plece and is
held in slots on both sides, can be slid down into the slot on the
Lo, To the outer end of the bar 1s :|l1_;1-;'|‘:L'|] al "'ir-jl‘ :IIIlL:ll'*-'
a short handle which lies against the side of the knee piece and
socket. As this bar is held at both ends the lock is very safe.
The bar is kept from dropping down when not required by means
of a small friction spring.

After much consideration and many experiments the Ministry
of Pensions has decided to standardize a knee lock on the same
]11'i11|‘i]:||--: as that long used ||_‘-.' Messrs, | E. Hanger and Co.
This latter is a simple but strong lock, which consists of a round
steel bar which passes down through a steel plate in front of the
knee piece, and when the leg is fully extended enters into a
staple on the posterior or ints rnal surface of the front of the shin
piece. The handle, consisting of a round knob of wood, lies on
1h|--~|[1|-,r' zide of ["||-1|!,||1|-r part of th 1}.1_'__'|| socket, <111=.1 1]1-:-_—~'_:‘|.!1L'|{
to which it is attached runs through a guide plate on the socket,
and, being suitably cranked, passes through the outer ventilation
hole to the interior of the knee piece. The knob can be easily
erasped by the fingers through the clothing or from the inside of
the trouser pocket.
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This lock has, however, one drawback. 1t may become loose
in the guide plate, so that it may slide down of its own weight, or
ien the knee is flexed, and

on a very slight unintentional push, w
become jammed between the outside of the shin piece and the
knee piece on attempt at extension. and so cause a fall and
damage to the leg or, still worse, to its wearer. This defect has
been overcome in the standard lock by the addition of a spring,
which catches on the guide plate and can only be released by an
effort. The shank of the lever, instead of being round, is oblong
In section (see Appendix, fig. 266).

Much ingenuity has been expended in devising automatic
knee locks which should only come into action when the need
arose—that is to say, when weight is put upon the limb. Some
of these are intended to lock the knee even when it is flexed;
others only when it is fully extended. All are intended to release
the joint as soon as it is unloaded.

Aimbhb

1e Gale Artificial

The simplest is that introduced by t
Company, which may be described as somethiag ltke the Hanger
lock turned upside down. There is a similar perforated steel
plate in the end of the knee piece, but the rod enters it from below
instead of above, running from the heel of the artificial foot
lhl'-:ﬂlgzll f._ﬂﬁﬂ{-ré in the shin EIiI_'-C'I:" to the knee. The lower end 15
ie heel. When

the patient stands on the heel, and as soon as the kneeis extended,

connected with a plunger in the lower surface of t

the rod is pushed up into the knee piece and locks the joint.
It is withdrawn by a spring as soon as the heel is relieved of
weight. Some amputees have found this lock useful. The
greater part, however, prefer a lock more under their control, with
which they can keep the joint locked or unlocked whenever and
as long as they wish.

Other more elaborate locks on the band-brake principle, or a
mercury balance, or tumbler mechanism, have been introduced,
but amputees’ experience is not in favour of them, chiefly because
of the uncertainty of their action and in some cases on account

of their wetght.

Protection of Clothing.

Artificial limbs, which present hard surfaces, metallic pro
jections, cords and straps and buckles, cause much more wear anid
tear of the clothing than does the natural limb. Much of this is
inevitable, but it may be minimized by the use of leather pro
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tectimg !|.||--- over metallic i||§||1'~ and buckles, and over the Faps

formed when joints, such as the ankle are flexed or extended.
Stockings and socks on an art ificial leg find themselves ---.|‘.|{--_-,.r_._-|]

the artificial foot and

SUIDSTATICES

and rubbed between two har
the boot—and suffer accordingly. Boots often have ;':E-II'E'I'I.l'III.‘l"_!_
nailsinside, especially at the heel. As the patient is not reminded
of these by pain, as he would be in the case of a living foot, he

ienores them until they have not only worn the stocking, but

often have inflicted considerable i‘-l.]'.ll'-. npon the heel of the

artificial foot.
Some patients who wear limbs with pelvic bands find that

a loose haneing apron of thin leather, attached to the band, is

useful to protect then clothing from the friction of cords and

r-I1.|]h~.
;U|*.'1'--:=_|1'_-1-_ ) line the trousers llp]:-;!-:-xilr

In other cases 1t 15 Toun

prominent parts of the prosthesis with chamois or other pliable

J{'.l[|||'l'.




CHAPTER XVII

ON THE WEIGHT OF PROSTHESES AND ON METAL
LIMBS FOR THE LOWER EXTREMITY

THE writer has always maintained that prostheses, especially

those for the lower limb, cannot be too i'.h||1. l'I]'II‘.'iI']L'I.l. '_|:-'_‘\' are
strong enough ; and when entrusted in FFebruary, 1917, with the
duty of examining single-handed all the amputees who passed
through Queen Mary’'s Convalescent Auxiliary Hospital at
Roehampton, he took steps to have all limbs weighed, and pro-
voked competition among limb makers in lightening them. A
marked reduction of the average weight of the various types of
limbs followed, and the competition of light aluminium legs still
further stimulated progress in this direction.

The actual weight of the limb upon the scales 1s 1tself a very
important factor, but still more important is the distribution of
the weight. Itshould be the aim of the designer and manufacturer
to lighten net only the whole prosthesis, but to raise the centre
of gravity as much as possible, remembering that 1 ounce at the
end of a 2-foot lever of the third kind needs as great an effort to
raise it as would lift 4 ounces at a distance of only 6 inches from

the fulcrum. In most complete artificial No. 3 limbs the centre
of gravity is situated about 3 inches below the centre of the knee
bolt. In permanent peg legs it is often found to be at or about
the knee bolt.

However light a limb mav be, it will not {feel so if it fits badly.
As a patient with a short thigh stump pul it: " When the socket
fits me properly the limb feels no weight at all, but when it 1
too loose '’ (owing to shrinkage of the stump) " it seems to weigh
a ton."

l'oo much reliance must not be placed upon the weights

given for limbs in the advertisements of manufacturers and

traders, describing

e particular type of limb they supply.
The statements made apply only to the individual limb ad
vertised, and some margin of weight should be allowed for.

3 S5,
= 31}
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I+ iz usnally found that the weight of limbs made for actual
patients and worn by them difters considerably from these
specimens,

[he statements made in this chapter as to weight are based
upon observations made upon prostheses in actual wear, which
were weighed by the writer personally or under his direction. It
should be noted that the weights of limbs here recorded are net.
That is to say, that they are weighed without socks, boots, or
shoes, and generally without suspenders.

The higher up the site of amputation, the more the weight s
felt, and it is chiefly for short thigh stumps that very light limbs
have shown their superiority. Some amputees with below knee
stumps do not like very light limbs, and some w ith medium thigh
stumps even prefer the rubber foot, when they have become used
to it, to a wooden one 4 or § l:f.ﬂl.‘!-.l lichter. In this, as in
other particulars, the idiosyncrasy of the patient is seriously to be
reckoned with.

Light metal limbs made of an alloy of aluminium were just
beginning to be used when the war broke out. The first prosthesis
of this kind which was seriously worth notice was made fo
himself by an engineer who had the misfortune to suffer an
amputation of the thigh after an acroplane accident. The limbs
since put upon the market by him have been very successful, but
their price—about three or four times as much as that of wooden
limbs—prevente d the War Office and later the .‘I'-|.:.||i"~|'|'_'|."3|. Pensions
from authorizing their general 1ssue

The material of which they are made and their consequent
|ij-"||1|'.|'_~-:x are not thei I-Ill_'\ e uliar characterisiics. This lhimb
iz not fitted with an active knee control, but its designer has
reverted to earlier methods, by which the knee is controlled by
the stump and pendulum action. By making the knee-joint
stiffer in movement than has generally been customary, the shin
piece is prevented from swinging backward so far as with a loose
knee. and. therefore, has less angular distance to travel before 1t
is fully extended again. Hyperextension is prevented by a back
check, which acts instead of a butler.

The old principle of placing the centre of the movement of the
knee-joint and the knee bolt as far back as practicable is carried
out to the full, so as to minimize the risk of the knee giving way
forwards. This is shown in fig. 218, which is a view of the

interior of the socket. The thigh socket and knee '!E-'ii'li'l. are all

|

A

{
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in one. In the case of bulky stumps this constitutes the socket,

which is fitted to the stump. In the case of shrunken stumps

appearances are preserved by the use of an inner socket of

Fis. 217.—DESoUTTER LIiME

A to I, Snivel pelvic band and hip-joint allowing free movement; k, outer
casing of thigh : G, padded shin piece ; H, foot without ankle-joint.

perforated metal; which is fixed into the thigh piece, the latter
being made to match the living limb, as is the case in fig. 217.

This arrangement allows, in the case of short stumps, of some
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accommodation of contractions of the hip by tilting the internal

socket.
The back of the knee part is strengthened inside by two

transverse flanges of metal, the upper one of which 1s secn in the

Fic. 218 —INTERIOR OF SOCKET OF THE DESOUTIER LIME, SHOWING (IN
Waitel THE Kxee-Boot CASING, AND BErow THIS UNE OF THE
STRENGTHENING FLAXGES,

EEI:_:I][-J_:_ |"J_|.-.., 5'};[]15_-&- ancl the knee-holt r‘:ihii'l:‘_i have been whitened

in order to make them clE:—?[iHi'l.:

Fig. 219 is a side view of the limb iIn full flexion. In this

position there is a somewhat unsightly projection of the knee,

Fig. 219 DEsoUTTER L1MEB FULLY FLEXED

and a wide gap between the knee and shin pieces. Both socket
and outer casing are perforated in order to save weight and to

ventilate the stump. This figure illustrates the drawback ot
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the |]'.x'|]'|-:'--] of .'|I1.|*.'||:_.r‘2;qI the knee extension sStrap to the |||.'|.‘n.'il.'
band. On flexing the knee the band is tilted down in front,
despite the shoulder strap. The weight of the limb from
which this photograph was taken with the pelvic band 1s
5 ]:I::lll:'l':l_.'\- 7 Dunces, IFor lll[':;l':' stumps, to I_'{l.'l"_.'l- the Pros-
thesis from slipping off the stump, a special form of pelvic
band is fitted, which is designed so as to interfere as little
as possible with free movement at the hip-joint. This consists
of a horizontal semicircular plate of metal, pivoted by its ends
to the front and back of the thigh piece, the outer half of which 1t
embraces without touching 1t EXCepPT al its ends. To the middle
of this an upright rod is hinged, the axis of the hinge being trans

verse or coronal. The upper cylindrical end of the rod is received
into a vertical tube fixed to a light steel pelvic band. A brief
consideration of this description, and reference to the figure, will
show that movements of adduction-abduction are allowed by the
pivots on the back and front of the thigh, flexion and extension
by the hinge-joint on the outer side of the semicircle, and rota

tion by the tubular joint on the pelvic band. No movement 1s
very much hindered by this mechanism, except downward move-
ment of the socket off the stump, but the axis of the rotation joint
does not correspond to the centre on which rotation takes place in
the natural hip-joint, seeing that it is placed considerably further
outwards; consequently, rotation movements must be restrained
to some extent. The band serves in effect the same PuUrpose as
the leather belt and loop, which has long been used for peg leg

and occasionally for complete prostheses (ses hg. 217).

It does not answer the same purpose as the standard pelvic
band and hip-joint, which was introduced by Ernst for short thigh
stumps to prevent « ircumduction and undue abduetion—an short,
to confine movement to flexion and extension only, and to afford
a fixed point for the attachment and a fulerum for the movements
of the prosthesis. For very short thigh stumps a steel pelvic
band and hip-joint of the standard type has to be used, as shown
in hg. 2 140.

As a1 i_!:il'.;||'|.'-,' made, the Desoutter limb had no ankle _]uil'l but
a movable ankle with rubber buffers has since been introduced.
At the time of writing (June, Ig21) this limb 1s only made for

amputation of the thigh.
When light a

which for a thigh amputation with the necessary pelvic band

uminium legs were first introduced, weight,
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, averaged about 5 pounds, gave them a great advantage over
: wooden limbs for similar stumps, of which the average weight was
’ about % pounds.

Nevertheless, the old Anglesey type of leg for thigh amputation
can be made as ]i.:,‘|11, or even lighter, than any metal hmb Vet
produced, and, except for heavy work, is at least as durable as
any prosthesis of more modern design.

[mprovements in the direction of lightness have since been
made, so that the No. 3 standard limb made with the steel parts
issued by the Ministry weighs only 5 pounds, and the No. 2 limb
with a steel hip-joint and pelvic band weighs about 6 pounds.
[f duralumin were used instead of steel, the weight would be still
further reduced, but for the hard wear and rough treatment to
which many pensioners’ limbs are exposed, duralumin for joints
and bands cannot be relied upon. For professional men, clerks,
and those engaged in sedentary and light occupations, it 1s strong
¢nough when properly employed, and with all surfaces which are
exposed to metallic friction protected by steel faces or leather or
fibre washers.

During the vears of the war the ** tilting table ™ limb for hip-
joint disarticulation proved better than anything that had been
in use before, and many amputees were able to walk comparatively
]L.n_:; distances on 1ift, i=|1|2'l‘:l_‘;|I it weighed on the AVeragre OVer
g pounds

On the other hand, many, finding the prosthesis too heavy,
gave up its use and reverted to crutches.

To meet the demand for a if_'_!|!|L-:' ||1'||-c1'_'1l-.-~i~:. AlleEmpts were
made to provide a satistactory himb by using celluloid or a hike
material for the pelvic socket and thigh and shin pieces, and
duralumin for the metal parts on which all the weight was borne,
Even when duralumin was substituted for celluloid in the thigh
piece, the saving in weight was not enough to counterbalance the
drawbacks of clumsiness, difficulty of adaptation, and lack of
clurability.

The light metal No. 1 limb made by J. E. Hanger and Co.
at Roehampton 1s at present the lightest and most satisfactory
limb for disarticulations at the hip-joint.

This prosthesis has a pelvic socket made of moulded leather,
as in the standard limb, but the remainder of the limb is made of
sheet duralumin (see hg, 220).

sheet metal 15 not so easily shaped to the outlines of a stump

Ly
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as is wood. [t fregquently happens that after a socket is made
and fitted, and is apparently comfortable, a few days’ actual
wear discovers points of undue pressure or friction. A skilled
fitter, by removing a little material in the appropriate situations,
is generally able to put matters right.

In the case of a metal socket, 1t 18 |
true that it can be hammered out
here or there, but with nothing like
the accuracy possible 1n the adjust
ment of the wooden socket. It
must be remembered, also, that the
more an aluminium alloy such as
duralumin is hammered, the harder
and more brittle 1t becomes.

The manifest advantages of wood
have induced limb makers to combine
the wooden socket with a duralumin
knee piece and shin and ankle.

Figs. 221 and 222 show limbs of
the type made by J. E. Hanger
and Co., Ltd. The No. 3 limb of

i this type weighs about 44 pounds

| ] and has proved satisfactory as fa:

' W as present experience goes.

, : 3 As the outcome of experuments
made in the Experimental Work-
shop of the Munitions Inventions
Department of the Mimstry of
Munitions, which workshop was
taken over and is now carried on

, by the Ministry of Pensions, sockets

i made of Certus glue, muslin, and
FiG, 220 —Mo. I LiIcGHT METAL . e ;
Lime By J. E. Hancer axp celluloid, were produced as stated in

Co., L. the section on the upper extremity.

1, Leather szocket: 2, metal oy, o0 PAl o Zigani o
thigh piece; 3, metal shin ] his material for convenienc saki
piece; 4, wooden foot, i5 called ** Certalmad.™

The prosthesis for the lower ex-
tremity designed and constructed in the workshop has a
socket! made of this material, which is lighter than a wooden
socket of the same size and strength, and has the advantage

of having no grain and not being hkely to split as wood does.
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At the same time it can be ventilated by numerous perforations
without unduly weakening it. If due precautions are taken

in manufacturing these sockets, there will be no tendency

PG, 221 —N0O. 2 LIGuT METAL LIME BY ]. E. HaxGeEr AXD Co., LTD
FiG. 222.—No. 3 LIGET METAL LIME BY J. E. HanGER ann Co., LTD.

L T I Y Tt P - » 1 #h 5 . WNE o
1, Wooden socket; 2z, metal thigh piece ; 3, metal shin piec
£, WOl il 10O,

to separation of the lamina of which it is built up, but
if the layers are not properly dried and each successive
one closely bonded with the former one, separation may
occur. Prevention of this is easy with due attention to
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details. The method of making these sockets is described in
the ."L]Jg‘.k']]-::_::‘(,

The design of the remainder of the limb departs widely from
the stereotyped forms, based upon the use of wood, which have
prevailed for so many vears.

Two main principles appear to have been acted upon—one
that of such standardization as will allow of mass production of
the greater part of each limb, thus mu« h reducing cost, and the
other the concentration of material on the lines and at the points
of strain, leaving none at all where it is not required, and thus
saving weight. The result is a ** scaffolding "' limb, of which the
shin piece 1s formed of four uprights and three flanged rings of
duralumin, the knee is a duralumin cup, and the thigh piece is
formed of four uprights and one flanged ring of the same metal
just above the knee. The four uprights are riveted to the
Certalmid socket.

[f the knee-joint and thigh and shin parts are made up 1n the
factory, all the limb fitter has to do is to cut the uprights to the
Appro

thigh uprights to it and the leg uprights to the ankle ring, taking

riate lengths, and, having made his socket, to rivet the

Care |,||;|‘, I|||- |il'-.'|.l\.'| |,".'|L5-' ] | l|||' |i,'.:l.1' are |||'.’.I'i'.|_;_' '.I|n|:'| I'II-.' :|i||-{|'-'

; plate and not only on the rivets. To increase resistance to
deformation by forces causing bending on the flat, the uprights
are made of slightly eurved cross sections. This shape not only
increases their rigidity, but it enables them to lie snugly against )
the flanged rings, and avoids sharp edges, which would damage
||||'-;'|||1|"I'i|'.'.:.

These principles have not yvet been applied to limbs for dis
articulation at the hip except experimentally in one or two cases,
for which they promise to be very satisfactory. The principle
of metal scaffolding, which has been alreadv referred to, lends

itself well to the peculiar conditions of a No. 1 limb as rega

the thigh piece, which, when of wood or even sheet metal, has
to be so much reduced in front and behind as to be a source of
weakness. In the Ministry limb all the strength can be con
centrated in two lateral uprights, properly cross-stayed, thus
allowing full flexion and making the sitting position easy. Like
other prostheses for this mutilation, it has locks at the hip
and knee,

The principle of a rather stiff knee-joint without shoulder

controls, but with elastic knee extension strap, which has already
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ard for this hmb, but

been described, 15 ad *||Il'~=-. as the stan

for those who preter e active shoulder control of the knee,

control pulleys on the knee bolt and cords and suspenders are

fitted. Hyperextension of the knee 1s prevented by an adjust
able back check of flax threads covered with leather at the
back of the knee. This renders any other buffer unnecessary.
A knee lock 1s added when necessary. A very light but strong

oot of cork, strengthened by vertical laminze of wood, such as

willow, glued together with Certus glue under pressure, and the

whole covered with muslin and ce

luloid. has been made for use

with this limb, and promises to be very satisfactory.

I'o meet the demand for a prosthesis for below knee amputa
tions that shall be lighter than the standard type with wooden
socket various attempts have been made. As far as the present
writer's experience goes, the light metal limbs produced for such
amputations have not been successful. Either they have not

had anvy advantage in lishtness or else the metal socket has not

withstood the strains to which it has been ?‘ll.:-‘_:|':'|.'|l.'l.|_

[ he Experimental Workshop of the Mimstry of Pensions has,
however, lately produced a prosthesis which is a modification of
the type described as for amputations of the thigh, having a
Certalmid socket made upon a plaster cast. This limb 1s about
1 pound lighter than the lightest standard limb with wooden
socket, and appears to have an ample reserve of strength (see

17 a3y
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the manutaciure ot LI1E

iter limb with a wooden zocket is now

high stumps or other conditions which render VELI'Y
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CHAPTER XVIII
AMPUTATIONS OF BOTH LOWER EXTREMITIES

THE subjects of these mutilations are in a much less pitiable
]I'.jIL:]II than those who have lost both hands. 1f the i]lt][ull.iiinllh
are below the knees, with stumps of useful length many men
are able to walk well and to cover considerable distances. Even
patients with two long thigh stumps may be capable of very
active locomotion, but the shorter the stumps the greater the
disability.

Double amputations are not always symmetrical, and all
possible combinations may be met with, sus h as disarticulation
at the hip on one side, and a long below knee stump on the other,
but such extreme discrepancy 1s rare.

[n fitting double amputations, it 1s obvious that there is no
absolute standard of length by which to settle the length of the
prostheses, but, except in long stumps below the knee (including
Syme's amputations), it is found advisable to fit limbs of such

a length as to make the patient shorter than he was before his
mutilation. By so doing, the leverage and the weight and the
necessary effort required by locomotion are all reduced, and the
patient is better able to reacquire the power ol balance.

For below knee limbs 1} inches reduction is enough, but in

the case of two fairly long thigh stumps the height should be

reduced 2, and in the case of short ones as much as 3, inches.
This shortening destroys the proportions of the patient’s figure
but the practical advantages of increased safety and activity
outweigh sthetic considerations. After a year or more’s
practice in the use of the prostheses it isin some cases advisable
to lengthen the limbs 1 inch or more if the patient desires it.
All cases of amputation of both thighs should be supplied with
short peg legs as a preliminary measure Ior training and for
use indoors. These consist of wooden sockets, in their uppe:
parts exactly like those of the permanent prostheses, but ter-
minating, at about the level where the knee-joint would be, in

J"".;_I"l
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AMPUTATION OF BOTH LOWER EXTREMITIES }7

a solid circular end covered with sole leather or indiarubber.
They are useful for such work as is done near the ground, as
well as for domestic purposes. A bicycle repairer who asked
for them found that they put him at a more convenient level
for his occupation than he was before he lost his limbs, although
he was, of course, too short for work at the bench. The stride
with these peg legs is short, but this is only a slight disadvantage
indoors (see fig. 227).

Double thigh amputations always need a pelvic band. This
15 generally made of one piece of steel, as in a No. 2 limb for a
single amputation, but has a hip-joint riveted to it on each side.
lo facilitate putting limbs on and off they are made easily
detachable at the hip-joints. There are two
ways of doing this. In one the male and et
female pieces are connected by a thumb-
screw with a hinged head instead of the
ordinary screw. In order to disconnect the

joint the wearer unscrews these, and replaces

them after putting on the limbs and pelvic ‘\:‘
band. in the other a keyhole joint is used. —

A slot rather narrower than the diameter of

the bolt 15 cut in a backward direction right

through from the central bolt hole to the Fis. 228 —MaLe
PartT or Hip-
Joint, DETACH-
I'he bolt, which takes the place of the usual ABLE BY MEANS
: IKEYHOLE
ARRANGEMENT.

periphery of the male part of the joint.

screw, 1s riveted into the female part so that
it cannot turn. Its anterior and posterior
surtaces are flattened, so that the width between them
corresponds to the width of the slot in the male piece. The
Jjoint can only be connected or disconnected when the male
piece and pelvic band are pushed backwards to a degree of
hyperextension impossible for the wearer’s sping. There is
therefore no danger of detachment during use. When connected
in the hyperextended position, the band is brought forward up
to the pelvis and buckled (see fig. 228).

The disadvantage of the keyhole method i1s that under the
strain of hard use the metal of the male part yields and the slof
spreads so that its sides are no longer parallel. This may occur
to such an extent that the joint becomes partly disconnected
and locks, or at least makes a noise in walking. If, to prevent
this, the steel is tempered hard, fracture is likely to occur. In
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this joint also the effects of friction are soon seen, as thert is no
bushing, and all the wear is taken by only one half of the circum-
ference of the bolt, the flat surfaces obviously escaping it.

Another method of facilitating application and removal of
the prostheses is one which is used also for the pelvic bands of
orthopadic walking instruments. Instead of a complete steel
band, each hip piece is riveted to a short steel which stops
short at a point 1} inches from the middle line of the back.
hese are padded and covered with leather in the usual way,
and at the back as well as the front are joined by a strap and
buckle.

It has lately been proposed instead of this to make a hinge-

joint with vertical axis in the middle of the pelvic band steel,
and this has been reported on as useful, but the writer has not
yet seen this modification.

A large number, probably a large proportion, of amputations
in both lower extremities are due to shell or bomb explosions,
but there are a number of below knee cases due to frost-bite
gangrene. These were pitifully numerous among the men ol
the West India regiments. The authorities who were respon-
sible for sending these men to France in winter instead of to
the campaigns in Africa and Asia were, no doubt, not consciously
indifferent to needless suffering, even in men of colour, but they
cannot be credited with imagination or common sense. These
men proved to be very sensitive to cold, and some of them
suffered from cold gangrene after two hours’ sentry-go in the
south of England during a mild winter.

[he stumps, after amputation for frost-bite gangrene, are
often, as already stated, poorly nourished and sensitive, and
consequently difficult to fit. One West Indian with a Svme's
amputation was unable to wear an artificial foot without the
stump breaking down as scon as the temperature of the air fell
to 60° F. Attempts to wear the prosthesis in England
had to be abandoned, and he was sent back to Jamaica with

instructions not to wear it till he reached the tropics.




CHAPITER XIX
PROSTHESES, ETC., FOR COMPLICATED AMPUTATIONS

BEsipEs amputations of both lower extremities, among the
amputees of the Great War are a certain number who have
suffered the loss of one or both arms as well as one or both legs.
The loss of a leg does not seriously affect the prosthetic treatment
of an arm stump, but the loss or injury of an upper extremity
in most cases handicaps the man who has lost a leg in his efforts
to make good with a prosthesis. Most leg amputees, unless their
amputation is very low down In the limb, have to use at least
one stick. which is held in the hand of the side opposite to the
amputated leg, so that the stick shall relieve the prosthesis of
some weight and help the balance when the sound limb is raised
from the ground in walking. The loss, for instance, of a right
hand and a left leg is more disabling than the loss of a right
hand and a right leg.

[n some cases it is necessary to provide a stick with an attach-
ment to the artificial arm, which will allow slight movement and
yvet be rigid enough to allow weight to be placed on 1t. Such
is the stick appliance made by C. A. Blatchford. This 1s se ldom
of any use unless there is a good forearm stump.

To enable leg amputees whose hands are severely damaged
to use a stick, two types of walking-stick are supplied, known
as No.7and No. 8. No.7is intended to be used when the hand
is useless for grasping purposes. A stiff leather case 13 strapped
round the forearm to which steels are attached, which are carried
down to the handle of the stick. The No. 8 stick 1s for less
serious disability. A steel plate is screwed to the handle of the
stick in such a position that the hand pushes down againsi it,
so that it takes the '-.\.'I_'I:.;h[ and relieves the hand of the necessity
of grasping the stick firmly. The wrist is encircled by a leather
band with straps and buckles, which is riveted to the stick (see
figs, 229 to 232).

In cases of flexed and stiff elbows it has sometimes been found
necessary to fit a rigid leather arm and forearm casing or splint,

249
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on the lower surface of which a socket is fixed, into which a
broomstick crutch end can be screwed. To transmit the weight
properly this socket should be as nearly under the elbow as
possible. While such an appliance is useful for walking, it 1s
extremely inconvenient, owing to difficulty of detachment, when
the wearer wishes to sit down.

A minor difficulty when a hand is lost is experienced in lacing
up a thigh corset or a limb for Syme's amputation. In such

cases straps or buckles are substituted for eyelets and laces, as

|
i [
[ B
:h ¢
1 Fig. 230.—No, 7 WALKING STICK
1IN LUSE.
1l . A. Blatcl rd
they are much easier to manipulate with one hand. The buckles
| are most conveniently fixed on the side of the corset furthest

away from the sound hand.

It 1s not within the scope of this book to describe every sort of
prosthesis for unusual complications, but the treatment of those
complications which are more often met with needs considera-
tion. One of these is ankylosis of the hip-joint. In deciding
which is the best position for ankylosis of this joint, we find
ourselves between the horns of a dilemma. If the femur is

fixed in extension the position is the best for locomotion, but it
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is extremely inconvenient and disabling in sedentary occupations.
[f, on the other hand, it is fixed in a much flexed position, loco-
motion, if possible, involves a severe compensatory lordosis,
produced by hyperextension of the sacro-ihac joint and those of
the lumbar and lowest dorsal vertebrme. These difficulties are
familiar in civil practice among the subjects of hip disease,
whose difficulties, however, are much smaller than those of the
thigh amputees, since the former have unimpaired knee and

ankle joints and the muscles to control them.

FiG., 231 No. 8 WaLkmne Fic, 23z —No., 3 WALKING DTICK
STICK. 1 Usk.

Made by C. & Blatchford.

A careful balancing of advantages and disadvantages, backe d
by experience, leads to the decision that a position of moderate
flexion is best—say of 30 degrees, measured by Thomas's method,
as previously described. Slight abduction is also desirable.
Supposing that the stump is short enough for the flexion to be
accommodated in the formation of the socket, nothing further
is needed, but in cases in which the stump is too long for this—
say g inches or more—the '|ll['_-1l|1_‘-. 15 greater. Hk '.'I_‘L'['I.'I--
extension of the lumbar spine and by curving the lower part of

the socket and the knee piece, the knee-joint and shin piece
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may be brought back under the hip, so as to give stability and
make locomotion |I'l.=~:-'.il]'. If the contraction is too great to
allow of this accommodation—say over 15 degrees—and still
more if there is much adduction as well as flexion, the opera
tion of arthroplasty is advisable, and care should be taken in the
after-treatment to keep the stump when at rest in the best

position for ankylosis” i case the attempt to make a new joint

iils. As.a last resort osteotomy mav be necessary. It i1s not
possible to make rules as to the amount of contraction that can

De Lll.'l.'I:'II'.'IIIIIl.]éll_l'[l, |:||':,'<'i|l--|' lEI': degree of mobility of the lumbar

ol

region of the spine varies greatly in individuals. One man with

I a contraction of 45 degrees will be able to compensate for it,
| while another with 30 degrees mav be unable to do so. Generally
i speaking, youth and mobility go together, and vice versa.

T'he extended and only slightly flexed ankylosed thigh stump
offers no difficulties to locomotion, but it affords a great
obstacle to sitting down with comfort; and with an ordinary
prosthesis, however well accommodated, the patient is unable
to bend the knee so as to place his foot out of the way of other

, people. In these days of crowded public conveyances this is a
! great nuisance. By sitting well forward and on the corner of a
(1 chair, and at the same time flexing and thereby reversing the
91 curve of the lumbar region of the spine, the sitting position i

|.|I|3'~3'~i.|'..l.': but the t '.E_'_:ll stump will then be directed downwards
and forwards, and the knee will not be far enough from the ground
to allow the shin piece to be bent under it. This may be
A remedied by the use of a very high stool, but that would only
be available at home or in an office.

The dithculty 1s got over by providing an automatic locking
joint just below the end of the stump. This joint is kept locked
in walking, but the bolt or ring is pulled up before sitting down,
thus allowing flexion forwards, producing an appearance as
though the thigh were fractured. The annexed fgures are
Irom ]1=‘.-|llll:_'l'.l|'l'il- of a imb made at the writer's suggrestion ||_1'
the Gale Artificial Limb Company. They clearly show the
cithculty and the wav in which it was met. This method of
dealing with this complication has become the usual one at
Roehampton (see figs. 233 and 234).

It will be noticed that the patient in the illustration has a
knee lock, for use in poing down stairs or when standing for long.

For walking the knee 1s unlocked. A light metal limb with
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F1G. 236 —L1GHT METAL Livs with Fic. 237 —Licut Merar Liue
TLERTALMID ' SOCKET FOR ANKY- WITH ** CERTALMID ** SOCKET
LOSIS oF THE HIP. MADE BY Jiad FOR ANKYLOSIS OF THE Hip
HANGER AND Co. LTD. MADE BY [. E. HANGER \.\:_;

Co. Lto
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certalmid socket fitted to a case of ankylosis of the hip, with a
shorter stump which is slightly flexed and abducted, is shown in
figs. 236 and 237. This limb was made by Messrs. J. E. Hanger
and Co., Ltd. Ankylosis of the knee-joint causes less difficulty,
particularly if the stump is short, but a long stump with a stifi
knee presents more serious obstacles to fitting. These can be
overcome in the manner shown in fig. 235. The stump is
encased in a moulded socket, swung from the knee-joint, and
the shin piece has to be cut away extensively to allow of
flexion and extension of the joint. Amputation just above
the L'nt]:l_\.'[v:: of the femur would have given this patient a more
useful limb.

IFla1l joint due to paralysis of the muscles which pass over
and act upon the knee-joint is a serious complication, but for-
tunately a rare one. It is met by adding an automatic ring catch
lock to the outer knee-joint. The knee is then locked auto-
matically as soon as the patient fully extends his knee, and is
unlocked for sitting down by drawing up the ring. When such
paralysis is accompanied by ankylosis of the hip, the difficulties
of successful fitting are much increased.

Special limbs are sometimes required by horsemen for riding.
In the case of thigh amputations the inner side of the upper
two-thirds of the wooden socket,is replaced by stout leather,
leaving behind enough to afford a good seat to the ischial
tuberosity. Or a limb with an all-leather socket may be pre-
ferred. In any case, the hard knee piece and knee-joint are not
well adapted to grip the saddle, but nevertheless some amputees
can ride well across country wearing the wooden socket with
leather inner section.

If the amputation is below knee and the ordinary No. 8 limb
is fitted, it is quite possible for the amputee to ride in it, but the
inner side steel on the thigh corset and the somewhat prominent
knee-joint make a comfortable grip difficult.

In the case of a long stump the No. 12 limb without side steels
or knee-joints is most suitable. Ewen though an amputee may
not be able to walk well with such a limb, he may find it quite
suitable for riding, and may keep a special limb for that purpose.
It might be advisable to compromise and give up the inner side

steel and knee-joint only, as recommended by F. G. Ernst.




-
|
H
II-
H
]

CHAPTER XX
REPAIRS TO LEG PROSTHESES

APART from wear and tear and the results of accident, altera-
tions of the stump which destroy the correct relationship between
it and the socket cause a large number of readjustments.

Shrinking of the stump is, as a rule, complete after one or at
most two vears' wear of a prosthesis, but this rule is by no means
invariable. A fat man may lose flesh, or a muscular man may,
through illness, suffer atrophy of muscles, at any period of life,
and the amputation stump will take part in the changes.

The degree of incongruity between stump and socket is
ronghly measured by the number of stump socks which a patient
finds it necessary to wear. Pensioners have returned wearing
as many as twentv-four, and five or six are often found necessary.
A leather lining will take the place of one or two socks, according
to its thickness, but beyond this it is, generally speaking, wiser
not to line or pad the socket, but to order a new one. Linings
reduce the diameter equally all the way round, fill up hollows,
and obliterate the accuracy of the contour of the socket, if 1|:n_'-,'
are of more than small thickness. This is particularly noticeable
in sockets of below knee |Z'l'1l"-'.|'.l.'.'¢l.'":. because of the bony and
unyielding nature of the stump, which necessitates accommoda-
tion of various prominences. Moreover, they add to the weight.
When a patient’s stump has shrunk rapidly and the process
appears to be still continuing, it may be justifiable to line and
pad, and defer the trouble and expense of a new socket till
shrinking has stopped. Light metal sockets can be reduced in
size by removing rivets and reducing the size and re fixing, but
this is no less troublesome or costly than a new wooden socket.
The chief objection to wooden sockets is their liability to spht,

especially when made thin for the sake of hightness

This tendency is prevented to a great extent by the close

application and adherence of the rawhide covering or by the

screw wire used h_'.,' Messrs. E E. |l:lJ'Ij;t| and Co. By this
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method lengths of § inch brass wire having a screw thread cuf
LLpon it are screwed into drill holes in the substance of the wood
around the socket about 1 inch from the top. The length of
each piece of wire is determined by the thickness and curvature
of the socket at the site in question. The result is that a number
of lengths of brass screws are imbedded, with their ends over-
lapping in such a manner that expansion and splitting can only
occur 1f one or more of the wires is broken o dragged out of its
bore. This method undoubtedly helps to prevent splitting, but
It 15 doubtful whether the same result would not be obtained
by riveting a narrow ring of duralumin round the outside of the
top of the socket, or by the method used by C. A. Blatchford of
gluing a stout linen tape round it

A wide or long fissure necessitates a new socket, but when it
1s short, or runs down between two of the rivets of a knee-joint
or hip-joint steel, and especially if the socket fits well, the crack
may be mended by a key and an additional ring of rawhide.
Well fitting and comfortable sockets, like old boots. are not to
be lightly discarded, and patients are wise enough to keep them

as long as possible.




CHAPTER XXI
THE RE-EDUCATION OF THE AMPUTATED

A paper introducing a discussion on this subject at the Medical Society
of London on March 22, 192
THE physical re-education of the maimed may be attempted
by means of massage and active and passive movements ol
what may be called a factitious nature, or by the performance
of actual work, or by the two combined.

Experience has shown that, although the artificial method may
be applicable earlier in the progress of a case than 1t 1s possible
for actual play or work to be undertaken, yet the sooner the
latter can be substituted the better the results.

The man who is set to dig or do :.i;'“Er]p woodwork can continue
to do so without fatigue much longer than he can repeat dull and
uninteresting movements with a Zander machine. The higher
and lower nerve centres are far better occupied, and conse
quently redeveloped in the pu posive efforts of work.

When Sir William Robertson was a non-commissioned othcer
he pointed out in an examination paper that a certain gymnastic
exercise was absurdly impractical. In a subsequent discussion
the medical officer objected to this, saying that ** that exercise
strengthens the muscles needed for climbing.” * Why not
climb, then ?" asked Robertson. This was a perfinent question,
and hard to answer, unless no facilities for climbing were avail-
able. Similarly, the best way to develop stump muscles is to
wear and use a prosthesis. Thereby the useful muscles will be
developed, while those which, owing to loss of the segment to
which they were attached, have ceased to be of use will be
.;.I;_I:I'-.'-.'I,:[; o i!.[l'l._l].*|3_'~. To L_ll_-L'-,_]:‘-l:l ]'J_“ ﬁl".ﬂl'l'l'l':"l,ln-'._'_'-.' Lll:'-,'i:-'»:'l. EXEI-
cises, say, the hamstring muscles in a case of amputation in the
middle of the thigh when there is neither tibia nor fibula for
them to act upon would be absurd

To obtain the best results from the natural method of training
however, the efforts of the patient must be supervised and

Z R
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intelligently guided by instructors, who, whenever possible,
should be themselves similarly mutilated.

l'his has been insisted upon by Camus! and other French
authorities on re-education, and Sir Arthur Pearson attached
great umportance to it in the case of the blind. He said : ** The
men of St. Dunstan's acquire these industries in a quarter the
time that is usually supposed to be necessary to teach a blinded
man the trade. The principal reason for this is found in the
iree employment of the blind teacher, who is not encouraged at
ordinary workshops for the blind. The whole outlook of a man
becomes different when he finds himself in the hands of a teaclier
who works under the same handicap as his own." Mutatis
miutandis, this is exactly applicable to other disabilities.

There is no doubt that, whenever possible, the disabled man
should be retrained for his old trade. It is obvious that it is
best to make use of the skill and aptitude already acquired, and
that i1t will be far easier for a man to readapt himself to it than
to learn a new one.

I here 1s a general consensus of opinion in France that the
most suitable occupation for all kinds of maimed is agriculture
n its widest sense. It must be remembered that 6o to 70 per
cent. of the French wounded were employed upon the land
before the war, and therefore a large proportion of those sent
back to agriculture were resuming their former occupations.
It has been found possible even to train blind men so that they
may resume work among the vines, and many blind men have
returned to other kinds of land work. Great efforts have been
made in France to prevent the wounded agriculturists from
itl'ijlill_;::' into towns.

Amar in France has devised and elaborated apparatus such
as the ergometric cycle for the exact measurement and graphic
record of work done by the respiratory muscles and those of the
limbs in various kinds of labour, for showing fatigue, and even,
as he claims, for detecting malingering.

Lhese records cannot fail to be of physiological and patho-
logical interest, but so far it does not appear that they have
taught us more than had been learni by empirical methods, the
conclusions of which they generally confirm.

Amar’s experience has been that 8o per cent. of war cripples

L

' Physical and Occupational Re-education of the Maimed " by Dr
Jean Camus. Translation by W, T. Castle, R.N.
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are capable of re-education, and 65 per cent. can be re educated

unconditionally. The remainder need specially adapted tools,
machines, or workshops.

The temperament of the patient is a most important factor-
almost more important than the stump.

Some men are determined to make good, and will do so.
Others lack grit and perseverance, and will not try. This is
true of legs as well as arms, but it is most evident in arm cases.

At Queen Mary's Convalescent Auxiliary Hospitals the first
attempts at occupational training of the amputated were begun
under the direction of Mr. Dudley B. Myers, in 1g15. The dura-
tion of the men’s sStay was oo short for any n'nmrl:g'rh-h'; technical
training, but long enough to enable the capabilities and apti-
tudes of the men to be discovered, and often to lay a good founda-
tion for subsequent education. Indeed, it has been astonishing
how, in a few weeks, some men developed manual skill, which
has been commonly supposed to be only attainable after years
of apprenticeship. These men, when they had been fitted with
their limbs, were passed on to the Polytechnic, the Cordwainers’
Technical College, Clark's Commercial College, and other training
centres for |,'-|[1|1|Jv[-' training. The r»]l!l_it'l'h-i 1;11].11'“‘. at Roe-
hampton include commercial training, motor mechanism, metal
turning and fitting, electricity, woodworking, boot making and
repairing, and basket making. Training in light leather work,
as also lectures and practical demonstrations on poultry farming,
were given, but were abandoned for want of sufficient support.
All those who have lost a right hand are taught (if they have
not already learnt) to write with the left hand.

To quote Mr. Dudley Myers' report:

An analysis of the applications received for training shows
that over sixty distinct occupations were dealt with by the
employment bureau and educational workshops. No fewer than
46 per cent. of the amputated at Roehampton returned to thei
old employment, while training or employment involving in
most. cases an entire change of vocation was arranged for
further 21 per cent.

‘The remaining 33 per cent. were passed on to the local
sider work or to accept training, except in the vicinity of their
own homes.”

The excellent work done at Roehampton and at Brighton by
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the Honorary Superintendent of the Employment and Training
Bureau has been the model on which the Ministry of Pensions
has formed its training scheme. The very greatest credit is due
to Mr., Myers for the years of work which he has devoted to the
interests of the amputated sailors and soldiers, with very scant
recognition of his services by the Government of the country.

The value of the work done in occupational education at Lord
Roberts Memorial Workshops all over the country and at
Mr. Oppenheimer's diamond cutting and polishing works at
Brighton is well known. But the chief function of these is
vocational employment more than re-education, and a eood
many men working in them do not wear prostheses, because
they have found jobs which can be performed without them.

The subject of re-education of the amputated naturally divides
itself into two sections—(a) the re-education of the remaininge
parts of the amputated limb, so that it may again be used with
or without, but most generally with, a prosthesis; and (b) the
education of the sound limb, so that it may take the place and
discharge the functions of the lost parts.

A further subdivision is concerned with the region affected—
cither the upper or the lower extremity—and, in the case of the
upper extremities, the loss of both hands so profoundly affects
the problem that such cases call for special consideration.

Temporary prostheses or provisional limbs are useful in them-
selves, and also as a means of training and development.

In the case of the lower extremity, they were too much
neglected in this country in the earlier years of the war ; and in the
case of the upper extremity, they have been, and still are, very
little used. This is a pity, for no doubt many a patient, before
arm training schools were instituted, has been discouraged and
has disearded his artificial arm because his stump muscles have
atrophied from disuse, and were temporarily unequal to the tasks
imposed upon them.

The re-education of the amputated may be hindered by many
irremediable complications, among which are

(@) Paralysis of the stump.

() Ankylosis or other defect of remaining joint or joints
¢.g., flail joint.

(¢) Multiple amputations.

(d) Injuries and disabilities of the sound limb.

(¢) Blhindness,
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As the functions of the upper extremriy involve more com-
plicated movements and co-ordination than those of the lower,
it is not surprising that such complications are more difficult to
deal with in the case of arm than of leg amputations.

Loss of sight, which would seem almost to forbid the use of an
arm prosthesis, has not prevented 5t. Dunstan’s from teaching
arm amputees to do cabinet making, typewriting, poultry
farming, etc.

In the case of leg amputees, there are, fortunately, few in which
anv of the above named :'-::ull!]?“x'.l'liu[].x have absolutely ]'J‘.'I"'-'L'IHI'I]
patients from walking with artificial limbs more or less well ; but
their re-education demands patience, perseverance, and time.

In the earlier years of the war, the number of cases was
so great that the authorities, who did not properly realhize the
necessity of training in the use of artificial arms, did not allow
any time for this purpose. The statistics as to the usefulness of
arms, which were obtained by circularizing the pensioners, were so
discouraging that the War Office, on the advice of the surgeons
on the Advisory Council on Artificial Limbs of the Ministry of
Pensions, ordered that every man who was provided with an arm
]:r'n,-é[]“mi; shonld -.]5[-1113 at least a fortnight after receiving 1t in
being trained in its use in an arm training school at a limb fitting
hospital.

The Rev. Captain Rowlatt Maxwell, C.I'., who has lost an arm
a few inches below the elbow, was appointed Chief Arm Instructor
to the Ministry of Pensions. The course of instruction which he
advised was first given at Charterhouse Military Hospital, and
afterwards at Roehampton and in the provinecial centres.

It is to be remembered that, in all so-called mechanical arms,
except those for cinematized stumps, the principles first employed
by Baliff in 1818 are applied. That is to say, that the artificial
joints are moved by means of movements of the stump and the
shoulders, and even of the opposite arm. Tomake and co-ordinate
these movements exactly, nerve centres and paths and muscles
have to be adapted and developed in order to perform duties
which were at first strange to them. In time, a patient who
constantly uses his arm prosthesis makes the movement as
automatically as those of his sound hand. He has only to will to
make a certain movement of the appliance, and he does 1t withouf
thinking of his shoulder, his stump, or his opposite arm, although
one or some of these may do the work.
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Consideration of these new neuro-muscular arrangements
and of the stereognostic sense, as concerned in the use of
prostheses, opens up an interesting field of study for
neurologists.

A few words may be added as to the re-education of cinematized
stumps. The few cases which have been admitted to hospital
or the supply of arms have been treated by the application of a
Thomas's arm splint, such as is used for fractures of the humerus.
[ndiarubber cords are attached to the distal end of the a]:-]i1l1, and
ta the '|[\-|;'|-.'!i|' motors of the stump, and the |Hl1'lt'111- are directed
to exercise the muscles of the motors by pulling against the
elastic resistance.

The strength and tension of the cords are easily varied.

By using this simple appliance patients gain muscular power,
and the motors are lengthened and mobilized before the prosthesis
is applied.

A pull of 20 pounds may be obtained from the combined biceps
and brachialis motor, but this amount is probably far less than
the effort of which these muscles were capable in their normal
conditions: in the mutilated limb, even after considerable
training, fatigue is apt to occur sooner than in the normal. One
patient decided to give up the use of the cinematized stump and
special prosthesis, and preferred a hand worked from the shoulders
as being more powerful and causing less fatigue.

This course of arm training does not aim at teaching any trade
or industry, but the patients develop the appropriate nervous
control and muscular power by doing certain tasks which in
themselves are interesting to them, and at the same time the
nerve centres of the remaining sound limb learn to adapt them-
selves to new tasks, and the necessary muscles are co-ordinated
and developed.

Woodwork, digeging, loading and wheeling a barrow, and using
a sledge-hammer, are the chief means of traiming.

Each man makes a number of wooden articles, and as he 1s
allowed to take them away with him as proofs of his skill, he 1s
interested in learning to make them well. This kind of training
offers far more encouragement and hope to the men than any
scheme of exercises could do. For it must not be forgotten that
many of these amputees, after many operations and many
months in hospital, are profoundly discouraged and sceptical as
to the usefulness of an arm ; but when they see what others can do,
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and find that they can emulate them, theyv regain hope and
confidence.
(Of course, most of the work was done with the sound hand, the

bhe the

artificial arm merely acting as an auxiliary. As these wil
respective functions of the two arms in after-life, this training is
on the right lines.

Besides the work at the bench, those who have been fitted with
workers’ arms learn to use the implements for coarse work on
the land before mentioned.

Although the general use of temporary peg legs was not adopted
in this country till long after they had been used as a therapeutic
and educational measure on the Continent, practical training
in the use of permanent artificial legs was instituted from the very
beginning at Roehampton.

The traiming begins in the limb makers’ workshops, where the
patient is made to try the limb in the rough by walking, at first
between two parallel rails, on which he can rest his hands., At
each end of these rails is a large looking-glass, in which he can see
how he walks, so that he may correct errors.

These rails are supported on posts fixed to the floor. They
are 2 feet 10 inches high, and each rail is 2 inches wide and rounded
on the top; the distance clear between the rails is 2 feet 2 inches
or 2 feet 6 inches over all. Their use enables a patient to try and
walk without fear of a fall if he has the use of his hands. Errors
in gait are corrected by the injunctions of the instructor, while
the patient watches his reflection in the mirror.

After the limb maker has fitted and completed the limb, and
15 satisfied that it fits, the wearer comes into the hands of non-
commissioned officers who have each lost a limb. He attends
a number of walking parades, at which his errors are pointed out,

and advice given for their correction. These parades are held in

and out of doors, with and without the help of the rails, and

include walking up and down slopes and steps, and on rough as well
as smooth :_=_:|'I.'.1I~'_. The 1|r..\‘.I-l‘u1||:]|i-'='5;u]h I.I_ officers become ver Y
expert ininstructing men how to make the best of their limbs, and
in adjusting the limbs and their appendages.

After a week of this training, the patient is usually ready to

pass the surgeon and be discharged. If he does not walk as well

as can be expected, he may be put back for further practice and
instructions.

When a man has long worn a provisional peg leg without a
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knee-joint, he is apt to develop a bad gait, owing to his having
had to circumduct the stiff limb in bringing it forward. Practice
and perseverance will in time correct this tendency.

It would be 1dle to deny that some men do not get on with their
artificial legs from various causes, but it is gratifying to see how
many men are doing well with them.

Solvitur ambulando should be the motto of those who are
engaged in the re-education of the leg amputee, but in cases of
very short stumps or of weakness of the muscles which control
them, special exercises are often of great assistance. They are
also of value in the treatment of those neurotic patients who
require encouragement and persuasion to overcome their want
of confidence in their own powers.

For details the reader is referred to the section on this
subject in “ The Handbook for the Limbless,”* by Miss M.
Randell and Mr, G. A. Ponsonby.

* Published by the Disabled Society, 48, Grosvenor Square, London, W







APPENDIX 1

NOTE.

Ix July, 1910, a committec was appointed under the chairmanship
of Admiral Bacon to consider and adwvise the Minmister of- Pensions
on the standardization of artificial limbs.

The recommendations of this commitiee were afterwards followed
by the Ministry expert advisers on artificial limbs, who, after
consultation with the British Limb Makers’ Association, drew up
the specifications for certain types of limbs, which are contained
in Appendix I

Several specimens of each type ot limb have since been made and
approved.

The weichts of the lightest of these are as follows:

7 Iy il e '|||:u||‘.'.|’.-= = OUNCEs.
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SPECIFICATIONS OF ARTIFICIAL LIMBS.

Specification for Medium Carbon Steel Forgings, Artificial Limb
Parts (other than the Pelvic Band).

. Material.—The steel used for making these forgings is to be
of British manufacture, made by an approved maker to the Ministry

s Chemical Analysis.—The steel is to contain: Sulphur, not over
0 05 per cent.; EIE:r}_-'Jn':'.n]“.:-;_ not over o-o5 per cent.

2 If there is any doubt as to the quality, the inspector shall have
the right to select samples and have them analvzed at the Mimistry s
I"':‘-L'I:-l.'['l'-'\.c'.

&, Defect.—The forgings are 1o be sound and free from cracks,
flaws, and surface defects. “I"-\. are to admit ol ]Ll'i!];i machined
to the required dimensions without leaving witness of the black

surface. Defects are not to be repaired.

5. Tesgts.—The forgings are to comply with the following tests,
which are to be carried out in the presence « { the inspector, and to
his satistaction:
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a) Tensile Test.—Test pieces machined cold lengthwise from the

drawn down material selected must, withoud reheating or any other

manipulation whatever, show the tensile breaking strength and

minimum elongation as follows: Ultimate tensile 10 to
45 tons per square inch; minimum elongation, 20 to 15 per cent

The test piece is to be gauge length 3 inches, parallel length
3finches, diameter o-798.

(b) Cold Bend Test.—The test piece, g inches long and 11 inches
square, with s inch radius at the edges machined cold, must without

any reheating withstand being bent cald through an angle of

9o degrees round a bar 2} inches diameter, and the test continued

after the bar is removed by the edpes being brought together with-

out fracture. The test shall be continued after the bar 15 removed
until the sides are parallel (British Standard Specification, Report
No. 24, Specification No. 19, 1011). Should any test piece fail to
tulfil the tests specified, two duplicate samples may, if the contractor
wishes, be tested, and if the results obtained from both are satis
factory, the quality of the material is to be judged therefrom and
not from the original test piece which failed. If, however either
of the duplicate test pieces fail, the material represented is to be
rejected.

G. Imspection.—The contractor is not to supply any forgings
which hawe been previously rejected. The inspector is to have free
access to the works of the contractor at all reasonable times: he is
to be at liberty to inspect the manufacture at any stage, and to
reject any material that does not conform to the terms of this
specification.

=. Facilities.—The contractor is to supply the material required
for testing without additional charge, and at his own cost to furnish
and prepare the necessary test pieces and supply labour and appli-
ances for such inspection and testing as may be carried out on his
premises in accordance with this specification. Failing approved
facilities at his own works for making the prescribed tests, the

contractor is to bear the cost of carrying out the tests elsewhere

General Information.

1. Limbs with the component steel parts standardized and built
on the lines suggested in the Bacon Committee’s Report shall be
made according to these general specifications, but these specifica-
tions, however, shall not prevent the manufacture of anv limb which.
in the opinion of the Minister's advisers, constitutes an improve-
ment as regards design, fit, material, lightness, or other qualities

2. All metal parts which are not nickel-plated and which form
component parts of the actual limb shall be painted over with an
anti-corrosive varnish which is elastic.

3. Iron or steel (not copper) rivets must be used for metal parts
which require to be riveted together,
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4. Every limb supplied under this speciication must SN
scribed upon the front of the shin piece the name of the maker, the
date and place of issue, and must be initialed by a responsible
official of the firm before delivery.

Example:

[nitials and Dale.

No. 1 (A).—Limb for Amputation at or just below Hip-Joint
see Fig. 238).

1. Pelvic Socket.—The pelvic socket shall be made of best sole
bend leather, moulded to conform to the stump. It shall include
one lateral half of the pelvis, and be finished so that the centre of
the bottom of the saucer of the socket is lower than its Inner border,
as far as this is practicable.

> Inside Lining of Pelvic Socket.—The pelvic socket shall b
lined on the inside with best quality kid, calf, o other suitable
leather—not chamois—(with or without an inner covering of best
quality felt, as may be ordered by the surgeon) fitted to the material
forming the pelvic socket, with a sufficient overlap to allow of the
leather being securely attached to the outer circumference of the
pelvic socket by best Scotch glue, or other suitable adhesive material.

1. Outside Covering of Pelvic Socket.—The pelvic socket shall be
covered on the outside with dressed leather, metal parts being first
covered with linen or other suitable material. The leather covering
shall be securely fastened to the pelvic socket with best Scotch glue.

4. Steel Bands of Pelvic Socket.—The pelvic socket shall be
embraced by two bands of steel 1} inches wide, No. 16 to No. 13
I.W.G. one vertical and one horizontal. The vertical one shall be
of mild steel, and shall be fixed to and rest upon a plate which forms
the upper arm of the inner side steel. This plate is shown in Blue
Print No. S. g1. The vertical band shall be attached to the plate
of the inner upper side steel by three No. 8 [.W.G. steel rivets.
The horizontal band shall be of best double shear or spring steel
11 inches wide, No. 16 to No. 18 I.W.G.; it shall encircle the upper
portion of the pelvic socket, and be prolonged to form the pelvic
band. The two terminals of the wertical band shall be riveted
to the horizontal band with two No. 8 L.W.G. steel rivets in each
terminal. The sole bend leather of the pelvic socket shall be attached
to both the steel bands by a sufficient number of No. 8 LW.G.
copper rivets to make it secure

-. Ventilation Holes, Pelvic Socket.—The pelvic socket shall have
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ten ventilation holes {1 inch in diameter, five in the front and five
in the back

6. Pelvic Band for Pelvic Socket.—The pelvic band shall be of
sufficient length to reach as far as the anterior superior iliac spine
of the opposite side. It shall be adequately tempered and bevelled
to fit the pelvis below the iliac crests. It shall be lined on the
inside with a pad of best felt, the whole being enclosed on the inside
by a covering of soft tanned leather, and on the outside by a strong
bag-hide, calf, or other suitable leather.

7. Straps for Pelvic Socket.—A leather strap 1 inch wide shall be
securely fixed to the extremity of the pelvic band by a No. 8 I W.G.
copper rivet, and to the leather covering by hand stitching The
correspending nickel-plated steel or brass buckle shall be so fixed
to a 1-inch leather strap, riveted in the same way to the anterior
extremity of the horizontal band of the pelvic socket, as to provide
a safe to the buckle.

8. Btitching of Pelvic Socket.—All the hand stitching of the
leather work shall be done with best waxed thread. and all straps
and buckles shall be hand stitched.

9. Inner Side Joint, Upper and Lower Arms.— The inner side joints
which fix the pelvic socket to the wooden thigh piece are shown in
Blue Prints Nos. 5. go and 5. ar The attachment of an Upper arm
(5. 91} 15 described in paragraph 4. The lower arm (5. go) shall be
attached tothe wooden thigh piece by three No. 8 1. W.G. copper rivets.

10. Outer Side Joint with Automatic Ring Catch, Upper Arm.
The upper arm of the outer side joint with automatic ring catch
is shown in Blue Print No. 5. g2. The upper extremities shall be
cut off at such a level as will bring the outer hip-joint to a corre-
sponding level with the inner hip-joint when they are affixed in
contact with the upper edge of the horizontal band of the pelvic
socket. This upper arm shall be curved so as to fit the contour
of both the horizontal band and the prl‘_'i{' socket. It shall be
riveted to the horizontal band by two No. 8 I.W.G. mild steel rivets,
and to the leather socket by three or more No. 8 IL.W.G. copper
rivets. The joints of the inner and outer side steels must be fixed
50 that the planes of their working surfaces are parallel.

11. Quter Side Joint, Lower Arm.—The lower arm of the joint is
shown in Blue Print No. 5. go. It shall be attached to the wooden
thigh piece by three No. 8 I.W.G. copper rivets.

1z. Thigh Pieces.—The thigh piece shall be made of well-seasoned
willow wood without detrimental cracks or shakes, and shall be

covered with a suitable rawhide, securely fastened bv best Scotch

glue, applied hot, shellac fi
13. Knee Piece.—T1

thigh piece in its entirety, in which case it shall be fixed to the

1shed and polished.

» knee piece may be made separate from the

[h]}_:, plece |.| at least four soft wood kevs r]iélﬁ'?”f'i::‘-' ::":“I"!'."'j-

mortised into the two sections and securely glued.
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14. Thigh Piece to be Cut Away,—The upper part of the thigh
piece shall be cut away in front sufficiently to allow the hip to be
!'uH_x-' flexed, and shall be cut away ]:cu.-.tu:'t'im‘h,-' in order to allow the
patient to sit down with comfort when the hip is flexed.

15. Posterior Apron.—Th
thigh piece shall be covered with an apron of suitable leather,

» whole of the posterior opening of the

attached to the wooden thigh piece with best Scotch glue, and with
small counter-sunk brass wood screws. This apron shall be ex-
tended upwards so as to cover the spurs of the ]1:[:-jl:in1r~l which
project when the hip is flexed. Opposite these spurs the apron
may be reinforced with small, thin, hard steel plates.

16. Anterior Apron.—The anterior opening shall be covered with
a piece of suitable leather, attached below by best Scotch glue, and
by small counter-sunk brass screws m a similar manner to the
posterior apron.

17. HJ.IJ Extension Elastics.—On the ]ll-:-Cll'I'i-.Jl' surface of the ”li}:h
piece a piece of elastic webbing 2 inches broad by approximately
3 to 16 inches thick, bound with leather at its extremities, shall be
fixed by two counter-sunk brass screws, with ||I'|c]r|']:-.'i|1_!; washers,
to the wooden thigh piece, and by one steel screw, No. 3 BA,, to
the vertical steel band of the pelvic socket.

13. Slot for Knee Control Lever, or Back Check.—The knee section
of the thigh piece shall be slotted with an opening 1 inch in width
with a stop ol suitable resilient material 1 inch wide firmly fixed
(not only glued) in position. This slot shall be of sufficient extent
posteriorly to allow the knee to flex to such a point as will enable
the patient to kneel with comfort. The anterior margin of this slot
shall be reinforced by a transverse piece of hard wood—birch,
beech, or hiv]{rn'}' —at least 1§ inches wide mortised into the front
aof the knee ]")'i_-l_‘:l_tl“ At H:‘i'lll':‘]}' rlued.

19. Knee-Joint.—The knee-joint shall be as shown in Blue Print
No. 5. g3. If prescribed, a knee control, according to Blue Print
No. S. g5, shall be fitted. If a knee control is not supplied, then
paragraphs 24 and 25 will not apply.

z0. Bushing of Knee-Joint. ‘The bushing shall be of the best
sole, butt, or bend leather, securely lapped and glued, and brought
to its correct internal diameter by a mandrel (of the same taper as
defined in Blue Print No. S. g3), being inserted and worked in under
pressure with tallow and graphite.

21. Knee Loek.—The knee lock, when required, shall be as shown
in Blue Print No. 5. 94.

22. Shin Piece.—The shin piece shall be of well-seasoned willow
wood without detrimental cracks or shakes. Into this wooden shin
piece the gide straps of the |{.‘!l:'|'-j|:-ill': (Blue Print No. 5. g3) shall
be accurately recessed and attached by three No. 8 L W.G. copper
rivets (two rivets in the cross and one near the extremity of the
lower end of the steel), the heads of which shall be flush. The shin
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piece shall be covered with rawhide, as described in paragraph 1z
The rawhide shall completely cover the side straps.

23. Knee Control.—The knee control lever, or back check, shall
be inserted into a bearing of grease-tanned hide at its anchorage
point in the back of the shin piece. The holder of the knee control
shall be attached to the shin piece by two flat headed slotted steel
bolts, No. 3 B.A. (Blue Print No. b. g95). If an elastic knee control
is required, two pieces of elastic webbing 1 inch in width shall be
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fixed to the front of the wooden thigh piece, and shall extend to the
shin piece and be attached thereto by three counter-sunk brass
screws with washers. The extremities of the elastic at the points
of fixation shall be bound with leather for a length of 1 inch. If
a shoulder knee control is required, the guides and control cords
shall be as described in paragraphs 24 and 25.

24. Control Cord Guides.—The guides for the control cords shall
be of bridle or other suitable leather : inch in width, and securely
fastened to the socket by } inch No. 6 wood screws counter-sunk

flush with the leather.
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25. Knee Control Cords.

raw or grease-tanned hide

The knee control cords shall be of hest
diameter to fit

4 inches in length and of a suitable
the rollers, each
or riveted to form a l

end to be securely stitched,
loop for suspension.

26. Ankle Base.—A block of suitable hard wood

or hckory—close-grained and .well seasoned

-\pl;l

rch, beech,

to take the upper
portion of the ankle-joint, shall be fixed to the lower extremity of
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the shin piece by best Scotch glue, and, in addition, by two steel
wood  screws.

extended in

=

This hard wood block shall b
in the form of a beak
rubber

front
or tongue so as to COTPress the front

z7. Stremgth of Thigh and Shin Piece.—Both the thich and shin
piece shall be of sufficient strength to allow of an ample margin ol
safety for the individual patient for whom the limb is made, accord
ing to his weight, height, and the nature of his occupation.
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25, Foot. [he foot shall be fashioned ont of a piece of well-
detrimental cracks or shakes, of a
suitable :i]'|:l|'--e' and size to fit the

seasoned willow wood wathout

;|‘|1i4'1‘:l':-. EII:-II'.I cither sohd o
hollowed out in the instep. If the latter, care must be taken that
it is not unduly weak. A suitable willow wood toe piece shall also
be provided.

29. Ankle-Joint.—Alternative patterns of ankle-joints are shown

in Blue Print No. 5. a6 and Blue Print No. 5. 97.*
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From Blue Print No. 5. g6

10. Bushing of Ankle-Joint (EBElue Print No. 2. gb).—If ankle-
ioint No. S. g6 is used, the bushing to take the ankle-joint shall be
:nl' hest sole. butt, or bend leather or suitable rawhide accurately
fitted and glued into position and treated with tallow and graphite,
care %]L'illj1-1lllil'|] '|.IJ'|i|.|.- the recess to take the phespher-bronze collar
iz accurately fitted so as to obviate any lateral movement taking
place in the joint.

* The alternative pattern of ankle-joint S. g7 is not now issued. 1
sfandard pattern is that shown in g, 245

he only
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iT. Heel Rubber.—In the heel of the foot a tapered hole shall be
cut 1 inch in diameter at the base, which may be extended through
the heel {or alternatively some wood may be left) to take a piece
of cylindrical commercial rubber of approved quality of 1 inch
diameter, sufficient space being allowed for the expansion of the
rubber when weight is put upon it.
be made to take a suitable E'.I|.1'.:".;:-_"l:"'[' of commercial rubber of approved
quality, which shall be oblong with a rounded upper surface, the
recess to be sufficiently large to allow of compression without
pinching or cutting the rubber

13. Check Plates,—Check plates of metal shall be fitted to keep
the nuts of the bolts of the ankle-joint from turning, such check
plates to be securely fixed, each by a brass wood screw. These
check |,|_|1| z are shown in Blue Prints Nos, S, ob and S 07,

34. Opening for Access to Nuts on Foot.—5Sufficient opening shall be
allowed in the wood, leather, and felt covering of the under portion
of the foot to allow of the insertion of a box spanner, so that the
nuts may be easily removed.

35. Covering of Foot.—The foot shall be covered with rawhide,
as described in paragraph 12.

36. Toe-Joint.—The toe-joint shall be made of best balata or
leather, securely glued and fixed by brass wood screws to the under
portion of the foot and toe piece.

37. Toe Rubbers.—Two cylindrical commercial rubber buffers of
:!]u]urux'r-l’: quality 1 inch diameter shall be inserted in the to J~:i||‘.
to give the necessary compression and spring.

38. Covering of Sole of Foot.—The sole of the foot shall be well
|:-;'..|.|:-|!I with felt, over which a covering of suitable leather, with its
edges skived to a knife edge, shall be securely glued.

30. Covering of Toe Hinge.—A piece of similar suitable leather
shall be provided for the covering of the toe hinge. I'o add furthe:
security to this covering, five small counter-sunk brass wood screws
(not tacks) shall be fixed along each edge of the covering on the toe

piece and on the foot.

No. 2 (B).—Limb for Amputation in Upper Part of Thigh with Pelvie
Band (Wooden Socket) (see Fig. 246).

1. Pelvic Band.—The pelvic band shall be of best spring or douhble
shear steel 1l imches mn width, Nos. 16 to 18 IL.W.G., as prescribed

by the surgeon, ;:cl:'c]ll;':l.-.'l:-.' tempered and bevelled

to fit the pelvis
below the iliac crests It shall encircle the back of the |h.'|‘.'!'- ancl
extend in front beyond each anterior superior iliac spine. This
band shall have attached to it the upper male arm of the pelvic
band joint (see Blue Print No. 5. 98) by three No. 8 I.W.G. mild

steel rivets, care being taken to see that the rivets are of sufficient
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250 ARTIFICIAL LIMDS

length to form a good head. The pelvic band shall be lined with
best felt on the inside the whole being enclosed in a covering of
50t tanned leather on the inside, .'1m| a strong bag-hide, calf, or other
suitable leather on the outside. The two coverings of leather shall
be firmly stitched with best machine thread.

Pelvic Band Joint,—The pelvic band ju:':n: is shown in Blue
Prints Nos. S. g8 and S. 99, The upper arm (5. g8) shall be shaped
(or set) laterally and wvertic ally to suit the |:‘.-]|uc1 1al patient. The

lower arm (5. gg) shall be shaped and bevelled to suit 1.]!'.' contour of

the socket to which it is fixed outside the rawhide by three No. 8

I.W.G. copper rivets. The steel joint corresponding to the hip P shal]
be placed just above the upper border of the great 1n||_ll<1r11|_-|' and
rather in front of its centre, and shall be protected on the inner
surface by a pad of chrome leather.

3. Adjustment of Pelvic Band.— Two straps 1 inch wide of strong
suitable leather shall he attached to the extremities of the stee]
band by a No. 8 LW.G. copper rivet in each, the straps to be hand
stitched through the covering, one of them to be fitted with a steel
buckle and the other punched with suitable holes to allow of the
adjustment of the band, the lining and covering to be prolonged
to provide a safe under the buckle.

Thigh Socket.—The thigh socket shall be hollowed from a solid
piece of well-seasoned willow wood without detrimental cracks or
shakes,

Knee Piece.—The knee piece may be made separate from the

1

socket in its entirety, in which case shall be fixed to the socket

by at least four soft wood kevs dia ronally placed, mortised into
: Y5, E : ;
the two sections and securels ¥ glued,

End EEEII‘IDE.!{.- When ordered by the surgeon, an end bearing

shall be fitted in this limb. It shall consisi of a pad of best sponge

rubber or other suitable material enclosed in an oute covering of
r, the edges of the

covering to be securely stitched and not glued. It shall be sup-

hrome, tanned sheep, or other suitable leathe

ported by a rawhide thong, laced through holes in the side of the
socket below the end of the stump
Ventilation Holes,— Ventilation holes shall be cut on either side

of the socket below the extremity of the stump. The lower ends
of these holes shall not be nearer the c ntre of the knee-joint than
2 inches,

The remainder of this specification is the same as for the MNo. 1
]..'||||J, ."tl'l"!ll:-ln: |."‘*-"I-| 3a.

P
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282 ARTIFICIAL LIMES

No. 2 (C).—Limb for Amputation in Upper Part of Thizh with Pelvic
Band (Leather Socket).

For illustration see fig. 249 of No. 3 (E). The pelvic band and
hip-joint are the same as for No. 2 B in fig. z46.

I. Pelvic Band.—The pelvic band shall be of best spring ol
double shear steel 11 inches in width, Nos. 16 to 18 LW.G., as pre-
scribed by the surgeon, adequately tempered and bevelled to fif
the pelvis below the iliac crests. It shall encircle the back of the
pelvis and extend in front beyond each anterior superior iliac spine.
This band shall have attached to it the upper male arm of the
pelvic band joint (see Blue Print No. S. g8) by three No. 8 I W.G.
mild steel rivets, care being taken to see that the rivets are of suffi-
cient length to form a good head. The pelvic band shall be lined
with best felt on the inside, the whole being enclosed in a COVETing
of soft tanned leather on the inside, and a strong bag-hide, calf,
or other suitable leather on the outside. The two coverings of
leather shall be firmly stitched with best machine thread.

2. Pelvic Band Joint.—The pelvic band joint is shown in Blue
Prints Nos. 5. 98 and 5. gg. The upper arm (3. 98) shall be shaped
(or set) laterally and vertically to suit the individual patient. The
lower arm (S. 9g) shall be shaped and bevelled to suit the contour
of the socket to which it is fixed outside the rawhide by three
No. 8 IL.W.G. copper rivets. The steel joint corresponding to
the hip shall be placed just above the upper border of the greai
trochanter and rather in front of its centre, and shall he protectexd
on the inner surface by a pad of chrome leather.

3. Adjustment of Pelvic Band.—Two straps 1 inch wide of strong
suitable leather shall be attached to the extremities of the steel
band by a No. 8 . W.G. copper rivet in each, the straps to be hand
stitched through the covering, one of them to be fitted with a steel
buckle and the other punched with suitable holes to allow of the
adjustment of the band, the lining and covering to be prolonged
to provide a safe under the buckle.

4. Thigh Socket,—The thigh socket shall be of best sole, butt, or
bend leather moulded to fit the patient’s stump, with a lap in front
of at least 1 inch in width skived to a knife edge, or the lower part
of the socket may be closed and a V-shaped piece cut out above
for adjustment. In the latter case a tongue of bridle or other
suitable leather shall be attached at its lower end to the wooden
knee piece by a No. 8 L W.G. copper rivet. The tongue shall be
turned over the upper border of the socket, and be punched and
eyeleted for the insertion of the lacing thong. The edpes of the
tongue within the socket to be skived to a knife edge,

5. Lacing Pieces.—When the edges of the socket are made to
overlap, a lacing piece on each side of the socket of best stont Upper
or other suitable leather 1} inches to 1} inches in width shall be
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hand sewn with best waxed thread (for a distance of 8 inches or
maore to suit individual patients) down the socket, and punched to
allow of the insertion of brass, nickelled, or other suitable eyelets
(with holes not less than } inch in diameter) clenched on the inside
surface and flush both inside and outside with the leather. The
socket shall be laced with a grease-tanned leather thong. When
the socket is closed below and a V-shaped piece cut out, the edges
of this gap shall themselves be punched and fitted with eyelets 1n
the manner described above.

. Knee Piece.—The knee piece or lower port ion of the socket shall
be made of well-seasoned willow wood without detrimental cracks
or shakes. It shall be overlapped by the leather socket at least
1 inch in depth, thereby forming a butt and lap joint. This butt
joint shall be securely glued, and care taken that the inside of the
wooden knee piece is skived down to a knife edge so that the inside
of the socket presents a perfectly even surface as far as practicable.

-. End Bearing.—When ordered by the surgeon, an end bearing
<hall be fitted in this limb. It shall consist of a pad of best sponge
rubber or other suitable material enclosed in an outer covering of
chrome, tanned sheep, or other suitable leather, the edges of the
covering to be securely stitched and not glued. It shall be sup-
ported by a rawhide thong laced through holes in the side of the
socket below the end of the stump.

3. Strengthening Pieces.—Four strengthening pieces of No. 20
[.W.G:. hardened steel } inch wide shall extend from a point about
 inch from the upper edge of the leather socket to overlap the
wooden knee piece for a length of at least 1 inch, these strengthening
pieces to be recessed into the wood until they are flush, and attached
by a sufficient number of No. 8 L.W.G. copper rivets well counter-
sunk, flush, and not in the same gran, to the leather socket and
wooden knee piece respectively. ‘The strengthening pieces shall
be placed in such a position that they do not interfere with the
lacing pieces or the compression of the socket.

0. Lining of Socket.—The inside of the socket may be lined with
chrome. doe, soft tanned sheep, or other suitable leather (not
chamois) over a layer of felt if considered advisable. The upper
edge of this lining should be left long enough to overlap the top
of the socket and be securely fastened thereto. The lower edge
of this lining shall also be securely glued to the interior of the socket.
When the V-shaped type is made, the inside lining shall be long
enough to form a facing 1} inches n width on each side of the gap,
and shall be securely fastened to the outside of the socket.

ro. Ventilation Holes.—-Ventilation holes shall be cut on e1ther
<ide of the socket below the extremity of the stump. The lower
ends of these holes shall not be nearer the centre of the knee-joint
than 2 inches

The remainder of this specification is the same as for the No. T
Limb, Sections 15 to 39.
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No. 3 (D).—Limb for Amputation in Lower Part of Thigh without
Pelvic Band (Wooden Socket),

The specification for this limb is the same as that for the No. 2
|

b (Wooden Socket), omitting Sections 1 to 3.

No. 3 (E).—Limb for Amputation in Lower Part of Thigh without
Pelvic Band (Leather Socket) (see Fig. 249).

[he specification for this limb is the same as that for the No. 2

Limb (Leather Socket) (D), omitting Sections 1 to 3.

No. 6 (F).—Limb for Amputation Through or Just Above the
Knee-Joint (see Fig. 250),

1. Thigh Socket,—The thigh socket shall be of best sole, butt, or
bend leather, blocked to fit the patient’s stump, with an opening in
front of at least 1 inch in width, with a suitable tongue or lap,
grain of leather inwards, and covered with rawhide, shellac finishe:l
and polished.

2. Lacing Pieces.—When the edges of the socket are made to
overlap, a laging piece on each side of the socket of best stout uppet
or other suitable leather 1} inches to 1} inches in width shall be
hand sewn with best waxed thread the whole of the way down the
socket, and punched to allow of the insertion of brass, nickelled, or
other smitable eyelets (with holes not less than 1 inch in |:_i:1r||¢-t(-|'f|,
clenched on the inside flush with the leather. The socket shall be
laced with a grease-tanned thong. When a tcngue is fitted, the
edges of the socket shall themselves be punched and fitted with
eyelets in the manner described above.

3. End Bearing Pad.—Unless otherwise ordered, the hottom of
the socket shall be fitted with an end bearing pad of best sponge
rubber or other suitable material, enclosed in an outer covering of
chrome, tanned sheep, or other suitable leather, the edges of the
covering to e securely stitched, and not glued

{- Extension Elastic.—A forked extension piece, consisting of
two leather straps cut out of one piece, shall be extended a sufficient

the elastic referred to

distance down the shin piece, so that, when
later is fully extended, the friction or wear on the knee part is
taken on the leather strap and not on the elastic webbing. To the
lower extremity of this forked strap a piece of elastic webbing
2 inches in width shall be securely hand stitched to extend down
the front portion of the shin piece to a point just above the top ol
the boot. The elastic webbing shall be bound on its lower « xtremity
with a tab of leather securely hand stitched, the leather tab being
attached to the wooden shin piece by three bevel-headed brass

wood screws with underlying washers fixed 1n a triangular position
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on the edges of the aforementioned leather tab. Alternatively a
bifurcated leather strap may be used, which shall be cut out of a
solid piece of leather, and attached near the top of the front of
the shin piece by bevel-headed brass wood screws with underlying
washers. The upper portion of this bifurcated strap shall be
attached through elastic extensions to the suspenders.

5. Guides for Extension Elastic.—In the case of the last referred
to bifurcated strap being used, the guides through which the strap
runs shall be of suitable leather stitched to the thigh socket, as also
shall be the strap on the poesterior surface of the socket to take the
other end of the harness.

6. Elastic Back Lift.—A leather tab 2z inches wide by 34 inches
long shall be attached to the back of the thigh socket by three
No. 8 I.W.G. copper rivets, to which shall be ses urely stitched a
piece of elastic webbing 2 inches wide. The upper end of the elastic
webbing shall have a leather tab securely stitched for connection to
braces.

7. Upper Edge of Th:gh Socket.—The upper edge of the thigh socket
shall be well rolled over to take bearing on the tuberosity of the
ischium, and, if necessary, it shall be reinforced by strips of leathe:
firmly glued on to the socket and skived on their lower edges so as
to give a perfectly smooth finish.

8. Upper Back Check Tabh.—The upper back check tab shall be
of best bridle or other suitable leather, riveted to the thigh socket,
or hand sewn with best waxed thread, and fitted with two or more
eyelets to allow the rawhide thong to be inserted, as described in
paragraph 2.

9. Lower Back Check Tab.—1The lower back check tab shall be
similar to that described in paragraph 8. It shall be attached to
the shin piece by two or more brass wood screws with underlying
washers, and be further secured along its lower edge by small brass
pins. The necessary eyelets shall be fixed for the insertion of the
rawhide thong.

10. Knee-Joint.—The knee-joint is shown in Blue Prints Nos. S. 0
and S. 100. The upper arm of the joint (No. S 100) shall be attached
to the socket by a sufficient number of No. 8 L.W.G. copper rivets,
the riveted heads to be flush with the outside of the steel arm, and
the rivet holes in the steel joints to be well counter-sunk to give
a firm hold to the copper rivets. The joints of the inner and outer
side steels must be fixed so that the planes of their working surfaces
are parallel.

11. Shin Piece.—The shin piece shall be of well-seasoned willow
wood without detrimental cracks or shakes. Into this wooden
shin piece the lower side straps of the knee-joint (Blue Print No. 5. gg)
shall be accurately recessed and attached by three No. 8 IL.W.G
copper rivets (two rivets in the cross and one near the extremity of
the lower end of the steel), the heads of which shall be flush. The
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top of the shin piece shall be cut aw: v at the back, enough to enabls
the wearer to kneel with comfort

12. Rawhide Covering.—The shin piece shall be covered with
suitable rawhide, F'.'!III'I';:'.' fastened by best Scotch plue :=|'||'||:r-.'|
hot, shellac finished and pohished, and shall completely cover the
sicle straps.

The specification for the remainder of this limb is the same as
tor the No. 1 Limb (A), Sections 26 to 39
No. 8 (G).—Limb for Amputation Below the Knee (Wooden Socket

see Fig, 252).

I. Thi",.,"h Corset.—The thigh corset shall be of blocked or soft
leather. In the former case, best sole, butt, or bend leather shall be
used; in the latter, chrome tanned or other suitable leather linecl
with doeskin, sheep, or soft Helvetia (not chamois). The height
to which the thigh corset extends upwards shall be at the discretion
of the surgeon.

z. Extension of Thigh Corset.—The extension of the thigh corset
dowi the side steels shall be made to suit each individual patient,
and the surgeon shall advise whether or not an above knee trans-
verse leather strap shall be attached between the lower edee of the
corset and the knee-joint.

3- Lacing Pieces.—When the edges of the thigh corset are made
to overlap, a lacing piece on each side of the corset of best stout
upper or other suitable leather, 11 to 1} inches in width, shall be
hand sewn with best waxed thread the whole way down the corset,
and punched to allow of the insertion of brass, nickelled. or othet
suitable eyelets (with holes not less than I inch in diameter) clenched
on the inside flush with the leather., The corset shall be laced with
a grease-tanned thong. When a tongue is fitted, the edpes of the
corset shall themselves be punched and fitted with eyelets in the
manner described abowve.

4. Extension Elastic.—A forked extension piece, consisting of two
leather straps cut out of one piece, shall be extended a sufficient
distance down the shin piece, and securely attached thereto by
two bevel-headed brass wood screws with underls ing washers.

5. Elastic Back Lift.—A leather tab 2 inches wide by 3
long shall be attached to the back of the thigh corset by three
Mo. 8 LW.G. copper rivets, to which shall be -~:-.:'|Ie|:-.' stitched

piece of elastic webbing 2 inches wide. The upper end of the elastic

webbing shall have a leather tab securely stitched for connection
to braces.
6. Upper Back Check Tab.—The upper back check tab shall be of

best bridle or other suitable leather, riveted to the thirh socket or

hand sewn with best waxed thread, and fitted with two or more
L'_'.'L-|1_‘l.- to allow the rawhide |_]1|_,|]5-1 to be inserted as described in
paragraph 3.
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7. Lower Back Check Tab.—The lower back che k 1ialy shall be
similar to that described in paragraph 6. It shall be attached to

the shin piece by iwo or more brass wood screws with underly

washers, and be further secured along its lower edge by small brass
pins. The necessary eyelets shall be fixed for the insertion of the
rawhide thong.

8. Knee-Joint,—T'he knee-joint is shown in Blue Prints Nos. =. 09
and S. 1o1. The upper arm of the joint (S. 101) shall be attached
to the thigh corset by three No. 8 I.W.G. copper rivets, and
tected with a coverin

pro
g of suitable leather, which shall be of sufficient

length to cover the inner and outer surfaces of the joints.

g. Leg Socket.—The leg socket shall be made of well-seasoned
willow wood without detrimental eracks or shakes, shaped to fit
the patient's stump. The lower arm of the knee-joint (Blue Print
No. 5. gg) shall be accurately recessed and attached 1o the wo den
soclet by three-No. 8 [.W.G. copper rivets (two rivets in the cross
and one near the extremity of the lower end of the steel), the heads
of which shall be flush.

10. End Bearing.—When ordered by the surgeon, an end bearing
shall be fitted in this limb. It shall consist of a pad of best sponge
rubber or other suitable matenal enclosed in an outer covering ol
chrome, tanned sheep, or other suitable leather, the edges of the
covering to be securely stitched and not glued. It shall be sup-
ported by a rawhide thong laced through holes in the side of the
socket or shin piece below the end of the stump.

17. Ventilation Holes.—Ventilaticn holes 1 inch in diameier shall
be provided on either side of the shin piece belcw the extremmily of
the stump.

12. Blip Socket.—Tor this leg, a shp sccket o f leather may be
_q:]]l'u'i'u:f,u,-:! when ordered I.l‘.. the surgecn. It shall accurately fit 1he
stump and be enclosed 1in the upper end of the leg sccket It shall
rest upon the upper hordes of the leg sccket by means of a ledge of
One Or more pieces of sole leather attached to its front surface just
below the edge. Instead of or in addition to this it may be slung
from the lower edge of the thigh corset by leather straps and buckles
or by a continuous piece of soft leather.

13. Shin Piece.—The shin piece may be made separate from the
socket, in which case it shall be fixed to the socket by at least four
soft wood keys, diagonally placed, mortised into the two sections
and securely glued

4. Rawhide Covering.—The leg socket and shin piece shall be
covered with a suitable rawhide, securely fastened by best Scotch

1 hot, shellac finished

polished The rawhide s
completely cover the side straps.
The specification for the remainder of this limb 15 the same as

that for the No. 1 Limb (A), Sections 26 to 30.
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202 ARTIFICIAL LIMES

No. 8 (H).—Limb for Amputation Below the Knee (Leather Socket,
Lacing at Back) (see Fig. 255).

1. Thigh Corset.—The thigh corset shall be of blocked or soft
leather. In the former case, the best sole, butt, or bend leather
shall be used: in the latter, chrome, tanned, or other snitable leather
lined with doeskin, sheep, or soft Helvetia (not chamos). The

height to which the thigh corset extends upwards shall be at the

diseretion of the surgeon.
. Extension of Thigh Corset.—The extension of the thigh corset
down the side steels shall be made to suit each individnal patent,

and the surgeon ghall advise whether or not an above knee trans-

verse leather strap shall be attac hed between the lower edge of the
corset and the |.L‘."'|'-|l-i|:‘-.

3. Lacing Pieces of Thigh Corset,—When the edges of the thigh
corsel are made to overlap, a lacing piece on eas h side of the corsed
of best stout upper or othe suitable leather, 1} to 1} inches in
width, shall be hand sewn with best waxed thread the whole waw
down the corset, and punched to allow of the insertion of brass,
nickelled, or other suitable eyelets (with holes not less than } inch
in diameter) clenched on the inside flush with the leather. Thi
corset shall be laced with a grease-tanned thong. When a tongue
ig fitted, the edges of the corset shall themselves be punched and
fitted with eyelets in the manner described above.

1. Extension Elastic.—A forked extension piece, consisting ol
two leather straps cut ont of one piece, ghall be extended a sufficient
distance down the shin piece, and securely attached thereto by two
Mo, 8 I.W.G. copper 1 ivets.

5. Elastic Back Lift.—A leather tab 2 inches wide by 3% ind hes
long shall be attached to the back of the thigh corset by three

No. 8 I.W.G. copper rivets, to which shall be securely stitched a

piece of elastic webbing 2 inches wide. The upper « nd of the elastic

webhing shall have a leather tab securely atitched for connection

to braces
6. Upper Back Check Tab. The upper back check tab shall be
of the best bridle or other suitable leather, riveted to the thagh

1. and fitted with two

socket or hand waxed thi

SEWTI

or more evelets to allow the rawhide thong to be inserted, as described

11 'i-:|1.'.L-_;‘.'.'|]:-I| 3.
7. Lower Back Check Tab.—The lower back « heck tab shall be
similar to that described in paragraph 4. It shall be attached to

s with nnderlyving

the shin piece by two or more brass wo Wl SCre

» by small brass

washers and be further secured along its lower ¢

nins. The necessary eyelets shall be fixed for the insertion of the

rawhide thong [f it 15 placed above the wooden portion of the

leg socket, it shall be attached to the leather portion of the leg socket
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by one No, 8 I.W.G
thereto

8. Enee-Joint.—The knee-joint is shown in Blue Prints Nos. 5

llll"l'l!"l rivet as wel

1]
and 3. 102, The upper arm of the joint (S. 101) shall be at

ittached
to the thigh corset by three No. 8 L.W.G. copper rivets, and pro-

..... "
B i
1 i)
X

i i
: < A

FiG. 250 —5TANDARD |OINT

About 1} times actual size

|i . 5 I« ¥
. al. 5. g2 1 5, O, (107, 5. 102

Details about three-guarters actual size From Bl Print Ni 3

tected with a covering of suitable leathe: I'he lower arm (5. 10z)

of the joint shall be sufficiently long to allow

No. 8 ILW.G. copper rivets (the heads of which shall be flush inside
out) to the wooden part of the legr sock

ket as well as to the leathe:
portion of the socket.

of 1ts being fixed by
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g. Leg Socket.—The leg socket shall be of best sole, butt, or bend
leather moulded to fit the patient’s stump, with a lap at back at
least 1 inch in width skived to a knife edge, or the upper part ot
the socket may be closed with a V-shaped piece cut out above at
the back for adjustment. In the latter case a tongue of bridle or
other suitable leather shall be sewn to the leather socket at its
lower end. The tongue shall be turned over the upper border of the
socket. and be l"'-”“']""'l and eveleted for the insertion of the lacing
thong. The edges of the tongue within the socket to be skived to
a knife edge.

ro. End Bearing.—When ordered by the surgeon, an end bearing
shall be fitted in this limb. It shall consist of a pad of best sponge
rubber or other suitable material enclosed in an outer covering of
chrome, tanned sheep, or other suitable leather, the edges of the

covering to be securely stitched and not glued. It shall be sup-

s in the side of the
socket or shin piece below the end of the stump.

r1. Ventilation Holes.—Ventilation holes 1 inch 1n diameter shall
be provided on either side of the shin piece below the extremity of

ported by a rawhide thong laced through hole

the stump.
12. Lacing Pieces of Leg Socket.—When the edges of the leg

socket are made to overlap, a lacing piece on each side of the socket

aof hest stout upper or other suitable leather, I{ to 11 inches in

width. shall be hand sewn with best waxed thread (for a distance ol

8 inches or more to suit the individual patient) down the socket,

and punched to allow of the insertion of brass, nicke [led, or other

anitable evelets (with holes not less tl

1 }inch in diameter) clenched
an the inside surface and flush both inside and outside with the
leather. F'he =ocket shall be laced with a prease-tanned® leathe:
thong. When the socket is closed below and a V-shaped piece cut
out, the edges of this gap shall themselves be punched and fitted
with evelets in the manner described above.

13. Shin Piece.—lhe shin piece, or lower portion of the socket
chall he made of well-seasoned willow wood without detrnimental
cracks or shakes. It shall be overlapped by the leather socket at
least 1 inch in depth, thereby forming a butt and lap joint. This
butt joint shall be securely glued, and care taken that the inside of
the wooden shin piece 15 skived down to a knife edge, so that the
inside of the socket presents a perfectly even surface as far as
'!I!,-'|-"|'i-, able,

14. Lining of Socket.—The inside of the socket may be lined with
chrome, doe, soft tanned sheep, or other suitable leather (not
chamois) over a layer of felt if considered advisable. The upper
edge of this lining shall be left long enough to overlap the top of the

socket and be securelv fastened thereto. The lower edge of this

lining shall also be securely glued to the interior of the socket.

When the V-shaped type is made, the inside lining shall be long
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enough to form a facing 1} inches in width on each side ol the ga
wnd shall be securely fastened to the outside of the socket
[he specification for the remainder of this limb 15 the same a:

that for the No. 1 Limb (Wooden Socket) (A), Sections 26 to 39.

A, I, BAILEY
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DIRECTIONS FOR MAKING CERTALMID SOCKETS FOR ARTI-
FICIAL LEGS, AND FOR FITTING THE MINISTRY'S LIGHT
METAL LEG. REPORT OF TESTS OF THE RELATIVE
STRENGTH OF WOODEN AND OF CERTALMID SOCKETS.

Part 1.
1. Partial Standardization and Preparation of Moulds for Sockets.

—The moulds may be made of either wood, plaster of Paris, or any
.:||_]|(‘|_ -;|_;|'||_;5|3-.|1- |]],]':-:-;'i,;|_] 111 series of --.i,rL':l od ]1;__'|I'.:- :IIII.: ]"|'..‘- d5 COll-
sidered NeCessary i.l}' the limb makers.

A sguare |;|_J_]|J|'|.H:| hole running through 1ts length should be
arranged to take a '..IEII.'I."!'Z'. stick which, before inserting, should be
dipped in ]|;||';'||I'|_': wax; the object of the stick is to allow the mould
to be held securely with a vice whilst moulding the material (se
fig. 258, B).

The mould when perfectly smooth is ready for dipping in a
cylinder containing hot paraffin wax., Une chipping in a temperature
of between r20” and 130° F. adds approximately % mch thi kness
and dries immediately; to obtain a clean, smooth finish on the wax,
b anv :I'I']'I.'_:_','Ifiii.l ities with a smooth, £|I'_'-.' cloth.

The melting-point of the paraffin wax should be between 115
and 135° F., and by adding a lump of beeswax about the size of a
hen's egg to 14 pounds of paraffin wax facilitates working and
prevents the wax from becoming too b ittle.

2. Preparation of Muslin.—Cut a paper templet of the size ]'l'c|llilt'|l
to encircle the mould once, allowing an overlap of about 1 inch.
To this size cut twelve pieces of coarse muslin No. 1, this quantity
being sufficient for the average socket, the first six pieces being of the
fuli length, the seventh piece 1 inch shorter, and each successive
piece 1 inch shorter from the bottom than the previous piece; this
will ensure the necessary taper of the thickness of the socket (sec
fig. 260, A).

With care the muslin can be cut into the required shapes withoul
waste, and spare pieces of muslin should not be discarded, as they
may be used for thickening up the socket under the ischium or
other parts of the socket where extra strength may be required.

3. Preparation of ¢ Certalmid " Powder.— The quantity of
“ Certalmid " powder to be mixed should not exceed 8 fluid ounces,

18 I
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which is sufficient for the average size socket Place the powde
in a small-sized mortar about & 1nches diameter (the advantage of

all vessel is that the mixture does not deteriorate so rapdly

to this add 6 fluid ounces of water, working up quickly with a
pestle: allow the mixture to stand for ten minutes, during which
time it should turn from a thick paste to a creamy hquid by « henmuical
action: the addition of a little more water (say I or 2 ounces added
slowly while stirring briskly, makes the preparation ready for use
It should be noted that this mixture is not fit for use after two and
a half hours

. Application.

hands l"'"'l"f'“"' Wl

best method of application is with the

rubber gloves; the preparation should b
smeared all over the surface of the mould previously covered with
paraffin wax. A piece of muslin of the largest size should now be put
on the smeared mould, carefully pressing out all creases, and the
preparation again apphed; another layer of muslin 1s added, taking
care that the preparation ol ™ Certalmid "' percolates throurh each
layer of muslin, as this creates a bond of union between the
lavers.

Unless the process is strictly carried out, the socket will be a

failure.
Che ischium should be reinforced between every alternate layer
or between each laver if considered necessary ; also where the socket
is intended to take a pelvic band it should be reinforced with muslin
as follows: Eleven pieces of muslin should be cut, and when making
the socket, as mentioned in the opening part ol this paragraph, the
pieces should be laid between every layer of muslin when applying
varying the position of them so that they do not leave too pro-
nounced a patch; this can be done by altering the overlap eithe
way a little each time

If a stronger socket should be required, further layers of muslin
may be added,

Daring the above process care must be taken that the overlapping
of the muslin is distributed round the cast, otherwise a ridge will
[ orin.

. Drying anl Harlening.—An ideal temperature for quick drying
g =a? ta 80° F.. or the sockets mav be hung in a dry, warm shop,

when they would be ready for removal from the mould in five to
s1x davs.
To remove the " Certalmid " socket from the mould, withdraw

the square tapered stick from the mould, taking care that the
paraffin wax surrounding it 1s also removed, place the mould on a
tripod or any other s itable contrivance in such a position that the
flame of a Bunsen burner can be placed directly under the hole
from which the stick was removed. The heat softens the wax on

the exterior of the mould (see fig. 258, C), and the socket should be

ready to be detached in about thirty minutes.
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A supplementary method is to apply either hot air or steam in

4 Simiar manner.

The above process having been carried out, 1t will be found that

the " Certalmid ' socket will be easily detachable without injuring

i nould having been detached, should now
allowed to v from the insids
\t this stage, when properly dried, the thickness at the top of

the fromt side should be approximately 1 inch, the lower end .1, incl
and under the ischinm 5 inch thick

. Fitting of Sm:ku,f. to Patient.—IFor fitting, the patient should
wear a thin stump sock.  Select from stock the most suitable socket
for the patient; the stump sock should be pulled inte this with
the aid of the stump sock, and any adjustments required can be
done by cutting away with a spokeshave, saw, or knife any parts
niot !I"|llil":l. 'he socket can also be built up in the following
MANNner:

7. Adding L:J.mmatmns with Celluloid Solution.—Coarse muslin
No. I 15 used: pieces are cut to the desired sizes to maks
thickness required. The muslin is laid on the socket
rake brush (as illustrated in fip. 2 =g, A) brush the celluloi

of, using sufhicient solution to make the muslin adhert

lavers of mushn mav be added in the same manner until 1
thickness 1s obt;

Part of the st be cut AWy 111 a circle or other suitabls

shapea to avoid Sure on nerves, projections, or scars; th
interior should be lamin

exterior in the manner dezcribed above, pressure being mai

holes thus produced on the

from the inside to preserve the re ite indentation.

[f further reinforcement should bhe nec essary in any part of the
socket, it may now be done in the manner stated above [amina
tions app lied 1n this manner will be dmy enough for fitthing 1in about
fifteen minute

4, Sﬂﬂket Iur ﬁhducted or Flﬁul Stump. If a patient has

abducted or flexed st

|II-~.. may e macde as follows -

I'he socket which

ut away in a V-shape
peculiarity of the stump

be brought together and bou

e patient m the upper part should be

1 whichever side it is necessary to soit

200 1'._||:i |'l- ‘_||r'|'|'_:'_--.':| Lhee1

nd with No. r muslin. and ** Certalmid

overlapping at least 2 inches on each side of the cut (see fiz. 260, 1

and be allowed to dry, at the same
inside 15 made smooth

Ventilation Holes.—Holes are drilled with a size 2 _||'||:= ng
wood twist bit in the manner shown in fir. 260, B, care being taken
that these holes are placed so that a thin screwdriver may Pass

through them to reach the screws in the interior of the opposite

wall which fasten the socket to the stanchions

Elongated holes 13 by 3 incl

e

or drawing down the stump
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sock 1n the socket should also be cut The method of obtaining

this shape is by drilling two 1}-inch holes with a {wist bit and

trimming up with a knife (see fig. 260, B).

} 10. Preparation for Finishing.—All blemishes on the interior and
exterior of the socket should be well rubbed down with coarse aned
medium sand-paper, leaving a regular surface,

II. Pfﬁparﬂtiﬂﬂ of Tinting Solution.—A flesh colour is obtained
as follows: Take 2 milligrammes of scarlet 2 R (this is just sufficient
to cover a threepenny piece, not heaped up), and dissolve this powder
in a test-tube with a few Ii'l'l?]':-*-i of acetic acid, using as little as

| possible; then half fill up the tube with acetone shake well and stis
i into a Winchester quart of celluloid solution,
12. Waterproofing and Finishing,—It is difficult 10 cover the

interior ot the socket with one piece of muslin, therefore the followin:
method is \.I!|.l.-|".':'!|.:

- Strips of No. 2 fine muslin 2} to 3 inches wide and about 13 inches

longer than the l:.'l.']il.i'. of the socket are cut: the first |-i|-- e of muslin

15 then laid on the inside il.'||_'..'|.;".‘|'-.-l:'.'3'c, allowing i inch ||1.'.:-1'::;P at

each end, and the tinted celluloid solution brushed on to the exposed

surface of the muslin with a rake brush (see fig, z2a0, A), using sufficient

| ! to make it adhere. The overlapping at each end is treated in this
| manner on the exterior, the next piece of muslin is applied similarly,

(il allowing ¢ inch overlap, and the process continued until the whole

of the interior surface has had two layers of muslin,

| Fhe exterior of the socket receives two coverings of No. 2 fine
- mushn. As there is no difficulty in applying this, it should be put
i on in one piece, and the tinted celluloid solution brushed on from
| the outer surface of the muslin, using sufficient to make i adhere,
I and after an interval of fifteen minutes the second covering 1is
[ applied in like manner.

" 13. Waterproofing Ventilation Holes,—The socke being perfectly

| dry, the outer covers of muslin are now covering the ventilation

I holes and stretched tightly across them The taper punch (see
hig. 250, E) for piercing these holes should be of such a diameter
that the taper should only pass through up to half its length and
tinted solution should be a

pplied, care being taken that the edpges

shall be smooth on the interior.

The socket, being quite dry, must be rubbed with a sme ih, fine
' sand-paper, and be made perfectly smooth.

L4 Varnishiu;: and Pﬂlishing, -."\'_.'I:ﬂ\.' two coats of celluloid
varnish (not tinted), and when dry rub lightly with a smooth, soff
cloth

15. Utensils.—The brushes should be kept in acetone, as shown*
in fig. 25q, B.

Celluloid solution should be stocked in S-ounce wide-mouth,

itoppered bottles (see fig, 2:g O
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“ Certalmid ** Tests (Experimental Workshops, Roehampton
House),

Cylinder Bursting Tests.—Objects: To ascertain the bwm
strength of (a) " Certalmid,’ b)) willow-covered wvellum, () willow -

:-il'll.;._'\

covered  Certalmid,” and (d) plain willow.

@) * Certaimid.”—Consisting of * Certalmid,” 14 laminations;
celluloid, 4 laminations. Cylinder: size, inside diameter, 34 by
j inches long, with wall } inch approx. Weight of cylinder:
125 ounces,

Average of three bursts: 332 pounds per square inch,

by

Cylinder of willow: inside diameter, 31 by 4 inches long, with wall

ered Fellum (approx. L inch thick glued on)

# inch thick. Weight of « }.|_‘ der: 5-2 ounces,

Note Wood fractured first; wvellum bridging the gap; more
ractures shortly appeared in the wood; vellum stretching until a
complete burst occurred.

Average of three bursts: 301 pounds per square inch.

Wil

[aminated on to -;_',"!i!l:||-| of willow. Inside diameter, 33 by 4 inches

wp-covered U Cerfalmid  (approx. . inch thick)

Cwith a wall 3

X inch thick. Weight of cylinder: 503 OUNCEs

Vote.—Materials fractured simultaneously. ;
Average of three bursts: 258 pounds per square inch.
d) Willowe (Plain).—Cylinder: imside diameter, 3} by 4 inches
leng, with a wall 3 inch thick. Weight of cylinder: 3-56 ounces
\verage of three bursts: 129 pounds per square inch.
(Signed) IENRY LoNcMATE, A.M.I.Mech.E.,
Superintendent Expevimental Work shops, |
I réificial Limb Section, M.O.P, .
KoeHaMPTON HOUSE,
RoEHAMPTON Lonpox, 5.W. 135,
Decenibey O, Tg20, ]
Part 2.—Light Cork Foot.
The = C type light cork foot, designed at the Experimental
Workshop, is constructed of cork, reinforced by two longitudinal
strips of willow, which take the greater part of the strain, the cork
'|;|-i:'|-_|" used to form the shape. A
The toe |:iw'|- 12 of cork, reinforced ':uj.; a lamunation of hirch. the I
whole being glued and firmly clamped together.,
I'he covering may e of * Certalmid,” leather, or any aother :

suitable material (see fig. 261).
The weight of the foot is approximately half that of the average

7 OUNCES.

wooden {oof, being between 6 and
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The foot is being well tried out, and,

so far, very satisfactory results
have been obtained.
The advantage derived in walking by any reduction in weight

at the lower extremity of the limb will be readily understood

!
| T T
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e |
g
|
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i —

Part 3.—Assembling and Fitting.

16. Metal Unit,—The metal components are supplied assembled
as shown in fig. 264. This unit is standardized and designed for
the right or left leg, and the scantlings are sufficiently long to fit
the majority of cases

When the unit is supplied without the ankle base fitted, it is
necessary to detach the knee part by extracting the knee bolt
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(Part 7)) and removing the lower back

Drawing 121, see 26

bl

17. Fitting Ankle Bagse.—Having ascertained

from the centre of the patient’s knee-joint to

:'!'L||:.I'|"!

.||,'l 11CT

2% 1IN0 hes, This will give the l f::-".'.'ll._-|l|!|l-! Irom the side .I|'.|I'||!'_'

» front and back scantlings (Part No. 4) are reguired a little :
longer to fit the contour of the ankle base (Part No. 2 ! 0
require a it tra lInar i e i 1 1 Tl 1 M
e bevelled to fit the bottom of t nkle bas 11§ { Part
NY | make a perfect abutmer |
e ankle base 1 with the nec L [l Hasvine
marked the centre ot ¢ width of ead v these should be

drilled to COTres] ond with the rivet holes in the ankle base [

two hours., It mav be mentioned

=
¢
el
|
|
|
|
| .
1! .
G
Hi
| FiGg. 262.—AXKLE Bas:
' !
K | rivets -.|||J|:i;t'-l should be annealed '!'}' [-|CI- ing them in boiling
linseed oil for fifteen minutes, and then plunging them into cold
water; the rivets 50 treated will remain annealed for approximately
| 1
|
|

that linseed oil boils at the correct ﬁ

temperature for annealing ** Duralumin

& suitable rivet

stake has hee designed as shown in

| fig. 264, A
It is essential that the larger rivets should be riveted up first

aking sure that a perfect clench is obtained; finish with a doming

punich. Then the smaller rivets are fixed in a similar manner

18. Leg Rings.—Two are supplied as Part No. 15. These should y

be placed at equal distance between the bottom surtace of ankle ring ¥

Part 6) and the top of ankle base (Part 24

Thin wvellam o-w0z2o inch thick having been introduced between

the scantlings and the rings, the two latter are now riveted up with
three rivets to each of the scantlings except the back one, whicl 4

should have four rivets, care being taken that each rivet 15 draw

up tightly with a good domed head.
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1q. Attaching the Foot to the Ankle Base.—The rubber bufler

= 7] am oy 4edery T i1 i i 1
LN Il'li.‘! d LEE Img thne 100 1

having been

ankle base, i

grease for lubrication. Take care that

'.!-!'-.'l."' ?-I'I-.l'l-':11.:i1-.' on the ] 11 J 1T o 'I:.-:.

28) iz inserted through the ankle base (Part 28) with the eve

=} in the position shown in fig. 262, and that
the grub screw hele in the pin (Part 28) i5 in position for the scre

(Part 30) to be inserted.

= o : 7 ¥ b O S |

'i Tobt B abwm = = = == I Far Hivave Rasa B
1 | (CamaunTRaTLE )
|

LA TR Poeioie | |
B HanTa ol T L |

| Cded WATLAR |

In attaching the ankle bhase to the foot, the evebolts (Part

must be parallel to each other and vertical to the scantlings (Part 3);
also see that the brace plates (Parts 26 and 27) are in a parallel

plane to ensure proper abutment of the shoulders of 1
bolts and the nuts.
The eye bolt nuts (Part 31) must be fastened up tightly, making

ure that the locking plate (Part 2g) is correctly fitted to prevel

the nuts from working loose. The counter-sunk brass screw mav

now be inserted

-
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I ARTIFICTAL LIMES

To Reassemble Metal Unit.—The lower back tension bracket

Part o) should be attached and the knee bolt (Part 5) )
and fastened up, taking care that the two rawhide face wa
Part 22% are in the same position as when receivedd

21. Fitting * Certalmid ** Socket fo

“ Certalmid O socket, which will be in the condition as mentioned
11 |;.;;-.|-_:-..:lmi;~; 5 and 7 of | ':;::|-'_-.-' [.. mayv now be temporarily fitted
nto the scantlings (Parts 1 and 2) 1n the following mannet:

Mark off and cut the back and inside scantlings to not

than 3 inches from the top of socket, the front scantlings to

more than 4 inches from the top ol socket, and the outside scantlings

to not more than 2 inches from the top of socket.

Having ascertained the length required between the crutch

the centre of the patient's knee, the bottom of the socket may
it at such an angle as to allow it to rest in the ring (Part

I he '\-\.I:.-:lllil:l

E 41 Tecid . SRR F Ry A maemel e
of the socket. In normal cases it will be [ound that very

setting of the scantlings is necessary

z2. Trial Fitting,—When fitting to the patient, ascertain

| correct |;r-';_' i and set of the ler and the socket, then temporar
[ rivet up by means of four copper rivets, one at the top ol
[ scanthng (Parts 1 and 2)

[he control cords and harness are fitted temporarily in 1he

(R R R L

[f at this stage of the fitting it is found necessary to shorter

thigh picce, the lower end of the socket may be cut away.

ring, provided it is not more than 2 inches so lifted; 1t 15 not

§

lutely essential that the end of the socket should rest on the

111 |I'."|.'-1i'- better if 1t does so.

I | "] TS,

Hvperextension is adjusted by means of the back tensiol
] J ]

(Part 3z2). he correct position of the socket must now be
mined, also the turn out of the foot, and all the
made for obtaining a correct fit.

Frosting Metal Parts.—Having detached the sockel

wnkle bolt, and eves, and removed all other accessories, leaving
the ** Daralummin unit. with the knee bushing in the uppet
] these D 1 on tl ot opei vith suthcient pa:
|
i Lo prev L 1l lunticmr touch o )1 ¥ 1
[he following method of § fing g1viy fi1siactory 1 1l
1 lon { eal i the foll 1 1t 1 £ regil
completely cover 1 r and lo unit, 1f used 1 I

as shown in fig. 264, B

Immerse in a solution of 7 ]"-ll11-|~> of sodium hvdrate powder

Metal Unit.—For trial
s (Parts 1 and 2) are neatly set to conform to the sh

|

l it a

| 5 e :
‘ If it be necessary to lengthen, the socket mav be lifted from ti

Adjustments of the ankle movement required to suit the pat

NOLE

e H ’ Fasilid 1 ) i . |
mav be done by cutting awavy or buillding up the platiorm and
4 : & : = k k
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J12 ARTIFICIAL LIMES

(o5 per cent. dissolved in rallons of water, used

minutes, when a black clu*pn-q'. will form: remove and wash

excess of solution, then mmmerse m the follow

II‘-IZ'Zl l'li'll!: T part of mitri acid 'fl!ll_l:"'li._l'.':_':i__ to 2 parts of wats

] I
1 wallons of nitric acid to 42 eall ek i [ e T
(2§ gallons of nitnc acid to 4% gallons water) lor as long as may be
necessary to remove the black -|-:-|\-.-.ai‘.  remove and wash thoroughly

in hot or boiling water, and dry off in sawdust.

24. Completion.—The socket must be finished in the mam
described in Part 1, paragraphs o to 14.

The leg may now be |'|||.|.ij-.' assembled, the socket being fastend

thres screws Or Trvers 1m Ccafc

Yoy ; M e AR
to Parts 1 and 2 (see fip 2073

scantling, taking care that the interior of the socket 1s left perfec ‘.f_
smooth. The foot is assembled as previously indicated
The accelerator, control des, and harness, as shown in Draw

o, 122, are attached, and all other necessary adjustments mads
see fig. 2065
25. Taition in Walking.—-1t is essential that patients should b

instructed in walking, and e5er ially those who have been in the

habit of using a central knee contro

[t must be 1||1}'|L'--.--l'-| upon the wearel that the sluggish kned

}ll--\ir|l d in this hmb is a most mportant [actor, and ||-'1f|-- to develoy

a rood walk

['his sluggishness can be repulated by the fine adjustment unde

[y o e |
ngE. 203,

! the nut (see Part 24,

An ||’.J|;--'..||-|e' and secure knee-lock for the Ministry Light Liml

| has been made, and 1s shown in fig. 266

oL

ental Workshoy
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