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Preface to 
the Second Edition 

This book is still intended for 1he use of junior doclors and the 01hi:r staff of 
orthopaedic and traun1a wards and clinics, who are conc~rned in the d:iy lo day 
fflar;agement of p:nients. 

1'hc new techniques which have becon1c popular in the treatment of fractures, 
trac1ion in the n1anage1nent of fractures of the upper lintb, the prescription of 
on hoses and the new 1crminology used in l}l(:ir description, a!i well as the n1any 
new casting materials which have been developed, have be-en described. In 
addition the previous clt:3ptcrs on ltfa11agen1e11r of JJarienls in 'fn1c1ivn and 
1'ourniquets have ln:cn completely rewritccn. 
~ wish to thank the n1my people who have assisted us in 1he prcpar:.uion of 

1hls edition, in particular 1'1.r G. L. \V. Bonney for his help with the: ch:Jptc:r on 
Tourniquets; /viiss J. Thonu.s and A1.rs A. Stickland for their instruccivc criticisn1 
of the chapter on Af.a11agem~11l of Patie11ts in Trac1it111; A1r J. Florence for his 
assistance with the .unravelling of the tangled v,,•cb of Orthoric lerminology ;i:nd 
the prescription of orthosc:s; A1.r P. Sh;iw for shOwi.ng us how surgical fool \Year is 
n1ade; and fin;dly the n1any n1anufacturer ~d distributors of the splinting and 
casting matt:rialS discussed in Chapter 

Bognor Rcgis,_ 1983 

-
-

J.D.M.S., 
J.P.H. 



Preface to 
the First Edition 

This book is written primarily for the use of orthopaedic house surgeons and 
junior registrars, and of the ,nursing and physiotherapy. staff of accidenr and 
orthopaedic wards. 

Many of the procedures and appliances described here are in common us:ige. 
The details, however, of hoW to carry out these procedures, 1heir contra· 
indications and complications, and how to check the various applicances, are nor 
available in the standard textbooks. This book is intended to rectify thb: ontlssion 
and co be a practical source of instruction in these matters. 

I wish to ihank chc many people who h<ive assi-:>tcd me in the preparation of 
1his book, in particular Mr W. H. Tuck,. without whose considerable guidance 
the chapters on Spinal Supporu, Lower Li1nb Bracing and Footwear would h:ive 
been incomplete; Dr J. D.- G. Troup for his help with the section on the 
biomechanics of the spine; Mr F. G. St C. Strange and Mr G. R. Fisk who have 
kindly helped me in rhc description of their methods of applying traction to the 
lower 1irnb; a.nd to the staff of the Physiotherapy Department of che Royal 
National Orthopaedic Hospi1al for rheir assistance with the chapters on \~'alking 
r\ids .and Crutch \Valking. I also wish to e>cprcss n1y gratitude co Professor R. G. 
Burwell who advised me on the original scrip!, to 1\1.r J. Cr;nvford Adan1s \Vho 
read the final drafl, and to Dr R. R. Mason for his careful re.a<ling of che proofs. 

Bognor Regis, I 974 JD.M.S. 



1 • 
Traction 

\Vhen a limb is pair.ful as a result ofinnan1n1a!ion ofa i0int or a fr::ic1ure ofo11e 
of the bones, the con1rolling nlusclcs go into spas1n. 1'hc antagonistic 1nusi:lcs in 
a Jin1b are not all equ:illy pov.1erful, vri1h 1he resulc 1h:it \'lhcn muscle spasn1 is 
present, the action of the 1nore pow·crful n1usch::s CJll produce a defonni1y \vhich 
inay seriously irnpair the future func1ion of the liu1b. 

Jnf1ammation of the hip joint conunonly results in a flcx:ion:. adduction :and 
lateral rotation deforr11ity1 tile presence of which causes apparent 1hortt11iug of the 
affected lower limb. 

When the shaft of the femur is fractured at the junction of the upper and 
middle thirds, the proximal fragn1ent is flexed and abducted by the pull of the 
ilio-psoas and hip abducror muscles respectively, and the dis1al frag1nent !s 
adducted by the adductor n1uscles of the thigh. In addition, if apposition of the 
fragments is lost, marke<l shonening of the femur occurs. 

Traction, when applied to an injured n1t1b, can ovcrcon1e 1he eITect of 1he ' 
original deforming force, and thus can be use~ 10 reduce a fracture or a 
dislocation of a joint (sliding lraction - sec Ch. 4). In addition by overco1ning 

1nuscle spasm and, in ccnain traction sy$lems, the effect of gravity, 1raction can 
relieve pain and allow the lin1b 10 be rc:sted in the best functiOnal posidon. 
Traction also controls mov(:n1c1)t of an injured part of the body and thus aids in 
the healing of bone and soft tissues. 

METHODS OF APPL YING TRACTION 

To apply traction, a satisfactory grip must~ obtained on a pare of the body. Jn 
the case of a limb, the traction force n1ay be app!icd through the skin - skin 
tractio,l - or via the bones - skeletal cracrion. 

A traction force 1n;iy be ~pplicd cilso to other parts of the body. Pelvic traction 
is described in Chapter 4, ;ind spinal lratlion in Chapter 6. 

SKIN TRACTION 

The traction force is applied over a large area of skin. This spreads the load, and 
is inorc comfonable and cfficicnc. In the 1rea1mcnt of fractures, the traction force 
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mus1 be appl ied only 10 rhe limb di$1:il to the froct1ir.: ~ilc, otherwise the 

cClicicncy of the traction force is reduced . 
The m:>ximum tracrion weight which can be :applied with skin traction is I Sib 

(6 . 7kg).. . 

Two methods of applying skin trac1ion arc commonly used. 

Adhesive skin tractio11 
Adhesive s1r:1pping which can be strelched only 1r:insvcrscly is usc<l. The 
ncccss:iry apparatus can be assembled. individually, but prep:m:d skin traction 
kits for use in at.lulls or children can be obtained commercially. 

Elastoplas1 Skin Traction Ki1s• arc available from Smith :ind Nephew Ltd. 
Some patients arc allergic to adhesive strapping. For these p;iticnts 01her 
prcparatibns which do not utilize :in adhesive containing zinc oxide can be used, 
for example Tractac • Uohnson & Johnson Ltd) which uses an acrylic adhesive 
and Scion Skin Traction Kit• (Seton Produc1s Ltd). Two other prepar:itions to 
which allergic rc?ctions have not bc:cn reported :ire Orthotr;ic• (OEC 
Orthopaedic Ltd) and Skin-Trac * (Zimmer, US:\). 

APPLICATION OF ADHESIVE STRAPPING 
. '• " . 

' ' ·:- ··: . • t ~ • • ··.' :. . , .... • • •••• 

- Shave the limb (shavin'g is not required.with Tractac. ·. 
• Orthotrac and Skin-Trac) • . -. __ ', . . . -:. 
-- Prote.ct the malleoll/ulnar h~ad and . radi~(styloid process from.~ 

fri~tion with a strip-of felt, . foam rubber_9~.=~ _few turns of a 
· ere.pa or elasticated bandage under the . strapping. · 

- Starting at the ankle/wrist, but leaving a' loop projecting 2 
inches {5.0 cm} beyond the distal end of t'he limb to allow 
free movement o f the foo t/fingers, apply the w ides t possible 

~-::~~\ s~r-~~Ring to ea~~ ... ~_id~~of; th.e limb ...... ·.i;~~\;_ .~ . . . , . _,. ,--.: · 
~~1.i'(: Lo~e~: limb .. The,st.rappi~9. is .. applied ;to'1.t_t!~~!~ te/al and .medial ~·!~: 
.u~i.1·-' ~spects of. the .li_mb~ On,.the-la t era·1 aspect:th~ ·s trapping must ):::: 
I J ·.~ : • ... _. •• - • .,_ • ' ,. •• • •• ~ · •• \. • • • , • • ;.">. •,·:.• • • .. •{', • 
.. : -~~ _li_e) Jigtitly behino, a11cf.i:faralfel to a line' betwe'en: the lateral ' .~ ~ ; 
: .. malleoius ~nd the greater trocha~te r.~ C?i!h~ .. rii~'dial aspect .. ~·~ .. ; .. 
. " the strapping mus t fie slightly in front of. the_ above line to · :. 
i)_.', .. encourage medial rotation_ 'o( the limb . (f:ig. ·~ 1. 1) . . . : .-.· 
... ,., _r_ .:,, .... v· _ ... ... ;.. ... ; · · .. · ;;~ .:.1 . , ·: • .;.":!,.• • .:--:".- , .,1, 1.;~..._ d' .. ;v.~ •~ .. ; ~ .. : . ~ . .. -\.~ ...... •" "' ' "'·..1 ' •..1 

. Ag. 1.1 Skin tractioo: no1c that on the IJteral side, the str3pping lies slightly behind JmJ 
)'lr~lcl lo 2 line bcawccn the 13tcral m31lcolus and the grt31cr troch3ntcr. 

'!cc Arpcndiit 
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,'. ·::i :u~~W~Ji~itilh:h~t1r~·~i~),~~~~a~1'r1:intdRi &1h~·~n11~~ 
•.!.••.y '• ~~ , ,~ :- ~ ' h. , ,,:, I • • ! fl •, , .: . .!_ 1.• ' '> < :i :-0. :.. • • ' ') . . • -f .~ -t~ '.-·:r•' to*"'nsure , t at · 1t .hes. at:~~·.-;_.·~-·~·~O:·{i!/~ f..J v. ,. : . -:-1r ·.::; .. ;:.~ < ~7' 

_.-, ~!:'. '.Av6ici boriv ·prom.inences ~"::~-l-ri~1ia61U!tibia1 crest.~iJai~1a:'Ji1na'ifu 
.... : . " t!'•:... • •.. ,. • ., . ,. . r l. . . J , . • • • . .1;1 
: ·} \. h.~.~-d~;· radial ~et_ylold : proces·s~ •humerel ,_ep1condyles:,:!!l.'· ~r,:6) ~ 7'~~f, 

- Apply a r:: repe or elastic ated bandage firmly over the.~ .,, ...... •! , .· --~ 

. -::_L~ str13pping -starting at the \ankle/wri.~t ,! _.8nd continuing. up.:t~+-;;:-/1 
'.. ;; -.,,llffib .(Flg . 1.2). The bandage mu~t not be a pplied tightly :;:~J:::·,,:::: 

• ' • • ' ' ,,. '·· • l ! • "t •·• i 
_.,~~:~:a.~9und the ~imb . A tight . ba~dagf:? n:iay cause skin and . ._ .~,~~_.~ i ~[=J! 
••• "'1 • • ' . • • •• · : ' • • •• ~ 

?~-:;~': va¢~ular complications : · . · .1;: · . · · <: .. ,;'.-,.;::,:-.;:·; .'.! 
\Y~ ctieh ._ tnat, a · sp·readeri~n8 !trae\i6h f cords are prese~t~~%~~\::_ 1 

•._.· ~ ....... ..... - . . . . . ... . . ._ ~·· ... . . . • 
f;.~ ~:Al!ach~ thei.required ;traction:· weight: :..s:-: « •:· :: ~:~·rrii."r; ;;,;: . ..;.~)~·1S;:.-'.;t!.J 
~~i: .. ..;~v'...:~~ '-"·· ·"': .... ._, .. -! .. J.."-··• ., ; ...Jo1.: _1..L.;6~:;.~:,:,. ~ .. . • .. .':. -·..:.- ... , ~\ .,; .; .... L; ... "_.t -• -.. ;:. .. ~,: 

Fig. 1.2 Skin 1r2ciion. 

No11..adhtsi~ skin traction 

, .• -,-•• =·"- ~j.;, ..: !:;","~tY. 
_; 

Vent foam Skin Tract ion Bandage• (The Scholl Manufac1uring Co. LtJ) consists 
of lengths of soft, ventilated latex foam rubber lamina1ed to a strong clo1h 
b:icking. Other non-:idhcsivc skin tr:iction systems arc: Spc:ci:ilist Foam Tr:ic1ion • 
Uohnson & Johnson Ltd) and Notac Traction• (Seton Products Ltd). These are 
useful on 1hin and atrophic skin, or when there: is sensitivity to adhesive 
strapping. They arc applied in 1he same \vay as adhesive s1 r:ipping, but as rheir 
grip is less secure than that of adhesive scrapping, frcquem reapplic:itions may be 
necessary. The traction weight used should not exceed IOlb (4.5kg). 

CONTRAINDICATIONS TO SKIN TRACTION 

1. Abrasions of the skin 
2. Lacera tions of tho s kin in the area to which the t raction is to 

be applied 
3. Impairment of circulation - varicose ulcers, Impending 

gangrene 
4 . Dermatitis 
5. Marked shortening. of the bony fragments, whe n the traction 

weight required will be greater-·than can be applied through 
the skin. 

•Sec Appendix 
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COMPLICATIONS OF SKIN TRACTION 

1. Allergic reactions to the adhesive. 
2. Excoriation of the skin from slipping of the adhesive 

strapping. 
3. Pressure sores around the malleoli and ov~r the tendo 

calcaneus. 
4. Common peroneal nerve pal.sy. This may result from two 

causes. 
Rotation ~I the limb is difficult to control with skin traction: 
There is a tendency for the limb to rotate laterally and for the 
comrnon peroneal nerve to be compressed by the slings on 
which the limb rests. Adhesive strapping tends to slide 
slowly down the limb .. carrying the encircling bandage with it., 
The circumference of the limb around the knee is greater than 
that around the head of the fibula. The downward slide of the 
adhesive strapping and bandage is halted at the head of the 
fibula. This can cause pressure on the common peroneal 
nerve. 

SKELETAL TRACTION 

For skeletal traction, a metal pin or wire is dri':ltn through the bone. By this 
means the traction force is applied directly to the skelc[on (for spinal 1rac1ion~ see 

Ch. 6). 
Skeletal traction is seldom necessary in the management of upper limb 

fracrurcs. It is used frequently in the managcn1ent of lower limb fractures. h may 
be employed as a means of reducing orof1naint3ining the reduction of:i fraccurc. 
It should be reserved for those cases in which skin traction is contraindic:i:ed. 1\ 

serious complication of skeletal traction is osteo1nyclitis. 

Steinmann pin 
Steinmann pins (Steinmann, 1916) 3re rigid stainless sreel pins of varying 
lengths, 4 to 6 millimetres in diameter. Afte{ Insertion, a special sti~rup (Bohler, 
1929), illustrated in Figure 1.3, is auached to rhe pin. The BOh!er stirrup allO\\'S 
the direction of the tracrion to be_ varied without turning the pin in the bone. 

Denhc.1tn pin 
The Denham pin (Denham, 1972) illustrated in Figure 1.4 is idemical 10 a 
Stelnrnann pin except for a. short•raiscd thread~d Jcnglh siruated towards the end 
held in the introducer. 1'his rhrcadcd portion engages rhe bony cortex and 
reduces the risk of the pin sliding. This 1ype of pin is particulorly suilable for use 
in canccllous bone, such as rhc c3lcaneus, or in ostcopororic: bone. 
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Fig; l.l BOhlcr stirrup with St<innnnn pi n. 

Fig. 1.4 Denham pin. 

Fag. 1.5 Kirschner wire strainer. 
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Kirschntr tuirt 
A Kirschner wire (Kirschner, 1909) is of small diameter, and is insufficiently 
rigid unt il pulled r.1ut in a special stirrup (fig. 1.5) (Kirschn er, 1927). Rotation 
of the stirrup is im p:med to the wire. The win: easily cuts out of bone: if a heavy 

·traction weight is applied. Although Kirsclrna wires can be used in the .lo.wcr 
limb, they are more often used in the upper limb. '\) 

COMMON SITES FOR APPLICA1I ON OF SKELETAL TRACTION 

Ol1tcra11on 

Just deep to the subcutaneous border of the upper end of the uln:i, 1 l inches (3.0 
cm) d istal to the tip of the olccranon. This avoids the dbow joint. Drive 1he 
Kirschner wire from medial 10 l:ueral at righ t angles to the longitudin:il ax is of 
the ulna . T<Jkt &r•'<JI cart 10 avoid tlit 11/11ar 11.:rvt (Fig. 1.6). A screw ~ye ~lso can 
be used (fig. 4.23). 

Medial Eplcondyle 

J'ig. 1.6 Position for Kirschner wire in olccrlnon. Nore posicion of uln~r nerve. 

Second and th ird metacarpals 
The point of insertion of the Kirschner wire is !-1 inch (2.0-2.5 cm) proxima l to 
the d istal end of the second metacarpal. The wire 1raverses 1he second :ind 1hird 
metacarpals transversely to lie at r ight angles to the longirudinJI axis of the 
radius (Fig. J. 7). 

Upper tnd of fwwr - grcaur trochcma 
The la1cra l surface of the femur, I inch (2.5 cm) below 1hc mos! prominenc pan 
of the gre:ucr troch:inter, mid-way between 1he :interior and pos1crior surfaces of 
the femur (Fig. 1.8). A co:irse threaded c:inccllous screw or screw eye (Fig. -1 . J 8) 
is used (see Ch. 4). 

Lowa tnd of femur 

Prolonged trac1ion through the lower end of 1hc· femur predisposes to knee 
sflffness from fibrosis in the cxcensor mechanism of the knee. For this renson," a. 
S teinmann pin 1hrough the lower e nd of the femur must be removed aflcr two 10 
three weeks and be replaced by one through the upper end of the tibia . 

The point of insertion for skeletal traction through the lower end of the femur 
can be determined in two ways. . 



TRACTION 1 

Long Axis of Radius 

fig. J.7 Position for KirJChner wire in second and third meucarpals. Note that the wire is at 
richt angles to the long axis of the radius. 

Fig. 1.8 Position for screw eye in upper end of femur for lateral femoral traction. 

I. Dra·w a line from before backwards at the level of the upper pole of the 
patella. Draw a second li!le from below upwards 3ntcrior 10 the head of the 
fibula. Where these two lines intersect is the point of insertion of a Steinm3nn 
pin (Fig. I. 9). 

2. Just proximal to the upper limic of che lateral femoral condyk. In the 
average adull this point is It inches (3.0 cm) proximal to che arc iculation 
bctwi:en the lateral femoral C:ofldyle and the lateral t ibial plateau. 

Care must be taken to avoid entering the knee joint. The lateral fold of the 
c~psule of the knee joint reaches {to i inch (1.25-2.0 cm) above the level of the 
joint (fig. 1. 9). 
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... . 

-~- - - - -
~." I 

I J ._ - - - - -0 

I r-r, 

Capsule ol the knee joint 

Fig. J, , Posi1ion for Steinmann pin in lower end of femur and upper emJ of cibia. 

Upptr md of 1ibia 
The point of insertion is~ inch (2.0 cm) behind the crest, just below the level of 
the tubercle of t t"ie t ibia (Fig. 1.9). The pin should be driven from the 1:11cr:il 10 

the medial side of the limb to avoid d:im:ige to th e common peroncal nerve. 

Lower t nd of 1ibia 
The poinc of insertion is 2 inches (5.0 cm) above the level of the ankle joint, mid­
way between the anterior and posterior borders of the tibia (Fig. 1.10). 

Medial 
malleolus 

2· 

--0 

- -- ---r-
3. Late ral 

. L _ : malleolus 

I I 
I lf-j"~ Lateral malleo lus 
I I 
~1i·~ Medial malleolus 

Fis. I. JO · Posicion for Sceinmann pin in lowu end of cibia and t"'Jloncu.s. 
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Ca/cane us 
The point of insenion isl inch (2.0 cm) bclow'and behind the lateral malleolus. 
(As the: lateral malleolus lies t inch (1.25 cm) more posterior and distal than the: 
medial malleolus, the above point corresponds with that I! inches (3.0 cm) 
below and behind the medial malleolus. Care must be taken 10 avoid entering the 
subtalar joint (Fig. 1.10). 

The insertion of a Steinmann pin through the calcaneus may r esu lt in st iffness 
o fd1c: subcalar joinc, or more seriously, in infcccion in the bone. H owever, wich a 
pin in this site, the traction force is applied in the line of che calf il)uscks, 
counteracts their pull, and thcrc:oy reduces th< cl1:formin~ a.-ti"n ,,fth;:;~ n:\:s.·l:s 
, 1.\\ \h-: f\<\-'.\\\\·-: . \\"h.:-n jh)ll:.1hlc the ),l\,·cr 11b1;;l silc: 1~11 in~cni,)n ,)('a S1canman11 

pin should be used . 

.. ;'~::~ .. · 

APPLICATION OF SKELETAL TRACTION 
INSERTION OF STEINMANN PIN 
l:..IMB · 

LOWER 

. . • !-

- Use· general or loc.al anaesthe~ia':° 1.f local anaesthesia is used, 
th.e skin and the periosteum on both sides of the limb must 

·.be .infiltrated. . 
· . . _::s~av·e the skiri. ! · • . . . 

· ;., Use full aseptic precautions' ~ m~sk, '_cap, gown, gloves and 
. ;:.: dra:~es. . . __ ,_, r _ . · . . • . :,'. ~~ ... . -. . 
··-:-.Paint the skin with· Iodine· ana spirit. . 

. ; O~~pe skin towels under and a.round ~he limb. ·. . 
· .; Mount the Steinmann pin on the introducer. . . _ 

;_.Ask an assistant to hold the limb in the same dE:gree of 
~1,~~LaJ~r~].Jpt~,t.i~r.i:~.~-~~e~~o·r_n:i,~_1 .. 1,~·b~,~Fig:i J.~ 1 -~ .>: !l~~~X{JJN/~·~~1~1~ 
:,..-?.,'/.ankle at a. right angle.: Thts ensur.es_ that tf the hmb ·~ · re.sting ~S: " 
W:~~lkili''.o;:n~1{piltoWi ih°~~ o"dier, (la:te.raU -~~~~-"c;>{the· 's teiridfann 'pirt}f.r~:; 
~".:t.~:~efn~fpre·~~:on;eith.er .~he pilld\'-'.: o'r ~atJ_ress ' th~s .. t~ndirfg:t1.~: 
~,;:: Tt;'~tqf'~~':'s.f:aWrle.~I~l~f9tatI?n.al -~e~ofirilfr,~ ~(t.h.e .fra.tjtu.~~·= .. s~~e . .r.~;. ·: 
e·Jwfli'l.1:""1,,,f .• ,-~·i;i:t' -t .. . .... '·f·~ ·-''' · -rt' . .. -. ( ,, . ,) b" ··- ) ....... . , ... 1 .. .. J.. , <( •• .. ~.r.A 
'":·· -:':!aent.1 y ·t e s1te ;o . mse ion. see ;a ove . . . ., _ ;~.;~·.~iii\-.~ _;;~_..:.;; 
-~i-!· . .t~.1-~.,: -: ·i:·~:- .: ·;L-... :~ ... --' .,·.:. ' . ··. . • . "": -:... ;.•t'.; .·:: · !~ . .... _.:_ ... . ',~~-~<La~ 

.• 

Fig. 1.11 The limb must be held in the s~mc Jci;rcc oflaicral roration as the normal limb; the 
Srcinmann pin lies horizont~lly . 
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- Hold the pin horizonta lly and a t right c:ngles to the long axis 
of the limb (Fig. 1. 12) . 

J..~9J~~ the pin from lateral" to me.dial, through the skin and the 
bone w ith a g entle twis ting motion 'of the forearm, while 
keeping the fl exed e lbow against the s ide of your body, and 
taking care to a void putting your other hand opposite the s ite 
where the pin will emerge. . . 

- Apply on each s ide a small ci>tton wool . p~d. soaked in Tin ct. 
Benzoin, around the pin to seal the wounds. Always use two 
separate pads . One strip of gauze wound back and forth 
across the shin and around the Steinmann pin may cause a 
pressure sore. Tinct . Benzoin is the bes t sealing compound as 
it will stick to skin and metal. 

- Fit the Bohler stirrup. . . _ _ 
- Apply guards over the ends of the pi!1 : · 

Lonoitudinil l Axis of Limb 

Fig. 1.IZ The Steinmann pin is inserted at right onsles to 1hc tongit~~inol oxis of the limb. 

By not incising the skin with a scalpel prior to insert ing the Steinman n pin by 
hand, a much tigh ter fit around the pin is obtained. If the Steinmann p in is 
inserted with a power drill th e skin must be incised fi rst. The skin must not be 
puckered. If the skin docs pucker, it must be incised. anti one or two sut urcs 

inserted if necessary. 
A Ste inmann pin m ay also be gently hammered in . It is inadvisable: to u se this 

method when inserting a pin into the lower end of the femur or tibia, as 
splintering of the cortex may occur. 

COMPLICATIONS OF SKELETAL TRACTION 
1 . In troduct ion o f infection into bone. . 
2 . Incorrect placement of the pin or wfre may 

- Allow the pin or w ire to cut out of the bone causing pain 
and the failure •of the traction system. 

- Make control of rotation of the limb difficult . 
- Make the application of splints difficult. 
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- Result in an uneven pull being applied tp the ends of the 
pin or wire and thus cause the pin or wire to move in the 
bone. This n1ovement will result io an increased ri~k of 
infection in the bone and ischaemic necrosis of the skin 
around the pin or wire from press-ure on the skin by the 
BOhler stirrup or Kirschner wire strainer. 

3. Distraction at the fracture site as very l<1r9e traction forces 
can be applied through skeletal traction. 

4. b..igamentous damage if a large traction force is applied 
through a joint for a prolonged period of time. 

5. Damage to epiphyseal growth plates when used in cl1ildren. 
Genu recurvatum can occur as a late complication of the 
treat1nent of a fr~cture of tho fen1oral shaft in children with 
traction through the upper end of the tibia (8jerkrein1 and 

Benum, 1975; Van Meter and Branick. 19801. 
6. Depressed scars. These can be prevented if the pin track is 
• pinched at the time of removal of the pin, to rupture the 

bridge of fibrous tissue which forms between the skin and 
periosteum (Douglas et al, 19801. 

COUNTER-TRACTION 

One t>f the reasons for applying a traction force to a part of the body is 10 

counteract the dcforn1ing erTccts of nutscle spasni. 1~he lnuscles in spasru tend to 
draw the dis1:il part of the body in a proximal direction. A traction force ~pplicd 
to the affected part of the body \Viii overcon1e u1usc/e spasuJ only if another force 
acting in the opposite direction - co111llcr·1rac1iun - is applied ::it 1he s:11ne 1in1e 
2s the traction force. If counter·tr:iction is not applied, the \Yhole body will lend 
to be pulled in the direction of the traction forceJ ~nd n1usck spasn1 .. ,,.ill not be 
overcome. 

FIXED TRACTION 

One method of obtaining couni~r·traction is by applying a force against a fixed 
point on the body, proximal 10 lhe auachinents of the muscles in sp3Sm. A 
siinilar situation exists when an auempt is made 10 cx1racc a cork from a boule. 
The neck. of the bottle is crippcd in one hand and the corkscrew in the other. 
When a traction force is initially applied to the corkscrew. another force. acting 
in the opposite direction (coun1er·traction), is applied at 1he same time to the 
bonle, the cou11ter-1rac1io11 force passing along the arm to the neck of the bottle. 
This mechanical arrangement is called fixed troctio11. 

To apply a force against a fixed point on the body, an appliance, for example a 
Thornas's splint (see Ch. 2) is used. The ring of 11-ie splint snugly encircles 1he 
rool of the limb. The tract.ion cords are tied to the distal end of the splint, and 1he 
counter-traction force passes along the side bars of the splint to the ring and 
hence to the body proxin1al to the a11acl11nent of the muscles in spasm (Fig. 3.1 ). 

Fixed traction is discussed in Chapter 3. 
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SLIDING TRACTION 

Gravity may be: utilized to provide counter-rraction by.titting the bed so that the 
pali~.;ls to slide in the opposite direction to that of the traction force. Th ls 
is called sh'ding traction and is discussed in Ch;iptcr 4. A splint is often used \Yhcn 
sliding traction is employed, but the function of the splint in this insf3nce is 
merely to cradle the limb. 
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2. 
The Thomas' s and Fisk splints 

THOMAS'S SPLINT 

1'hc splin1 which tod;.iy is CJ.lied the Thon1as's splin1 was dt..:scribcd originJlly by 
J-lugh Owen 1'hon1:is rrhon13S) 1876) ;JS a knee aprliance \\'hich he u~cd ir: lhe 
:i1nhulant 111anagcn1cnt of chronic or subacutc infl;lltlll)Jlion or the knee! join!. 

1'he present splint consists ofa padded oval n1ctal ring covered .. ~·ith soll li:athc:r, 
10 v>hich are ;nta.:hcd inner :ind outer side bars. l'bt:se side: b:.irs \vhich t:xJctly 
bisect 1hc oval ring, are of unequ:.il length so I hat the p;id<lcd ring is set a! an 
angle of 120 degrees to the inner side bar. At 1hc dis1al end 1hc , .. .,·o siJc bars o:irc 
join~d 1oge1hcr in the fonu of a 1\Xl'. The ou1cr side h:ir is often angled out 2 
inches (5.0 cm) below the padded ring, Co clc::ir a pro1nincnt grt'."ollcr trochanu:r 
(Fi~. 3.1). 

The padded ring is made in different sizes and rhe side bars in varying leng1hs. 

' - -·1~~~ . . ~. 't - : -· .~ '' '· .:.r -·~ ·- • 
- ' CHOOSING A: THOMAS'S) SPLINT 

-1.~~·1: ~·· ·;_:-:.-~·;~· ... .;:.._.;;·;- ;: -. -. : ':··""Ii.: - . .' .. ~ . - '., .~'.:~!::,;;.~:;-._·.~-~-_:_-_ '' .. 
·~1]lMi~s'ur~ t~~ ~~ir~ue clrcumf~r:~c~ of the thigii" ·. ·:~/,f>,[!•::·~ ·,: 

Immediately below the gluteal fold and lschlal tuberoslty.·,The ·~: : 
line'.Cl'i.hieas'tfrement Is oblique and miist correspond wltti'.thlr'~) · .~ 
incliri"iltion of the rii.g of the splint (Fig. 2.1). This measu-;;lnient"' ' 
equais)he internal circumference of the padded ring. If the •; ::;,. 
abovii"'tneasuremerit cannot be taken without causing the '.' · . '. · 
patieiit'>pain, measure the oblique circumference of the normal·; ~. 
thigh)'.Add 2 inches (5.0 cml to this measurement if there is ·-/,~-.­
much swelling of the injured thigh. Accuracy is required if fixed 
tracti9n is intended. With sliding traction, accurcicy is not so 
irnp9~ant because the function of the splint is nierely-to suppon 
the lir)'lp. · ·· .~ · .-
' 2. Measure the distance from the crotch to the heel and add 
6 to 9 inches (15 to 23 cm}.' This distance equals the length of 
the Inner side bar (Fig. 2. 1 I . 

• . )'J.'!.oi. ·:_;;f..; v. • -. -:-. - ,_.. • .• ~ --~-~ 
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Tl11!Jh !Jttt h 
....... 

' 

Crotch 

'· 

Heel 

Ad<J 6"-· 9" 

Fig. 2.1 How to mc>surc for a T hom>s's spl int. 

v 
Fis. 2.Z Detail or fodnc of slinc 10 inner and outer side bars or a Thomas's spl int.' 
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Fasten the two ends to the sling so formed with two large 
safety pins or toothed clips. ' 

In this yvay the tension of the sling can be adjusted easily 
after the splint has been fitted to the limb (Fig . 2.21. to ensure 
uniform support of the limb, and t o avoid excess pressure in the 
region of the neck of the fibula and the tendo calcaneus. 

The proximal sling leaves a triangular area of thigh 
unsupported because of the obliquity of the ring of t he splint 
with the side bars . This triangular area can be supported by 
passing the length of domette bandage around the ring of the 
splint as well as the side bars (Fig. 2.3) (Strange, 1 96 5). .,. 

Pig . .2.3 Mcrhod of orrani;in~ rht pro>(imol s lini; 10 ohlircratt eh~ 1ri•11i;u l•r &•P wlu.-h rnulu 
from the obliquity of the rin~ or • Thom,.·~ splint. 

T!1e dis tal sting mus t end 2 i inches (6.0 cm) above the heel 
·to a·v~id pressure sores developing over the tendo -calcaneus 
(Fig; 2.4) . 

.. ! .... , .. ;J,,~~;. ~lings_ter:id to sli~ 
0

distarrv .,<?n._ ~he ._side bars . ~f the :~.,;,; · -..:- .. 
. · '. Thomas.'s splint. This can be prevented l;iy pinning each.sH.n'g'.to" ~ 
: ;, the:-~one ·above or by binding the side bars with zinc· o~. id~;.) ,. . ·_;~ ~.:·~~~ 

.• I " /:° • • : 'J.r- . " f•~-\1 • .a:.t.J .... . ~ 

.!'.·: strapping before applying the slings_ . .. · · ·. _. ; .::·.-; ;::. ~ \"~·.::";, 

~:~~·:;-. . ~(f line' t~e sli~gs .. ~~~h Gamgee)iss.~! .,: : . . : .-:~~i~~>p~:~2!; ;.!~~·;: 
_ . .-ff.-_J~~ashlon one large_ pad from Gamge~ tissue o~ :~o~on~:~:o~l~.:·~ 
_, : his:pad should measure roughly 6, by 9 Jnches (15 by 23 cm): c: "; 
~:·~:~~~~~ .. ~~o~t : 2 inche~ 1.s .. o ~ml t6i~~ ~.he~ c<?m.pre.~s~~~! ~laq·e ~~~~~ 
~ii/~1~,a.~yan~yers~ly und~r .. the lo_wei:._part o f th~ thtgl:l,;1~ :·~; :·- ;·;,.,;..; 
";. .: mat~~~~n t~e normal anterior bowm~ .. ~!.. t~~: fem~r~!. ~~~1~.f~.'~·.£.:'~:O:; 
-' •,2 4)~ : ··· · ·,. · · ·· ._.. .. , • 1 , , .•• - ',,.i"'1 • 1 ' ... ., ' 
ca; .:""~!O!JU:.:-.!:t;.;;;.\.;o~· .. -;;<i~· · ,\_ .. ~,.:-.:; ::: ...'.~rllv..:u...~s..:,i~-, , • .:1......l~~~:i:.~~-d 

l' ig. 2.~ Arranccmcnt o ( pods, slings anJ i;•mgcc linini; for a Thonus 's splim. 
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4. If the leg is to be supported in a knce-flexion piece. the 
hinge must coineide with the axis of movenient of the knee 

.1~111~~-.!he movement of flexion and extension at a normal knee 
joint ·is not one of simple hinge movement, but is complex, 
follow ing a polycentric pathway (the instant centres determined 
for each increment of flexion moving eosteriorly in a spiral . 
pattern (Guns ton, 1971 ), as shown in Fig. 2 . 5). 

However, from the point of view of the siting of the hinge of 
a knee-flexion piece. the axis of movement is taken to lie level 
with the adductor tubercle of the femur (Fig. 2.5). 

5. After the splint has been fitted, bandage the limb into the 
splint. 

Level n f adduc1or tubercle o f lemur __ --~ 

(Poly<oo"" polhw" ol mMmoo< ~ ~. 
m "" ~•mol ' ' "' ~ ' 

f'ig. 2.S llingc of kncc·Ocxion p iece is si1cd lcvd wich 1hc ~t.lduc!M 111bm:k of 1hc femur. 

FISK SPLINT 

The splint descr ibed by Fisk ( 1944) consim of a modified Thomas's spline to 
which a kncc-llcx ion piece is :mached. The Thomas's splint is modifii:d by 
removing the side: bars beyond the level of the knee joint, and turning 1!ic cu r 
ends of the side bars horizontafly ourw:irds to form small rings. A knce·ll<!xion 
piece is fixed firmly 10 the side b:irs just prox imal to these rings, lcwel with the 
ax is of movemen t of the knee joint. 

The splint is now purpose-designed • (rig. 2.6). The padded groin ring, the 
front half of which is ri:pl:iced by a p:iddcd s tr:ip and buckle, is :rn:ichcd hy 
swivel joints to the side hars, so that the s:ime splint c:in be used for ci1her limb. 
The di5tal ends of the side bars arc connected jusr beyond the knee hy a squ;irl!d· 
otr fr:imc which has two small cyc:lc:t s ar each upper corner. T he k1icc·flcxio11 
piece is fixed to the side bar.s, jus t proxim:il to the squared-off frame, thro~1gh o n: 
set double-cog hinges. Thi:sc hirlges must lie :ll the level of the :ixis ofmovcm.1:111 

•Sec Appendix. 
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r~ 
~~r=-1 

Tclcscop1cally ml1ustilble 

Pig. 2.6 Fisk splim, side view. Insert shov.·s method U>.:J to lll~Ch 1r2.:1ion corJs tu • 
Steinmann pin wit h Ornh•m lockini; collJrs • r:d U·stirrups. 

of the knee joint when the splim is applied to the limb. The side bars ofth i: 1h igh 
and knee-flexion pans of the splim :ire adjust:ible tdescopic:ill}', thus ( n:ihling :ill 
lcng1hs of lower !imb to be :iccommodJ1cd. 

Appl ic:ition of slid ing tracl ion with 1he fisk splin1 is described in Ch:tpler 4, 
and suspension of the splint in C hapter 5. 
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. . 3 . 
Fixed traction 

Iftro.ction is upplied 10 3 lin1b, countcr-tr:Jclion acting in rhc oprositc direction 

must be :ipplic<l :dso, to prevent the body fro1n being pulled in the direction of 

Ilic 1r11ction force. \Vhcn countcr-lrJction ::icts through an appliance \vhich 
obt::iins i.I purch:isc on a p3r! of the boUy, the arrangcmcnl is called fixctl 1r:1r.:1in11. 

FIXED TRACTION IN A THOl\.1AS'S SPLINT 

f"ix~·d lr:Jction inn Tho1nas's splint can 'n1::iint01in', but not 1oht:iin> the rcduc1ion 
of o. fracture. It ls thcn::forc indic::itc<l v.·hcn the fcmor;:il fracrurc can t-,o.: rcduccU 
by monipul::ition. A re<luced 1ransvcrsc frac1urc is n1ost suit:.iblc> bu! the 
reduct!on of an oblique or spir;:il frac1urc c;i11 be: m:lin1aincd also. 

\X'hen the cords :nra.chcd to the Jdhc..:sivc strapping or ::i tibi::il S1cinn1::inn pin 
;ire pulled tigh!, rhc counrcr-1hrnst p;1sscs up the: side bars of the !1plin1 10 [ht: 

p:ld<lcd ring around the root of the li1nb (fig. 3.1 ). The ring, which 111usl be a 
snug fit) n1ay cau:-.e pressure sores unl:.:ss tbdy a11cn1ion is paiJ to.the. skin (s('e 
Ch. 8). The pressure of the p3ddcd ring 3round the root of thi.: liinb C'.111 be 
reduced panly by pu!ling on lhe cnJ of the splint i\ traCtiC.n \~·eight of 5 lb (2.3 
kg) auached to 1he l'ho1nas's splint ust:ally is sufficient for this purpose. 

The significanc feature of fixed traction is that the trac[ion fore~ b:i.lances the 

pull of the muscles :ind, as the muscular pull and haen1aton:a dccre:.Jst, the: 
traction force dccrcJses. Distraction ;H the frac1ure site ;:1ni.i 1hc: accon1pJnying 

danger of delayed union or non-union of the fr::icture is less lik1.:ly ro occur. It is 
not necessary in 1his systen1 r~pe:!tcdly to 1ightcn the 1rac1io11 cords wich a 
windlass, except to con1pcns~Ht: for any s1rc1ching of tbe cords or sliJing 

downwards of the adhesive s1rapping if skin tr;;iccion is en1ploycd. 

As counter-traction is not dependant upon gravity the apparatus is self· 
con!ained, and the patient n1:iy be lifted and n1ovcd without risk of displ:icen1cnt 

of the fracture. This mc1hod :s. v:ih1able in 1hc 1reatn1ent of civilian casuahics. 

During chc Second \Vorl<l War a moditicllion of this 1ncthod w;1s c:1~1plorcd. 
Skin traction was applied, and \Vhile moderare rracrion v.·as main!ai1leJ, the 
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Fig. 3.1 fixed tract ion in• Thomas's splint . The grip on the leg is obtained by adhc:si\"C 
strapping. 
Note:: 

the ring of1he Thoaus's splin111 well up in the groin and fiu snugly around the roo< of the 
limb. 
the aulleoli ~re well padded to avoid prcuurc. 
the outer traction cord passes above and the inner cord passes below its respective side bar, to 
hold the limb in medial rotation. 
the traction cords arc tif!d over the end of the Tbomu's 1plin1. 
a windlass is omitted. This avoids the temptation to repcat«ily tichten the traction cords and 
thereby either distract the fracture or pull the adhuive strapping ofT the limb. 
the counter thnm (traction) pum up the side bars, as indicated by the arrows, to the root of 
the limb. 

lower limb was encased in a skin-tight plaster-of-Paris cast extending from the 
groin to the toes with the foot at a right angle. Two large holes were cut in the 
region of the mallcoli 10 allow exit of the skin traction. A Thomas's splint was 
threaded over the cast and the skin traction tied to the lower end of the splint. 
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The plas1cr cJst w::is then split :ind the splint secured to the cast b}' b;ind:iging. 
This :Jssentbly WJS kno•.1,•n as the Tobruk splint (Dristo\v, 19-13). 

For comfort ::ind e:isc of1novcment of1hc p3ticn1, the l'hon):is's splinr cJn be 

suspended (see Ch. 5). 

REDUCTION. OF A FEMORAL SHAFT 
FRACTURE 

·. 
For children skin traction is adequate. but for adults skeletal 
traction with an upper tibial Steinmann pin !Denham pin for 
the elderly) is used more frequently. 

- lnSert an upper tibial Steinmann pin under gener~I .:lnaesthesia 
and attach a Bohler stirrup. 

- Thread the prepared Thomas's splint over the limb. 
- Palpate the dorsalis pedis and posterior tibial pulses. 
- Study the radiographs. Determine the type of fracture, in 

which direction the fragments are displ,~ced and in which 
direction they need to be moved to obtain apposition of the 
bone ends. The next step depends upon the type of fructure. 
Transverse fracture. An assistant standing at the foot of the 
splint holds the Bohler stirrup, exerts a traction force in the' 
long axis of the limb, and simultaneously forces the ring of 
the splint against the ischial tuberosity. 

- Stand at the side of the limb and grip the limb above and 
below the fracture site. Move the proximal and distal 
fragments in the directions determined from the study of the 
pre-reduction radiographs, to reduce the fracture. For 
example, in a fracture at the junction of the middle and lower 
thirds of the shaft of the femur, the distal fragment usually is 
displaced posteriorly. Therefore place one hand under the 
distal fragment and the other on top of the proximal 
fragment, and push anteriorly with the hand Linder the distal 
fragment. The general rule is that the distal fragment is 
reduced to the proximal fragment and not vice versa, as the 
manipulator has Control onJy of the distal fragment, the 
proximal fragment being under control of the muscles 
attached to it. '.'. .; 

- Check that apposition of the fragments has been obtained by 
temporarily reducing the traction fori.:e. The absence of 
telescoping of the limb indicates that apposition has been 
achieved. , · •. 

-" When apposition has been obtained; carefully lower the limb,. 
while maintaining trac\ion, onto the prepared Thomas's · '· 
splint, with the large pad under the lower part of the t.high.' 
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:....:_ Milintain~ t;action: :. , . _ .. :·.- ., . •. : , .'.'<-. .. . ·: :_. 1.. . '._ 
--=·Arrange the tension in the other· ~lings to allow 15-20° of1·: 

knee flexiori. . .... '... :: .:~. · , · .. · · • · ' 
~-Attach traction cords to· ·a;ch' e'~d of the Steinm.ann pin and : 

tie them to the lower end of the.Thomas's splint. 
- Reiease the pull on the BC?hler sti~rup. 
- Take antero-poste rior and lateral radiographs to check the 

. . ·reduction of the fracture . If the. reduction is not satisfactory, 
: re-manipulate. : . . . 

· .: - ~· Palpate the dorsalis 'pedis and po-st.erior tibial. pulses . If the 
. pulses are absent, reduce the traction force . If the pulses do 
. :· . not return, very gently. re-manipulate the frac ture. If the 
:· peripheral pulses are still absent, noti fy more senior \ . 

. '..: .' colleagues immediately . 
.. ~ If the p eripheral pulses are prese nt and the red uction ' is 

: :· .. ( satis fa c tory, remove the Bohler s tirrup. 
i . \~ Suspend the Thomes' s splint (see Ch. 5). · _: . . 
. · ;_,:.:;oblique, spiral or comminuted fractures. A formal ~) ', . . . 
.:. ·~·,. ,manipulation of these frac tures is not required. The traction _ 

/ 5 '.:: force is _applied in the long axis of the limb ~s described.·. 
·. :~.--. ab<?ve, until the ·fractured femur is restored to ~ts correct."_;· '. 

. . -: l ~ngth. Traction is maintained until the trac~ion cords are t ie~ . 
. · -.<;to~:the .: foot of the Thomas's splint:·-. . · · • 
.-. ,5;:~~Wi-le -'\nstructi~ns"about the large· pad·.-: radiogr.aph·s;_ . . .. =. _ 
..... . -( ~'i • • • • • • • • -

I• "'.~;~;. p!:)rlpheral pulses and suspension of the Thomas' s splint also;; · 
,;:·=:;::;~'.·aop1v~=~-·r ~~ ~ . .-_· .. · .. : . . .. : .. :, _ .,:·: .. < .... · ·:·: .:· .. ._ ; : ..... :-.:. ·_=,/ .. ·~-;.: .. ;.: 
t-..(;...'oil~-'Hl~~ ... ~.it.?~~;. ,'~·. ~...: ;; t · -:1. n . .l.t!!" .. .:.:. .... -:. , ! .f {\_d.;,. .. ~ ... ,1. · J...iJ-.A.l.. il:...&~~-~c~t..~l.(<tt~R! N~ 

TRACTION UNIT 

For many years, Charnley (1970), has ·employed what he terms a traction unit 
{Fig. 3.2), in conjuncrion with fixed tracrion in a Thomas's spline, for the 
management of fractu res of the femoral shaf1. Basically a traction unit consists of 
an up~r tibial Sreinmann pin incorporated in a light below-knee plaster cast. 

fig . 3.% Traction unil. The broken line shows 1he posi1ion of 1hc side bars of 1hc T homas's 
splin1 in relat ion 10 1hc cro~s·bJr fi xed 10 1hc sole of 1he pbs1cr cas1. 

.,j 

' I 
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APPLICATION OF A TRACTION UNIT WITH 
FIXED TRACTION 

: ... ::;...:.·:::=" 

- Choose the correct size of Thomas•s spl1nt. 
- Fashion one sling and a large pad to support the thigh. 
- Under general anaesthesia, thread the prepaced Thomas's 

splint over the limb, insert an upper t:bial Steinmann pin and 
nllnr.h n Ai\hlor s1lrr111>. 

- While the leg Is supported by on assistant holding tho stirrup 
and keeping the foot at a right angle, apply a padded below­
knee plaster cast incorporating the Steinmann pin. The cast 
must be well padded around the ,heel to prevent pressure 
sores from developing. 

- Incorporate a 6 inch (15.0 cm) long wooden bar transversely 
in the sole of the plaster cast about mid-way between the 
heel and the toes. This bar controls rotation of the limb. 

- When the plaster cast has hardened, reduce the fracture and 
lower the limb on to the prepared splint. 

- Check that the thigh sling and the large pad correctly support 
the thigh. maintaining the- normaf anterior bowing of the 
femoral shaft. 

- Allow the transverse bar to rest on the side bars of the 
Thomas's splint. If the thigh sling is correctly tensioned, and 
the transverse bar is positioned correctly. the knee should be 
in 15-20° of flexion. and the limb in neutral rotation. 

- Attach a cord to each end of the Steinmann pin, loop them 
once around the side bars of the splint and tie them over the 
end of the splint. 

- Check that :he pressure of the thigh sling against the thigh is 
not excessive. If it is, reduce the pressure by placing a sling 
under the upper end of the traction unit. The tighter the calf 
sling is pulled, the more the pressure on the t,high is relieved. 

- Suspend the Thomas's splint !Charnley used Method 2, Ch. 
5). , -: . 

-Attach a 5 lb (2.3 kg) weight to the endrit the Thomas's 
splint to reduce partly the pressure of thO:padded ring of the 
splint around the root of the limb. • . , 

.. ·..; .. ;: . .:.~:. ··- :. 

Advantages of the lraction unit 

1. Compression of the tissues of the upper calf, in panicular the con1mon 
pcroncal.nervc, does not occur. When fix:<:d traction without a traction unit is 
employed, the upper cal( may be compressed between the Steinmann pin and 
the upper edge of the sling supporting the calf. Even when a sling is used to 
support the traction unit, compression of the calf does not occur bcca.use ic is 
protected by the pl:ister cast. 
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2. Equinus deformity at the ankle cannot occur because the foot is supported by 
the plaster cast . ' , 

3. T he tcndo cak:ineus is protected from pressure hy the padded casl. 
4. Ro1:1Cion of the foot and the dist:il fragment is controlled. 
5. A fracture of1he ipsi latcr:il tibia can be ire:ned conservalil'dy :it the same tim.: 

as the femoral fracture. 

ROGER ANDERSON WELL-LEG TRACTION 

\X'ell-leg traction (Anderson, 1932) \'!aS origin:illy used in the manag.:mcnt o( 

fractures of the pelvis, femu r and 1ibia1 skclc1al traction being :ippl icd 10 th.: 
injured leg, while the 'well' leg was employed for co11n1cr-1rac1io11. It is ran:ly 
used for 1hcse purposes t0<fay. This me1hod hm\"Cl'.:f is \•alu:1bl.: in corrc.:-tinJ: 
either an abduction or adduction dcfor111 ity al the hip, f.ir instam:c hdiirc an 
extra-articular arthrodcsis is carried out. 

Tiu pri11cirlc is as jtJ!loJws: 
With :111 abduction deformity 31 the hip, the arfcctcd limb appears to be long.:r. 

When traction is applied to 1he 'well' limb ;11uJ the aff.:ctcd Ji111h is 
simultaneously pushed up (counter-traction), the ahd11c1ion deformi ty is 
reduced. Reversing the arrangement will n:ducc an aJdu.:-tion deformity (Fig. 
3.3). 

ADDUCTION 

• DEFORMITY 

ABDUCTION 

DEFORMITY 

-- l 
Fig. 3.l Diagrammatic illustmion of 1hc principle cf Roger Anderson ""cll·kg 1u c1ion. 

· ..... ~i ... :. •' .! . . . .. -
APPLICATION .. OF ROGER .. ANDERSON 

,;: _W~~,L~-LEG .TRAcr10N .. ~·~· ., , . . . .,;; l";-:'' '. 
· i .·;• . 5J~~ \' :· . 1 ... , . .,.. . . r , ~- .. . ' . . ;~ ... • . . , .. ~~~\J . t· ~.! .. . ,}'·- ·J. • •• •• ·:.:· • !f~.}:. ·.~· .. ' .,, ~·- •jot1~1~·-;. 1·1:• 

. . . .The .. simuftane~us pulling down of: ooe 'leg end the .. pushing· up - : 
of the other Is achieved by using the apparatus mustreted in 
Figure 3 ,4 . 
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Fig. 3.4 Roger 1\ndcrson •••ell-leg tr3Ction (modilicll). ·n1c p3:ldcd bclow·kncc p l:l!<lcr cast i1 
no1 illustntcd. · 

- Apply an above-knee plaster cast tci tha'·ifJ;G~which ls to· be ·, 
pushed upwards. This plaster cast must".ex·iend to the. top of 
the thigh; it must Qe well padded and mot:ilded over the 
medial aspect of the upper thigh, to pre~erit the cast pressing . 
on the tissues and obstructing the circulatio.n; and it must pe 
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well padded around the ankle and heel as these will be the 
sites of continuous pressure fr~m the direction of the heel. 

~ Incorporate the larger stirrup in this plaster. 
:_ Insert a Steinmann pin through the lower end of the tibia of 

the limb which is to be pulled down, and incorporate the 
·· Stelnmonn pin in o li9ht padded below-knee plaster cast. 

- Pass the ends of the Ste inmann pin through the lowest 
possible h oles in tl:le side arms of the smaller stirrup. 

By altering the position of the screw (on the left in Fig. 
3.4} , the relative positions o f the t wo stirrups can be altered. 

The arrangement illustrated in ~igure 3 .4 can be used to 
correct an abduction deformity at t he right hip, or an 
adduction deformity at the left hip. 
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4. 
Sliding ·traction 

Jn 1839, John lladdy James of Exc1er described a mc1hod, which he had 

employed for several years, of 1re:11ing fractun:s of the lower limb with 
'continuous yet tolerable traction ... hy weight and pulley' Uoncs, 1953). The 
patient's trunk was fixed to the head of the bed by a rib bandage. The lq; was 
bandaged into a padded hollow spli nt fitted with a foot piece. 1\ castor on 1he 
hollow splint rested upon a wooden pl:ink. /\cord from the footpiece passi:.d over 
a pulky at the foot of the bi:d to a w.cight. The head of the bed was raised. James 

Jid not utilize ;he weii;ht of the body, acti ng under the inOuencc of gravity, 10 

provide countcr·tr;iction . In h is systcm, countcr· traction was represented by the 

tension in the rib bandage. 
\l;'hc:n the weight of all or p:irt of 1he body, acting under 1hc inOuencc of 

gr::svi1y, is Ulili7.td to provide coun tcr-t r:iction, the arr:mgemcnt is called sl iding 
1rac1ion. The tr:iction fo rce is applied hy a weigh1, auachcd 10 :1dhcsive str:ipping 
or a s1ccl pin by :i cord :icting CJvcr :1 pulley (Fig. 4 . 1). The 1rnc1itm force 
co ntinues to :ict as Joni; :is th~ weigh t remains clear of the floor. Coun1er·1r:1c1i1111 
is obt:iincd by r3ising one end of l he bed by mean:. of wooden blocks or a bed 

Fig. 4. 1 The principle of sliding irmion. 
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elevator, so that the body tends to slide in che opposite direccion co 1hal of the 
trac<ion force. 

\Vhen sliding traction is used to reduce a fracture, ihe initial tracrion weighr 
required to obtain the reduction is gr~oller than the rraction \\'eight required to 

maintain the reduccion. Great care n1urt be taken to ensure that distr11.:tiJJn of the 
fracture does not.occur. for this reason the lenglb of the fr:.1ctureJ bone nHlSl be 

n1casured daily wi1h a t:ipe measure and comp:.ired \\'ith the norrilal side, Ulltil 
the correct lengch h:ls been obtained. \\:'hen this h:is hct:n nchii!vcJ 1 die: traction 
\\•eight must be reduced to 1ha1 sufllcienr to n1aintai1i che reduction. l)aily 
radiographic e>.:a1nination niay be cn1ployed, bur do iror ignore che us!' vf a tape 
rnea.>"re. 

l'hc tracti(ln \\'eight needed ro reduce or lo 111Jint::iin the reduction of .a 
parricular fracture depends upon the site or the frac1ure, the age and \\'cighc of 

thi.: p:uienti the power of his 1nusclcs, the an1ount of 1nusclc da1nlge prescnl Jnd 
1hc degree of friccion present in the sys1en1. ·rhe ex:.ic1 \'-'eight required is 
Octcrn1ined by crial, and observing the beh::iviour of the fracture. for a fracture of 
tile fc111oral sh:i.ft ::in initi:.il \vcighc of IO'Yo of the \\•cigl1t oflhc patient is usually 
sufficient. ·rhe hc:ivier the trac1ion weight used, the higher 1he enJ of the hi:J 
1nust be raised co pro\'idc adequate coun1cr-trac1ion, a rough g:uiJe being I inch 

(2.5 cm) for each I lb (0.46 kg) of lraciion weigh!. 

·-

BUCK'S TRACTION OR EXTENSION 

Buck's traction, popl1larlse<l in the Amcric;in Civil \l:'ar (Ill1ck, 1861) is used in 
1hc te111porary n1;:i.n::igen1cnc of fructures oflhc fc1nor~l nc<.:kj in the rnall:igL:n1en1 
of fractures or the femor:.il shaft in older and larger children; undispl3ced 
fractures ofche acctabulun1j after reduction of3 disloca1ion of1he hip; 10 corrt:ct 

nlinor fixed flexion deformities of the hip or knee;· and in pl3ce of pelvic [faction 
in the managemen[ of low back pain. 

·~ •.•. :1tt-Mt~~ ... ; .. ~. •.·.· . .-·: '·. l. ·"' .• ;:;,. ........... .:· ••.• :· .• : •... •. 

APPllCATION OF BUCK'S·TRACTION '· 
·: < :~,i~~.<·-;: .• . • :::. • '· ..... t: ; c·; . .'; ·;~·· 
.- . -,-Apply· adhesive strapping to above the knee or. in elderly . 
··~··-~···· . . . 

:'::c.,, .·patients, with atrophic skin, Ventfoam Skin Traction · • 
;;.:=~:\.·a~hdage.. \ . 

'-,·-.Support the leg on a s~ft pillow to keep the heel clear of the 
..... ·.~ :~~'.b~.,;~ .,:·, ·. :t.~. . .. :. . . 
~ ~ii't'ri!i ~~ ~m Th~ ~lt.1'.,el '>~t 'ii ~dlley t.nadheo to me 

.:;..;iJ:;iil]~, .. of the bed. . . . . , . ..~ ... 
·;::.:,:Attach 5 to 7 lb 12.3.:.3_2 kgJ fo'the cord. . . . ); 
::'-;i:EieJa1~· the root of the bed. · , .· ; .; .. ·'.~:f~ < :·:, ''". 
.. , .c, .. ·. ~.-.•.·' .-~ '·· • .• ,;if .......... .:A ·.• • .• -'i 

:· , .;:i::.i;Leteral rotation of the limb is not controlled ·by;thiii-inethod i:··.' 
J~.:~~~'fi ... l.i.'.~·ractiOn: ' '· ··.~·~.. ... ·, ?' ·,·.,.·~ .... ~. ···.~;:: .. ..... . .. · .. E: -

.. -~·-~ .. · ·~ .... ·. ·;,;. ... 
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PERKINS TRACTION 

Perkins traction cJn be used in t he treatment of fractures of the tibi:i Jnd r.f the 
fomoy~from the subtroch:mteric region distally in all age groups, :rnd of 
trochantcric frac t u res of the lemur in p:itie111s aged under 115 to 50 years. 

The basis of m:magement of a fracture by Perkins tra~tion is essentially th~ use 
of skeletal tr:iction, without any form of extanal splint:ige, co11plcd with a-:tive 

movements of 1he inju red limb whic h ~re c~m1111:~11ced as soon as possible. 
!'crkins ( 1970) considered that tr;iction aligned the fragments, ncutr;i lizd the 

pull of 1he muscles :md prevented rotation and :rngulation at the fr;icturc sire, 

provided tha t 1hc frac tu re site was bridged by the origins of a muscle. lie 
believed that by encouraging early muscu l:l r activity, the den:lopme nt of st irT 
joints was frequently prevcmed by both maintaining extensib ility of muscl ::-s by 
rcciproc::it innervation, :rnd prcvcn1ing st;:i Anation of tissue fluiJ; compression at 
the fracture site occurred wh ich prom oteJ union; and the functional 'sever:nce 
of the connection between the brain :ind the damaged limb' was prevented. 

Buxton (198 1) reported on the re-sui ts obta ined in 50 paticncs with fractur~s of 

the femoral shaft treated by Perkins traction. 47 patients (9·1%) were in tr:ic::on 
for 12 weeks. The remaining three were in traction ror :i tota l of 16, 18 :id 23 
weeks respective ly. All 50 patients had at least 120° of knee flexion whc:n 

tract ion was discont inued. 
A H adfield split bed • , in which the dist:il one th ird of the m:imess :me the 

b:ise of the bed can be removed to facilita te flex ion of the knee, is required w::en 
a fracture of the femur is being tre:ncd. Some sta ndard hospital beds c:i:; he 
suit:ibly modified. fractures of the tibia c:i n be treated in an ordi nary star..'.Jrd 

bed. 
A Denham p in is inscrtcd through the up per end of the tibia fo r frac tu r~.> of 

the frmur, the mid t ibia for fr:ictures of the condylcs of the tihi3, with the p•l-·.-[so 
th:it the pin must be at least one inch (2. 5 cm) below the lowest limi t c:· •he 
h:icm JtotnJ result ing fro m the fr:ictu re, and th e os calcis for oth::r frac; u rcs 1 :· :he 
ti bi:i. Denham collars (Fig. 2. 6) to which the tr:ic tion cr.rJ s J rc hook1:,~ . . 11c 

att :i..:hctl to the ends of the r ins. This llll"thotl of ;J [t;JClt in::; lr:i.:: ion cords:.- :::1: 

Denham pins can resu lt in movemt:lll being impancJ :o t f:c pins, C:L: .:tg 

loosening :ind infect ion. N ew low fr ic tio n swive ls• (f:"ig. -1 .2) have :..:en 
dcvc:l oped (S imonis , 1980) to overcome t his prob lem. 

Fig. •.2 Simonis low friction s.wivd. , 

• see Appendix. 



Sl .lDING TRACTION 29 

. . 
.APPLICATION OF PERKINS ·TR~CTION 
1. For _fractures 'of the femur ~ 

A Hadfield split bed or a suitably modified standard hospital 
b3d is required. . ' ' . . 

- Under general anae.sthesia and full aseptic conditions: insert a 
Denham pin through the upper end of the tibia (see pp. 4-10). 

- Attach a Simonis swivel to each end of the Denham pin . 
- Connect two traction cords, one to each swivel. 
:-- Keeping the traction cords parallel, pass each cord over a 

· · · separate pulley at the foot of the bed. . · 
- Attach a weight to each traction cord. For the average adult, 
. a _ 10 lb (4.6 kg) weight is attached to EACH cord making a 

tot al traction weight of 20 lb (9.2 kg) . This w eight is usually 
. re duced to 1 5 lb (6.9 kg) in the less bulky male patient after 
about one to two weeks . 

- Elevate the foot of the bed by one inc h (2 .5 cm) fo r each lb 
:. · (0.'46 kg) of traction weight. 

- Place one or more pillows under the thigh to maintain the 
normal anterior bowing of the femoral shaft. This bowing 
must, if anything, be accentuated. 

- Check the length of the limb with a tape measure: and 
. increase or decrease the total traction weight as nec~ssary. 

- Adjus t the height of one pulley if necessary to correct 
rotation . 

. - Arrange for a radiograph to be taken. 
- Start active quadriceps exercises immediately unless 
_ ... Precluded from doing so by other injuries and the general 

>:_··;/condition of the patient. _ , ., . . _ 
(-j:ifr,~?:'!1'.11ence kn~e flexion _under supervision ?f ~ - . !. _,~~-- . _ 
• : ,:, .

1
phys1otheraplst, about one week 'after.edm1ss1on, by _wh1ch 

-,".·. ' time good quadricep~ contraction should be present . 
. i.->~:With·~~he injured limb supported, _split the bed. · . 

~--: Place a, hand under the patient's heel and encourage him to 
· .• /~::·activelv.· flex his knee as far as possible against resistance . .. ·· \ ·· . 
~~f"~'Coiitin_ue for about 15 minutes 'on the: first day . . _,;, :. .( .. ,, 
;,~;~.;.;: 'Each day es the patient gains more confidence and more 
.:f·~,~-~P!curar·controt -and requires 1ess-:m8"nua1 support, increase .. -
.. ,_-._. the:tim~ ·spent cairying_ out exer~ises, . reaching e maximum of 
:·f.1-,~se-ieri- to:l eigh·t , hour~rpef!.dayJ;ati~-r4tWo weeks. . -, .-. 

· ~ :,· :~is'=., ~t~·~ . .1\. ·: .. , .• · ; .r. _...::_: : '."~~~~~-t;~~.: ·; ' =" ~· ~- • : .. ·· · .. :~ · ':-; ·~ 
\: .. . : ..... -. .:·';' •'; . ' ·. "',::_~-~-;~.~:t;jE;· '-:--. . 4 ..... ':. ~ ! .. , .;.·:i ,\ 

·: ,.;>(1,11,·~'fJ,,~.,..,,,.: •.)- ' •• .· , : ' ' · • ·""·'r:·..Y.~-~ ·-.,. ' , f-j"JJ .::• ,., .: 1 \-• , : ,- / r-. 1·1', '. ' 
· ..... -....°?"~"-\. · •• • • • • .... "··~ h.,-!-.., ~tr . ' ,,'1· ···' r-:, .. --. • . · • 

:~ 2· . .:'f<i~~fractures ·of the tibia ':,! ; :--:;-~~=f~~.:\ '~t~~~ >+r/: :1~~ ,~;.::·~ ~': ~:J .. ; 
'. . .. .::~ :;, ·,~·.. . . . , :.1 .:>· .. .. :· · ~: ... .-. ~ .:·· .... ~ .. ;.;.c,,~:: . . ... • .. ..... . =.. . 

· Tibial fractures can be riursed in an ordinary standard hospital 
bed< witf-1 the leg resting on a pillow. 
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- Under general anaesthesia and full asept ic conqitions. insert a 
Denham pin through the selected si te (see pp. 4-10). 

- Attach a Simonis swivel to each end of'the Denham pin. 
~Cefnnect two traction cords, one to each swivel. 
- Keeping the cords parallel, pass each cord over a separate 

pulley at the foot of the bed. 
- Attach a 5 lb (2.3 kg) weight to EACH cord, making a total 

tra~Jion • .weight of 10 lb (4.6 kg). 
- Ele'vate -the foot of the bed by one inch (2.5 cm) for each 1 lb 

(0.46 kg) of traction weight. 
- Arrange for a radiograph to be taken. . 
- Start active ~nlde movements immediately and knee flexion 

as soon as the patient is able to do so . .... 

HAMILTON RUSSELL TRACTION 

H:im ilton Russell 1r:ic1ion (Russell, 192·1) is used in the mn n:igcmcnt offr:ictun:s 
of the femoral sh:ift and after arthroplasty operations on the hip. 

APPLICATION OF HAMIL TON RUSSELL 
TRACTION .. 

See ~gure 4~ 3. . · · , 
- Apply skin traction to the limb below the, kn-ee._ . 
- Attach a pulley to the .sp~eader . . , .. 1.->if~ ·,1 :.,-, . : .:.: :: .. ;,.;...': - .·. _ 

. • ~ .• -. '•' •--· •• -.. . ..-...t; t;,:•i"-o:.•1·...,~J,.-!.#'.V 4. • ::.. "'·; :.,_;.,..;.'": ): 

Fig. 4.3 Hamihon Ruucll 1rac1ion. 
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1 

:_ Pla·ce a soft broad sling ,under the knee. · · · ;. : ' ' · · i ' : :. 
- Support the limb, with the knee slightly flexed, on two~~of1 ·· 

pillows, 'one above and the othet below the knee, with the . · · 
heel clear of the bed. ~ . . . ; : : 

.:_Attach a length of cord to the k~ee-sling . 
- Peae the cord over pulley A which I~ placed well distal to, not 

proximal to the knee, round one of 1he pulleys B, round pulley 
C and then around the other pulley B before attaching it to a 
we_ight. The pulleys B must be at the same level as the foot 

1 of .t~e patient when the leg is lying horizontally on a pillow 
,J- (Fig.:.:4·3) . 
:- Elevate the foot of the bed . 

. · '. Suggested weights: · ; . ,,. · .. · 
.. : ·. Adults - 8 lb (3.6 kg). · . · · i' ·· · " · 

,.;; /}: .. 1~~~~-~~~nd __ older childre~ . !-4 lb (0 .28-1 .8 kgl._, · 

THEORY OF HAMILTON RUSSELL TRACTION (Fig. 4.4} 

The two pulley blocks 3 at the foot of the bed nominally. double the pull on the 
limb. In practice the pull is modified by the friction present in the system. The 
resultant of the two forces acting along the cord provides a pull in the line of the 
shaft of the femur. 

Fig. f . f Theory of Hamilton Russell traction. The construction of 11 parallelogram of forces 
shows that the resultant force 1cu in the line of the femoral Jhaft . 

TULLOCH BROWN TRACTION 

Tulloch Brown, or U ·loop tibial pin, traction and suspension (Nangle, 1951) 
with a Nissen foot plate and stirrup (Nissen, 197 l), is used for the man:agcment 
of p21ients who have had a cup arthroplasty or pscudarthrosis operation on the 
hip, or who have sustained a fracture of 1he shaft of the femur. his nol used in 
children. 
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? 
APPLICATION OF TULLOCH BROWN 
TRACTION 
~ .. -.... ..u.;r . -:-. ·. 

See ·Figure 4. 5. . 
- Insert a Steinmann pin through. the u.pp~'r end of the tibia. 
- Support the leg on sljngs suspended fro IT!· the light durah 1min 

U·loop which is slipped over the ends of the Steinmann pin. 
Noto: The proximol ends of the U-loop have two staooered 

lines of holos (Figs 4.5 and 4.7). This arrangement gives a . 
wide choice in the mode of attachment of the U-loop to the 

Fig. 4.5 Tulloch llrown U-loop 1ibial pin troc1ion. J\hcrna1ivtly 1hc 1n .:1ion cords c:in be 
arranged as for lbmihuu Russell trlcl ion (Fig. ·1.3). A N issen fool pl21c con be olll<"hc.l 111 1hc 
ll· Joor 1u m•iniain Jur>iOcxiun >t 1hc 2nkk. 

Nissan Stirrup 

0 Nissen U-Loop 

Fig. 4 ,, Niuen stirrup. lnscns show detail of auachmcnt to the Steinmann pin. 
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. . . , ·. ,1; · .. ·. . . ·. ·. . , .... ; . . . : 

Steinmann pin. By varying the holes used, It Is possible to 
ensure that the U-loop lies evenly on each side of the leg. 

'Care must be taken that the s"lings supporting the calf are 
not tight, otherwise compression of the tissues of the leg will 
occur between the proximal edge o( the sling nearest the 
knoa, ond tha Stolmn:mn pin. 

- Attach the Nissen stirrup (Fig. 4.6) to the Steinmann pin. 
This stirrup enables the leg to be suspended and rotation of 

· the limb to be controlled . 
. ~ Mount the detachable Perspex foot plate on the U-loop to 

. support the foot (Fig. 4.7). The foot plate prevents equinus 
-~ 'of the ankle. In addition, as the. attachment of the foot plate 

· to .the U-loop is not rigid, the leg muscles can be exercised. 
- Use a simple pulley (Fig. 4.5) or Hamilton Russell system 

(Fig . 4 .3) for suspension. 
- Elevate the foot of th.e bed . . . 

Fig. •.7 Detail of Nissen foor plate and U·loop. 

NINETY/NINETY TRACTION 
Ninety/ninety traction w:is originally devised by Obktz (19•16) :is an aid to the 
operative and early post-opcr:itivc management of compound fractures of the 
femur with wounds ofche poslcrior aspecl of the thigh, sustained in che b:utlcs in 
North Africa during World War II. · ,. 

Subcrochanteric f1'2clures and those in che proximal third of the shaft of the 
femur can be difficuh to man:igc in 11 Thomas'1 splint because the pro:><imal 
fragmenl lends 10 be flexed and abducted by the muscles auached to it. Although 
the distal fragment c:m be: aligned with chc. proximal fragment, the position is 
frequently lost because of clle pa1icnt moving in bed. Management of these 
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fractures and compound fractures of chc femur with poscerior wounds, is easier 
with 90/90 traccion in which che hip and che knee joints are both flexed 10 90 
degrees. 
Skc.l~ta~ trac tion is applied cicher through the lower end of the femur, which is 

more efficient, or through che upper end of the cibia. It can be used in che 
management of fractures in children as wclr':is adults. Jn children, great care 
must be raken to avoid d:im:ige to che epiphyseal growth pl:ues. 

Humberger and Eyring (1969) reported on che use of 90/90 traction in the 
trca1ment of eii;hty·onc. fractures of·the ~ haft of the fc:mur in children, with 
~kdc:tul trac.:tion tlm111gh the upper c111I uf the tibia. They ,lid not linJ :my 
eviJc:nce of injury to or growth disturbance of the proximal tibial cpiphysis, 
li111i1;11ion of movement or instability of the knee or cases of isc:hacmic 
contracture. They did observe however that children over the :.1ge o f ten years, or 
those who weighed in excess of 99 lb (45 kg) cended to develop pain in the knee 
afcer about fou r weeks in 1rac1ion. They 1herefore do no! recommend 1hc use of 
90190 traction with an upper tibial pin in such children . 

HOW TO SUPPORT THE LEG IN 
90/90 TRACTION 

In 90/90 traction the leg can be supported in a number of 
different ways. Three methods of support are described. They 
can be used when a Steinmann pin is placed either through the 
lower end of the femur or the upper end of the tibia. 

1. Using a Tulloch Brown U-loop (Fig. 4.8) 

wl 
J 

w 

Flg. • .8 90l90 lraction using Tulloch Brown U· loop. 



w 

Fig. •.i 90/90 traction usin' a second Sccinmann through the lower end of 1hc tibia. 
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w 
w 

Fig. ~.10 90/90 traction using a below-knee plaster c:m. 

• . . -~ · -•• :.' ·: : • • • > ::·t ii.~> . -. . ... . ·: . . ~tf:!~=-<·!:;._. • . :. ·.: . . . . .· 
- Tie: a 'cord around the: distal part of the~cast/pass it vert ically :~ 

. : .· upwards over a pulle~:a'nd ~attach s~ffj·~:·e~i"\;.,;eight' to it to " :: '·! 
.. · .• ... keep:.tne leg._ suspended_',wiih the knee,./lek'e·d ~to ninety_:, . . ·.) <:_.,.; 
~~·i:~f de,~~-~:~.s · ~·~·!.: ·, •· , ,.·/:E~~;(-/!"!:.fr~~~-;-<:;~~:~?d~zy[~;I1§'.:·~)'.{' : . .?!.'! ~: __ · ·~:?~·l 
i~ ·":= AP'i>Lfr~.A-rfoi'Jr·O-Frs-o?sff TFiAcff0.1\i}/:;:'.T~;r .. ~>/;'":': · 

.· · ·: ~ · . .,.· · -- -· ~:: ~·-·. - .. : .... (.;_,;_.~.'ii' \ :: . .-·:-·· ; ... :· .... . : : 
- Use general· anaesthesia and take full: as,e:ptic, pre~auti.ons: .: · 
-- Insert a Steinma'nn pin for adults, or a .'Kirschner wire fo r. 

children throug~ the lower e nd of the ferrlur, oi the ·upper ·end 
of the .-tib ia. Flex the knee t o 90 degreeS"before inserting the , .. _. . . . 
pin/wire through the lower end o f the femur,'·$0 that the soft .. 
tissues move into the positions in whid{t he'y w ill lie when ..... •· 
the limb is In traction. Take great· care' to}'.~°J.old damage to the 

'. . . : eJ?iphyseal growth pla~~s . in children.t~\~~?.~">?/ .. : .. :. " .. 
·. · .. :_ Attach a Bohler stirrup to the Steinrriarin:;·pin:f:" , ·v :. "·-; . : . ., 
-~· <~.Tie" ~:·~·raction cord to, the-"'~itirnip. ; ~-~?~:J~f.: '.".:;t/{::C-;~:;~· !::_~{~ D'.~·>.-'f:.t 
i: · _;, Choo~e .the method tq; be ·used to suppor.Mhe' Jeg ; (see~1-l· 'f·~ ·:;;.1.~ 

~L:~; {ab?~~~Xk.~ .. '' .... · .".:• ·:; -~;-:."I~).:{~,:!,'v~, ... •". -:;-;;:::~~:~i~~}i~:~iJ.~·!i4~~~1l 
~,.- \ ._ · l~.Fl~~.~~.h~ .. ~IP . . ~':ld,., ~~~e:iiw·~~~: to.;."!'~.~.~r:~~-~~r~~ .. s.!~f.~;,~!i:~;t.t.:Pl;?~~~t~ 
~: :::,-;Pass'fule~ traction :cord.-vert1cally :upwa rds"over. a· pulley.1{:·..:.i{:;;'~;(.~ 
~!f.~.~:hsitua'teC:i~;-9 oove. the .. hip:::~f Jtk;;;:. }ii?~:~t-~~..,. l'JJ~~;~;~~;~,'~:~~\ff.\'.f.tf~·~.,,~ 
'• " .t~.~J ' • ... ': ' f f l • ' , •• "t :=-· .. ·~, '.' •·, ,'4;:f!J..~ ri?- '41'c°"-f! ~-, ~~ .• . t,..,·,. •, ' ,~.: .. ~.: .. ': / o 

:,. ; -AttB:c'1~.10~20 lb. (4.6~9:2 ~kgl :weight.Jqjneitr'actiO'i(cord.'"1.!}:<:·) 

:~:.~: ::: f;wiitnN,~n_at?.rat· 90/90.:tra~~ion;: .th.~ .:.V~~~!1{?~~~igh\"1i'.is!:;~?.\2i£~ 
~!:;; -.) be .. '!o ._g~ea~ that . t~~ .~~~.oc~: ~.n:· that::~!~.~l·~.~l!fted .. o.ftthi;t,_l:i~~.~@~ 
"& .• _ .,.. ... .. . ....::f'.J .. l.~-"t ..• ···-• . ··•r· ,. . \ ...... _., .. •,....: .• I ., ._. ~t . .. a. •• , . -.....>~oC. • .1 -. ··- ~· ••' ..,.. ; " '•· • 1._.11._.~ 
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ot.herwise valgus angulation. aHhe fra~ture site can occur 
(Brooker and Schmeisser, 1980). ' 

_
1 

• Varus/valgus angulation at the fracture site Is controlled Qy 
moving the pulley, over which the traction cord passes, in a 
plane across the width of the bed, 
Rotation Is controllod !Jy the knee being flexed, and by 
ensuring that when the patient is viawed from the foot of the 
bed, the leg and thigh ere In line. · · 

'--As. union of the fracture occurs, encourage active hip and 
knee exercises, especially _extension, gradually lower 'the limb 

__ into a more horizontal position. As this is done, the foot of 
the bed may require to be elevated to provide counter­
traction. 

DANGERS OF NINETY/NINETY TRACTION 

1. Those of skeletal traction (see p. 101 
2. Stiffness and loss of extension of the knee 
3. Flexion contracture of the hip 
4. Injury to the lower femoral or upµer tibial epiphyseal growth 
.~plates in children . 

5. Nourovascular damaoe. 

SLIDING TRACTION IN A FISK SPLINT 

The treatment of fractures of the femoral shaft and tibial condy~es with sliding 
traction in a Fisk splint (Fig. 2.6) differs from other conservative methods (Fisk, 
1944). Wj1h fixi:d traccion in ~ Thomas's splint the knee is held in ahnost full 
extension, and liutC movement is possible. Wi1h sliding traction in a "l"homas's 
splint with a kncc-Oexion piece, so1ne active flcxion and extension of the knee is 
possible, buc little movement occurs at 1he hip. which is in flcxton. When a l;i~k 
splint is used, the patient, as soon as possible, begins assist~d movement of 1he 
10V1'er limb, which is moved as one unit as though the patient were walking. 
Passive movements are not encouraged (sec Ch. 5). 

Inhibition of muscular contraction is usually present for the ftrsc few days, but 
within two to three weeks powerful contractions are established. While the-lin1b 
is exercised, vaci::u1ons in the line of the traction cord rcla1ivc to the long ;ixis or 
the femurJ and angulation at the fraclure :;i1c occur, bul neither appear lo 
adversely influence. the result. Clinical union is prescnl al four to six weeks and 
sound bony union occurs com1nonly by twelve weeks at which time a wide range 
of movement ar rhc knee is present. · · 
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APPLICATION OF SLIDING TRACTION WITH 
A FISK SPLINT .. . 
-~~"'ACfjust the splint to accommodate the limb (see Ch. 2). 
- Fashion slings to support the thigh and calf. 
- Insert an upper tibial Steinmann pin under general anaesthesia 

for fractures of .the femur~ Use skin traction for fractures of 
the tibial condyles. 

- Attach a traction cord to eac·h end of the Steinmann pin (Fig. 
5.6) and tie these cords, which must be long enough to clear 
the foot, to a transverse wooden rod about 6 inches ( 1 5.0 
cm) long. . " . ~ : .: 

- Pass the prepared splint over the limb . • . 
- Manipulate the fracture (see Ch. 3). 
- Adjust the position of the thigh pad to. maintain the normal 

anterior bowing o f the femoral sha ft. 
- Tie a single cord to the centre of the wooden rod, pass the 

cord over a pulley at the foot of the bed and attach a weight. 
After six weeks the initial traction weight is reduced to 6- 8 
lb (2. 7-3.6 kg) . 

- Suspend the Fisk splint (see Ch. 5) . 
- Check that the traction cord is in line with the shah of the • 

femur when th.e splint is ~uspended and the hip is flexed 45 
degrees. ~· 

- Elevate the foot of the bed. · : •'. " · 

SLIDING TRACTION WITH A THOi\iAS'S 
SPLINT AND A KNEE-FLEXION PIECE 

Sliding tr:iction in a Thom:is's splint wi1h 2 knee-flex ion piece (fig. 4. 1 I) is oficn 
employed to obt:iin 1hc reduction of :in obliq t!c o r spirn l frac1u rc of 1he sh:i ft of 

JO 

Fig • .(.11 Sliding mc1ion - skeletal. !he lower limb rn1s in a Thomu's splin1 and a kntt­
Ocxion piece. /\. S1einmann pin is inscncd through 11\c upper end of 1lte 1ibi ~ . A uac1ion cord 
puc~ rrcm ~he pin over a pulley 10 1hc traction wcii:ht. The root ~fthc b.:d is raised 10 provid" 
COUnlCMUCl lOO. " · 
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the femurJ and then to retain that reduction until union occurs. The use of a 
knee-flex ion piece allows easier n1obilisation ofthC kne,e. Jn addition knee flexion 
controls rotation, prc\•cnts stretching of ihc posterior capsule and posterior 
cruciaie ligan1cn1 of1he kneel \\•hich n1ight cause hypcrcx1t:nsion instability, and 1 

allOVr'S vari~Hion in the direction of pull \Vhcn a tibial Sreinn1ann pin is used. 

APPLICATION OF SLIDING TRACTION WITH 
A THOMAS'S SPLINT AND KNEE-FLEXION 
PIECE 

"..j_.-· • 
. ~- '· •:·. ."'' 

- Choose the c~rrect size of Thomas's splint (see Ch. 21. 
- Fashion slings on the knee-fJexion piece and the proximal Part 

of the Thomas's splint, and line the slings with Gamgee 
tissue. 

- lnsert an upper tibial Steinmann "pin. 
- Pass the prepared Thomas's splint over the limb, and rest the 
· . limb on -the padded olings. Remember the large pad under tho 

lower part of the thigh. 
- Check that the hinge of the knee-flexion piece lies at the level 
·.of the adductor tubercle of the femur. 

- Suspend the distal end of the k~ee-flexion piece by two 
· cords, one on each side, from the distal end of the Thomas's 

splint. The length of c<ird is such that the knee is flexed 
20-30 degrees. {The extended position is regarded as zero 
degrees and flexion is measured from this starting position - _ 

.· .;\l'Americari Academy of Orthopaedic Surgeons. _1965.1 With a·.;:. · 

.'._°'/c~s~pracondylar fracture of the femur, the distal fragment isr,.;J.; 
'1 ~~usually tilted ·anteriorly'· upon· the':shateTo· correct anterior ;{::,-i>·~~ 
'.'::\'.!hr~ing',;k'nee fiexion is !;;creased,)iie ~niount of knee'flexid~_:Ji•: 
-.~/f're.Qllired'being determined radiographlcally. The end of the·:~'!'~• ..• __ ,..,.. ·- ,,_ '·· ' ' . - . ··.·• ,• 

.. ·: knee-f_lexion piece may be suspended independently-by a cord .. 
·· <~,~-- ett8Ched to a weight (see Ch. 5).~This arrangement allows 
·. i:'\greater freedom of knee movement. . i 

nA;suspend )he ,Thomas's splint (see Ch, 51." -·· ~-~-.-~- ;. 
•.·.:;Adjust the position of the thigh pad and the tension in the ;' · 

· •· -. sling supporting.the·p~d to obtain.the-normal anteriOrboW"ing · · · 
. ·: .. ,'.of the femoral ~haft. • ' . -,,.,, .:. ,· .. - . . . :~ : ,, 

~--·-· . . ··- ~ ' 
= q.,\\~ ~ ~'i'!11:1 ~fl1Tuj) :aM <cora \o 1'he Ste"inmann'i>in.-' _ _; 
- Pass the cord over a pulley at the foot of the bed so that the 

· .':):corCl~ls in line with the shaft of the femur. 
' ::0'Attach a weight to the cord.· -"':··'' _\ 
·--~Bandage, the thigh into._the Thom_as's splint.: .. ,,_. '.'-''-·'' 

- Elevate the foot of the bed: 



40 TR~TI0!-1 1\NO ORTHOPAEDIC APPl.IANCES 

SLIDING TRACTION WITH A 'FIXED' 
THOMAS'S . SPLINT 

.~ .. --iH.M! ·,- •. 
When siiding tr:iction with a Thomas's splint is employed in 1he 1reatment of ii 
fracture of the shaft of the femur, there is :i tendency for the splint to slip down 
the limb. This c:m be avoicJ~d by the careful arrangement o f the suspension co rd s 
(see Ch. 5) or by fixing the traction cords from the patient to the splin t, and then 
pulling on the spl int . By this means the 1rnc1ion force passes vi:11hc splint 10 1hc 

lower limb (Strani;c, l 972). A kncc-llcxion picl.'.f is not used. 

APPLtCATION OF SLIDING TRACTION WITH 
A 'FIXED' THOMAS'S SPLINT (Stra~ge, 1972) 

=°· I• .,. 
See Figure 4.12. . 

- Choose the correct size of Thomas' s splint (see Ch. 2) •. 
- Pass the Thomas's splint over the limb while, maintaining . 

gentle . manual traction.- . ._ .-. . ''~' · ·: •. _. .·, 
- Under local or general anaesthesia, insei:t.'a .Steinmann pin · 

through the upper ~nd. ·of the tibia . .... :~.:;;:~~~ - ._ ~· :. 
- Attach the traction· cords to the Steinma.rin pin using clamps. 
- Twist the cords twice around the side bars ·of the Thomas's 

~·::.. . ~ 

splint. . -_ :-:.,·•:. • . 
- Push the Thomas'.s splint into the groin as .tar as poss ible and 

at the same time apply gentle steady traction to the cords. 
This achieves the optimal position. , .: J · . 

- Tie the cor.ds over the distal end of the.;Th~mas.'.~ splint using 
f k 

. .,. ·.. . . . . . ' . ~ : .S~~~,· ... ~· •1· '• .... . .. ' • . • • ·.: ·, . a ree not . .-; .. ;.J ;:· .. , , :.- .. 1: ··'. · · -: ··1~;<;).\;J~;,.~-=>: . · ·. •.:; ~ ·',,, '~l.-1 

· ·~· ..: Loop two pi~~es .-o t:,ta·P.~:a?~tinci. e·a~~:~~9;~:f~~J.:'.~'~,tha;'..~;,!:::St;.?~~'.:~~~ 
. Tf:lo_m!Js'~ spll0t, ~ one ... ~t ._the paqd~d..r1.ng/~~.r:i:d ;..t.b !=!_~ oth.e_rJey.el _.!,_\: 

. . ~.~~h .._t~e ~oot . ... :~ .. :·~: :'.!i~~t:.i:·::. _:: .. :. ;-~j!}l!~;~:i~,_~;=:.~ . ;;_;:-..t.-:..:.:. : .. ~ ~'. 

Fis. • .12 Slirunt tnaion with 1 'fixed' Thomas'• splint. Nocc thar the Kirschner wire str~incr 
must be kcpc vcnlcal (Stransc, 1972). • 
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- · Fii~hion slings of domette (see Ch: 2) ·end adjust the ·tension 
· . ~ : in 7he slings to maintain the. norn:ial anterior bowing of the 
.· : t>haft 'of the femur and uniform support of the limb. A thigh . 

pad may be used to maintain the -anterior bowing of the shaft 
of the femur, but its use is not essential. 

- Tie a traction cord to the end of the Thomas's splint using a 
clove hitch, then pass the cord over a pulley at ·the foot of 
the ·bed and attach it to a. spring clip. 

- Clip a weight to the traction cord. A w eight of 18 lb (8.2 kg) . 
is adequate for most ·adults . . . . 

- Suspend the Thomas 's splint (see Ch. 5 , Method 4) ·so that 
the._.h.eel Is jl.lst off the bed, and the traction cord is in line _ ·· 
w ith · the splin t. ·. 

·...:.. Ele~~·ta the fo ot ' of the bed. ·•· ·,;·.·. ,,; :. ·" · · ; · 
• : ;..( .. 1:. · - • • • • • l . • • , • : • .~ ; ' ~.· . · . ..;. • • : •• •• 

BRYANT'S (OR GALLO\VS) TRACTION (Fig. 4 . 13) 

fl ryant's traction {Il ryant, 1880) is convenienc and sac isfactory for che uea1mc:nt 
of fractures of the shaft of the femur in chi ldren up 10 the age of two years who 
weight less 1han 35-40 lb ( 15.9- 18.2 kg). Over chis age, v:iscul:ir complic:i1ions, 
which are d iscussed lacer, may occur. 

-
Fig. 4. Jl Br12n1's (gallows) lraction. Nole 1ha1 1hc chilJ's bunocks arc liflcd jus1 olf1he bc:d. 
The knees can be: kepi slichtly flexed by applyinc posicrior guucr splims (no! illusrr31cd}. 
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APPLICATION OF BRYANT'S TRACTION 
- Apply adhesive strapping to both lower limbs (shaving is not 
.,.necessary). . 
- See below about the use of posterior gutter. splints. 
- Tie the traction cords to ·an overhead beam. 
- Tighten the traction cords sufficientl/ to raise the child's 

buttocks just clear of the mattress. Counter-traction is 
obiainod by the weight of the pelvis and lower trunk. 

Children tcler:ite this position very well, and good alignn1ent of the fr:icrure is 
ob1aint.-d. \'(!'hen tre::uinga fr::icture of the sh:if( of the femur in.a young child, it is 
pref~rablc to allow 1hc fr3gm.cnrs to overl:ip about ! inch (l.25 cn1), as 
subscquCnt overgrowth in length of the femur occurs due to hyperaemia of the 
limb consequent upon the fracture. 

Frac1urcs in children unite rapidly. It is therefore seldom necessary ro 
n1aintain traction for 111ore than four weeks. 

/urportaut: check the state of the circulation in the li111bs frequently, beca1ue of 1'1e 
danger of vascular cou1plica1io11s (see b~lo\v). -

VASCULAR COMPLICATIONS OF 
BRYANT'S TRACTION 

A careful check must be kept upon the state of the circula1ion 
in borh lin1bs, especially during the fir.:;t 24 to 7 2 hours after the 
application of the traction. because vascular complications may 
occur in either the injured or the normal limb. 

' i ' . ~ ;. . . 

HOW TO CHECK THE STATE' OF· 
THE CIRCULATION;:: •, j~~,. . . , 
- Observe the colour and :temperature o{'botfi f~et. _., 
- Oorsiflex both anktes passively. Dorsifle~ion should b~··full 

and painless. If dorsiflexion is limited or painful, muscle 
ischaemia may be present, therefore lower the limbs and 
removo all bandaging an_c:f ... ~dhf>sive strapp_ing immediately • . · 

. ·'•I ' . .; .. : . . 

A number of authors (l~hompson :ind i\1.ahoneyJ 1951; Miller et <ilJ 1952; 
Nicholson ct alJ 1955; L1dgeJ .1959) have reported vascuJ:.1r complicalions, 
varying from ischaemic fibrosis of the calf 1nuscles to frank gangn:ne, fol!o,ving 
the use of Bryant's 1rac1ion in children aged 3-8 years. 

Nichohon cl al, (1955) recorded ihe blood pressure at 1he Jnkles ofchildr~n 
3ged J-8 years whose lower lifJ!bS were in the position as for Bryant's lrac1ion. 
"fhey found a pcrmanenl reduction in the blood pressure :u the :inkles, \vhich 
Vl.'3S in almost direct proportion to the hydrost;uic pressure ncccssJry to~ntJin1ain 



SLIDING TRACTION 4 3 

a column of water at the height of the ankles aboyc the bean. This reduction in 
the blood pressure was panicularly proportional in children over the age of two 
years. 

These authors also investigated chc influence of hypcmaension at the knee on 
the blood pres.sure al the unkk s. The)' found, in c:hil.trcn lllllkr the :1!-!C of cwo 

ycHs, th:it ltypcrcxlrnsio11 :it the knees with or without traction and im:spenive 
c- f the p osirion of rhe lower limbs, did noc have any appreciable eflcct upon che 
blood pressure. In children over the age of 4 years however, the blood pressure ac 
the ankles was reduced to zero when traction was applied wich the knees 
l:yperexcended and when the lower limbs, wichouc traction but wich the knees 
hyperexcended, were raised co the venical. 

Nicholson et al ( 1955) concluded th:u in Dry:int 's traction the blood pressure at 
t~e :;,1kles in children umkr the age of 2 years is insignilicancly affc:ctc<l e\·en 
wit h hyperextc::nsion ar the knees; that berween the ages of 2 and 4 years the 
c : ~culation is precarious; :rn.:! over tht age of 4 years the circulation is ddin it.:I}' 
impaired. 

Lidge (1959) s ta red that the use of Dryant's traction sh..iuld be limi rc:d to 
children under 4 years old and to those weighing less rhan 35-40 lb (15.9-18.2 
kg). 

The use of Bryant's traction is reasonably safe in children u'nder the age of 2 
years. Between the ages of 2-4 years vascular complications are more likdy to 
occur, but their occurrence is less likely if posterior gutter splines arc applied 10 
keep the knees in slight flcxion. Over the age of 4 years the use of llry;im's 
tr:iction is absolutely contr:tindicared. -

In older children fr:ictures of the sh:if1 of the fem~u may be adequately trc:.tteJ 
in Buck's traction or in still older :ind larger children by fil(cd tracdon an a 
suspended Thomas's spl int. 

hiODIFIED DRY ANT'S TRACTION 

Modified Bryant's traction (Fig. 4. 14) is sometimes used in the initial 
m:inagement of congenital di.sloc:ition of the hip when di3gnoscd over the :ii;c of 
one year. Bryanr..'s traction is set up as described above. After five days abduction 
of both hips is begun, abduction being increased by about IO degrees on alccrn:itc 
days. By three weeks the hips should be fully abducted. 

Fig. •.u Modified Bryam's traction. The legs ini1iaUy arc vcnical. The hips uc abducted 
abouc 10 dcgrttS oo altcrnuc days. · 
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IMPORTANT 

I. C heck the: state of the circulation as described above. 
2. Occ_asionally, after an increase in the ckgree of abduction of the hips, the 

child w ill become rest less and scream repeatedly with pain. The pain results 
from stretching of rhc capsule of the hip joint by impingemenc of the _femoral 
head on 1he superior lip q( t~~ acct:slmlum. This occurs when ;1hJ11ction is 
commenced before the femoral head has been pulled down to lie: opposirc the 
acet:ibulum: _Decreasing the degree of abduction will relieve the p;1in. 

SLIDING TRACTION WITH A 
BOHLER-DRAUN FRAME 
Sliding traction with a Bohler-Draun fram e (Bohler, 1929) can be used for 
management of fraLtures of 1he tibia or femur. It is more commonly used on the 
continent of Europe. Althou gh skin traction can.be employed, skclcr:i l t raction is 
usually used. 

The Dohlc: r-Braun fram e is illustrated in Figm e 4.15. Also indica1cd arc 1he 
pulleys over which the cords pass when a femo ral or 1ibial frac1ure is treated . 

--- ----.....;;;;:=--~ 

Fig. 4. IS BOhler-Oraun frame, showing the pulleys which arc used ·~ :.en trcaring fcmor>I or 
ribi al fr actures. 

• . •. , • -, • ... • . .. -:."!·~.. •. 

APPLICATION OF SLIDING TRACTION WITH 
A BOHLER-BRAUN FRAME :•::-; .... 
·...:. %u%We'1\~ ~iir"l.j!. ~-~\\'VH!I\ \-ht ~·i01 i;~:Sl\~~~l'h~'S io' \he f.r,Wi'M '.-0 

support the thigh and leg. Cover the .s)ings with Gamgee . . . : -:.-; ... _ ~ 

t issue. _.. . . · .. ,., .. 1... _.:~_;_i, ;_.1-.; , . . , . 
_. ~ Insert a "Steinmann pin through the upper end of the t ibia for · 

· a _f~.nior'a1 . fracture, or through the low,Q?en~ of the tibia or · 
the :c<ilcaneus . for ·8 tibial fracture~ ·;'". '}:'!~ ~- ·· · . . · . .':-'. 

http://can.be
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- A~ach ' ·e Bl>hler stirrup to the Steinmann pin. 
- Pfece the limb on the slings. . 
- Attach a cord to the stirrup and· pass the cord over the 

required pulley as· shown in Figure 4.15. 
-Attach a 7-10 lb (3.2-4 .5 kg) weight to the cord. 
- Elovoto tho foot of tho bod. 

:rhis method of traction has certain disadvantages. The Bohler-Braun frame rests 
on the patient's bed, and cannot move with the patient. Nursing care i.s more 
diflicult because the patient is not as mobile as he: would be for example in a 
Thomas's splint. The patienl's body and the proximal fr:igmcm of the fracture 
can move relative to the distal fragment which is cradled in the splint and is 
therefore relatively immobile. This may predispose: to the occurrc:nce of a 
deformity at the fracture ~ite. 

LATERAL UPPER FEMORAL TRACTION 

Lateral traction through the upper pan of the femur can be used either by itself, 
1 

or in combin:uion with traction in the long axis of the femur (Fig. 4.16), in the 
management of central fracture-dislocations of the hip, to restore the relationship 
of the weight-bearing part of the: femoral head to the: dome: of the acetabulum. If 
only the superior lip of the acetabulum is fractured, Buck's, 11 amihon Russell or 
Tulloch Brown traction is used. If the fracture involves the posterior rim of the 
acctabulum, and the reduction of the dislocated femoral head is unst:1bk, then 
venical skeletal traction through the lower end of the femur or t he upper end of 
the. tibia can be used. · 

( , 

J 

Fig. •.Hi uteral upper femoral rraaion combincd wi1h rrac1ion in rhc long axis o( rhc fcmur. 

' ,... T' !' • •• •• • .. • ~ ,.......-:· ... • ·: • ,. •• • •• 
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APPLICATION OF LATERAL UPPER FEMORAL 
TRACTION . . ·:.' .. '· 
..:...:· u~~ general anaesthesia:· ..... ..• -:~~~t~~: : . •'.·. 
- Use full a·septic precautions. · }:T;:'· · . 
- Do not place o s·andbag under either' btttock. · · , 
- Make a small lon'gitudinal incision centred just below the 

most prominent part of the.'greater trochanter. 
- Deepen the incision down to bone. 
- Identify on the lateral surface of the femur, a point t inch 

(2.6 cm) below the most.prominent pert of the greeter 
frochanter, and mid-way between the anterior and posterior 
surfaces of the f.emur (Fig. l .Bi. : ~:> 1: · 

- Ask an assistant to rotate the lower limb medially until the ·. 
patella points ve rtically upwards. This- erisures 1that the 
normal forward ·angulation (anteversion) o( the· femoral neck':. 
is eliminated, and that the femoral neck )s lying horizontally 

' .. (Fig. 4. 1 7). · • •·: . .- .. 
- Drill a small hole in the lateral cortex of the· femur, using the 

· correct size of drill for the coarse-threaded screw, or screw 
eye (Fig. 4.18) (Zimmer pelvic traction screw • ; Zimmer, 

. · USA)~ . . . .. ... ... . ':: '.<~ .. 

Fig. 4 . 17 Wi1h th< p:alclli poin1ing vtniC211y upwlrds, lntcvcrsion of t h< ft moral n<ck is 
climina1cd. 

~ 
~ 
~ 

Fla. 4. 18 ScrcN eye (~mmcr pelvic traclion ><.nw). . . ·. . 
•Sec Appendix. 
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- Place a finger over the femoral artery ,at the groin as this 
indicates the position ·of the head of the . femur. 

- Hold the drill horizontally and direct it cranially towards the 
finger over the femoral artery. 

- Advance the drill 1 i-2 inches (3. 75-5.0 cm) up the femoral 
neck. · 

- Remove the drill. 
- Insert the coarse·ttveaded screw or screw eye. 
- Suture the wound. 
- Attach a traction cord to the screw eye. If a coarse-threaded 

screw is used, attach a length of stain less steel wire to the 
screw and then the traction cord to the stainless steel wire 
(Fig. 4. 1 9). 

Fig. 4.11 Stainless steel 'ftirc actachcd to a coarse-threaded .Crew 10 obtain l11cnl upper 
fcmonl lraetion. . 

- Pass,. the traction cord over a puliey at the side of the bed. 
- Attach 10-20 lb (4.5-9.0 kg) to the traction cord. 
- Til_t the patient's bed, raising it on the affected side to 

produce counter-trnction. If lateral upper femoral traction is 
u.sed in combination with traction in the long axis of the 
te·mur, the patient's bed will require to b& tilted in two 
~J;w~~. t.l:l~ ~""~ ~.( ~ ~~ ~"'~ ~i~\ ~.; l7:1~ la'~~~ sl~ 
and the he~ad of the bed lowest o.r-. the unaffected side (Fig. 

:". 4:~01 . ' · .. ' ) ; . 
· _..:: Encourage active movements of the hip and knee •. 

Lateral traction through the upper end of the femur is 
continued for 4- 6 weeks . 
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, -

Hioh Bloc k Low Blocks None 
Fla. 4.20 McrhoJ of obraining 1ih of the bc<l in t""o planea when b1eral upp<r femora l 1ra"c:1iun 
is combined wi1h 1rac1ion in rhc long axis of rhc femur. 

AGNES HUNT TRACTION FOR THE 
CORRECTION OF A FLEXION DEFOR"11ITY 
OF THE HIP 
This traction technique is used sometimes ro correcr a mild flcxion deformiry 
that has occurred at rhe hip jo inr as a resulr of poliomyc:liris. 

For traction . ro have: any effccr upon a ncxion deformity at a hip joinr, rhe 
compe nsatory lumbar lordosis must be eliminated (Duthie :111d Ferguson, 1973). 

APPLICATION OF AGNES HUNT TRACTION 
!Fig. 4.21 l 
- Lie the patient supine on an orthopaedic table. 
- Flex bo th hip joints unt il the lumbar lordosis is abolished. 
- Keep the una ff ected hip and knee joints both flex ed to ninety 

degrees. 
- Apply a plaster h ip s p ica cast to in!'.: lude: the lumbar spine and ·: 

the unaffected lower limb, but NOT the ·affected lower limb .:: ' · 
. ,.. .. . . . . :. ... ;....;..; ·~·· ...: . p . . . .;, .. - : .. ·..:..' ~..:.._:.:, ·_ ,,•., , 1 - . .... •• • • • • • • .. :.I:i 

A~. 4.21 . A~ncs H~nt 1racrion. The unalfccrcd lower limb is cncued in a sincic hip ;pica. 
Sk.in 1nct1on is applied 10 rhc a erected lower limb which rcsu in a Thomas 's splint. 
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- Support the· encased lower limb with slings and weights. · · 
- Apply skin traction to the affected iower limb. 
- Thread a prepared Thomas's splint (see p. 14) over-the 

' · affected lower limb. . 
- Apply traction with the affected hip Initially in flexlon. As the 

floxlon doformlty decreases, gradually lower the Thomas's 
splint. 

- When the flexlon deformity has :been corrected, remove· the ;· 
traction, Thomas 's splint and hip Spica cast. 

I • • . 

PELVIC TRACTION 
In pelvic traction :i spcci:il cam•as harness is buckled :iround !ht: p:i1ic:n1's pelvis. 
Long cords or s1r:ips :iuach 1hc harness 10 1he fool of 1he bed. When 1h..: foo1 uf 
the bed is raised, gravi1y causes 1he p:11ien1 IO slide 1oward s 1he head of 1he bi:d. 
The amoum by which 1he foo1 of 1hc= bed mus1 be ele\'<11cd depends upon th~ 
patient's wcigh1: the heavier 1he patient, the more 1hi: foot of lhe bed muse b.: 
raised. 

This type of traction is used oflen in the conservati\•e management of a 
prolapsed lumbu intcrvcncbral disc. The func1ion of the traction is to ensure 
that the p:nient lies quietly in bed, r:ithcr than to attempt 10 dis1rac1 1he veriebral 
bodies. The vertebr:il bodies can be distracted by trace ion, but 1be pull required 
is very much greater th:in that which can· be excrccd by 1his arrangement. 

ijuck's _rraction, applied to bo1h lower limbs, wit.h 1hc co~s a11ac!1cd e ither ro 
ihe foot of the bed, or to traction weigh1s, may be: employed also in the 
conserva1ive managcmetll of a prolapsed lumbar incervcrcebral disc. Pelvic 
1rac1ion is superior, however, because ii leaves the p:aicn1's legs unencumbered 
and therefore able 10 mo\'c freely. 

DUNLOP TRACTION (Fig. 4.22) 
i 

. I 

I 

-/:J 
~ , 8 

F11. 4.22 Dunlop traction. The upper arm is abduC1cd 45 dcgrcCJ, and lhc elbow is flexed •S 
degrees. 
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Dunlop traction (Dunlop, 1939) is used in 1hc man.1gemen1 of supracondylar and 
transcondylar frac1ures of 1hc humerus in children. Thi3' n1c1hod is useful 
especially if flcxion of the elbow causes circulatory embarrassment wich loss of 
1he radia).:pulsc. l'rie1to ( 1979) slales 1ha1 Dunlop Iran ion, in which 1hc forearm 
is in supination, is best used in rhe treaunent of supracondylar fraccurcS of 1hc 
humerus where 1hc distal fragment is displaced postero-laterally. 

APPLICATION OF DUNLOP TRACTION 
- Apply skin traction to the forearm. 
- Place the patient supine on the bed. . ... , ..... 
- Abduct the sho:.ilder about 45 degrees.' 
- Pass the traction cord over a pulley so pl.aced that the elbow 

is flexed about 45 degrees. 
- Place a padded sling over the distal humerus. 
- Attach weights to the traction cord and padded sling, so that 

the upper arm is just clear of the bed with the elbow in about 
45 degrees of flexion. The weights required will depend upon 
the size of the child but often 1-2 lb 10.5-1.0 kg} is 
sufficient initially. . . 

- Elevate the same side of the bed as the affected limb and/or 
pad the side of the cot. . ,:.~,. . . 

- Under radiographic control, increase the traction weight dail-1 . 
until a satisfactory reduction of ~he fracture is obtained. 

- Check the state of the circulation in the limb at HOURLY 
intervals for the first twelve hours, and then twice daily while · 
the traction weights are being increased.;· · 

Note: It is not sufficient. to determine whetfier ihdradialpu/so·'~' 
is pi-esent or not.· Check'th~f the child li·sS.~fUt/ BCtiVo- or'~-:::; ·-;.·.:·.~-_)." 
passive extension of the fingers withou~ pain, and that: __ , 
sensation in the fingers is normal. lschaemia of the forearm 
muscles can be present even in the presence of a radial 
pulse. If ischaemia is present. active extension .of the fingers 
will be absent and passive extension of the fingers will be 
painful. If ischaemia is suspected, discontinue traction 
immediately. It is much better to run the risk of mid-union of 
the fracture than Volkmann's ischaemic contracture of the 
forearm. If this fails to relieve the circulatory embarrassment, 
carry out a closed manipulation of the fracture; before 
proceeding to exploration. of the brachia_! artery or fasciotomy 
of the forearm. · .:.::;;-;;_~'.~:;~ _ _ 

.... ~ •. /;. h ..... ~;·->: .. • • - . ·•· •• .o• 

OLECRANON TRACTION (Figs 4.23, 4.24) 

Skelct::.1 1rac1ion through the CJlecranon can be used in the managen1~nr of 
supracondylar md comminuted fractures of the lower end o.f the hun1erus~ a:!ld 
unstable fractures of the shaft of the humerus. • 
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Fig. 4.23 Olccranon iraction. Screw ere and iu site of imrnion into the ulna. 

Fig. 4.Z~ Olccranon traction. 

The tract ion force may be applied either . through a Kirschner wire a!"d 
m aincr, or a screw eye* (Ormandy, 1974). The advantucs of olccranon traction 
arc that with skeletal traction, a greater force can be applied; c()(ation at the 
fracture aitc can be controlled by moving the forearm around the longitudinal 
axis of the humerus; and angulation can be corrected by varying the direction of 
pull of the traction weights. 

' Sec Appendix. 
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APPLICATION OF OLECRANON TRACTION 
1. With Kirschner wire 

- Use general anaesthesia and full aseptic precautions. 
- Ask an assistant to support the forearm across the patient's 

chest with the upper arm elevated and the elbow flexed to 
90 degrees. 

-_Identify the point of insertion. of the Kirschner wire - deep to 
the subcutaneous border of the upper end of the ulna, 1 l 
inches 13.0 cm) distal to the tip of the olecranon. 

- Pass the Kirschner wire through the ulna from the medial to 
the lateral side. 

- Take care to avoid the ulnar nerve (Fig. 1.6). 
- Attach a Kirschner wfre &trainer and ~raCtion cord. 

2. With screw eye · .,:·· ::§I.·{ ""'· ~,: · ···"~ 
- Use general anaesthesia and full aseptic"precautlons. 
- Make a ! inch (1.25 cm) long incision over the subcutaneous 

surface of the olecranon, 1 l inches (3.0 cm) distal to the tip 
of the olecranon, and deepen it down to bone. 

- Drill D j Inch (3.0 mm) hole through the' cortex. 
- Screw in the screw eye (Fig. 4.23). : / 

. . . ... ~· -

A number of aurhors (Lewis, 1977; Freuler et alJ 1979; Brooker and 

Schmeisser, 1980) hJve slated lhar the upper arm should lie eicher venically \Vith 
the forearm across the chest, or horizont::i!ly with the shoulder :ibducted 45 
degrees and lhe 1r:Jc1ion cord passing over a Lneratly placed pulley. In both these 
positions, it is diOicult for the patien[ to move \\'i[hou[ upsetting the rr:iction 
s.ysrem. A beuer position (Fig. '1.2-1) which ;11!0,vs [he pacicnr n1orc frcedon1 uf 
n1ovement v.•ithout disrurbing the traction syscc1n, is with the upper ar1n lying 
aln1ost horizontally and the traction cord passing over a pulley ::i.c the: foot of the 
bed (see below) . 

. ~-: .. , . ·.:. · . .-.~·.;~-;.:.·.-t.;:,.': c • . .~: • . >:J,;_,..;·~.:.: .-
- Abduct .the shoulder o·nry· a~ few degreeS.·::So "that tha inner 

end of the Kirschner.,wirii ·will not touch'. the patient's chest. 
- With the upper arm lying almost horizontally; pass the · 

traction cord over _s pulley .. situated at._ifi~· ... foot of. the bEid. 
. - Attach the traction. .;.,eight ·to the cord .:::.X3:i:4. lb. ( 1.3.'-1 .8 . · .. ·' 
.l .. · _ kgJ.'.~;;:_:~r~. ·.: ~:~; :_~·· :-:·::-;;.s~·;~~:;J~-f~~.i~X. ·_ ;.:~.· ., .. _,;::~)--4.$.i~~;.:j.'i~:;-~·'.J . )·~:J1.:~-~-·;::~_:\·-~~ 
·'.:-Attach· two .cords;'·one•tb each· end 'of-the. Kirschner wire, and""' 

. · pass· them VertJcaJJy ~pwatds'over iwo'ptJileys situated above_':: 
:--~~.: ·~ the_~·~1tiow~-i i' ~~::·.:,J::_~)J~i>i .. ~ 1:~i') -~·;,.;:~_ .. :. : i':<r!1~''~1J;,-:t· ;·'_:l ,: .. ·::·~ .. --~ -.. 
'·· ;o;:·Atta'Ch"1 'to 2· 111 ib;5-k; ;orf<iil to thes~·~"CriiHil~"~.'..' , ·:,! · •. 

- Make a soh loop between these two cords in the. region of 
· the.wrist,.to support the forearm. 
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- Adjust · the· -~eights until the correct alignment Is obtained. 
- Instruct the patient to fully ·exercise his fingers and wrist at 
· ho·urly Intervals. ." . 
- Check the circulatio.n, sensation and movement of ·the fingers 

· .· ; daily. · · · ·· ,,. :. i• · .. :: .,~~ -i!_. · .. · _· _. __ ::_·' .. . ·.·.·. 
• ,/ .. ,~,;/# • ., •• •..:. • . - • •• ,, I••• ., ,.., _, _ , - • •. :· : : . · . . . .... • • ~ - r '"" -

Rotation at the fracture site is controlled by moving the pulleys over which the 
cords from each end of the Kirschner wire pass, either towards or away from the 
p:uient. Moving the pu! k ys tow:irds the pa1ie11t wlll cause medial rotation at the 
fracture site, w_herc3s moving the pulleys aw~y f~om the patient, will cause 
lateral rotation. 

If a screw eye is used in place of a Kirschner wire and strainer skin traction will 
have to be applied to the forearm, to support it. 

METACARPAL PIN TRACTION 

Skeletal traction through the second and third metacarpal bones can be used in 
the management of comminuted fractures of the bones of the forearm - in 
particular a comminuted fracture of the lower end of the radius - and in 
combination with olecran"n pin traction for fractures_ of the h_u1111:rus ;;nd the 
bones of the forearm in the same limb. 

Fig. 4.25 Meiacarpal pin traction. By squeezing the hand transvcrKly, !he transverse 
me11carp1l uch is increased. 
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- Insert a Kirschner wire from the radial to !he ulnar side, 
through the distal part of the shafts of the. second and third 
metacarpals so that the wire is at right angles to the long 

7
· -< a~f~!'ot the radius (Fig. 1. 7) . -:.i·.'··::· 
- Avoid the metacarpo-phalangeal joints .. ~:;~'.· : 

- Fit the Kirschner wire strainer, and att~ch a traction cord. 
- Pass the traction cord vertically upwards ' over a pulley. 
- Attach 3-4 lb ( 1.3-1.8 kg) .to the curdJ> 
- Arrange a sling over the upper arm to which the weight can 

be attached to provide counter traction (Fig. 4.26) . 

'/I 

Fig. 4.26 Mttac-..:-pal pi!'I 1rac1ion, using a Kirschner wire m aimr, a::d a canvas 1'.i~g over 1he 
u pper arm 10 pro•-ice co~r.1 cr· 1 raction . . 

After a satisfacw ry reduct ion has been obtained, the Kirschner wire can be 
incorporated in an above-elbow plaster case. 

The main complication of metacarpal pin traction, in addition to the general 
complications of skeletal traction, is fibrosis in the interosseous mc5cles which 
can cause stiffness of the fingers .. 
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Suspension of appliances 

One initi31 difficulty in understilnding tracrion is the presence of the m::iny cords 
attached to both 1he patiem and !he appliance. The problem is simplified ir i1 is 
recognised that the cords perform two distinct :ind separ:ite functions: 1r::iction, 
described in Chapters I, 3 3nd 4, and suspension of the appli:ince. (In the 
illustrations, black is used for suspension cords, and red for 1raction cords.) 

By Suspending appliances the mobility of the patient is increased, nur:i;ing is 
c::isier and the <lJngcrs of imn1obility - thron1bosis and cn1bolisrn, prcss1.1re 
sores, muscle v.·:isting, joint sliffness :ind contr:ictures, pneuinonia, 
dcc.alcitication, ren_OJI stones <lnc.l urinary infection - are decreased. ' 

The appliance is suspended from an overht:ad fran1e by a series of !;Ounri::r~ 
weights 3ttached to it by cords which run oYcr pulleys. A Thomas's spliiu c:1n 
also be suspended by springs. 1'he ovcrhc;id fr::ime is generally referred to as a 
Balk:in beam, although each n1anufacturer u5es a different nanu:: for his ov.-n 
overh~ad fr:amc. 

THE BALKAN BEAl\l 
. . 

Overhead wooden beams \Vere introduced dt:.:ing the Il:i.lkan \'l;':irs by J !)utch 
:i.mbulance unit i:l 1903 (Dick, 19•18). TodJy the B;ilkan bean• is r;;;;iJe froin 
nietal lubing v.·r.lch niay be of round, square or octagon::i.I cross section, 
depending upon the manufllcturer. The methods of fixing the tubing to the bed 
differl' but rhc b:asjc principle is the same. 

T\lo~O uprightsl' enc attached to each end of the bed, are joined by a Jongiiudinal 
horizontal bar. Other shorter transverse horizontal bars may be an::iched co the 
uprights and to the longitudinal· horizontal bar. 

Wb-en a single Thomas's splint is to be suspended, only a single Ilalk:in beam 
is required. One upright is attached to 1he cenrre of the top of the bed, and the 
01hcr upright is anached to the same side of !he foot of the bed os 1ho< on which 
the injured limb lies. If iwo splin1s or a plasier bed are 10 be suspended, 1wo 
Balkan beams arc required. The Balkan beams are anached 10 each side of 1he 
ends of the bed> and arc joined together by 1he transverse horizontal b;rs. 
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SUSPENSION CORDS 
. 

Sash cord generally is used 10 suspend appliances. Easier recognition of 1he 
function of each cord in a traction-suspension system is possible: if cords of two 
din~rent coiours arc used, for t'X<11Hple. red or gn·en for tracti,,n cNJs, and white 
l~'' ~mpcnsiun l·,u ,ls. · 

The cords must be attached firmly to the appliance. If they slip, the: cllicicncr 
of the system is reduced and the patient may be injured. Many of the mn:irks 
m:ide below apply also to the att:ichmenc of traction cords. 

KNOTS 
ClutJt hitch (Fig. 5. 1). 
A clove hitch is the best knol to use to auach a cord to an appli:incc, as it is sdf 
tightening and therefore is Jess likely to slip. It can be reinforced if necessary 
with a half h itch. 

Clove Hilch B;:irrel Hitch Reef Knot 

c i 1 

,. 
! 

Half Hitch Two Half Hitches 

Fig. S. J Clove hirch, barrel hitch, rccr koat, hair hitch, two half hitches. 

Baml hitch (Fig
0

• 5.1). 
A barrel hitch is used 10 a1tach a single cord to a loop of cord. The position of the 
knot on the cord can be aherctl e1uily. by sliding the kno1 along the loop. When 
the correct .posi1ion is obtained, the barrel hitch is converted 10 a reef knot as 

shown in Figure 5.3. 

Ruf knot (Fig. 5.1 }. 
The cords used in traction-suspension syscems should not be joined, as the knots 
may jam in lhe pulleys. If it should be necessary to join two lc:ng1hs of cord, a 

, reef knot is used. . 

Half lt:'tcn (Fig. 5.1) 

Two lralf liitclres (Fig. 5.1) 
After a knot is tied, the cord is cu1 about 2 inches (5.0 .cm) away from 1he knol. 
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-; ~inc Oxide S tra pping 

Fig. S. 2 Tht suspcruion cord c~n be upcd to the ring of~ Thomas's splint 10 prevent it 
slippini: down the siJc b•r. 

The fr~.e end c3n be bound to 1hc m3in cord with 3 short length of zinc oxide or 
simil::ir s1r::ipping. The knot itself must not be o bscured by the strapping. This 

further reinforces the 3Uachment of the cord to the appli::ince. 
Even a clove hitch may slip on the side bars ofa Thomas's splint. This can be 

pn:vented by wr:ipping a short length of zinc oxide str:ipping around the side 
b3rs over which 1he knot is tied. To further prevent the suspension cord from 
slipping, where it is tied to the upper end of the side bar, t;:ipc the cord to the ring 
of the Thomas's spl int {Fig. 5.2). Do not tie the cord around the padded ring o f 
the Thomas's splint as this can cause chafing of the skin. 

The auachmcnt of the cord to a Thomas's splint can be simplified and time 
saved by using s~ort loops of linen t:ipe. These loops are tied to the sid~ bars of 
the Thomas's splint in the manner of a b;:irrcl hitch (Fig. 5.1). The cords, 
auached to spring clips similar to those on 3 <log's lead, are clipped into 1he tape 
loops (Str~ni;e, 1972). Spring clips m:iy be used to att:ich the cords to the 
weigh ts. 

Fig. S.3 

8a11cl h itch 

Full 

Lilt over 

t ~ 
I .I 
Hold 

Reef knut . . . .. 
How 10 convcrc a b:irrd hitch into a reef knot. -.. ' 
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PULLEYS 

The function of 2 pulley is. to control 1he dircclio~ of action of the weight 
auachcd to the end of the cord passing over the pulley. fly altering 1he si1c of 
at~achmenc of the cord and the pulley, or by using more than one pulley in the 
systc~. the force exencd by a given wcii;ht cart be inc rc:iscJ. This is 1cr111c:J the: 
mechanical adv:intage of the sy~tcm. 

Large pulley wheels of2-2l inches (5.0-6.25 cm) di:imeter and with S inch (6 
mm) diameter axles arc preferable. Small rough c:m pulley wheds, such as usc:J 
for cloches lines, are Jess efficient. The majority of pulley wheels supplied l>y the 
manufacturers of orthopaedic supplies arc m:ide from Tufnol, nylon or a similar 
sy111hetic m:itcrial. All pulleys must be kept clean and oiled wh<.:re ncccss;;ry. 

A compound pulley block (f-"ii;. 5.'I) consists of four small wheels on ~common 
axle and one large wheel on its own axle, :ill enclosed in a common frm1c. The: 
frame can Ix opened at one side to allow the cords to l>e slippcd on anJ off the 
whc~s. The cords mached to the appliance usually :ire looped over 1he smaller ' 
wheels, but if a pulley system with an increased mechanical ad1·an1age is 
required, the compound puller block can he invericd. This arrangement is used 
in suspending a plaster bed (see p. 68) . 

.. 

Fig. S.• ·A aimpound pulley block, u1cd in suspension of 1 Tbomu's spline (Fis. S. 9) and a 
plaster bed (Fie- S.12). 

When suspending a Thomas's spline, the pulleys must be positioned correctly 
:u the directions in which the cords run from the: splint to lhc pulleys arc: 
imponam. The cords by their direction of pull keep 1he ring of the spline around 
the root of lhc limb, raise the spline off the mattress and thus enable the pacient 
to move frc:cly, and :it the same time maintain the splint and thus the distal 
fragmenc of the fr:icrnre in correct alignment with the proximal fragment (Fig. 
5.5). 
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I 

I 
I 

Fig. S.S T h e J isul fr osmcnr mun b e rctlue<d 10 rhc p roxirnol fr agment. \~' i1 h 2 fnciurc ot rh< 
junction of rhc mitlt!lc ~ ntl upper rhir t!s of 1hc fr111 u r, 1hc pr oxirn•I frogmcnr i1 :.bt!11c1cd os well 
os flexed, while the disral frai;mcnr is 2dJuctcJ . The spli;it, carrying 1hc d istal fr 3i;111c 111, 11111 ~ 1 
there fore be abducted, orh<rwisc rhcrc will be a vorus c d or miry al 1hc fr acrure s ite. 

CONTROL OF ROTATION 

Rotation of the Thom as's splint :iround its long nxis must be controlled, io 

prevent the limb from slipping off the splint :ind to prevent union of the fr:ictu re 
occurring in mal-rot:ition. Rot:u ion is most likely to occur in a lateral direction. 

The methods employed to control rotat ion :ire described below wi th each 
indi,·idual. me1hod of suspension of the Thomas's splint. 

SUSPENSION \VEIGHTS 

The :imount of weight n;quircd to suspend an appliance depends upon th.e 
weight of the appli:rnce, the ~ight of the part of the body su$pended in the 
appli:ince, the mechanical advantage of the system employed for suspension, and 
the amount of friction present in the sys tem. 
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The ac<ual amount of weight required is determined by observing the 
behaviour of the suspension system. When the' correct amount of weight is 
obtained, the appliance will move rc::.dily in all direcrio'ns with liulc effort on (he 
part of the patient. will return quickly 10 the posi1ion of rcsl, and will n1aintain 
the appliance in its correct relarionship lO the patient. 

PREVENTION OF EQUINUS DEFORMITY 
AT THE ANKLE . 

\\?hen a lower Iin1b is inunobilistd in recu1nbcncy for any (eng1h of tin1e, 
"'cakness of the n1usch::s of dorsiOexion oft he ankle n1ay occur Vl'ith subsequcn1 
contr<iction of the posterior capsule of the ankle joint and 1he J~velop1ncn1 of 
flxcd equinus dcforn1ity :Jt the ankle. 
1~o reduce the risk of 1his occurring • .ictivc dorsi0l'»:iou or 1hc ankle n1u:s1 Uc 

con1mence<l in1n1cdiatt:ly and be c:.1rril'd out regularly. ·r1ic risk can be rt"duccd 
furcher by providing 3 support for lhe foot. 'fhis can be achiC\'c.."i.J in Sl'\'t:r:.11 \\':.l)'S. 

Foot piece 
A U-shaped length of me[ al is cian1ped 10 the side bars of the 1'hoinas's spJin1 
level with the sole of rhe foot. The fooc rests upon a sling which passes between 
the limbs of1he U-loop. 

Stocki.ntllt 
A lcn.gth of siockineue, knolled at one end, is pulled over the foo1 like a sock. A 
cord, tjcd Co the knotted end of lhe stockineue is passed cranially over a pulley to 
a sn1aJI weight. 

Trac11"on unit 
In a trac1ion unit the foot is supponed by the plaster cast. 

Nissen Joor plate 
In U-Joo~ tibia) pin traction and suspension. 

Elastic 
When a Fisk splint is used, a long length ofelasiic can b<: 1ied to 1hc eyelets of1he 
squared-off frame and passed round the sole of a slipper to wh~ch ic is sticchcd. 

SUSPENSION OF TULLOCH BROWN 
TIBIAL U-LOOP 

The Tulloch Brown tibial U-loop can b<: suspended either by using 1he same 
arr:ingcment of cord, pulleys 3nd one weigh1 as en1ploycd in Russell traccion 
(!'ig. 4.3), or by using a simple pulley system and 1wo weights as illus1rated in 
Figure 4.5. 

Rotation is controlled by vorying the site of a11achmen1 of the cord to the 
Nissen stirrup. 



62 TRACTION !iND ORTHOPAEDIC J\l ' l'l.11\NCES 

SUSPENSION OF THE FISK SPLINT (Fisk, 1911'1) 

The Fisk splint (sec Chs 2, 4) is suspended from three poinrs on :in 01•erhead 
beam:··h{e end of the knce·flexion piece is suspended by a single cord looped 
over the overhead beam. The length of this cord is such that when the hip is 
flexed to an angle of 45 degrees, the leg is h orizontal. The ends of a second long 
loop of cord arc a11achca to the eyelets at the corners of the squarcd·oIT frame. 
This second loop p:isses upwards and cr:rnially over a pulley on the ovcrhc:id 
bc:11n, sit11:11cJ over the p:nicnt's :illl.l\lllWll. h is attadu:d to a sing/.· suspcnsilln 
weigh t of usually ·1-8 lb ( 1.8-3.6 kg) which is passed through the loop by a slip 
knot, and which hangs within easy reach of the patient. This suspcnsion cord is 
at right angles to the long axis of the femur when the hip is Ocxcd to an angle of 
4 5 degrees (Fig. 5.6). 

w -· 

-------
Fig. S.5 Suspension of the Fisk splint. 

The patient Ocxes his hip, assi~ti:ig the movement by pulling down o;i the 
suspension weight, and at the same time flexes his knee and dorsiflexcs his ankle. 
The patient then actively cxtends·his hip and knee and plantar-flexes his :inklc 
while gradually releasing his pull on the suspension weight. Passive movements 
arc not encouraged. 

Rotation is controlled by varying the length of each :iuachment of the fixed 
cord to the end of the kncc·llcxion 'piece, and by varying the tension in the loop 
of cord auached to the squared-off frame. 
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METHODS OF SUSPENDING . 
A THOMAS'S SPLINT 
F racture boards arc placed under the mal!rcss co ensure a firm base. 

A suspended Thomas's spli111 is cntircl)' free (rt'm the hnl, cxccpl at i1s upper 
c1hl where the h11,·k ,,(the p:i.f.te,I ring rcsu 011 the m:illfc•S. Tiu: p:11ie111 .::111 

r:iisc: his pelvis off the bc:d by pulling up with his arms on a patien1's helper, 
aided by downward pressure on the bed with his othc:r foot. The whole of the 
injured limb, from the: ischial tubcrosity 10 chc foot, moves in one: piece: ..... ich the: 
patient's 1runk, and therefore the position of the fracture: is unchanged. 

USING CORDS, PULLEYS AND \X'EIG HTS 

A Tl:omas's splint may be suspended in a number of dincrcnl ways \l sinr. cMds, 
pulleys and wcii;hts. The: detai ls differ but the: principles are t he: same. 

I . The cords mus1 he machcd fi rmly 10 1hc splint. Differcni nwhoJs of 
auaching the: cords to the: spli111 have been described abovi:: 

2. The Thomas's splint mus1 no1 move indc:pendwtly of 1hc lower limb. In 
fixed tr~ction the: counter-traction force is d ircncJ 11p the side bars of tl1e: splint 
(Fig. 3.1), and there fore thc ring of the splint remains :irouncJ the rom of the: 
limb. In sliding traction, counter traction is obtained by raising the fool of the 
bed to utilize body weight. The splin1 only supports the limb. If a crwially­
dircctcd force is not applied to the splin1, tl.ie splint may be pulkd down the: limb 
with $C:rious consequences for the position of the fr3cturc. 
· 3. The pulleys must be posit ioned correctly :ind run smoothly. 

4. Rotation of the Thomas's splint must be conlrolled. 
5. The suspension weights must be adjusted carefully. 

Method one (Fig. 5. 7) 
Small loops of cord arc formed between the side: bars of the splint at c3ch end. 

----------------- w ~·--
Fig. S.7 Method I. Suspcn$ion o( Thomas's spline. Scpu11c suspension cords and weight> 1rc 
uuchcd 10 each end of 1hc Thom~s 's spline. · 
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The suspension cords arc attached to the centre of each loop using a bam:l hitch, 
and :m: then passed upwards and cranially to pulleys. From these pulleys the 
cords pass to other pulkys situated at the head or foot of the bed, before running 
vertically down to weights. 

Rotation' of the splint is adjusted by moving the position of the knots on the 
proxil)1:il :ind distal loops, un!il the correct posi tion is obtained, when the barrel 
hitches arc converted to reef knots. 

The dis:iJv:intages of this system arc that the proximal cord passes close to the 
p:iticnt 's face, the rin~ of the splint is llOI oilcq11:llely n:t:1incd in the 1:roi111 :ind 

the patiem's mobil ity is limitcJ. 

Method two (Fig. 5.8) 
Two length~ of cord, one on each side, arc :iuached to each end of the spl int. 
Each cor-0 passes over two pulleys. A suspension weight is attached fi rmly to 
both cords at a poini ne:irer the pelvis. 

---------
~---- -----

F ig. S.8 McthoJ 2. Suspension of Thom3s's splint. A scp3r3tC cord posses on clch siJc from 
th< top to th< bo11om of the Thom3s' s splint. The suspcn,ion wcii;ht is.fi rmly 0110.:hcJ to 1...,1h 
cords, more 1owa11h the pelvis. 

Rotat ion is controlled by adjus ting the length of c<!ch corcJ. Ily shor tening the 
outer cord slightly, medial rotation of the splint is obt:iined. 

The disadvantages of this sys tem arc that the suspension weight is directly over 
the pat ien t's thigh and, unless it is machcd firmly to the cords, it m;iy fall 
injuring the p:iticnt, and the mobility of the p:itient is limited. 

This system of suspension is sa tisfactory for che suspension of a Thomas's 
splint when fixed craction is used . 

Method thru (Fig. 5.9) 
Dommisse and N3nglc (1947) described a method of suspending a Thomas's 
splint using a compound pulley block. 
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Fig. S.9 Mcchnd 3. Suspension of a Thom2s's 1p lin1. A comr<>uml pulley block (Fi~ 5.4) i> 
uscJ. Two cords r•ss from 1op 10 bouom of 1he splint, one on c•.:h >id~, flJSsoni; o,·« 11>< 
m ullet wheels of t h: compound pulley block. 

T wo leng ths of cord, one on c3ch side, arc auached to c:ich end of the splin1. 
These cords must not be too long. Both cords pass over the smaller whcc:ls of a 
compound pulley block, situated over the patient's thigh . A cord passes up from 
the ring above the la rger wheel, over a pulley attached to the overhead frame, 
down and ro und the large r wheel of the compound pulley block :rnd tl " n up 
again and round a second pulley before passing toward s the foot of the bed. 
There the cord passes over another pulley before running vcn ically down to a 
weight. The arrangemcnc oft he pulleys and cords produces a suspension system 
with a mechanic.I advantage of three to one. A suspension weight of8 lb (3.6 kg) 
is usually adequate. · 1 

In this arrangement the splint pivots around the smaller wheels of the 
compound pulley bl~k, the height of which can vary. If the proximal end of the 
splint is raised and the distal end lowered, the pulley block moves pro>:imally, 
and the force "directed cranially is increased, thus preventing the splint from 
slipping down the leg. . 

lfthe front of the ring of the splint presses upon the patient's thigh, the pulleys 
attached to the overhead frame arc moved cranially. 

Rotation of the spl ine is controlled by varying the length of the cords auached 
to each end of the spl int. Further fine adjustment is obtained by varying the 
position of the cords on the smaller wheels of the pulley block. 

This is an excdlent system of suspension and it can be used wi1h either fhed 
. or sliding traction. 

Mtthod f our 
Setting up the suspension systems described above takes time. The time taken 
can be reduced considerably if a bed with an overhead frame, pulleys, cords and 
weights is prepared beforehand. 
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Strange ( 1972) utilizes such an arrangement with sliding traction with a 'fixed' 
Thomas 's splint. The overhead frame (Th a net beam - Fig. 5. 10) consists of one 
vert ical upright 3l!ached to the centre of the head of the bed, and two vertical 
uprights 'attached to each side of the fool oft he bed. These uprights arc joined by 
two longitudinal horizontal bars. From a short transverse horizontal bar att:iched 
to the top of the single uprighl at 1he head of the bed, eight pulleys are 
suspended, four for c:ich lower limb on each side of 1he upright (Fig. 5. 1 Oa). 
Four pulleys arc au:ichcd to each longitudinal horizontal bar, two each at the 
kvd or the hip 11nd the foot (Fi1i.· 'i. IOh and 5. IOc). /\ sccnnd 1rans \'l'f~c 
horizontal bar carrying 1wo pulleys for the iraction cords, joins the 1wo uprights 
al the foot of the bed (Fig. 5 . 10~). 

Pro .. i1nal 
pulleys 

Oistnl 
pulleys 

Fig. 5.lOa Thanet beam. Arrangement of pulleys, cords 2nd weighu on horizontal 1ram'"crse 
bu •I the head of 1he bed (weights in lbs)$ 

4 
3 

Fig. S. !Ob Thanct beam. Plan view. 

Four suspension cortls 
;iu;ichccl 10 Thoma s's splint 

Trac1 ion co~tl from Thomas·s sp~nl --1. 

Suspension ~eights • 4 

Fig. S.lOc }hanet bc•m. Side view. 
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Eigh1 cords wiih spring clips auached to each end arc 1hreadcd 1hrough each of 
the tigh1 pulleys suspended from the lt?nsvcrse bar a1 1he head of 1he bed. 
Weighu, which hang down behind the head of 1hc bed, arc auachcd to one end 
of each cord (Fig. 5. 1 Oa). The bed is 1hus ready to receive a pa1ient. 

Fuur susp,·11sion curds whid1 m11s1 hl· at right angles 10 1hc: splinl arc: a11:1chc.'.J 

by the spring clips to loops of 1apc placcu around the siJc bars of the Thomas's 
splin1. The proximal loops are si1ua1ed at the paducd ring and the distal loops 
level with 1hc foot. The wcigh1s a1Cachc:d 10 the two cords from the outer side b:ir 
of 1he splim are one pound (0.46 kg) heavier 1han those a11achcd to the: 
corresponding cords from the inner side bar (Fig. 5.11). In this way lateral 
rolation of 1hc splint is cont rolled. Listed be low a re 1hc suspension weights 
commonly used for aduhs. They have to be m odified only rarely. 

5 0 lb (2.3 kgl 4.011> Cl 8 kgJ 

4.0 lb. ( 1.8 kg) 
3.0 lb 11.4kg) 

Fig. S.11 Mcrhbd 4. Suspension of Thomu's splint. Ar-rangcmcnl of suspension wciclus for 
slidinc 1r1C1ion in a 'fixcd' Thomu's splint, using .• Thanc1 beam (Strange, 1972). 

ProxJmal end of splint, outer side bar ...:. 5 lb (2.3 kg) 
inner side bar - 4 lb ( 1.8 kg) 

Distal end of splint, outer side bar - 4 lb ( 1.8 kg) 
inner side bar - 3 lb ( 1.4 kg) 

As sliding trac tion with a 'fiud' Thomas's splint is employed with this system 
of suspension, the suspension cords only have to suspend the splint; they do 001 

have to maintain the position of the splint on the limb. The patienl rapidly 
becomes very mobile, so mobile in fact th11t within 1wo or 1hree weeks of injury 
he is able 10 climb onio the overhead frame or stand by the side of his bed on his 
sound limb without any displacement of the frac1u re occurring. 



6
8 TIV\CTION /\ND O RTl-101'1\l!DIC l\l' l'Lll\NCES 

USING SPRIN GS 

A Thomas's splint, to which a Bohler s t irrup has been attached by brackets• at 
the centre of gravity. of the ~im~ near the knee, can be suspended from an 
overhc3d frame by a single s~nng m~orporating a s:ifety cord, and with a h(){\k :11 

each end (Denm:in, 1962}. fhc spring passes upwards and cranially from the 
l30hler stirrup to the overhead frame. 

Springs, of three difT~rent tension.s, which measure 18 inches (46.0 cm) in 
lcni;th when l:ix and wluch stretch 6 ~nchcs (15.0 cm) in response to 1111lls of 15, 

20 and 25 lb (6 .8, 9.0, and 11.3 kg) respectively, arc available.• Usu;illy the 

;in& of intermediate tension is used. 
sp Rout ion is control\cd by varying the a11achmcnt of the: spring to the Bohler 

stirrup. 

SUSPENSION OF A PLASTER BED 
J)omrnisse and Nangle (1947) and Nangle (1951) described a method by which a 
plaster bed may be suspc~~cd, using compound pulleys. 

Two overhead frames )Orncd together by transverse bars :ire required., The 
transverse bar at the level of the shoulders must be 12 inches (30.0 cm) longt:r 
than the one at the level of the knees, to give the suspension cords a clear run and 

10 
prc,·ent the wdg~ns from fouling each other. 

The: plaster shell 1s attached to a wooden frame provided wi th two cro's b:irs. 
One cross bar is situated just below the shoulders and 1he othc:r level with the 
\<.nees. The shoulder bar must be long enough to prevent the su spension cords 

, from rubbing on the patient's arms. 
A compound pulley is inverted and au:iched to each end of 1he shoulder :md 

\<.nee bars of the wooden frame. Two single pulleys arc atcachcd on each side at 
each \eve\ to the transverse horizontal bars of the overhead framc.:s. The 
arr:ingement of the cords and pulleys is illustrated in fo'igurc 5.12. The 
mechanical advantage in the shoulder :ind knee systems is four to one and 1hrce 
to one respectively. 

8 ., 

Fig. 5. tl Arnngcmcnt o(corclJ for suspension ofa plmcr bed. NOie: arrows show direction in 
which cords run. The compound pulleys arc attached 10 the wooden frame which supports the 
plaster bed, in opposite directions al tht shouldm and knees. 

• Sec AppcndiJ. 
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The amount of weight required is dctcnnined for each ·patient. An average 1 

adult requires two 14 lb (6.3 kg) weights for the· shoulder system and two 8 lb 
(3.6 kg) weigh1s for the knee systm. The dfccl of these weights multiplied by the 
rn~hanical advantage (MA) of the pulley systems is as follows: 

Shlluldcr h~1 r system 
Knee bar system 

2 x. (1 ·1 lb x ·I)= 112 lb. (50..t kg) 
2 x ( 8 lb x 3) = 48 lb (21.6 kg) 

Total lift = 160 lb (72.0 kg) 

The counter-weights must he heavy enough to enable the p:iticnt :ind the 
pl:ister bed to be raised easily from the bed :ind 10 remain suspended. 

SUSPENSIO~ OF A PELVIC SLING 

Minor pelvic fractures, for example isolated fractures of the pubic or ischi:i l 
rami, are treated by rest in bed. \'\'hen the pelvic ring has been opened out, a 
pelvic sling is used (Fig. 5.13). A pelvic sling is nmk from heavy canvas or 
Tcrylcne 12 inches (30.0 cm) wide. It has hems at each side through whid 1 large 
diameter wooden or steel rods :ire passed. Cords pass from the pc:h•ic sling over 
pulleys to weights. 

\ 
\ 
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Pia. l .U · Pelvic ating. The pelvic aling tics bctwcc:n 1hc aymphy•i• pubis and 1bc po11crior iliac 
crcm. Sufficient weights arc used to jusi lift the buuocks off the bed. There uc pillows unJcr 
the back and the head. Tbc suspension cords an: crossed if inward pressure is required. 

APPLICATION OF A PELVIC SLING 

- Place the pelvic sling under the buttocks, to lie between the 
symphysis pubis end the posterior iliac crests. 

- Attach a cord to each end of the rods. 
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- Pass the cords over pulleys situated above the pelvic sling. 
and attach sufficient weights to lift the patient' s buttocks 
just clear of the mattress . . 

- Place pillows under the patient's shoulders and back, to keep 
the patient horizontal and to avoid the sling's slipping up or 
down. 

- To close the pelvic ring, cross the suspension cords to 
produce an inward pressure. 

- Combine a pelvic sling with skeletal limb traction when there 
is upward displacement of one side of the pelvis. 

·. · !:, . . ',\ •,• 
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6. 
Spinal traction 

Traction is required in rhc n1an3gcn1ent of some conditions of 1he ci:rvic:il, 
thoracic and lumbar spines. 

In conditions of the cervical spLne non-skeletal traction is ob1aincd by applring 
a ha1ter around 1he headJ and skeletal traction by gaining purchase on thi: ouicr 

table oft he skull v.:ich mct::il pins. A cord passes fron1 the apparatus over J pulkr, 
anachcd to the head of the bed, to a trac1ion weight. 

When traction is required for correction of de:forn1i1ies or the 1horacic and 
lun1bar spines, skeletal traction using the halo-pelvic n1ethod is employed. 

HALTER OR NON-SKELETAL TRACTION 

Halter traction is uncomfortable if it is applied concinuously for more 1han a fir:w 

hours. It is reserved usually for use in the treatm~nt of cervical spondylosis as an 
out-patient. 

A canvas or chamois leather head halter (Fig. 6.1) 
This may be used. One part-is plae<d under the chin and !he other under the 
occiput. A meta! spreader hooks onto the two side piccrs to avoid lateral 
compression of the sofi tissues when traction is applied. A cord from the meta) 
sptcader passes over a pu!!ey fixed to the top of the bed and is attached 10 
weights. The maximum weight which can be attached is 3-5 lb (1.4-2.3 kg). 
Pressure sores may develop under the chin or occiput, and in men beard growth 
may be troublesome. Eating is difficult. 

The Cn.lt head halter (Fig. 6.2) 
This consists ofa well-padded curved metal bar. rescmbling·a horse collar, which 
is placed under the occiput. A padded forehead piece is attached by straps 10 the 
occipital piece. The chin is free. The maximum weight which can be attached is 
3-5 lb (1.4-2.3 kg). 

The ht<Jd of the bed 1nus1 bt raised lo provide cou11ttr·rrac1iorr. 
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.. ~ ..• ,.,--:- t 

; 

--- \ I -· ---..._' -----
Fig. 6.1 C<ilnvas head haher. 

Fig, 6.2 Crile he.id hah~r. 
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SKULL <?R SKELETAL TRACTION 

Skull tracrion (Crurchfield, J 933) is achieved by gaining purchase on the our er 
table of the skull with metal pins. The met:il pins :ire inserted under local 
anaesthesia. General anaesthesia is not used 1hus decreasing the risk of dJmagc: 10 
the ce..-vical spinal cord. Crutchfieid or Cone (lla;ton) tongs or a h;ilo splint may 
be u sed . A tract ion weight of 20-40 lb (9.1-18.2 kg) can be applied. 

Skull traction is used commonly in the managemcn! of serious injuries 10 the 
cervical spine to reduce a dislocation or frac1urc-disloca1ion. In traction, the 
frac ture or fracture-disloc::nion is under control and injury to the spinal corJ is 
less likely to occur. Skull tr:iction is used also t"o nllintain the posi tion of the 

cervical spine before and after opera tive fusion and for 1hc: trc:tl mcnl of ccrvic;il 
spondylosis with severe nerve root compression symptoms. 

Crutchfield tongs (fig. 6.3) 
Crutchfield tongs fit into the parietal bones. A special drill point .with a shoulder 
is used to enable an accurate: depth of hole to be drilled (Crutchfield, 195-1). 

Minimum 10cm 

fig. ,,3 Crutchfield tongs. No1c that the points of the tongs arc almost at r ight angla to 1hc 
line of traction, The insert 1how1 the special drill point with a shoulder which u used. 

. . :"'~.!;·':· . ~. ~ -~ .. ': ~ '. . . ·. ·. .. 
APPLICATION OF CRUTCHFIELD TONGS . 

_,'.:· ·. ... . .. . .. ~ ; . . .,}t~ .,. . • . . t· . ~ • . 
- ·sedate the patient. . . · · . .' >. • ~-.. . • 

- ShiJe1he :~-celp loc~lly: Excee~lve ah~evlng hi . very dlst'r~i~tng '. 
••"( ' \, . . . \ 

. to the :patient. . 
- Draw a line on the scalp, bisecting th~ skull from front to 

back (Fig. 6.4) . 

. i 



74 TltACTION 1\ND ORTHOPAEDIC /\l'l'l./\INC ES 

Fig. 6.4 Skull nurkings for positioning Crutchlidd tongs. ,\ vcnical line through the 1ips of 
1hc m~1toid proccs1cs c1osscs at right angles a s1:cond line bisecting the skull from fron1 10 blck. 

- Draw a second line joining the tips of the mastoid processes 
(the plane of the cervical articulations) which crosses the first 
lfne at right angles (Fig. 6.4). 

- Fully open out the tongs. 
- With the fully open tongs lying equally on each side of the 

antero-posterior line, press the points into the scalp making 
dimples on the second line. , 

- Infiltrate the area of the dimples down to and including the 
periosteum. with local anaesthetic solution. · • 

- Make small s·tao wounds in the scalp at the dimples. 
- Using the special dri ll point. dri ll through the outer table o f 

the skull in a direction parallel to the points of the tongs. The 
drill point is inserted to a depth of 3 millimetres in children. 
care being taken because of the sc<inty diploic space, and 4 
millimetres in adults. 

- Fit the points of the tongs into the d~ilJ.-~holes • 
. - Tighten the adjustment screw until a tif'rr{grip is obtained, 

and repeat daily for the f irs t 3 to 4 d~Y.s~-~nd then.tighten 
. .. " -:!A.:~ .. , ... · ~ . • • 

when necessary. .::~.~.. : 
- Attach a traction cord to the two lugs.t :: :· '::. · · 
- Attach a weight to the trac tion cord (se"e. p: 80) . 
- Raise the head of the bed to provide counter-traction. 

Elevation must be increased as the traction' weight is · 
increased (Fig. 6. 5). ; . · 

• • - · •• >..A. - .... . . .. 

Fig. 5.5 The head of the"bo:d is uiscd 10 provide coumcMraction. Note the pillow bcbiod the 
neck, not behind 1hc head. 
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FAILURE OF THE PROCEDURE 

Crutchfield (19541 stated that fa ilure may be due to 
several factors. 

1. The use of a faulty instrument. Wheri opened out fully, the 
distance between the points should be 1 1 cm and certainly 
not less than 10 cm (Fig. 6.3). 

2. Pins that are not long enough to prevent the arms of the 
tongs from crushing the scalp must not be u'sed. In addi t ion 
the pins must be set obliquely enough to the arms of the 
tongs. t o ensure that they pene trate the diploe almost at right 
angles to the line of traction. 

3. Placing the drill holes too close together in the skull. 

4. Insufficient penetration of the skull. 

5. Failure to keep the tongs tight. 

Cont (Barron) tongs 
The tongs were designed by Barton (Cone and Turner, 1937). A drill is not 
requir.cd for their insertion (Fig. 6.6). The thr~dcd steel points arc screwed into 
the parietal bones behind the cars. 

J 

Fl1. ' ·' Cone (Bmon) 1ong1. No 1epua1c drilling i1 required. The 1pccial steel poinu arc 
• • • • ~ • 9 • • t • - • ' · ·- • · ' ·· 



76 TRACTION ANO ORTHOPAEDIC APPLIANCCS 

. ~ "' . - -
APPLICATION . OF\;CONE ;(BA,.Nl~;TONGS:} : 

~·:ti."~9~te the patien't. ·<~~1~ :i :;..,,; .; 11, :j · ! ~-~~.l~'. ':!~h~~fa .i •,: . ~ · .-_: :;~p­
- Draw a line up from the tip of the mas.to!~_,.Proc.ess. ~o cross ._. -~ ~ · . 

th.~ .. sagittal plane at right ,,angles !Fig/i~r;Jil:.r I::. \;' .·r,.i.•. \~; ; i; i.i:~ ::.. 
.. .,'\ . \. • • ,) •. • . IJ •C .•. '¥. ,Ju,,,16,.;"'" "'· -.l, ."'f . il"-

Fig. 5.7 Skull 'Tlarkincs for Cone tongs. II. vertical line through the mastoid proccucs, crou-e• 
at right angles a second line bisecting the skull from front to bock. 

- Sha~~- the skull . ab6ve\a~d behind . t.he'J~,~~:~1·J.~~~¥f;)} {;t: . i.-;:~ - f 
~: 9P.~9.~ ~ut _th~ ~or:i9~ :~»~tfl~i.e~tly, _an~ - ci-~iw1t\if. .. e~f.~,~,~~~he!'. t· ~:~_!·t0 ~: 

conical ends he on" the ' line drawn .a~~Y,a~.;~ ;~if~~ ~f~:.;_1 :i'f? f':. ~:/~f,'-- ->_ ; 
- Infiltrate this area with local anaesthetlcTsolutlon. {~~;J_.-.,-.· • ~- ::· . · 
- Reapply the tongs with.the conical ends"'pressed firmly· : '"·V: · :: 

against the scalp, ."and then make two·· s!J)all stab ·wounds._· -
- Insert both steel points into the conical'..Jnds ·and_ tighten each· 

one 'alternately, driving the points thro09~.~he outer table of 
-. the · skull. , . . ;. ~· : . .:, .. ~i .,-1. · · . . :,H~~~l ,:. ~(;. , . · .. ·· . ·. . . .. ... .. ~ . 'r\! .. •. . .... , · ·· "!!.J.A~T"--· ..... . .. •• : ..• 

: · - Attach a traction ·cord""to the two lugs~J~:-'F;(~ i>'·J": ~ · ·-' .· . . . . ' , . '. ~-~ .... . . . · .. . 
-Attach a weight to the traction cord · (sfi.e .-p .!" 80):-:; .:·:1.: .. 
....:. El~"'.ate the head . of the bed to provide:so~_nter-traEtion. :_ - ··., .- :., 

. · · Eleyation. must be increased:as the tra~~iQrfw_eight is·::._-'.:." { :-:: 
.. ;_ · ·· ·. ··d 1F· :s 'si •· · :.::~•= .. .: .. ·~:~.;;r,,~ ·-··_ · · ... .- ··· . .->:.-,;:.;,.· ~ _ . .... •n~re~se . '9 · .- . :.~ ... :.~·:.J;:: ... -:.:; .. ··~ ... ~ :.. .·:.· ~ ?:t ...... ~z~ -J .~ .. ~, ., ..• :~ . .. ~. -~ ..... ·.:-:.. •.:.· ~·::. ! 

- • • • • ' "-'- -· .. - ...... • • ...... - • • , , ..,::.:,. · • .-;!J,~;( . .!.:.'--.... ~:..,. .' ~..c,-...-:;_....:,.,,:~·-'~~--_...c.. .: •. .:.J:. .... i..--

Halo sp/im (Ace Ctrvica/ Traction Equipmmrr 
The halo splint is :in ov:i l meral band :ivail:ible ir: difi"crenl sizes, which arches u P 
posreriorly lo cle:ir rhe occipur, to en:ible rhe patient to rest his head more 
comfortably (Fig. 6.8). It has a number of threaded holes al 2, 4, 8 and I 0 
o'clock, through which fixing pins are screwed inio the outer table of the s~ul l _ 
The pins have sharp poinis which rapidly flare out into broad shoulders, cre3ting 
a large area of contact against the skull with the minimum of penetration (Fig_ 
6.9). 

•Sec Appendix. 
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Fig. &.8 The Ace halo $plin1. 

c=J> 

\ 
Fig. ' · ' The li•ing pin. used ... ·ith the halo splint . N ote 1hc broad shoulden. 
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, .. - --- -
~ ----

J •• 
'8 

-Fla . 1 . 1 ~ Poaitionin& of the halo !plini, 1n<l the 1itc1 of inacnlon of the four lix ini; pin • · 

- Advance the four fixing pins until fingar- tight. Incision of the 
scalp is not required . 

- Using preset torque-limiting screwdrivers, further advance the 
pins in diametrically 9pposed pairs at the same time, to avoid 
side-to-side drifting 'of the halo splint, until slip occurs. The 
torque-limiting screwdrivers are preset to the fo llowing: 

for children 4.5 lb/inches (5 . 1 kg/cm) 
· for adults 6.0 lb/inches (6.a· kgfcrn} 

- Remove the positioning screws. · · .;il !:. . . : · .· "· · :~:-.·: .. · 
• ; •• • • i... ·• • • • • • • . ,- -

- If traction is to be applied, fit the halo bail and cord (Fig. -. . · 
6 . 1 1), or tie two cords to the halo splint, ·and attach the 
traction weight . 

- Elevate the head of the bed to provid~ · c:o unter-tractio'.'· :· . 
.. ..iii-. I ,, .• . - 0 : • . • ; _ .. . • .J ._.i.. ----

Fl1. S. 11 The halo bail which is u~cd If 1m1ion Is 10 ~ applied 10 chc halo splim7 
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DISLOCATION OR FRACTURE-DISLOCATION OF 
THE CERVICAL SPINE 

The majority of serious injuries 1o the ccrvic.al spine rc~uh from forward tlcxi~n 
with or without an elemcni oflatcral flcxion and arc therefore relatively stable 10 

extension. Occasionally extension injuries 
1 

occur, in which cases t he spine is 

stable in fkxion. In all injuries, rotation or the· spine is Jangcrous . 
. h is ~ot advisable 10 a11e.mp1 a rapi~ reduction of a dislocation _or fra~t~~c­

d1slocat1on of the cervical spine, as the spinal cord may be damaged 1f 1hc: 1ni11al 
pull is excessive. 

AIMS OF TREATMENT 

I. To avoid damage to the cervical co.rd. 

2. To restore the antero-posterior diameter of the spinal canal. 

3. To obtain complete reduction of the dislocation or fracture-dislocation. 
J\hhough this is desirable it is not always possible. A decrease in 1he an1cro­
posterior diameter of the spinal canal ofless than 3 mm may be ac~epted {Rogers, 
1957). 
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RECOMMENDED TRACTION WEIGHTS 

For correction of deformity only (Cru1chficld, 1954) 

T~ble.~.1 

1,,.,,1 t.li11imu1n wciglu ftlaximum ruigJu 

Cl 5 lb (?-J kg) 10 lb (4.5 kg) 
C2 6 lb (2.7 kg) 10-12 lb ('-5-5.4 kg) 
CJ 8 lb (l.6 kg) 10-15 lb (4.5-6.7 kg) 
C:·I 111 lb ('l.'5 kg? 15-20 lb (6.7-9.0 kg) 
C'i 12 lb (5..t ·~) 20-25 lb (Y.0-11.l kg) 
C6 IS lb (6.7 k&) 20-JO lb (9.0-IJ.5 kg) 
C7 I a lb (8.2 Jtg) 25-35 lb (I l.J-15.8 lq;) 

These traction weights arc approximalely correct for the various levels of the 
ccrvicat spine when the head of the patient's bed is raised not more than 20 
degrees for the purpose of counter traction. 

i)~J·: .. '. - . .".'.-• _, : . . . 

IMPORTANT: CHECK DAILY f-THAT' ~ . < · · .. ·:. - , - f~~iltr::··· ~--:~f-tf?.:_:~;:~:_ .. -~,:."·f~~~- ~ 
- The neurological exam;na1icin of the patient has ·not changed.·. 
- The tongs ore applied firmly to the skuil'.'•.lfa halci.spllnt is . -.: 

used, _check daily fo_r .the,.first_week, usi_~-g 'a preset _t~rque- ;_'..•;·.~1.·~. 
limiting scrawdri11ar. (see above), thatftlie:ilxing pins. are t191!f~2i: 

. ,,. , - .. , )-~~·-•• - - ·, ·- ~ '• ··1 '.• Ir • 

Alter the first weak;'the,tightness of th~;fjxing pins mlist be;>" 
-- .-- checked twice each:.~~-ek._~- _ ; .. ~·-."_:~;::~-Jk~·:·:~i;_ ::t:i~.i·tJ!-f;i .:~-~}.: ::~~~:=','. 
'-The scalp wounds are not infected.' lf'_infect1on)s present'; theX. : 

scalp wounds must be swabbed to discover the infecting ·.:. · :.· 
organism and its antibiotic sensitivity. If.Crutchfield or Cone :,:.<'·' 

~-· ·•. I . . 
tongs are used. they. must be removed ·an_d· another method ·j: 
of controlling the ce~ical spine substituted: If a halo splint is· '. 
used, a new sterile pin is inserted thro~gh-.an adjacent hol0, . 

-. t· 
and tightened with a torque-limiting screwdriver before the 

~ - --~ . . 
infecte_d pin is removed ..... _. . . ·':.]-) . . . _ , .. -" • -. -,_ -. __ .•(-->... • . ' . 

. -.The.traction cord runs freely.in the pulley and is not frayed. 
- The traction ·weight is hanging free: ) ~Y. .. : ·.· · · .°. . 

- ·' - - .. ' ,,,., •• ~ • ,. ' ,I - • . .• "•." 

- The:patient is neither being pulled up .nor:.sljding· down the ... ·· . 
; bed:' If ha is, adjust the elevation of the'ti'eiid of the bed as•·':: 
: .nec~-ss-_ary, to provida.·the COrrect aITiOtJi-ii'~·Ol CoUnter-tfaCtiorl~~i_: 

____ .!_ •. ;,;l.:w '· _,.,-.·· :;-,..- .-.-,,_.. .~.:.A..;,~·,~·'· :.;-,.,J'.~i;_-. •. ! ,_,.,_L._ 

COMPLICATIONS OF SKULL TRACTION 

Crutchfield tongs may pull out of the skull. This results from 
failure to check that they are tight. They can be replaced under 
aseptic conditions, but it is better to substitute another method 
of controlling the cervical spine. 
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Crutchfield tongs may penetrate the inper table of the skull ii 
they are over tightened. The patient complains of local pain. On 
examination one arm of the tongs is found to lie closer to the 
skull than the other. Tangential radiographs can be helpful. The 
tongs are removed, and another metho.d of controlling the 
cervical spine is substituted. Subsequent complications rarely 
occur. unless there is associated infection of the pin site, as 
penetration of 1he inner table of 1he skull has occurred slowly. 

Skeletal traction applied to the skull can give rise to 
complications which may be fatal - osteomyelitis of the skull. 
extradural haematoma-: extradural abscess, subdural abscess. 
cerebral abscess (Weisl. 1971). 

These complications may be heralded by pyrexia and 
headaches. a:id progress to fits, hemiplegia and coma. 
Examina1ion of the cerebrospinal fluid and cerebral angiography 
may be normal. In the presence of osteomyelitis of the skull, 
radiographic examin~tion may show radiolucent areas at the site 
of insertion of the pins. 

If infection is suspected~ the scalp Wounds must be· swabbed 
to discover the infecting organism and its antibiotic sensitivity. 
so that the appropriate antibiotic can be given. Skull traction 
must be discontinued and another method of controlling the 
ci;rvical spine substituted. 

HALO-BODY ORTHOSIS 

The hal1>-body onhosis was introduced originally in 1959 by Perry and Nickel, 
in the managemeot orparalyric dcformilics of the cervical and 1horacic spines. lls 
application was described in detail by Thompson (1962), Nickel ct al (1968) and 
Stewart (I 975). It consisted of a halo splinl> attached to the skull by four scrcv.rs, 
which was suspended from a jointed adjustable overhead frame incorporated in a 
plaster-of-Paris jacket. The jacket exten<leJ fron1 the shoulders to the iliac cn:scs> 
purchase on the body being obtained by the close moulding of the jacket around 
the iliac crests: The neck was-free of plaster (Fig. 6.12). 

This apparatus was cumbersome and made ii difficult for patients 10 pass 
through doorways or to travel in privacc or public transport. Hou1kin and Levine 
(1972) made the :apparatus less bulky. Th~y eliminated 1he projecting overhead 
frame and auachcd the halo to a plaster-of-Paris jacket by 1wo adjustable yoke.. 
With further development, the plaster jacket has been replaced by a prcmoulded, 
padded polyc1hyknc vest. A number of different complcce as.scmbbcs arc now 
available commercially (Ace Orthopaedic).• 

llalo vtJI 

The padded pol~thylenc vcsc tonsists of two halves, an1uior and p.>scerior, 
which ere al rapped together over the shouJdera and around 1hc lower chest. 

· Anachcd to each half of the vest are two metal uprighls. These arc connected 

•Sec AppcndiJ1. 
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fig. 6.1? The orii;in2I h2lo-body onhosis, wi1h 1hc h2lo suspended from an ovcrhc2d fr2mc 
"'hich was incorpomcd in a plmcr j2ckc1. 

together on each side of the head by short horiz.ont3l met:il bars, to which the 
halo splint is at1ached (Fig. 6.13). The position c f the head can be adjusted in all 
directions, until the optimum position is obtained. 

The development of the less cumbersome halo-r-<>dy orthosis, which rest ricts, 
by at least 95%, all movements in the cervical spine Uohnson et al, 1977), has 
rcsuhcd in a reduction in the length of time :i patient may have to st:iy in hosp'i1al 
:ifter a serious injury to his cervical spine. The halo-body orthosis c:m be applied 
within a few days of a slt isf:ictory reduction of a dislocation or a fracture· 
dislocation of the cervical spine having been obtained. 

/ 

F ig. 5.13 The Ace Mark Ill halo-body orthosis. Compare this with Fig. 6.12. 
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HALO-PEL VIC TRACTION 

Halo-pelvic rraciion (Fig. 6.14) consisu of a halo spline connccied, by four 
vertical spring-loaded distraccion rods, 10 a steel pelvic hoop. The pelvic hoop in 
1urn is attached 10 two long 1hreaded steel rods, each of which passes through 
one wing of 1he ilium (Dewald and Ray, 1970; O'Brien ct al, 1971). 

This form of skeletal traction may be used to immobilize the spine or to slowly 
correct or reduce dcformiiies of the spine, such as occur in scoliosis and 
1uberculosis, before spinal fusion is carried out. The halo·pelvic apparatus 
remains in place during the opcracion and for a vatiablc period of time 
aflerwards. Patic:ncs in halo·pclvic traction may remain ambulant. 

The halo splint is basically similar to 1ha1 described above cxccp1 that 
posceriorly the band docs no1 arch upwards 10 clear the occipital area, and it is 
drilled and tapped around ics perimeter to accept screws for the anachment of 
1hc four spring-loaded disiraction rods. 

•Sec Appendix. 
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Fig. l , J, HaJo.pdnc 1raction. 

Each thrC3ded rod transfixes one wing of the ilium, passing through the 
thickest portion of the pelvis (Fig. 6.15), from the tubercle of the iliac crest to the 
posterior superior iliac spine on the s:ime side. 

The pelvic hoop, which m'l:lst be o f large enough diameter to allow a gap of 
1-1} inches (2.5-3.8 cm) between the patient's skin and the hoop, is attached to 
the threaded rods by four universal clamps. Superiorly the spring1loaded 
distraction bars arc attached to the halo splint. Inferiorly they pass through four 
universal clamps, different from those which clamp the pelvic hoop to the 
threaded rods, on the: pelvic hoop. Locking nuts arc placed on each distraction 
rod, one above and one below the clamp. By adjusting rhe position of these 
locking nuts, the c:ffc:ctivc: length of the distr:iction rods can be increased, thus 
increasing the: distance between the halo splint and the pelvic hoop and thereby 
exert ing a distraction force upon the: spine. 

P.S. l.S. 

Laleral Aspecl of PeJvis Heml Pelvis Seen From Above 

Fis. I . JS Halo-pdric traction. Each 1hrcadcd rod transfixes one wing of chc ilium, passing 
from the rubcrdc o{ lhc iliac crest to 1hc post~zior superior ili1c spine (PSIS) on the s~mc side. 



' Sec Appendix. 
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- Remove the lengths of the threaded rods pr~tlng beyond 
the pelvic hoop by cutting them with heavy-duty bolt cutters • 

. ·m.Ro.turn the patient to the ward. 

3 . Distraction rods (Fig. 6.16) .. ·•: , . . 
Delay fitting the distraction rods for 4S.hou~ This allows 
easier abdofl}!flal examination in the event of peritoneal 
penetration by the pelvic roda (see below, Ransford and 
Monnlng, 1978) •. 

: ... ,, 

_ _.JCb::;---Dis l raction l':ut 

A11achmen1 to Pelvic '-loop 

Locking Nut 

Fig. ,,16 Spring-loi dcd dimi ction rod for hilo-pclvic 1rac1ion. 

If the spine is ul)stable because of thJ\,~eser;ce "<:;t" a ·. 
fracture or fractuie-dislocatlon, apply tra1ctlon ~a the halo 
splint to immobilise the spine until the distraction rods are .. 
fitted. ·· ·. :~·.'}: :·· 

- Sit thii patient comto'rtably on a stcioi~;~tt~t .. '.- - ·:. ': . ·:·· .-- - .· 
- Apply traction to the halo splint so that:ih"e p<Ftient sits er~ct ._ . 

with. his buttocks almost:raised from ·t't\~:-·atool. · · ~; . . '. .. _> :.::; 
- Ens.ure· that the cervical spine Is nelttierlf'i~xed nor. extenoecj · : ·. 
- Mea~~re .the exact distan~e betwee~ ihW°helo and the p~lvi~ :.~'. ;_ 

-· ~~j~~·!~~'e ~~n~h ~f e·a~h~~·;:~fradlon~~~!~ ~~t~·it~:::·· :~~-:_; /~~ 
- measurements to achieve a zero readlng:·on ._. fixed scale.-
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- Po~itlori the second set of four universe! clamps on the pelvic 
hoop so that they lie at the comers of a square, two·antero· 
laterally end two postero-laterelly. 

. - Insert the lower threaded end of a ad,· distraction rod through 
ono or tho universal clamps . 

....: Select s·uitable holes on the halo splint et approximately 2, 4, 
8 and 1 0 o'clock, end attach the upper end of eech 
distraction rod to the halo splint. 

· - Carefully adjust the position of the universal clamps on the 
pelvic hoop so tti;Jt the distraction rods lie evenly disposed on 
each side of the patient and do not interfere with movement 
of the upper limbs. The distraction rods may have to be 
contoured, when there is a large rib hump or pelvic obliquity, 

°'·to avoid pressure on the skin. ,,.' 
· .- R·alease the traction on the halo splint. 
· -Adjust the length of the distraction rods as necessary until 
·· :the· previous recorded halo-hoop distance is reached. This·. . 

·.-, '-'!,.rfrey compress the spring giving an initial reading on the fixed 
·: ~\sc.ales. ·· · · 

· }.::;·Note the reading on the fixed scales. -.1:. "''' •'. ; · 
'·::,:_If the position of the distraction rods is satisfactory;· tighten\-< 
,' ~ ''eli ;screws and nuts on the halo splint, distraction rods, and }{".'I 
:(pelvic hoop with a spanner. Allan key or screwdriver:•·i" -<''.' 
~.-,:'.'Remember that the cranial screws on the· halo splint ·mu·st be·-~. · 
(_'2:Ctlghtened only with a torque-limiting screwdriver;·: '' ''.,,·.!.if: i.,: 
·..!'Return the patient to the ward. • ._,.,: ·_; : . ;. ............. :. . . ~~~"·'""";, .. ~ .. . 

I 'I • · · . · . ! 

MANAGEMENT OF HALO-PELVIC TRACTION 
':\. 

·. - Dally after the Insertion of the pelvic rods, examine the , 
.. abdomen for the development of any abdominal • ''' ··" • 

_. ·:complications (see below). .. . 1_ ~~1.\1· ~: .•..• _: 

· .. ...,.Every patient in halo-pelvic traction must be examined daily, : 
. i ··''especially while distraction is being carried out, for the . : 
.. :!'<'·~resence .of, any neurological complications !see below)., ; • 

. ;·.-;.E'!~mine .th~.scalp wounds dally for tl]e presence of.infection 
;.; ... ; . .'f1ee,.~nder _,_k~ll.trect1on). _'-. :·.14~·~ 1 ..... --. _., .-:: .;4" 1.-_.., .• ;.:·~.:: 
. ''°" DallY for the first week ,and tha,n, t~l~e .. weeklv •. c,heck.the. ;.·: 

-~tightness of the cranial screwa~Jsea under skull traction).< . 
, --E!<amine the wounds around the;pel11lc rods at regular ,_. , . 

".Intervals for the presence of i_nfai;tion.H infection is present, 
swab the. wound to determine the .Infecting organism and Its 

.. ,, antibiotic sensitivity. Infection at_ these sites usually responds 
··. . ._. . ~· ' .. 



COMPLICATIONS OF HALO-PEL VIC 
TRACTION 
(Seo also complicat ions of skull tra c tion, p. SO.) 

A . Cranial screws 
. • 

1. Superficial infection around the cr ania l screws. 
2. Cerebral abscess (Victor et al, 1973). 
3. Loosening of the cranial screws. 
4 . Pain when the c ranial screws are ~ i ghtened. This may occur 

from the surrounding skin puckering up circumferentially. 
5. Penetration of the inner _tahle of the skull by the cranial 

screws (Ransford and Manning, 1975). This is diagnosed by 
the failure of a screw to tighten after minimal screwing, and 
is confirmed radiographically by tangent ial views. The screw 
is removed and a new screw inserted in a near by hole under 
local anaesthesia and full aseptic prec&utions. Prophylac tic 
systemic· antibiotics are given. 
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B. Pelvic rods , 
1. Vague aches and pains are sometimes felt around the hips 

and can extend down the thigh or into the tiuttock. These 
symptoms usually subside within a few days but if they are 
severe enough to cause difficulty in walking without 
assistance they can be relieved by ren1oving the pelvic rods 
(O'Brien et al, 1971 ). 

2. Peritoneal penetration by a pelvic rod with or without bowel 
damage. This is most likely to occur if the anterior entry point 
is close to the anterior superior iliac spine. To avoid peritoneal 
penetration the anterior entry point must be opposite the 
tubercle of the ilil;rn, which n1ay be 2 inches (5.0 c111) 
superior and posterior to the anterior superior iliac spine 
!Ransford and Manning. 1978). 

3. Superficial infection. This is more common around the 
anterior entry holes. If it occurs a swab is taken for culture 
and antibiotic sensitivity, and the appropriate systemic 

an~ibiotic is given. In the presence ot severe inrection the 
pelvic rod is removed.· 

4. Loosening. 
5. Hip contracture from ilio-psoas fibrosis (Kalarnchi et al, 

1976). 

C. Neurological 

These are less likely to occur when spring-loaded distraction 
rods are used (Ransford and Manning, 1975). They may result 
from traction lesions of peripheral or cranial nerves or the spinal 
cord. They may be temporary or permanent. 

Abducent nerve palsy - the patient is unable to move the 
affected eye in an outward direction. Contraction of the internal 
rectus muscle eventually leads to internal strabismus and 
diplopia. 

Glosso-pharyngeal nerve palsy - the patient complains of 
. difficulty in swallowing and may choke. There is loss of 
sensation to touch and taste over the posterior third of the 
tongue (Manning, 1972). 

Recurrent laryngeal nerve palsy - hoarseness. 
Hypoglossal nerve palsy - on protrusion, the tongue deviates 

to the affected side. 
Brachia/ plexus palsy - either the "l?l?llr. or lo'°'"' or, ~JJ, QJ. ~\lot 

cv~11lO"r1ents 01 the brach1al plexus (C5, C6, C7. CB and T 11 
may be involved. 

Spinal cord - paraplegia. Preliminary myelography is. 
advisable In all cases where there is suspicion of 
diastematomyelia or osteogenic aetiology (Ransford and 
Manning, 1975). 
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When any of the above neurological complications occur, 
distraction must be discontinued in1mediately. 

Paraesthesiae in the distribution of rhe lateral cutaneous nerve 
of rhe thigh may occur following insertion of the pelvic rods. it 
settles in one to two weeks without any specific measures 
being taken. 

D. General 

1. Oea\11 !mm t1!spit~Hl1y insul!iei~11ey, 
2. Osteoporosis of the vertebrae. 
3. Cervical subluxation C1 on C2. This resuhs from the Incorrect 

application of the appliance with the cervical spine in flexion 
{Kalamchi et al, 1976). 

4. Avascular necrosis of the proximal pole of the odontoid 
process (Morton and Malins, 1971). 

5. Cervical spondylosis has been suggested as a long term 
complication (O'Brien et al, 1973; Kalamchi et al, 1976). 

6. Enuresis may reappear if there has been a history of it in the 
past. lmipramine in appropriate dosage may be given. 
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7. 
Splinting for congenital dislocation 

of the hip 

The detection of the unscabJe hip <1.s soon :is possible afrcr birth, and its prompt 
treatment, arc vital. There is no direct evidence that every unstable hip at birth 
wilJ, if untreated, become a dislocated hip, but if every hip that is found to be 
unstable at birth is treated1 cs1ablished dislocation of the hip virtually disappears 
(Rosen, 1962). 

Unstable hips at birth are diagnosed clinically. All doctors who work with the 
new-born must know how to detect an unstable hip. Barlow (I 962) found only 
l 59 unstable hips in 9000 births, an incidence of 18 per 1000 (as opposed to 1.5 
per I 000 for the jncidcnce of established dislocation of the hip in \\1'cstern 
Europe). This means 1h<1t many normal hips will be examined before an unstable 
hip is found. 

CLINICAL TESTS FOR UNSTABLE HIPS 
BARLOW'S TEST (1962) 

This test must be c<1rrie<l out wiLhin lwo to three days of birth, in a warm room 
and prefer<1bly after the child has been fedJ when he \\•ill be rcbxcd and 
contenrcd. The examiner's hands must be v.·:i.r1n. The test is c:irried out ia l\YO 

stages. 

STAGE ONE {((, "·· . ,. 
·,'!ifJi:~<. - --~----~~:.,. ... ~: 

- Remove the child's nappy, :~.·.--~·: · ·· · -. _-,, . __ - .. 
- Place the child supine on a werm flrni su:-tace··wlth"·1ts logs ; .. ;,:. 

pointing towards you. _ · ~:::.~:::: . . · .... -
- Hold the knees fully flexed." with the 11.ixed legs In .thepalms " 

of your hands, and with the middle finger o( each hand on ·' 
the greater trochanter and the thumb ordhil°inner aspect of .. 
the thigh opposite the lesser trochanter';iFig.-.7.1). . ... 

- Flex the hips to a right angle and abduct·'them to 45 degrees.-
- Press forwards in turn with the middleJiriger of each. hand on 

the greater trochante~ end attempt to lift" the femoral head 
into ~he acetabulum. ._::.:.~}~.- -~:,_~;~~~~ 
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Fie . 7. I B•rlo""s 1cs1. 

T h e ICS[ is p osit ive when Che: joint is dislocotcd and the remor:il hc:id rc1urns co 

the acetabulum with a palpab le and often audible clunk or jerk. The clunk or 
jerk is due to the femoral head snapping back over the posterior rim of the 
acetabulum into the socket.· This mus! not be confused with ligamenious 
cl icking, which can often be elicited from a baby's normal hip. 

STAGE TWO 

- Continue ~o hold the lower limb& es described above. 
- Press backwards in turn with each thumb on the inner side of 

. the thigh. It the femoral head slips backwards onto the 
.,.posterior lip of the ecetabulum or actually dislocates, the hip 

-.:: .• L·rf.~i ~nstabJe. . . .. . . 
.: ,;-:-1frt.doubtful cases, firmly hold the pel"'.iS with one hand, with -: 

: tti.e .thucnb on the pubis and the fingers under the sacrum, ·· 
... :,. .•. ·~~ile performing the above test on one hip with the opposite 

·; hand. . .. . .- ::; . . ~ 
- Examine the 1>econd hip in the same way • 

. ; .· .· .. ~ . ~ 

This l~l is reliable and can be used up to the age of six months, by which rime 
the fcmora have become so long chat it is difficult co reach the greater trocluncers 
with the tips or the middle fingers. 

ORTOLANI'S TEST 

This test was described by Orrolani in 1948 for use in children between three 
and nine momhs old. h is not entirely satisfactory in the new-born (Barlow, 
1962). 
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PROCEDURE 

-. Lay the child supine on a warm firm surface with its legs 
pointing towards you. 

- Flex the hips and knees to a right angle with the kneas 
touching and the hips in slight internal rotation. 

- Hold one leg steady. With the other knee in the palm of your 
hand {with the thumb over )he inner side of the knee, and 
with the other fingers over the greater trochanter), exert 
gentle pressure in a latero·medial direction with the fingers· 
and at the same time slowly abduct the hip through 90 
degrees. until the outer side of the knee touches the couch. 
When the test is positive, somewhere in the 90 degree arc of 
abduction reduction of the dislocation will occur and the head 
of the femur will slip into the acetabulum with a visible and 
palpable movement - a clunk or jerk. • 

The te.is described above arc generally reliable, but they may be misleading in 
certain situa1ions. When Jimitcd abduction of a hip js present due to contraction 
of its adductor muscles) a clunk may not be elicited. However che presence of 
limitation of abduction itse'f may indicate dislocation of that hip. 'Clicks' 35 

opposed to clunks or jerks can often be elicited on manipulation of the rtormal 
hips of the new-born. 

'fhe incidence of unstable hips de.;reases in the first few weeks after birth. 
Ne-Ison (1966) found, on 1he exa1nination ofe66 live births1 :in incidence of 15.9 
per cent soon after birth \vhich fell 10 7 per cent seven to ten days after birth, and 
to 0.35 per cent at three \lo'ceks. ·rhe decrc:ise in the incidence ofuns1:.ihle hips in 
the weeks immediately after birth gives rise to some controversy ::is to whether an 
unstable hip at birth should be treated immediately or whether only those which 
are still unstable some v..·ecks after birth should be treated. It is not within the 
scope of this book to discuss the indications for treatment. Generally, however, it 
is better to err on the side of over·trcarn1ent, as long as the treaunent is c:irried 
out correctly, and as long as the tre:Hment docs nol give rise to any 
complicarions. 

RADIOGRAPHIC EXAMINATION 

Ossification in the capital epiphysis of the femur is not present a[ birth and 
therefore the capital 'epiphysis cannot be demonstrated radiologically. Th!s 
makes the radiographic identification of a dislocated hip in the young child 
difficult. However, the ossific nucleus of the femoral head can be seen 
radiographically in 78 per cent'ofnormal hips at six months of age and in 99 per 
cent at one year (Wynne-Davies, 1970). 
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' UNDER SIX MONTHS OF AGE 
Andrfn and von RO$cn (1958) dcscti~d 1 rcchnlquc for use in rhis age group.in 
which an antero-pos1erior radiograph is 1aken wi1h 1hc child supine and w1th 
both lower limbs in full medial rotation and 45 degrees of abducrion. 

When rhe head oft he femur is dislocated, the upward prolongalion ort~C long 
· 1· I J 1· 1· I · - · ·1· · spine :111J 11x1s o I 1c s 111 l o t 1:: lemur pui11l$ tuwarJs 1h~ 11111cmH supcm>r 1 1:1~ 

I ·d1 · · 1 - er.· 7 ?) When the crosses t 1c mt inc int 1c lower lumbar region of the spine · ·1g. ·- · 
hip is not disloca1cd, the upw:o1rd prolongation of the long axis of the shaft of the: 
femur points tcwards the lateral mugin of the 11cct:1hulum and crosses the 
posterior part of the pelvis in the region of the sacro-iliac joint (Fig. 7.2)· 

As a dislocated hip may reduce with abduction, it is possible 10 obtain a false 
negative result with this technique. 

Normal hip Oisloc~1ed h ip 

V R d
. . . . h · h the lower limbs 

Fig. 1.% on DKn ra 1ograph of 1hc !Ups; an amcre>-postcnor radiograp wll 
in full medial roiation and 45" abduccion in a child under 1ix m onths. · 

OVER SIX MONTHS OF AGE 

Once the ossific nucleus of the femoral head is present, standard antero-Posle~ior 
radiographs of the pelvis and hips, with the legs together and in neutral rotation, 
can be used. · -

In a normal hip, the ossific nucleus of the. femoral head lies below the: 
horizontal line (of Hilgenreiner) passing through the tri-radiale cartilages of the 
aceubula, and medial to the vertical line (of Perkins) passing throug~ the outer 
lip of the ace1abulum, perpendicular to the above horizontal line (Ftg- 7 .3). 

When the head of the femur-is dislocated, 1hc ossific nucleus of the head tends 
to lie lateral to the vertical line and above the horizontal line (Fig. 7 .3). 

Perkin"s line 

Acerabular angla 

line 

Normal hip Oisl~ted h ip 

Fla. 1.J S11nd1rd in1uo-po11crior ndioinph with lower limbo 101c1hcr and io pc .. cral ro<acion 
in • rhild over siir months. 

•: 

http://rad.ogr.phs
http://St.nd.rd
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FURTHER RADJOGRAPl!IC FINDINGS JN CONGENITAL 
DISLOCATION OF THE HIP (Fig. 7.3) 

The ossific nucleus of the dislOcatcd hip is smaller, or its appe.:irance is ddaycd, 
compared with the norm.al side. 

The angle bctv.·cen the horizontal line of 1-lilgenrciner and the lint: of the 
acetabular roof (acetabular angle or index) is gr<ater than 35 degrees. 

Shcnton's line is broken. 

APPLIANCES AND PLASTER CASTS USED TO 
OBTAIN AND MAINTAIN THE REDUCTION 
OF A DISLOCATED HIP 
Five of the many different appliances which can be used, arc described below. 
The Pavlik harness is the only appliance which will promote the spontaneous 
reduction of a dislocated hip and maintain that reduction. The other 3ppliances 
will only maintain reduction. The van Rosen and Barlow splints and the Frcjka 
pillow arc used in the managemenr of the dislocated hip di<lgnoscd soon after 
birth. The Denis Browne hip splint and plaster casts are used only in 1bc l:ner 
stages of management. 

COMPLICATIONS OF POSITIONING OF THE 
HIPS 
Avascular necrpsis of the femoral capital epiphysis and 
abnormalities of growth of the upper end of the femur can 
develop in children who are being treated for congenital 
dislocation of the hip. These changes can occur on both the 
normal and abnormal sides, and as they do not occur in 
untreated dislocations they probably are related to treatment 
(Gore, 19741. and result from interference to the blood supply 
to the proximal end of the femur. 

Interference to this blood supply is more likely to occur with 
immobilisation in plaster casts (Allen,.1962; Gore, 1974) than 
with von Rosen (Fredensborg. 1976) or Barlow splints. It has 
been reported with the Frejka pillow !lllold and Makin, 1977). 

The several factors v.1hich appear to be important in the 
interference to the blood supply to the proximal end of the 
femur are forcible abduction of the hip, ~specially if any degree 
of adduction contracture is present, and immobilisation in 
extreme abduction !Westin et al, 1976). Forcible abductic~ of 
the hip may cause necrosis of the femoral capital epiphysis by 
direct compression of the opposing joint surfaces causing 
interference with the diffusion of nutritive fluid through the 
intercellular substance pf the cartilage (Salter and Field, 1960). 
Nicholson et al ( 1 954) showed in cadaveric studies that in 90 
degrees of abduction, the blood supply to the femoral head- is 
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seriously imRaired: Ogden and Southwick (1973) and Ogden 
( 1 974) carried out injection and dissection studies of hips fr?m 
stillborn and lnfjint cadavera. They demonstrated that with 
abduction of the hip beyond 45 degrees, the developing 
acetabular rim fitted tightly into the intra·epiphyseal groove 
between the femoral head and the greater trochanter. This intra· 
epiphyseal groove .carries the major blood supply to the femoral 
head. In abduction beyond 45 degrees, the medial femoral 
circumflex artery, from which the intra-epiphyseal circulation 
was usually derived; was stretched and compressed ove r and 
between the iliopsoas and adductor muscles . . 

In applying any of the following splints. including the Pavlik 
harness and Frejka pillow, or plaster casts, it is very impo rtant 
tha t neither the dislocated hip is forcibly reduced, nor the 
normal or abnormal hip is held rigidly in abduction beyond 45 
dogrees. It is important to allow a controlled range of movement 
to preserve the blood supply to the upper end of the femur . 

PAVLIK HARNESS 

Arnold Pavlik, :i Czcchoslovakiar. or~hopacdic surgeon, introduced his method 
ofucatment of congenital dislocation ofchc hip in 1944 (Erlachcr, 1962). This 
method promoccs spontaneous reduce ion of the dislocated hip by positioning chi! 
hip in ._ncxion while allowing free 11bduction, thus minimising the risk of 
av:iscular necrosis. It is of particular use in children during 1hc first six months of 
life. . 

The Pavlik harness • (Fig. 7.4) consists of an adjusiablc band encircling ihc 
lower chcsl. To this arc au:iched a p:iir of shoulder str:ips, which cross 
posteriorly and a pair of stirrups which embrace the legs down to the hcc:ls. The 
stirrups arc suspended from the encircling chest band by two adjustable st~aps, 
one passing anterior to and the 01her posicrior to the lower limb. The harness 
allows ac1ivc movcmcni,in all directions except extension, and adduction across 
the midlinc. Nappies can bc 'changcd. easily and independently of the harness; 
the child's clotlics fit easily over the harness; and the child can lie prone or 
supine. 

Fie. U Pavlik herness. 

•S.r Appendix. 



POINTS TO BE REMEMBERED WHEN USING 
A PAVLIK HARNESS !Ramsey et al, 19761 

1 .. Force must not be used when attempting reduction of the 
hip. The allductor muscles. if tight initially, will gradually and 
spontaneously stretch. 

2. The position of the hip in flexion/abduction must be 
confirmed radiographically at the time of application to ensure 
that it is correct. 

3. The hips must be flexed in excess of 90 degrees. Flexion 
must never be forced. Further spontaneous llexion must be 
able to occur from the final position. Inadequate flexion is the 
most common cause of failure of reduction of the hip_ 
Because of the normal degree of valgus of tho femoral head 
and neck, the femoral head will not be directed towards the 
tri-radiate cartilage, unless the hip is flexed at least 90 
degrees. If the hip is flexed to less tho., 90 degrees, the 
femoral head will be directed towards the superior part of the 
acetabulum. 

4. The posterior straps attaching the log stirrups to th.e 
encircling band must not be tight. in order to avoid forcing 
abduction. These straps must be loose enough to allow tKe 
knees to be adducted to within 1-2 inches (2.5-5.0 cml of 
the midline. 

5. The stability of the femoral head must be assessed frequently 
during the initial stages of t1eatment. 

~~pi~?ATl~'~ql?.~·;:~HE PAV~~~l~~~N~_s:s;;;:~'.;.i\•,~ 
--· : - ue~· ~he child'. ~Ubth~l~~:~~1i~~ i.:..:;, :=:.-~ l~;:~'.;:~~;~;f:~:·~,:~-·,-i'.:.,_!.·: !.=· ~~,;~:.·:~;::·~~::·;:~. 

- Apply the harness; and ·adjust the shoulder s\(aps to allow· · 
the encircling band to: fit snugly around .the lower chest. 

- Fit the stirrups around _the legs. . ... : ,", . .,.;.,. 
- Adjust the anterior strap from each stirr:up so that each hip is 

held in at least 90 degrees of llexion. Do not force full. . ., 
;. fleX.iorl. -.{.'.: ... :': .· .. ;:_. ,: .:}·... .. _• - .''-~~··;~:-:.r.-!! . : _.·. , .·;-"-' 
...: Adjust thii 'P~~t~rlcir:~t'~~t~r~o~ eii'~~:·~i'~fti?;:~o 'ih~i. the . , . 

knees:can be adducted to w1th1n .1-.<. lnches:(2.5-5.0 cml of:. 
- the mid line. This avoids the hips beinj{iordbty abducted. · ... 

- '."rrai_-ige for a_ r~dlograph_ to. lie taken i<?.,§~~ure .t~at .each hip · .. 
1s flexed suff1c1ently for the femoral h11ail.to be directed •. · ~ 

. toW~rds ·the tri·_rSdl~te-·Cartilage. \'~~~-.'jl -~- :.· _ ~.:,:··.·:i. -
- Advise the parents "that".ihe child hlusr:..w.ea(ihe-harnes~ au·:;i. 

the time. ·· . · -· .,. · ,.~}.--;:~;-;·~·-,~;';: ·· •; ~----~St_I'7 

http://to.be
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'· · - .~all}lne .the. harness· arid .the dislocate~ hip regularly .~~Th~ .r::1~·' : 
• • '~ ... 1· { , . .: • • • . .. " · . ... ·r. .. ; · 
. ·! : ~.~,~J~r~xaminat~on is. ~ar~ied ~ut ~~e~.two_ d,a~s end tti~'1.~~':i~,y . 

~',~~~~~~'.Y.)riterv~ls ;~n~11.~the. hip. be~~~s chrncally sta.ble,.;:.~~.:~~ . 
'~ When the hip ts chn1ceUy stable,rremove the harness for,tw~-:1• • 

. . .. . . . .., • .. . . . 1~ > 

· ::~ hours each day,. Increasing the time the child is out of the .·::1 .. 
harness by 2-!4 hours every two weeks as long es en·antero\f.i.:; 

. . posterior radiogreph ls consistent with the hip being r~d~c~d~ !{, 

... : :.~~~~~?e~eb~lar: ahgle· is '~table · or Increasing, and the .~emor~I 2,,; 
· 't·1.' Cf£1~?' ·~~i~h'r:~is'; if,yresent, !s ~'nlarging . . . J -~ =-~. :_- . -~,.J.5~! 
" '""::tiitJ:t- Ml) ,• • ·.• ••• , .. ) -.. .: ,t."- •: (MJ •1 ... .&. ••• • ..-~) .-. ,._I C' , , ... . .. ,.... ,. .,. 1!1:.t::.t,; 

VON ROSEN SPLINT (Rosen, 1956) 

The \'On Rosen splint (Fig. 7.5) is H -shapcd, the crossbar of the H being 
extended on each side. It is cut from malleable aluminium sheeting, padded and 
covered with latex rubber or plast ic, the latter being Jess irritating to the skin of 
some children. Three sizes pf splint arc available. 

Fig. 7 .S Von Rosen splint. 

A .. -- ·~ 
I I I I . ' , \ 



. ' .. \: . . . ._._ ... 
- Check that the child and especially tha,lower limbs do not'.,::i<I . 

·-.. . • ' - . . ;r - - . 
coma out ol tho splint when the child ·(rioves:· Check also that·· 

· · the limbs are not held rigidly. as sorn&:inovement or the limbs : 
'"':h within the splint is essential. : ~~C'tl\;~A 11l: i j .i; . ·:1.:. · ·· 

. • . . . --~-~--·- .J.> • .\>&.4. - ................ ~- ·-··· 

BARLOW SPLINT (Barlow, 1962) 

Tho Bar!'!W splint (Fig. 7 ,6) consists of two strips of malleable aluminium I inch 
wide and 22 inches long (2.5 cm by 55 cm) held together by a single rivet 9 
inches (22.S cn1) below lht: top end. The olun1inium strips ore padded on on~ 
side with felt, arc covered with soft lea1hcr ilnJ arc provided with a canvas strap 
which can~ passed through slots in the top ends of tho splint. 

- . .:. 

Fig. 7 .6 Barlow $plint. 

The Barlow spline is appiied in a sin1ilar way to that described for the \'On 

Rosen splint. Th: upper ends are n1ouldcd over the shoulders where they :ire 
held together wilh the canvas strap which passes around the child's chm (Fig. 
7.6). The lower cr:.ds ofrhc splint are n1oulded around the thighs afler reduction 
of the hip) wirh.tl;: hips in a position of90 degrees offlexion, and not n1ore th:in 
45 degrees of abduction. 

One complication of the Barlow splint is that as rhc two aluminium strips :ire 
joined by only a single rivet, the upper ends of the splinr may press against the 
sides of the child's neck as the child moves. 
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- Replace the splint with a larger one when neceaaery; When a 
larger splint is being applied the hips must t>e kept in 
abduction, flexion and lateral rotation. This can be 
accomplished by lying the child on its abdomen while the 
splint is being changed. 

- D!scerd the splint after twelve · weeks end take a rediograph. 
- Examine the child at weekly intervals for the first six weeks 

after discarding the splint. then at decreasing intervals until 
six months have elapsed. 

- Take ·a radiograph of the child's hips when he is six months 
old . If the radiograph is normal, see the child at one·yearly 
intervals. If the radiograph shows a difference in the 
acetabular angle on the affected side. take further 
radiographs at yearly intervals until normal development of 
the acetabulum has occurred. 

FREJKA PILLOW (Frejka, 1954) 

The Frejka pillow (Fig. 7. 7) consists of a firm rectangular pad filled with feathers 
or kapok which m:iy be d ivided lr3nsverscly into 1hrcc sections. Au:1chcd to the 
upper end of the pad arc two loni; straps, joined in 1hc region of tht: scapul:.11:1 

which pass over the shoulders .to be reattached by buckles to the lower end of the 
pad. There arc two shorter straps which pass around the sides of the trunk . . . -

fl&. 7.7 Frcjka pillow. 

Frcjka originally introduced this appliance in 1938, and since I 946 has used it 
regularly as the method of choice in the treatment of children in the first year of 
life. He claims that the dislocated femoral head slips 5pontaneously and without 
any manipulation into the acetabulum. The disadvantage of the Frejka pillow is 
that it can cause damage to the capital femoral epiphysis (Ilfeld and M akin,_ I 977) 
and it must be removed frcqucn1ly to clean and bathe the child. 
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DENIS BROWNE HIP SPLINT (Drowne, 1948) 

In this splint (Figs 7.8, 7.9) the child's hips arc held in abduction/flcxion and 
later.al rotation1 the range of movement possible in each direction being about 30 
degrees: The splint docs not have to be removed to keep the child clean. 
Crawling and later walking arc possible in th is splint. Om: important advantage 
of the splint as opposed lo immobilis;uion in a pl11ster cost, is that it will not 
retain an unstable n:duction as the hip redislocatcs1 thus enabling the surgeon to 
rcco~nisc: this cortdition early rather than late: (Lloyd Robem, 1971). 

:\flcr \h~ sp\inl is f\'Rll"\\'t"i\1 the .\qa s\l,w\y ;l\\c\11t'I IC\ the l\C:\ltnll rosition 
during the subsequent four to six weeks. 

Fig. 7 .8 Denis Browne hip splinl seen from behind. 

l 

Fig. 7 ., Denis Bro.,..ne hip splim. 

BATCHELOR PLASTERS 

Batchelor plasters hold the hips in abduction and medial rotation. They encircle 
the lower limbs only and extend from the groins to the ankles being joined by a 
crossh2r (Fig. 7.10). The knees must be held in 15 to 20 degrees of flexion to 
preva:it rotation of the limbs within the plaster casts. - _ 

A possible complication of the use of Batchelor plasters is an increase · in the 
degree ofantcversion oftbc femoral neckS (Wilkinson, 1963), which may have to 
be corrected ~ubscquendy by dcrotation osteotomies of the upper ends of the 
femora. 
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Fig. 7. l 0 llatchclor pl men. 

FROG OR LORENZ PLASTER CAST 

This cast (Fig. 7. l I) was originally described as holding the hips in a posi1ion of 
90 degrees of abduction/nexion and la1cral rotation. The immobilisa1ion of a hip 
in this position has been shown to increase the risk of the development of 
avascular necrosis of the femoral capital cpiphysis (Allen, 1962; Gore, 1974), and 
therefore th is position must not be used. The hips can be flexed to 90 degrees but 
must not be abducted beyond 45 degrees. It musl be possible lO place the hips 
easily in the desired position before applying the cast. If the adductor muscles arc 
tight, a subcutaneous tcnotmny at their origin must be carried out. · 

U ~like lhe von Rosen and Barlow splinls, the. cast is not generally used in the 
management of the dislocated hip in the newborn. The cast extends from the 
nipple line down to the ankles on both sides, leaving the ankles and feel free. 
Panicular care must be taken to ensure thal the casl is strong enough over the 
groins and buttocks. Ifit is not, the cast easily cracks due to the serenes imposed 1 

upon it by the strong movements of the child'' limbs. An adequate opening must 
be allowed around the perin~um lO enable the crild lO be kept clean. 

Fis. T.11 Frog or Lorenz plasic.r cut. 
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8. 
Management of patients in traction 

Patituls in tra,tion at1d tra(tion-11ope1uio1r sysunu do not look a/1tr the11rselvts. 
1'he correct managen1cnt of paticn1s in traction depends upon tean1 work if good 
rcsul1s arc to be obtained. Sustained interest and effort is required from every 
n1cn1bcr of the 1ea1n - mcdic;ilJ nursing, physiotherapy and other paran1~dical 
siaff - looking after the patient. No one aspect of palic:n1 care is the sole 
responsibility of an individual n1cmber of the learn although certain.procedures 

will normally be 'Carried out by one member of the tean1 because of training and 
cxpcrtiSc. All mc:mbers of the team must be aware of potential problems and 
complica~ions, and must sec th:it any that do develop are dealt_with imme~io1tcly, 
either by themselvep or by another, more expert, membe-r Of the team. Thus 
adjustments to the traction-suspension syslem may be mad~ by lhe nursing s1atf 
at 1hc suggestion of 1he doctors, and medical complications may be brought to 
the attention of the doc1ors by ocher men1bers of the team. 

A n1cmber of the medical s1aIT mus1 exan1ine the patient and the trac1ion· 
suspension system ~very morning and evening. The· nursing staff, who arc in 
consLanl 1ttcndancc, mus! observe. closely both the patient and the traction­
suspension system, as 1heir intimate knowledge of1he patient can enable them to 
detect minor chang~~ in the patient's ~ppcirance and demeanour, which may 
herald the devclo~mcnt of complicalions. A physiotherapist n1ust visit daily, 
both to trea·t ihe patient and to ensure that the patient carries out a sensible 
regime of c1crcises on his own. Occupational therapists, teachers, dieticians, 
social workers and the rehabilita{ion officer will be asked to visit when 
appropriate. 

Daily checks must be made to ensure that the p:nicnt is comfortable, that 
complications arc not occurring, and that the traction-suspension system is 
achieving the desired effect. The patient, and the traction-suspension system 
muse be cx1mincd. Regular radiological cx111min11ions of chc position of 1he 
frac{urc mu5t be made. The radjographs must be inspected and acdon taken if 
the position is not satisfactory. Physiotherapy to the whole patient, as well as to 
the injured part, is vital co ensure that when the fracture has united, the general 
condition of the patient, as well as the condition of the injured lin1b arc such that 
full function is regained as quickly as possible. 
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LasrlyJ at some s1agc1 the decision n1us1 be rakcn whcrhcr to discard rracLon 
completely and mobilise the patient, or to change to another n1erhod -Jr 
treatment. 

THE PATIENT 
NURSING CARE 

P;:nicnts on tr::ictiOlll need all the usual care given 10 every patient in hospital. fn 
addition, extra ancntion must be pa~d to certain an:as. 

tn·n.+.1/ <l(>j'>.YIMlt,y 
1"hc nursing slafTbavc 1hc best opportunity to observe the pollicnL Carcrul r.C"tc 
mus1-bc taken ofch:ingcs in manner and appearance, which n1ay not be app:irtnl 
10 other sralT. A fine pctechi:JI rash and uncxr~ctcd confusion or aggression) fiJr 
example, may indiauc 1hc onset of far embolism. It must be remembered !:::i1 

long lerm orthopaedic patients can develop non-orthop3edic conditions such JS 
influenza or appcr..dicitis. 

Obscroarions anJ charts 
In the early s13gcs ;i.ficr a fracture, a careful record must be kepi of the patic::•'s 
temperature, pulse, respir::Jtion and blood pressure, as these may indica1e :::.:: 
necessity for bloo4 1ransfusion, antibiotic or other therapy. In the later•stagcs -=f 
treatment> daily fecording of observations should be sufficient. 

Bed and bedding 
The bed n1us1 be 0f adequate length for the patient and of convenient height :·Jr 
the nursing s1aff. 11 n1ust h;:ive a rigid base for the mattress or 3 fr::ic1ure h<'::'J 
between the matu~ss and the springs. It must provide a finn bJsc for ::::: 
Jtl::ichmcnt of the S:ilkan beam or pulleys. 

If possible, pbst:.: draw sheets should be avoid:d, to reduce S\Vcating :ind 5;..:_.:"J 

m::iceration. Creases and crumbs are unco1nfortablc: and predispose to bed s0:~::. 
Bed cradles arc ne~ded 10 pre\•ent bedding pressing down on toes. \X'hcn one:!~ 
is in traction, bedC:ng nlust be arranged to cover rhe sou rid leg \Vhi!st k:;i\·inb :.-.~ 

injured leg unenru;nbered for 1rac1ion and exercises. This \viii be the c::isc :..SJ 
\'l'hen a spli1 bed fr..illlC and mattress are used in Perkins trac1ion (seep. 28). 2::.:! 
socks are oflen nee---Jcd on the exposed foot. Back rests must work ::ind be sec-...:~!. 
Several pillo\~·s arc: Dflen required. \Vbcn the r~uient \vish~s 10 sleep. ilu: b:1ck:-:H 
::ind pillows may need 10 be adjus1e~d so that the p::iticnt can lie do\vn. i·::~ 
nursing Slaff 1nus:. chc'k thac there is sufli,icnt frcc<lo1n of 1novcn1c111 in !::C" 

trai.:1ion-suspcnsioo sys1c1n co.allo\V the p;.itie1u to chJngi: po.sitilnl, :11HI instn:.:1 
the patient ho\Y to do so wi1hout upsetting the system. 

A 'monkey potc• is essential. It is a shore bar which h:ings :ibove 1hc pari:r:.t 
where it can be gr3blxd easily so that he can lift his trunk 01T1hc bed. It 1nust !:i: 
strong enough to support th.c whole weight ofchc patient. The bar n1ay be slu~g 
fron1 a hook in the ceiling. from a g3ntry at the bead end of the bed or from a 
llolkan beom. 
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Food 
A balanced mixed diet is ncedcd1 whh the un.i1t p('oponions of prot<in, fat, 
carbohydrate, vitamins and minerals. There docs not seem to be any virtue in 
special additions to the diet. As some patients will be in hospital for a long time, 
it is easy for the diet to bccon1c mono(onous. Care n1ust be taken to avoid this; 
Overeating n1ust be avoided, as an increase in weight may nu1kc subsequent 
mobilisation more difficuh. OccasionaJly a wcight-rcduc&ng diet will be required. 

The mechanics of eating may require some thought, cspcciaUy if the patient 
cannot sit up. Flexible straws1 bowls and one-handed eating utensils can help. 
\Vatcr ;ugs mus1 be placed within rc:ich on properly poslrioncd bed tables or 
lockers. When both arms are injured, the patient may have to be fed initially. 

To1'/et , 
All toilet functions have lo be performed in bed. Adequate facilities and privacy 
must be provided - urinahJ sHppcr bedpans, splash rc:ccivcrsJ and cx1ra screens 
where bulky trac1ion apparatus will not allow the norn1al curtains to close 
around the bed. The traction-suspension system must enable the pa1icnt to get 
on and off a bedpan with 1hc nlinin1un1 of pain and effort. Cathctcrisation n1ay 
be necessary to avoid bed sores which can result ff"om urinary inconcincncc. 

Pain r<li•/ 
Fractures can be very painful in the early stages. It is therefore very imponant 
that adequate analgesia is prescribed at1d given. Where essential nursing and 
physiotherapy procedures cause unavoidable pain, extra analgesia is required. 
Injc~rions should be replaced by oral medication as soon as pracricablc. Long 
term opiates must be avoided. 

Skin 
Bed sores are a potential complication of prolonged bed rest. This may be a 
greater problem in patients in traclion because these patients initially arc unable 
or reluctant to move. In severely injured paticnrs, regular turning or lifting must 
begin soon after admission. The traction~suspension system itself can cause local 
pressure problems. Skin must be kept clean and dry, and be inspected regularly 
wh~rcvcr prcs$urc could cause problems. Syn1hctic sheepskin, roam plastic leg 
troughs and heel pads can help. The provision of these aids is only 1 part of 
proper nursing care and nor a substitute for the personal ancntion ·that is stlll 
required. 

Mental statt 
Patients in traction arc frcqucntlf anxious. It is imponant to try to m1n1m1ze 
this) by explaining the aims of their treatment, the function or1hc various it-ems 
of equipment and the reason for carrying out exercises. An estimate of the 
expected duration of treatment should be given with tl warning that a longer 
period of treatment will be required if initial healing is delayed. This will enable 
the patient to plan his work and family life, and help prevent the serious 
depression that can result from being 1old that 1cvcral more weeks in 1racdon •re 
needed when 1he cxpcctatiOn had been th;n treatment was complete. Patients 
may need professional help to sort out 1hc financial and legal conscqucncc·s of 
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their accident. At 3 fairly early stage they may ask for an estimate of the severi1y 
of lhc.:ir final disubility ond ony likely dcforn1i1y. They n1ay be unpl~as::in11y 
surpriscd to hear tha1 they have dan1agcd thc1nsclvcs perniancntly, and 1n:iy 
welcome .the opportunity co discuss this realistically. 

Ma~y·pa-tients in traction arc young and fit apart from their injury, which soon 
becomes painless. They must be kept alert and occupied to prevent boredom. h 
il import2nt 1h:n the ho~pital radio equipment works and is within reach, and 
that personal radio and·iclcvision sc1s have earphones 10 avoid inconvenience to 

other patients. Arr~ngements must be made for bookresrs and page holders if the 
pt.1lh:1H is ln on \1nusual position; n1irrors ir the patient has to lie flats prone, or 

keep his neck s1iJT1 so 1hat he ·can see what is going on around hin1 and who is 
approaching him; bed tables for handicrafts or modc:lmaking; a 'long arm' 10 pick 
up things dropped on the floor; patients with similar in1crcsts to be beside one 
another; children and students to continue their education with arrangcn1cnts for 
work to be brough1 in by tutors and teoichersJ regular hours being set aside for 
this; adults, who will be unable to return to their previous occupation, to start 
their rc1r11ining by studying while in bed. 

Communication 
The nursing staff oflcn will have to explain again what the doctors hJvc told the 
patic:nts about [heir treatment. They may be asked the same ques(ions. It is 
important that all members of the te.am have discussed the problem so th:Jt they 
will all give substanti.ally the same answers. Patienls will often mention to the 
nursing staff, worries that they arc reluctant 10 discuss directly with 1he lnedical 
staff, but be grateful when ti-icy arc discussed. 

Relatives often v.·ill need explanations and reassurance when they see traction 
apparatus. People confined to hospital for a long time need the support and 
interest of.their visi1ors. Visiting must be made easy, bur rcstric1ed if the p::irient 
tires easily. At all times a friendly watch must be kept to prevenr children or 
playful adults jolting the patient~ swinging the traction weights or decorating 1he 
cords in such a v1ay as IO interfere with their function. 

MEDICAL CARE 

Blood loss 
Broken bones bleed. The bleeding 'Jsually is concealed within the Jimb or trunk, 
with the rcsuh that it is easy to underestimate the volume of blood which has 
been lost. 

The following table gives the minimum amounts that are likely to have been 
lose in 'average' closed fractures. It also gives the range of values for fractures of 
dirferent severity. 

Table 8.1 

Cloud rhofl fraccuru 

Tibia 
Femur - shaft 
Pd vis 
Hume NI 

Ran:t of bfocd lost 

500-1000 ml 
l 500-2500 ml 
200b-usanguina1ioo 
~00-1000 ml 

Afinimum awragt lou 

500 ml (I pint) 
!SOO ml (3 pines) 
2000 ml (4 pints) 
5~ ml (I pin1) 
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If the fracrurc is badly comminuted orcompoundJ at leasl an extra 500 n1I is 

added 10 the above amoums. These figures arc based on the work of Clarke ct al 

(1961) at the Birmingham Accidem Hospital. ' 
l_f se~ral bones are fraclured rhc separate estimated losses arc added together 

10 calculate 1he total \'ollunc of hlood to be -lrilnsfusc-d. ln severe t'.isi:s this llll)' 

C'X(Cc:J 1hc IHlflllill dr\'Uhlling tihlllll \t{lhlll1C .. 

When it is an1icip~tcd th::u :i large volume of hlooJ y,•ill be ncc<lcd a filter 
sfloulJ be usc<l to h.:sscn 1hc ri:i:k or post lr:iumotic rcspinllory insul1icicncy - or 
shock lung. It is thought that dead cells and debris from stored blood may 
contribute to congestion in the Iuncs. The condition is described wi1h funher 
references in Rock~Ood and Green (!975). 

In mosr fractures 500/o of lhe rot al blood loss occurs in the first 2 to 5 hours 
after injury (Clark cl al, 1961), but femoral fractures bleed for longer. \\'ilh all 
fractures funher transfusion may be required if h 3e1noglohin estin1ations show 
rhc late deveJopmcnl of anaemia. 

Ovcrtransfi.1sion with consequent cardiac failure can occur \1.'hc:n the ,.aJumc: of 
blood lost has been overestimated, or replacement infusions have been g·1ven too 
quickly. The: elderly an~ mosr ::it risk. 

Clttrt compficarions , 
A s~pinc or semi·rccumbent posh ion will predispose to poor vcnci!ation of the 
lungs, spucun1 rctcn1ion, lobar coll::ipsc and infection~ especially in the elderly. 

Sudden coJl;J.psc with bre;uhlessness and cyanosis n1ay be: the result of 3 

n1assive pul111on.iry e1nbolisn1 froin venous throinhosis. Sn1oiller or rc:currcrH 
cm~li may be present wi1h gradual deterior•ltion in n1cn(;,il function, fcvc:rs, 
plcuritic chesl pain and cough. Chest roidiographs, cstin1a1ion of the blood cases 
and a lung scan may supporr a clinical diagnosis. . .. · 

A fat embolism usually occurs soon afccr the oricinal injury or a maJor 
adjustment of the posj1ion of the fraciure. One of the earliest signs may be a 
change in the behaviour or mental scate: of the paticnL This presentation C3n be 
con(used easily with the effects of alcohol withdrawal in heavy drinkers,_ ihc 
latter tends lo occur :::fter the san1c time inierval. Fat embolism is somcumcs 

. accompanied by a petcchial rash over the upper trunk, but 1his may be transient 
and therefore easily missed. An estimation of the blood gases is one of the most 
useful diagnostic tests - the partial pressure of oxygen may be dramati.cally 
lowered - although this will not differentiate it frof!i a pulmonary embolism. 

Urinary tract 
Incomplete emptying of the bladd~r due 10 the unaccustomed position 
predisposes 10 urinary infection. lnco~tincncc may result in the elderly and 

prove a distressing and troublesome compJication. 
Acute renal failure an occur as a result of inadequate restoration of lhe 

. circulating blood volume. Urinary OUtpUl in the days following a major injury 
mus! be me;sured. 

Th~ recumbent position leads to urinary stasis with the result thal calculi ~an 
form in rhe kidnc:ys and bl:i1<ldt:r. Traction must be arranct:d so that 1hc pauc~l 
can easily airer his position. Beds should be ripped if possible. A good fluid 
in~akc and urinary ou1pu1 is encouraged. . 



) 10 TRllCTION AND ORTHOPAEDIC APPLIANCES 

Bowtls 
Constipation is likely due ro inacriviry, the difficulty of using bed pans and 
pcrlups 1hc effect of opiate analgesia. If allowed to persis1, ii can lead to fa<eal 
i.rTI.pacrioh and spurious diarrhoea as well as large bowel obstruction. 

Pr~·txisting (ondfrions 
Pregnancy may add an cxlra dimension to the ma"nagcmcnt or some p:uienls. 
·rrcatmcnt m<iy have to be modified. as a result. The insulin rcquiren1cnts tlf a 
ponicnt with diahch.:s mcllitus niay be ahcrcd. 

Pa1icnts with pJthologic:1l fractures du<: to n1ctabolic bone disease or llrgc 
doses of steroid may present special problems. If a patient's normal dosa&: of 
vitamin Dis continued, hyperculcaen1ia can occur. Steroids cannoc be stoppcj in 
most cases. They often however contribute to delay in bone and soft tis.sue 
healing: 

CARE OF THE INJURED LIMB 

The injured limb must be examined twice daily. Where there is pain, sorer.:ss, 
discharge or odour. b::indages, must be re1noved or a window cut in a plaster .:JSt 

to enable close ex:J.mination of the un<li:rlying limb. It is better 10 lose ::he 
posicion of the fracture thon to ignore: the possible development of a scrivus. 
compllanion. 

Patn 
l"his may resuh from pressure sores developing in the groin, ::iround the ::ir:'.dc, 
under the :nropping or over the s::icrum, or infection ofa pin track or a co1npo-.;:id 
fracture. In childr!:n, who are being managed in modified Bryant•s traction :Pr 
congenital disloca:ion of the hip, p::iin nlay result from impingen1ent of :he 
femoral heaq. on ti-. .:: superior lip of the acetabulum. 

Paraesti:.tsia or r.:..·-r.bness 
This rr:.ay result :·ram impairmen1 of normal nerve func1ion by ischJe:-:-.:J, 
pressure: or cxces~:-,.c croction on a nerve. 

Skin im'1atio11 
This comes from allergy to adhesive strapping. 

Swe./ling 
1"his nlay be caused by the dc:vc:~opn1ent of dcc:p vein thromobis, lack of e.'l:cr.::sc: 
or a bandage being applied too tigh1ly. 

Weaknas of anklt, roe, wrr"s1 or finger mow111ent 

This may result from impairment of nerve function, disuse and musc.:!:ir 
atrophy. The ulnar nerve at the elbow and tftc common pcroneal nerve at ~he 
neck orthe fibul~ arc particuJorly at risk~ -
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Reducd rarrg< of dorsiflu1on of 1h< a11klt joint 
This comc1 from conrrac1ion of1hc C'alrmusclcs ind 1hc po1terietr capsule ofahe 
;oinr, and may occur if the foor is allowed.to Uc in pl3ntarflcxion. 

Painful limitation of domflcxio11 of rht hallux . 
·r11is $Uggcs1s is(huc1ni11 ufthc llcxor hallucis longus n1us~lc:; that of the fingers, 
isch,acn1ia of the deep 0cxor OlUSCJcs of the forcarnl. Jt OlUSl be rc111embcrcd that 1 

the circulation in muscles can be impaired even ahhough the peripheral pulses 

are palpable. 

Much can be deduced about the condition of the fracture by clinical 
· · I · · f will cxanunauon. nspecuon, palpation and 1hc careful use o a tape measure 

usually show the presence of overlap, angulatiori or mal·rotation at the fract~rc 
site. Mal-rotation is detected more easily by clinical than radiological 
examination. In the lower lin1b, the anterior superior iliac spine, the 1niddlc of 
the patella and the first interdigital cleft are usually in a straight line. This can be 
checked· on the un-injured limb. If 1he limb is obviously short 1hm must. be 
overlap or angulation ar the fracture site or dislociition of a neighbouring iotnt. 

The resoludon of the haemaroma at the fracture site and its conversion into 
e1llu1 can be followed by palpation. Pain it rc•t and on movement at rhc fracture i 

site passes off within a few days. As healing progresses towards union,, the 
fracture site becomes less tender and movements decrease and ultimately 
disappear. In the early stages clinical examination is a bcncr guide to progress 
than radiographic examination. 

THE TRACTION SUSPENSION SYSTEM 

The traction·suspension-syste;,, must be checked DAILY, and af1cr each period 
of physiotherapy or radiographic examination. 

Btd and Balkan C.am 
Regulir checks arc needed ro ensure that the Balkan beam is firmly ftXed ro t~c 
bed and that all·clamps and brackets arc secure. If a spanner is required for thtS, 
it must always be hanging on the bed. 

If sliding traction is used 1he bed must be elevated at one end or side 50 that ihe 
pull ofrhe traction weights is opposed by gravity acting on the patient's weight. 
If elevation is not provided, the patient will be dragged in the direction of the 
traction weights, causing discomfort and skin friction. For skull traction the head 
of the bed is elevated. For most other forms of oliding traciion, 1hc foat of th< be~ 
is elevated. If the bed cannot be tipped, bed blocks or some other form 0 

.elevating frame must be provided. 

Sp/in11 
The position of the ring of a Thomas's or similar splint must be checked as it can 
slip down the thigh. If.the splint is continually slipping down the thigh, the 
suspension cords musr be adjusted to give an increased pull directed towards ihc 
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head of the bed. The skin under the ring of a splint must Ix examined as it, or 
injudiciously placed cords, may rub in the groin. The r~ of a splint often 
becomes loose when the swelling associated with the fracture settles. lf1he ring is 
no.t. "!~i~.~,a~lc, the splint may have to be changed to one with a smaller ring. 
Only the ring of• Thomas's splint should rest on the bed. , 

The limb must be kept away from the :iidc bars or the splint - a common 
peroneal nerve palsy can easily occur. Any clamps on the splint musl be tight 
and hinges must move freely. 

Sli11gs a11J paJdi11g 
Even the most skillfully placed slings and padding become wrinkled and 
displaced after a few days. It may be necessary to remove the bandages 
supporting the limb on the splint 10 allow the underlying limb to be examined. 
After th~ first few days, llttle discomfort will be C3'Jscd to 1be patient by minor 
movements at the fracture site, so 1hat it is easy to reposition padding. Slings can 
be tightened or loosened readily as long as the plan of 3Uachment detailed on 
page 14 has been followed. The safeiy pins or IOGthed clips arc removed and the 
cloth slings tightened or loosened until the position of the fracture and limb 
looks and feels correct; the pins or clips are Lhen replaced. Any padding \\'hich 
hos become wet, soiled or lumpy is chan.ged. The back of the bee! and the tendo 
calcancus arc inspected for evidence of pressure sores. The most distal sling 
under 1he leg, must lie al leOSI 2j inches (6.0 cm) above 1he inscr1ion of the tendo 
calcaneus. 

Skin 1roc1ion 
If adhesive skin traccion is being used, it musr not be wrir:.kled, cause an allergic 
skin reaction or slide down the limb as a result of excessive trac.3on being :ipplied 
lO it. 

lfnon·adhesive skin traction is used, it mo.y need to be re-api::lj~d frequently, ::is 
it may slip down the limb. 

The encircling b:indage must be firmly applied, bur n:ust :-.~t e1nborrJSS the 
circu!a1ior.i. The n1;illcoli niust be checked for pressure or e·.-;::::~nce of friction 
from the skin traction. The spreader bar to which the trac:.ion =;:-rds are atc::iched 
should lie 4-6 inches (I 0-15 cm) beyond the ankle or wrist to anow freedom of 
movement of the foot or hand. 

If the skin becomes sore, skin traction must be discontinued... 

Sktl1tol 1ract;o,, 
Skeletal traction should not be painful. The pins or wire used r~:r the ::ipplica1ion 
of skeletal fraction must be immobile in the bone. The skin WO".Jnds n1ust be dry 
and not inOouncd. Irrhe skin vrounds are n1oist or infl::imed1 or the pin is loose in 

the boneJ infection of the pin craCk may be present or immir:-cnt. \'(.'hen a pin 
track is infected, percussion over chc bone chrough which the pin or wire passes1 
is painful. 

When infection of the pin track is prcscntJ the pin must be rcs::c:ovcd as soon as 
possible. A decision musi then be' taken either 10 replace the pin ,.,;th ano1her at a 
different site, to substi~utc skin traction, or to di.3continuc traaion completely. 
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Generally ir is not advisable to try io persevere whh skeletal uac1ion in the 
pr.cscnce of infection even with antibiotic cover: , 

The type of pin in use must be recorded so that ihe correcl technique can be 
used in ics removal. A Steinn1ann pin can be pulled oul e<1sily and painlessly 
without on;1lgcsig using 0 churk hunlllc 10 grip lhc blunt cnJ~ Qf\cr die 1hoir~ end 
h.-i hc(U 1.:lc.i11cJ tlaauu~hly. 1\ l>cnluuu piii luis 1,, ti~ llll)l.'.rcwCll t.u•1~l 1hc 
1hrcadcd ponion is clco:ir of lhc: bone <ind skin. ·rhis coin he painful if suuab1c 
analgesia is not given. 

Stirrups 
The Bohler s1irrup used to attach a traction.cord 10 a Stcinrnann or Denham pin 
must be cJamp~d securely co the pin 50 that it does not slip sideways and press on 
the skin, causing skin necrosis and infection. l"his is n1ore likdy to occur if the 
pin has been irisencd obliquely lo the long axis of ihe Jin1U. 'l'he stirrup n1us1, 

rotale freely on its swivels. These often require lubricatioo. Because of tht! 
proximity of the skin wounds, ;1 is best 10 use either stcrili:tcd.pctrolcun1 jelly or 
liquid paraffin. The pin n1ust not rotate ~·ith lhe sUrrup, otherwise: the pin will. 
become loose and infection of the pin 1rack occur. 

The Kirschner wire strainer clanips firmly to ihe Kirschner wire, and 
therefore movernent of the strainer is imparted ro the wire. To ensure that lhe 
strainer docs not become detached from lhe wire, strapping can be applied 
around the locking lugs. 

The arch of the stirrup must not be allowed 10 rest on the limb otherwise 
pres~urc necrosis of the underlying skin will occur. The shin is the ~itc n1os1 at 
risk. 

Cords 

The colour coding of cords performing diffcrcnl functions has been suggested 
(see p. 57) - red or green for rraction cords and white for suspension cords. 
1'hc cords must be attached firn11y by standard khots which can be seen easily. 
l'hc point of auachmcnt of1hc cords ntun nOt have inovcd and ;ill knots must be 
secure. Knots should be avoided in che lengih of any cord, to prevent il jan1n1ing 
in 1 pulley. If a. cord is too short, jr is bctccr 10 replace it co1nplctcly. If it is too 
long it can be shortened at thC wcighr end. All cords, iraction and suspension, 
mu5C be of adequarc length ro •IJow lhc patient freedom of moven1ent. To 
prevent fraying, the ends of 1hc cords can be bound with adhesive tape or heat 
scaled if they arc of nylon. Cords can also fray where thty move over pulleys or if 
they arc allowed to rub against each other. This is more likely with vigorous 
physio1herapy. The line of pull of ihe cords must be checked 10 ensure tha1 the 
corrccl pul! _is being applied to ihc fraciure, and ihat any splint is kept in its 
correct position. 

Pu/lqs 

Pull~ys must be of as large a diameter as possible to reduce friction and be free 
running. Some may require occasional lubrication. They must be attached firmly 
to 1he Balkan beam. The cords must rest comfortably in the pulleys to minimise 
friction and fraying. _ · 
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If a muhiplc pulley system is used, lhc mechanical advantage of 1hc system 
must be kno'>'•n, so lhal the correcl weighl is applied. In the example shown in 
Figure 4.3, a weight of 5 lb (2.3 kg) exerts a pull of IO lb (4.6 kg) at C. 

.· ._ .. , .·.t:t~ 

ll"•igh11 
These come in m3ny forms from cloth bags filled with sand, to metal weights 
and hangers. The weight used must be known and must include the weight of 
any hanger. They n1ust hang free and not rest 011 the Ooor or catch on the bed 
\•,:h~n the raticn1 1no\•cs. It is son1ctin1cs necessary to hang \Vcights over 1hi: 

\\a\i~n\. ~rh~~~ \\Hhl 1tl\\';.1)'!i hol\'I! an t\ll<\ ~;1f~ty \.·,nJ1 ~~P'"'''~ li\ln1 thc lloh.:ti\H\• 

suspension sys1cn1, so th:it the weight c:innot faJI onto 1hc patient. \Vciglus 
which have to be removed to facili1ate physiotherapy should be held by clips so 
that they arc easily removable. 

RADIOGRAPHIC EXAMINATION 

\'Vhcn a fracture is n1anagcd in either fixed or sliding tr:iction, reguJar 
radiographic examination \\·ith two exposures taken-at right angles to each other 
is essenrial throughout the period of in1mobilis;:aion, to ensure that reduction of 
1he fracture is achieved and nlainraincd until union occurs. It is imponant th:it 
r'he traction-suspension system is ::irrangcd in such :i way that the radiogr::ipher is 
able to position her m::ichine close enough to the patient to t;ike thC vic\vS 

requested. She must be rold which parts of the system can be inovcd and which 
p:irts must be left undisturbed. lf 1he pJtit=nt is to go to the r.idiology 

- department, instruc1ions 1nust be givt..'n as to whether the tras:tion is to be left in 
"place or removed during transit and radiography. A rough guide to the frequency 
of radiographii: examination is; 

Two or three tin1es in the fir::;c week \vhiJe adjustments arc 
beir.g made to the traction, then 

\Veekly for the nex1 three weeks, •hen 
.\ionchly un1il union occurs 
Afrer each manipulation o~ !he fracture 
After eJ.ch change in the 1raction v.·eight. 

PHYSIOTHERAPY 

J(u!lh Owen Thomas (1876) emphasised the 'combinu.tion of enforced, 
uninterrupted and prolonged rest; the firsr gives relief from pain, the second, 
added 10 the firs1, enables the case steadily to progress to a cure, and the third 
secures that which has been gained' whereas Lucas-ChampionniC:rc ( i 895) 
believed tha1 the full function of a limb returned earlier if muscle and joini 
contracturcs were preven1cd~ This laucr view is fully supported by Perkins 
(1970). The correct ma11agcment ofa fracture depends upon obtairling a balance 
bc1wcen these two concepts so that the fr:icturc unites in the be$t lunctiOn:.I 
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position as rapidly as possible, the development of joim stiffness is prc¥Cntcd or 
minimised, as much muscle power as possible is rctaine,d, deminualisation of the 
skeleton is minimal, and the risk of pneumonia, venous thrombosis and ccna~ 
calculi is decreased (British Orthopaedic Association, 1955). 

The mental and physical condition of the whole pa<i<n< as well as 1he 
ronJition of the injured li1111J is vc:ry i1npOrhUH. }lc;ht1b.1litation is begun 

1 

i1nmcdiatcly, irs intensity increasing as union of the fr:i1c1urc progresses, 
becoming maximal when union has occurred. 

The traction·suspcnsion sys1em c~ploycd in the management of a fracture 
should allow as much activity of the patient as possible, consistent with the 
requirements of the fracture itself. Every patient must be encouraged repeatedly 
to be as active as possible, Many patients being treated in lraction·suspension 
systems are afraid that they will upset the system or the reduction of the fracture 
if they move. It must be emphasised that this will not occur. lfit doesi the fault is 
thar of the doctor who set up the system, and not that of the paticn1. 

The physiotherapist is an important men1ber of the tean1, and n1ust have full 
information about the patienr. This information is obtained from the patient's 
notes and X·rays1 the ward sister _and her nursing rec:ords, :;ind personal contact 
with the doctors in charge of the patient. It is not sufficient 10 rely upon \1,,rri1tcn 
request forms. Having been told the diagnosis, the aims of treatment and 
whether the tracdon weights can be reduced or removed temporarily, the 
physiotherapist will devise the best programme of treatment for the patient in 
consultation with her senior colleagues and the other meznbcrs of the team. In 
addi<ion because of her close daily contact with the patient she is well placed to 
observe and report upon the early development of any complications which may 
need medical treaimentJ such as chcsr·1nfeclion, deep~ ~cin thrombosis or lhosC 
affecting the fracture. 

Emphasis is placed upon couehina- and breathing exercises to keep the lunes 
clear and to encourage venous return from the limbs. Ankle and leg exercises will 
help to prevent deep vein thrombosis. Bad posture in bed, which could lead to 
backache, must be avoided. Part of each day should be spen1 lying flal to avoid 
the development of hip contractures. Joint stiffncs..s and progressive weakening 
from disuse must be prevented .by a programme of exercises. Once taught these 
can be done by the patient without supervision. If sufficient patients with similar 
problems can be grouped together in the ward, an clement of competition can be 
in1roduced as an incentive. Any apparatus

1 
such as weights and springs, which 

·may be needed must be available for use at all times. 
Initially trea<ment of the injured limb is directed to the reductior. of swelling 

in preparation for subsequent movement. As soon as possible the patient must be 
encouraged to contract the mus~lcs affected by the fracture or iaint injury. 
Isoinetric contraction can be used if movement causes pain. Quadriceps exercises 
arc important for injuries around the knee. They must be felt to contract. 
Excrcisa for the hamstrin~ muscles must be carried out also. 

After removal or the traction, all patients should have a period of time ffce in 
bcdi during which they can develop confidence in their injured limb. The 
method of ambulation to be employed must be explained to them, and they must 
be warned that initially they could tire easily. 
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Patients oflen compJain of pain in their feec when they first walk after a long 
period of time in bed. A board in the bed against which they can press 1heir feet 
may help 10 prevent ibis. 

It must be possible 10 rransport easily to the ward, all the cquipmcn1 to be used 
by the physiotherapist. Sandbags which may be used to steady the limb in <he 
early stages when parts of the traction :ire removed, can also be used along with 
weight bools and springs, by the patient to do his own exercises. 

Slippery boards arc a great help in knee flexion exercises, when a splil bed 
frame is not·in use, as the heel of the-injured leg slides more easily on 1he bo:Jrd 
1hon on the bed clothes. 

lee should :ilways be readily avaibble, as it is very helpful in relieving pain and 
reducing swellings and effusions. It should be us.!'d for short periods and 1he skin 
prolcclcd with medical paraffin oiL The ice must always be wet and wrapped in a 
wet IO\'tel. This aids heat exchange and prevents rhe temperature dropping 
below freezing, with the anendanc risk of ice burns. Ice muse not be used if skin 
sensation is abnormal. 

Ultrasound wiJI help haemaco1n2Ia, which are not at the fracture sile, to 

disperse. 

REMOVAL OF TRACTION 

The decision when -to remove cracjon, is a compromise between the earliest 
possible ambulation and the avoidance of complications at the fracture si1e such 
as angulation, shortening and refr:k.-rure. 

It is now con1mon practice 10 continue traction until the fracture is stable, and 
then to change to another method of supporting the fracture until union has 
occurred. A fracture is stable wh.:.n any dtformity whjch is produced ac the 
fracture site by a deforming force, te.:ldS to disappear when thar force is n:1novcd: 
Thus in many stable fractures, ::Jovemcnt at the fracture si1e, including 
telescoping on axial compression, C4-:J be prescnr. If movernent causes pain or !he 
deformity does not disappear on r::.:::::oval oi lhe deforming force, the fracture is 
not slable, and permanent deforn1it.:·- may result if traction is disconrinueJ ac 1his 
stage. 

If it is not proposed to substitur~ ano1her method of supponing 1he frac1ure 
when traction is removed, then tracjon \Viii have to be continued for a longer 
period of time. Shortening, angularSun and refrac1ure are likely to occur ifrhere 
is definite tenderness of1he callus~ movement at 1hc fracture: sire; radiographs 
show that only a sn1all amount of ollus is prcsenl, or is loc;ued n1ainly on one 
side of the fracture, or fine crac.ks :In! present in the cortex of one or other of the 
major fragments (Selmon, 1964). Olarnley (1970) states that the occurrence of 
late anguJation or sponcaneous refraourc of the tCmur is preceded by a decrea~e 
in the range of knee flexion. He suggests that there should be an initial period 
when the range of knee Jlexion is ~sured daily. 

The following arc examples' of the llcngth of lime which adults might require to 
spend in tracdon for different frae11DcS:: ~ 
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Elbow fracture with olccranon pin 
Tibial fracture with calcancal pin 

{if rracrion is removed at 3 weeks it .m11y be· 
advisable to incorporate the pin in a long 
leg plaster ces1 1 and lhcn renlO\'C h at 6 
wi:clo.s when • new cast is •pplicJ) 

Trochantcric fraclurc of the femur, allowing 
partial weight-bearing 

Femoral shafl fracture 
with application of cast brace and partial 
weight-bearing 
without external support and partial 
weight-bearing 
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''· 9. 
Prescription of orthoses 

The term orthotics encompasses the provision of splints and appliances which 
improve the function and appearance of a p;,itic:nr. An orthosis is an appliance 
which is added 10 the patient, to enable bcner use to be made of rhat part of the 
body to which it is fi1ted 1 whereas a prosthesis replaces a n1issing pan of the 
body. 

An orthosis is prescribed by a doctor with :a specific aim in mind. \Vith regard 
to the lower limbs, the main functions of which are 10 support the trunk and 
propulsion, the aim of prescribing an orthosis is u) improve these funcrions by 
providing _sr;ibility, overcoming weakness, relieving pain and cortrolling 
deformitiCs. To achieve this an orthosis must be as strong, light, simple and easy 
ro apply and man:pul:.Hc as possible. In addition it should be cosmclically 

··acceptable to the patient. Occasionally operations are necessary to correct 

deformities, in order to simplify the manuf:Jcrure and fitting of an onhosis. 1·he 
prescription rherefore must state clearly the disabiliry for which the onhosis is to 
compensate, or the deformicy which iris to corrc:cr; the :inaromical lirnits of the 

onhosis; and the direction and type of forces v1hich the orthosis is to exert. 
The ortho1ist receives 1he prescription, measures the: patient, designs 1he most 

suitable. form of the prescribed or1hosis and 1hen makes out a detailed order 
specifying 1he m:llcrials, exact measurements and derails of titting. He m:ly take a 
pl:ister cast of the p3tie:nr's lin1b or trunk to enable an cxacr 1nod..:l 10 be 111:.idc, 
upon which the orthosis c;in be construcred. 

1"he dc:1ailed order forn1 from the orthOtist is senl to a workshop \vherc the: 

manufacturer's technician has to rely con1p!etely upon the information supplied 
by the onhotist, as he: m:iy never see the patient and may be in another pan of the 
country altogether. This ::irrangement can cause difficuhies, delays and 
frustrations. The ideal solution is when the onhotist discusses the problem wirh 
the doctor, sc:c:s the patient, takes his own measurements and constructs and fits 
the appliance liimself. 

When the orthosis is completed and finally fined, the prescribing doctor must 
check that lhe onhosis complies with his original wishes, and docs in f;ict help 
the patient. Only then is payment to the manufacturer authorised by the doctor's 
signature. • 
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The doctor and 1he orthotist n1usc work closely [Ogether. Frequent discussi~ns 
arc needed 10 clarify all but the most nteticulous prescription if1he patient is to 
receive most benefit, and unnecessary cosr is to be av~idcd. Personal contact is 
always beuer 1han complic:itcd for1nsJ as a ntcans of co1n111unicati~n. 

DEVELOPMENT OF ORTHOTIC 
TERMINOLOGY 

There his been a recent revolution in the :;ipproved terminology for orrhoscs. 
This has been acceptc<l in so1nc arcn£ and has 1nct \Vilh finn n.:~ii.tancc in lJthcrs. 

There have alv.·Jys been 1nany difTcrcut 1ypcs of splints anJ Jppliaru:cs 'vith 
even more 1nodifications, bcc:.itisc of pJ1icnts' varying size, share and dislhili1y. 
l"o avoid lengthy dcscrip1ions of :ippliances, the 11a1nc of the in\'c111ur or his 
institution w;is often used for brcvily. The na1ne did noc ncccssa;ily di.:s.:-ribc the 
function of the splitll or even i1s site on the body. Over the ycJrs, 1he oan1cJ · 
appliances frequently were n1odilicd until it became i1npossihle 10 be cen<lin in 
Which forn1 1he appli:ince would be supplied when ordcrcd by n:in1e. Somctirucs 
this resulted in uns~tisfactory orthoscs being supplied. In addidon it was n~)t 

possible ro work out a standard schedule of fees for use in Nonh America. 
Committees, from interested bodies in the United State~ of America, \~·ere 

cs1ablished to try to introduce a n1ore logical method of prescribing onhoses. 
Ahhou&!":. knowledge and unders101nding of the undl!rlying pathological process 
aITectin·g the musculo·skcletal system is imponant in the pri>gnosis and o\·cl"Jll 
care of the patient, differing pathological processes can result in lhe sa1nc 
biomechanical defects. Technical analysis forms were d1.:vclo11cd. On these forins 
the patienc's sensory, motor and skt:letal defects arc: detailed grJ.phic-.aUy. 1·11is 
cn:Jbles an orthosis to be prescribed on the basis of the p:nicnr's functionJI 
disability and the objectives of the treo:itmcnt. 

TECHNICAL ANALYSIS FORMS 

There arc four different lechnk;:il analysis forms, one for 1hc lower limbs (Fig. 
9.1), one for the spine and one each for the left and right upper limb (soc 
Appendix 2), all of a size which can be- accommodated easily in a paticn1's norcs. 

Each form consists of four pages. On the first page, det:iils of the palic:nt arc 
entered. These include his name, age and unit nun1ber as \veil as his ambulatory 
statui and any major skeletal, sensory, motor or vascular impairment •. At the 
botcom of the first page there is a legend of syn1bols which arc used when 
completing the second and third pages of the form. 

On the second and lhird pages, 1hcre arC skclc1al outlines of the spine, lower 
limbs and upper limb depending upon the form. Circles, divided into 30 degree 
segments, are drawn over the major joints in the upper and lower limbs. Shaded 
arcu represent 1he normal ranges of movement prescnl ut these joints. In the 

, lower limb form (Fig. 9. l). further circles are drawn over the middle of 1hc femur 
and tibilil lo th ::at angular, rota1ional and translational dcfonnilics can be recorded 
diagrammatically. The boxes labelled V and H are used to record r~pcctivcly 
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TECHNICAL ANAL VSIS FORM LOWER LIMB 

~-----------------
No. ____ Age ____ _ Sex-

O.t• of or.;t~---------- Cau•--------------------

Occupation __________ _ Present Lowtr·Limb Equipment------------

o;..gno.J•--------------------------~-~ 

Ambulatory 0 Non-AmbulaloryO 

MAJOR IMPAIRMENTS: 
A.. Shletal 

I. Bone and Joints: 
2. ~igamtnts: 

Normal 0 
N0tm11D 

Abnormal----------------:::-
Abnorm1l 0 Knee: AC 0 PC 0 MC 0 LC 0 

Ankle: MC 0 . LC 0 

3. Extnmily Shot1tni1>9: None O LehD Ri9ht 0 
Amount of Discrepancy : A.S.S.-Heel ___ _ A.S.S.-MTP ___ _ MTP·HUl----

a. Stnwtlon: Normal 0 Abnormal 0 
I. AnHsthe:si• 0 Hyp1tsthesi1 0 

Lou1ion: ______________ _ 

Protective Scnw1ion: Reuined 0 Lo11 0 
2. P1in 0 Loc11lon: _________________________ _ 

c. Skin: Norma10 Abnormal: 

D. V1sculw: Norm1IO Abnorm•I 0 Righi 0 Leh 0 

E.. 81lance: Normill 0 lmp1ire<10 Support : 

F. Gait O~i1tions: 

G.. Other lmp1irmenu: 

LEGEND 

$ t • Oire<:1 ion o l Tr1n.l1tory Volition1l Force (V) Propr ioception (P) 
Motion N • Norm•I N • Norm•I 

G • Gooo I • lmp1irtd 

~. 
F • Fair ,\ •At.sent 

• Abl>o<m1l O«yet of p • Poor 
Rot••y Mel ion T • Trace 0 • Local Distension or 

z • Zero Enlargement 

~o· • Fix rd Posilion 
Hypertonic Muscle IHI u 

t CM! 
N • Norm•I n • Pswd•rthrosis 

M • Mild 

/VV • ftKlurt 
Mo• Modttut )( s • Severe 

• Absence of St9'11tnt 
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SAGITTAL CORONAL 
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ummary of function.II Dlabllhy ________________________ _ 

·rutment Ot.jectives: 

LOWER LIMB 

Hl<AO Hip 

KAO Thigh 

~EMARKS: 

Pt event/Correct Dtlormity 0 
Reduce Axlol Loid 0 
Protect Joint 0 

lmptovt Ambuluion 0 
F11ctu11 Trutmcnl 0 
0th''------ --- ---------

ORTHOTIC RECOMMENDATION 

EXT 
ROTATION AX IAL 

1-..__,,.:..:.:::...:..:;.:-;.;'~--1 LO.:.D Inc. t- xt. ABO FL EX AO D. 

S1gnuure 0111 

( EY: Ua 1hc folk>wi1>9 symbols 10 indicote desired co nttol ol designated !unction: 

F • FREE - Frtt motion. ·. 
A • ASSIST - Ap pllatlon of 1n txte7n.rl force for tht purs- of lncreuing the range, wloc!ty, or 

force of 1 motion. 
A • RESIST - Application of 1n t a l.,nol force for the purpose of decrusinv the nlocity o< lotu 

of 1 motion. 
S • STOP - Inclusion of • slllic unit to deter an undcsind motion in one direction. 
v • V1ri1ble 
H •HOLD 
L • LOCK 

Fig. t.1 

- A unit that can bt adjusted without maltlnt a cuvcturat ch•nv• . 
- Elimlnatlon of all motion in prescribed pt- (verify po5ition). 
- Device includes an optiONI lock. 
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1he voluntary power and degree of hypenonici1y of each muscle group. The box 
labelled P is for recording proprioception. 

The founh page has space~ for recording a summary of the funciional 
disability_1 and lreatment objectives. Also on this page is the orthotic 
recommcnda1ion along with a key for irs use. 

Detailed instructions for the use of the technical analysis forms and illustrated 
cases for practice in using them arc to be found in the Atla.s of Or1ho1ics (1975). 

TERMINOLOGY FOR ORTHOSES 

As well as designing technical analysis forms, it was also necessary to develop a 
logical fCrminology for orthoscs with which a physician could communicate to an 
orthotist or prosthetist the function desired from a device (Harris1 1973). It was 
decided to consider that [he body consisted of three major analomical regions, 
upper limbs, lower limbs and the spine; that all proper names would be 
eliminated from the tern1inology; and lhat orthoses would be described ~y the 
joints which they encompassed. 

The three major on a comical regions of the body arc divided as follows: 

T•hlc t.J 

UpfKr limb 

S Shoulder 
(Humcrw) 

E Elbow 
{Fore.arm) 

W Wrisa 
H Hu1d 

Fingcn MP 
2-5 PIP 

DIP 
Thumb Ch\ 

MP 
IP 

~limb SpiN 

fl Hip c Cervical 
ifh;gh) T Thoracic 

K Knee L Lumbar 
(L<g) (lumbo-,acn1I) 

A Ankle SJ Sacroiliac 
F Foot Subtalar 

Midtarsal 
h1c1.·phal. 

Th~ terminology accepts the joint complexes of the hand, wrist and foot as 
individual descriptive units. Sometimes, for certain prescriptions, it may be 
necessary to subdivide these unils into their component joints. 

The areas listed in brackets arc not parr of the basic system, but arc a 
modification which permits 1he system ta be used in frJcturc bracing and other 
situJtions, where an orthosis does not cross a joint. As che use of the full names is 
unwicldly1 the ini1ial letters are used. A long-leg caliper supporting the knee, 
ankle and foo( therefore becomes a KAFO or knee-ankle-foot orthosis. 

After indicating the site of the orthosis in terms of the joints which ar-c 
encompassed by the or1hosi!s, it is necessary to specify wha1 action the or,hosis 
should have on !hesc joints. the movements which may occur ar normal and 
pathological joints arc flcxion, extension, abduction, adduction and rotation. In 
addition joints and Jong bones may be subjected to axial loading. Other terms arc 
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used when 1hcsc arc more familiar in rcl:uion lO certain rcgionsJ for c>.:ample 
pronation and supin3tion instead of rotation of tht forcarn1; lateral flcxion of the 
spine to the left and right instead of abduclion; invcniOn and cvcrsion instead or 
rotation of the foot; and opposilion or the thumb. 

Hy urran~i11~ 1ht: ioin1s \'l•r1ic11lly anll 1hc possihlt" n1nvc1111:n1s at these joints 
horizontally, onlio[ic rcconunc11d;.1tio11 charts for the three 1uJjur regions ofthi: 
body can ~ con1piled. On these chans, move1nc.nts at joints \\'hich can occur 
only \\'ith pathological conditions, arc blocked out. 

Each olthe n1oven1c:nts possible al a joint can ~ controlkd in five w:iys (sec 
below). Some controls rnJy be vciriablc or be capable of bi:ing locked in position. 
1'he ro.ni;i: of pc:~miucd 1novcn1cnt is &pccificd in Jcgrecs, o.n.d the pcrn1i11l·d 

oixlal loading as a percentage: of norn1al load. ·rhe controls arc as follo\l.'S: 

F Free 
A Assisc 

R Rcsisc 

S Slop 

H Hold 

\
1 Variable 

L Lock 

Free n1ovcmcn1 
Application of ::in external force to increase the range, 
velocity or force of a movement 
Application of :in external force to decrease the velocity 
or force of a n1ovemcnt 
The inclusion of a static unic to prevent undesiri:d 
n1ovcn1ent in a specified direction. \X1hcn used aloni:J S 
means the restraint of gross movement in 1he neu1raJ 
position of the joint 
Elimination of :iH rnovement in a specified plane. The 
j9int is held in a specified position 
The control can be adjusted by the patient or the 
orthotist, without making any struc1ural change co the 
orthosis. It is seldom used except \\•ith ·s1·or• 
1'he onhosis can be Jocked in position 

The terminology thus covers the site and extent of lhc orlhosis, lhc dirc~cLion in 

which movements at joints are per1niued or prevented, and the way in \\:hich 
these movemcncs arc controlled. 

This system should enable rhc doctor co idenrify clearly the biomcchanicat 
defects and to ~cscribe his intentions, and also should lc;1vc the orthotist free to 
make the best interpretation of these intentions wilh regard 10 the type of splint, 
fiuings and materials most suited to the patient's needs. 

Although the new terminology enables a clear anatomica1 and mechanic:il 
description to be given of the aims of the orthosisJI it -cannot itself describe the: 
particular pattern of the appliance which the doctor may know from his 
experience to be best suited to rhc patient's needs. It is long-windei:f in its 
description of commonly used and fan1iliar applianccsJ in that a drop fool splinl 
becomes an AFO-dorsi A-plantar R (::inkle:·root orthosis - dorsiflcxion assist -
plantar Ouion resist); a n1allet finger splint becomes HO:DIP-H r:xtension 

1 

(hand onhosis - distal intcrphalangeal joint - hold in cx1cnsion)j and a 
lv\ilw1ukcc bract: becomC's a C'fLSO (cervical·thoracic-lun1bar-sacroiliac 
or1hosis) with 28 control sy111bols (lh.rris, 1973). TI1c sys1cnl is suitcJ lo tht! 
si1u:11ion where th~r-c is not a comn1only used onhosis which will fulfill the 
patient's ntcds and where the onhotist is comprehensively trained and 
(:xneriC'n~. 
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There is still a great deal to be said in favour of a prescription written in 
general terms and backed up by personal contact with the orthotist. 

A sample prescription in general terms is given below for a child whq, 
contracted poliomyelitis which affected one: of his lower limbs, leaving we:tkness 
particularly of cxlension of1hc knee and dorsiflexion of1he ankle. Con1rac1urcs 
of the joints have not developed. 

Name 
Age 

Diagnosis 

John Smith 

13 years 

Poliomyelilis right lower limb with weakness of the 
quadriceps and dorsincxors of the ankle. 

Rx 

Orthosis required 10 stoibilisc the knee and con~pcns:lle 
for weakness of dorsiflexion of the ankle 

Right long leg orthosis with cuIT top, adjustable side 
bars, double autom::nic ring lock knee joinls, round spur 
pieces and heel sockets with posterior heel srops, anterior 
lhigh pad, calf band and ankle srrap 

CHECKING AN ORTHOSIS 

After the patient has received his orthosis, it.must be checked 
by the prescribing doctor. In th~ case of an orthosis for the ' 
lower limb, the following must be checked. 

General 

- Does the orthosis correspond to the prescription 7 
- Is the orthosis of adequate strength and rigidity? 
- Is the orthosis free ol:sharp edges and rough areas?,_,;, 
- Does the patient find the orthosis comfortable;· functional and · 

satisfactory in appearance? ·1:c_'.;·... ; .:•"-' 

-Does it operate quietly? :;n;·,·. 
- Can the patient sit comlorably when wearing it?-'· I·· ". · 

- When the orthosis is removed, is the skin free of any sign of 
irritation? . ~ .;.:,-~,.~~;.:· .. :,_ ..;: .. -;,: .· ~ ,< ;: ~''··.f.:"~f~'~· 

Footwear .:.~;··::: ,;:;~~ . . :~ . ~ .. ·;·,_:~~~;J0~~~',_"~:.;~·.;J;' _ ·'./ ·~ · . .1:.:·.i.,',;~-,· .• ~.~:·:~ .. 
- Does the shoe or boot fit satisfactorilv'when the sole and=·'.·r;·._ . 

heel are flat on the ground? ·, ;;.•').'• <- '· ,,.•: ; .'. •. •. • ;: ·-.·.,,' 

- Is any insert comfortable, and is it held .in'-place' firinly7/c";:;. · 
-Are any adaptations to the shoe or bocit'those that were":'/.:>';<·· 

ordered?_ · .. -. ''.~~f.:»?. ·~. ~·.-.:- ._".-. ~ .· .. : ... !r _i~~r-.~: 
·..:...is a T-stiap, if fined; attached to the ·sho& or boot correctly)'·~--: 

Is it comfortable an<l does it give adequate support? ... ~-•· 
- Do the heel stops, if fined, make contact simultaneously with 

tho side-bars? 
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Sideibars ~.": · _; ·. : · · • :, I . ;~:·'·.-·.,""' . ·-: -· .. 
.::._ Are the· slde-1,ars lying in the ·mid-lateral line of the limb, and 

are they contoured to the shape of the limb. with adequate 
clearance of bony prominences such as "the hoad of the 
flbule? , . 

. - If :the -~rthosis is· for a child, are the side-bars adjustable for 
.· length? 

;,:: > · 1slthere cleaiance between the top of the inner- side:baf and 
,:.'.~:\• ttle perliieUm? · 
·' '1.. I 

" .. I 
- lsithe top of the outer side-bar just below the tip of the 

· · ·greeter trochanter. end et least 1 inch (2.5 cm) above the top 
;• ;. of the inner side-bar. · 

'./~'.Ale ihe Joints aligned with the anato;,,ical joints, and ~o they 
, : ,I • ~ . I • • • . . ' 
.•. •·. pr:ov1de the desired range of movement? . · 
; ,;::r. f . - I 
_ ~ A~e the locks secure and easy to operate? : · 

. -• t . 
.. -'-.Are the thigh and calf bands of the pro"per width, contoured 
, . . to· the shape of the limb and correctly sited? 

t '. • 

- If Jhe orthosis is designed to decrease axial loading, is the 
.. : ,:_ refluction adequate at the heol? · · :; .. 
TRAINING IN THE USE OF AN ORTl!OSIS 

When a parient receives an orthosis, it is essential th.a he understands 1~e 
function of the orthosis, how lO put it Oll and talu: it off, and ho\V 10 Jool·. afler ll. 
In addilion he may require I raining in· the use ~f the orthosisJ to enable him to 
acquire-the maxinl.unt benefit front ils use. 

The trai~ing which a p:nicnt requires and receives is dctcrn1incd by his gen~ral 
,. I d" . d . . d d n- d I m«li<•I mc1..a1ca con tllon, an 1s Curuc out by train..: sta un er c osc 

supervision. Before walking in an orthosis, the patient 1nust be able 10 balance, 
injtj31Jy_ on both feet 3nd then on each foot scpar::nc1y. Exercises to strcngthc.n 
cenain groups of n1usclcs n1ay be required before the patient C\'Cn v.·cars his 
orthosis. Walking aids or even parallel bars may be necessar}' initial1y. \X'he~ 
walking is started, i1 is imponant that strides of equal length arc taken c\·.:n if 
these arc very small initially. As confidcoce and strength improve, the strides can 
be lengthened. 

Once the patient can wa1k \vith confidence, he n1u:it be taught 10 walk up and 
down inclinc:s. and to climb up nnd dowo steps. It is import::1nt also 1hal t~e 
patient can sit do\vn in and rise up fro111 different types and height of chair, 
including a wheelchair if appropriate) as well as the toilet ·and car. \'('hene\•er 
possible patients shou1d be taught how to pick objects up from the floor, and 
how to kneel, sil and lie on 1he noor and how 10 get up again. 
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10. 
Spinal orthoses 

Over the years many sp(n;:i] orthoscs h<lve been dc-~igncd and ):lier modified. l"his 

development h:is occurred L:irgely in 1he :1bsencc of t.ict:..iilcd kno,,•JeJgi:: of 1ht: 
bionicchanics of the spine, ,-,.·ith the n:sult that the valu~, in nlechanical tc.:rn1s, of 
1nany orthoses is doubtful. /\l\.uch \~·ork is being done on the bion1cch::inics ufth..: 

normal spine, but as yet Hnle on the effect of spinal onhoses on function in 
either the normal or diseased spine. This work must be incrc:1.$cd so 1hat onhoscs 
which limit rhe different moven1cnts occurring in the diO\:rcot regions of the 
spine can be designed, manufactured and prescribed \Vith precision. BeCorc 
spin:il orthoscs can be prescribed, knowledge of rhe fttrl.Clionat anato1ny of th~ 
spine~s essential. T1 must be rc1ncmbcredJ hO\\.'C\'CrJ ch~t the "n1ovements \vhich 
occur in a panicular region of the norn1al spine may differ from those·which n1;:iy 

be possible in the presence of dise:isc. 

FUNCTIONAL ANATOMY OF·THE SPINE 
MOVEMENTS OCCURRING IN THE DIFFERENT REGIONS OF 
THE SPINE 

The spinal coluffin is basically 3 seg1nentcd cylindrical structure which subservcs 
three main functions: protection of the spinal cord, support of the trunkJ and 
transmission of the weight of the J1c:idJ upper limbs and trunk to che pelvis and 
lower limbs. The segmental n:Hurc of 1he vertebral column confers considerable 
n1obility upon the spine by the su111n1ation of 1hc small amounts of n1ovcmcnc 
that can occur between the indrvidual segments. 

The movements that occur in the spine are forward flexion, extension, lateral 
flcxion and rotation. The range of nlovcn1ent and the directioiis in which it can 
occur differ in each region of the spine, depending upon the anatomical structure 
ofthu region. 

Ctroicol spine 
In thc"ctrvical region the range of forw:ard flcxionJ exu~nsion and lateral Ocxion 
i~ considcrabl(:. Rotation mainly occurs between the atlas and a_xis. Below the 
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Je .. ·e) of the axis, rhe configuration of the Jrticular facets prcycnts roration 
occurring between rhe individual cervical· vertebrae (C2 to C7) without 

concomi1ant !:ucral flCxion. 

-. ",-_ '{_'-,J ,'£'" 

Tlioracic ipint 
In the thoracic region, the ribs limit rotation less than... they limit movements in 
rhc other directions. Up. lo 6 degrees of rotation can occur lxt\\·een adjacent 
vertebrae (Gregersen and Lucas, 1967). The centre of axinl rotation· in the 
rhoracic region lies wi1hin or anterior. ·10 the intcrvcrtcbral disc. Larcral Oexion in 
1hi:s region is 01ccon)panicd by some degree of rotation. 

Lumbor spiue 
In the lumbar rccion, forward flexiOn, extension and lateral nexion ~re free, but 
r01:1tion is limited not so much by the configurt:1tion of the aniculac racets oftht: 
posterior articulations as by che annulus fi_brosus which restricts laterJI 
displacement of adjacent vertebral bodies. The centre of axial rotation in the 
lumbar region lies posterior to the articuh1r processes. Up ta 10 degre~s of 
rot.ation c~n occur ou the lhoraco-lumbar junction. A further 10 degre~s of 
rotation can occur between the first and fifth lumbar vertebrae in the sitting 
pcsiiion, this being increased to 16 degrees in the Standing position (Gregersen 
anC Lucas, J 967). Approximately 6 degrees of roration, which is always 
asso.:iated \\.'ith Jlexion of the fiflh lun1b;:ir \"crtebra on the sJcrurn, .:Jn occur :it 

the Jumbo-sacral junction (Lumsden and i\1.orris, 1968). 
During walking, the pelvis and shoulders rorare in opposite directions, the 

amount of rot:llion depending upon the length of each step. 
The range ofbter:::il Oexion is greJter in the upper region of1h~ Iu"lbJr spine 

th.a:i in the lov.:er, being nlaximal at the L3/4 level (Tanz, 1953), v.:hereJs the 
r::i;:ge of forward flexion is grea1er in the lo\~'er region of the lun1bar spine than in 
1h~ upper, being maximal at the L4/5 anti L5/Sl levels (Tanz, 1953; 1\llbrook, 
J~51). In forward flexion from the standing position, move_ment oc·:-urs both in 
ch: lumbar spine and at the hip joints. The distance, therefore) t't:tween tf:e 
fir.;-:r tips and the floor, on carrying out this manoeuvre v.:iri~s fron1 o::e 
ir..=:,:iduaJ to <1nother depending upon the length of the h:::in1srring :-:-::..:scles a:-:d 
the n1obility of the lumbar spine. For this reason, the range of lur.:::i::ir flexion 
shc".lld be tesrcd in both the standing and sining positions. The Iur..'::ir spine is 
su:-scantially flexed when sining erect, and the flexion is incre::is~d n1::irkedly 
v.·t!n sitting slumped, the degree of forward flexio.1 between the founh ::ind fif:h 
Jur;;bar vertebrae acrually exceeding 1hat observed during n1axir:~3J for\1.'Jrd 

ber.ding (Norton ond Brown, 1957). As movement of the lumbar spine brgely 
OCC'.irs second::iry to n1ovcmcnts of the lo\lver limbs on the trunk (Troup et ::ii, 

1968), absolute immobilisation of the lumbar spine cannot be Jchievcd by 
external support wilhout severely restricting the movements ofrhc lower limbs. 

During forward flexion and the early stages of extension of the flexed trunk, 
csp:cially if this .ic1io11 is associa1ed \Yilh lifting, considerable forces are 
ger.eratcd withln 1he spine, pa,rticularly in the Jumbo-sacral region. Conrracrion 
of ~be thof2cic and abdominal n1usclcs Jnd those 9f the diaphragm and pelvic 
floor, raises the pressures within the thoracic and abdon1inal c::1\l'itic$ ::1nd 
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converts these cavities into rigid·walled strucrures., which arc capable of 
transmitting forces produced during bending anP. lifting1 :and 1hcrcby reducing 
1hc: forces within the spine {Davis, 1956; Ilartclink, 1957). l'hc pressures within 

the thoracic and abdon1inal ca\•itics increase: as the weight lifted increases (DJ vis 
and Troup, 196'1). It is calculated th:n these pressures decrease: the force on the 
lu1lllhl·Sal.'.r<Jl disc hy 30 per l"l'Hl a1hl on thl! lower th1lr~11.:it.: spine. hy 50 pi.:r .:c::nL 
(1\\orris c:I al, 1961). "!"he Hlcl.'.hankt1l o.dv;1 111agc: of 1hc pres.sure increases is 
grc<JlcSt when the lun1bar spine is tlcxc<l. These pri:ssure incr~<Jscs thus have 
their grca1cst c:OCct during th-.: accelcr:.nion ph;asc of lifting bt:fore the spint: 
begins lo extend (Davis :and l~roupJ 1965). 
~rhc load on rhc intcrvertcbral discs in the lun1bar region depends upon lhc 

positi·)n' of the trunk and the wci!,!ht of che boJy &1!Joy·c 0111 largdy upon the 
tcusion Jcvclopcd by 1hc 1nusc\cs of the trunk. The pressures \Vi1hin thl'.se Jiscs 
.are gre:Hesl in the silting position nnd arc reduced by 30 per cenl on standing and 
hy 50 per cent on reclining (N:1clu:n1son ~nJ /\\orris, J 96·1). 

ORTHOSES FOR THE THORACIC AND 
LUMBAR SPINES 

FUNCTION OF SPINAL ORTHOSES 

The' many different spinal orthosc:s y:hich have been designed earl be Jividcll 
into two grours, supportiYc anq corrective. They arc used to relieve p::iin, to 
supporl weakened or paralysed muscles and unstable joints, to immobilise the 
vertebral column in the bcsc functional posh ion while healing occurs, to prcv~nt! 
the occurrence of dcforn1ity, and to co·rrect an existing deforniity. The 
supportive group includes orthos~s made from \':al-ious f:1brics (bchs an<l corsets}, 
rigid spinal braces, ;ind rhose n1ouldcd from lcathcrJ plastic, plaster-of.Paris and 
Pl:istazote. Those orthoscs in 1hc corrective group produce an :ictive corrective: 
force in one or n1ore directions. The various funrtional adv;int3ge:s that have 

been claimed for these diITcrent applianct-s are dillicult to evaluate. 
lnvcstiga1ions h::ive been carried out in an attempt to determine the: effect of 

\'arious spinal supports upon the n1obility of the spine. Jlov • .'cvcr, lh' rcsuhs of 
Lhe:sc investigations may not be applicable to patients suffering from disorders of 
1he spine as the observ.ations were nladc upon people. with norn1al spines. 

Fabric supports restrict only the extremes of for\vard ncxion and extension 
(Van Lcuvcn and Troup, 1969), and have .. variable and unpredictable eOCcr 
upon rotation ac the lun1bo·s<Jcral junc1ion (l~unisdcn and 1'1orris, 1968). 

Ari inna1ed corset can reduce the pressufe wilhin the lun1bar discs when 
standing (N.achcmson and /v\orris, J 961):' These findings n1ay not be applic:ablc 
to !he f<1bric supports prescribed- for paticnlS. 

Long spinal braces, for C>.:aniplc the rfaylor brace (sec below), and the plasu~r­
of.Paris 1nouldcd spinal support, increase 1noven1ent •H the lumbo-sacral 
junclion, but dc::-rc:asc 1noven1cnt :Jl che upper levels (Norton and Brown, 1957). 
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Ro1ation 3l the lumbo-sacr3J junction is restricted by short spinal braces when 
standing, but increased when walking (Lumsden and Morris, 1968). 

In spi1e of the apporcnt mechanical deficiencies of spinal supports many 
patients obtain symptomatic relief fron1 rbcir use. 1his relief may be 
psychological, or may result fron1 abdominal comprcssioil, from supper[ of a 
pendulous abdomen and 3 concomit3nl decrease in lumbar lordosis, from a 
chance in 1hc amount of movcmen1 occurring in different regions of the spine, 
from a decrease in activi1y of the various associated muscle groups, from local 
support of the sacro-iliac joints and ilio-lumbar ligaments or from a combination 
of all these factors. h is interesting that subjective support can be obtained by the 
application of non-elastic adhesive strapping to 1he lumbar and gluteal regions of 
1he back. 

SUPPORTIVE SPINAL ORTHOSES 

Fabric spinal orthoses (spinal bells and corsets) 

Spinal belts and corsets arc the most commonly prescribed spinal orthoses 
(Perry, 1970). The majority of these or!hoses arc made from jeon (!willed weave 
Egyptian canon)) couril (herring-bpne weave Egyptian cotton) or canvas (plain 
weave American couon). They can be m::ide also from duck (light canvas), rayon, 
nylon or airtcx (open weave cotton). They arc reinforced as necessary wirh bone 
or metal strips. Corsets extend further down over the buttocks and upper thighs 
than do belts to give a smoolhcr contour, and therefore are prescribed for 
women. Belts arc prescribed for men. 

These onhoses encircle the s2cr3l region 2nd extend a variable disrancc 
upwards) the term applied to them (sacra-iliac,. lumbo·sJcral,. thoraco-lumbar) 
depending upon their depth posteriorly (see bc!ow). In front they are fastened 
with straps and buckles, eyelets and Jaccs or hooks and eyes. fn addition :1 

fulcrum strap (Figs. 10.l and J0.2)1 bro::id posce.:iorly where. it is attached to rhe 
mid-line, and narrowing towarCs the front, f;:is.t~ns in the front with a buckle. 
Elastic insets may be let into the upper and lov.·e.r margins .ro ease the fining over 
the costa't margin and around the buttocks resf.ecrively. 

Fabric orthoses, even when reinforced with m:tal strips. do not immobilise the 
spine; they only restrict the extremes of forN'ird and lateral flexion, .ind 
extension. They probably function by supplying subjective support and by 
reminding the. patient to avoid movements which may bring on or exacerbate his 
symptoms. 

A saC1'oi/ia& orthosis (SIO) 
This is 2-6 inches (5-15 cm) deep pos1eriorly and basiC>lly consists of a wide 
belt oflmher or fabric which encircles !he pelvis, passing be1ween !he greater 
trochanten and the iliac crests !ln each side. It is &stcncd"anteriorly by straps and 
buckles or hooks. Perineal straps may be added to prevent 1he support from 
riding upwards. • 
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Flap Elastic Gussol lntcrcostal Rigid Sleels 

Elastic Gussel Gluteal Fulcrum Band Keeper Fulcrum Strap 

Fig. JO.I Lumbo·n cr.1 orthosis. Typic~I minimum dcp1h JI the c<nirc bJck is 1h:a f:om 1hc 
thor~o-lumbar junction 10 the middle of 1hc u cnim. 

A Jumbo-sacral orthosis (LSO) (Figs JO.I, 10.2) 
This is 8-16 inches (20-40 cm) deep posteriorly. It extends up to the thoraco· · 
lumbar junction posceriorly and covers the entire abdomen anterior!}'· h has a 
closely fining fulcrum strap, attached posteriorly, which p:isses Around the p elvis 
between the greater trochantcrs and the iliac crests and buckles firmly in ihc 
region of the symphysis pubis, thus ob1aining a grip on the peh-is and giving a 
stable foundation to the support. Flexible or rigid vertical metal sirips arc 
incorporated posteriorly on each side of the spinous processes 10 reinforce 1hc 
support and to provide a wide st:iblc area posteriorly from which the suppo rt c:in 

ace on the abdomen. Further vertical metal sirips can be addc:d to increase 
rigidity. To case pressure on the costal margin, elastic gussets can be let in10 ihe 
upper edge. Perine:il straps or suspenders may be: fined to prc:vent 1hc: support 
from riding upwards. The support is adjusted by straps ·and buckles or cycle cs 
and laces. A 'quick release' panel o'f hooks and eyes is often incorporaced. 

fig. 10.% Lumbo-sacral onhosis can be fined with suspenders or groin straps. 



134 TRACTION AND ORTHOPAEDIC APPLIANCES 

A thoraco-lumbar orthosis (TLSO) 
This is more 1h:m 16 inches {40 cm) d~p posteriorly, and extends upwards over 
the scapulae. Padded shoulder straps which must be kept fairly tight arc fined . 
Otherwise the basic construction is identical with that of the Jumbo-sacral 
orthosis. It provides coruidcrable support. 

When a support is worn by an obese, heavy-breasted woma~, a ridge of skin 
and subcutaneous fat ciln be trapped between the upper edge of the support and 
the lower edge of her brassi~rc. This _difficulty c:an be overcome by the addition 
ofbrassihe cups to the support, or by advising the woman to wear a 'long-line' 

brassi~re. 

lmmtdi'att lumbar orthoses 
A fabric onhosis made to fit an individual patient takes time to manufacture. An 
easily made and cheap 'instant' lumbar orthosis has been described by Nichols ct 
al (1966). A length of Tubigrip body bandage of either single or double 
thickness, extending from the nipples to the upper thighs, is rolled onto the 
patient. With the patient lying prone, sitting or standing, whichever is the m?st 
comfortable, 6-12 thicknesses of 6-8 inches (15-20 cm) wide plaster-of-Paris 
bandage arc applied over the; spine from the thoraco-lumbar junction to the 
sacrum. Orthoplast can be used inste:id of plaster-of.Paris. The top and bottom 
of the Tubigrip bandage arc turned back and fixed down. 
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Rigid splnal orthoscs 

All rigid spinal o rthoses, except the antcrjor hypcrcx,ension orthosis described 
later, arc co:istructcd on the basis of a metal frame which takes firm support from 
the pelvis. Mccal uprights, joined together by various cross bars, arc attached to 
the pelvic support. Devices to apply pressure over the abdomen and O\'cr t he 
front of the shoulders arc provided. The met31 fr;:111e is paddcJ wiih fell and 
covered with leather. 

The metal frame must have a firm foundaiion on the pelvis to hold the 
appliance in contac.t wiih rhe body, and to distribute 1hc body weight, 
tr31\smitted by the uprights, over a large area. This can be obtained by using a 
pelvic b:ind or a moulded pelvic corset. A pelvic h~nrJ is made from lla1 m ct:il 

bars which encircle the posterior and latera l aspects of1he pelvis and press upon 
the sacrum. These met:il bars cxtcnJ fo r a \'ariablc cl1~1:111.:c lOWJrds 1hc: midi inc 
anteriorly in diffe rent types of braces. A moulded pelvic corset (Fig. I 0.8) giH:S a 
firm grip :iround the pelvis. The corset may he made of lc:nher or plast ic. A 
ncga1ive cast of 1he pdvis and abdomen is 1akc11 with plam:r·of.Paris or 
Plas1note, from which a positive pl:ister model is m:idc. The lc:ithc:r or ph1stic is 
m oulded over the p l:istcr model. 

The metal uprights auachcd to the pch·ic support cx11.:nd upwards for varying 
dist:mces dcpending upon the kngth of spine to be supported . There :ire two 

· u prights posteriorly lying on each side of the spinous processes - chc back lever. 
To obtain morc rigidity, further uprights can be a11:1chl-d l:itcrally or anteriorly. 

Fig. 10:3 T~ylor spinal brace. 

The uprights arc joined together by horizontal cross bars. When laterai or 
anterior uprights arc present, che cross bar i11.,.1 he thoracic region extends 
anteriorly around the trunk below the axillac (Fig. I 0.4). 

Abdominal support is obtained by an abdominal plate (Figs 10.3, 10.S) 
attached by straps and buckles to the metal frame, or by a fabric corset (Fig. 
10.4). Pressure over the front of the snouldcrs to hold them b ack into the brace 
can be obtained by using padded shoulder straps or clavicular pads which curve 
upwards and prcss on the chest w:ill in the infra-clavicular region. 



136 T RACTION ANO ORTl-IPPAEDIC 1\rPl.li\?-:CCS 

Fla. 10. t Fisher spinal brace. 

F ig. 10.$ Robert Jones spinal brKC. 

T here 3re many rigid spinal orthoses wi1h the same basic cons1ruetion but 
c31lcd by different n3mcs. Some h3ve withsto!Xi the tes t of time, while the 
existence of others is perpetuated by the written word (Perry, 1970). Described 
below arc some of the more commonly used rigid spinal on hoses. The 
d escriptions used arc those found in the Surgical Appliances Contract 1972 of 
the Department of Hcahh and Social Security. 

Taylor spinal bract (TLSO) (Fig. 10.3) 
In 1863, C.F. Taylor described a spinal brace, for use in the treatment o f 
tuberculosis of the spine, which can be considered as the prototype of all spinal 
orthoscs designed to suppon Lhc thoraco-lumbar ·spiric. It consists ·of a wid e 
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straight spring-steel pelvic band which extends forward in front of the aDICl'ior 
superior iliac spines. The pelvic band is completed ante,riorly with leather :itt>P5 

and buckles. There are two parallel posterior uprights connected at the level or 
the scapulae by a cross b:ar made from a thin plate or moulJcd steel. Abow: this 
level the uprights gently anglc out\vards taw3rds the shou!Jc:rs. The: steel franie 
is padded v•ith 3 thin layer or fch and covered \l.'ilh h:a1ho.:r. 

Shoulder srraps, covcr~d by up\v:.ird cxccnsions of the le;irhcr covering the: 
posccrior uprights, pass ti-0111 the upriglus{)ver the shoulders and back unda the 
;ixillac to be au::icheJ to the: cross bJr. Abdofninal support is pro\'idc:d by a C"igiJ. 

padded1 leather abdominal plate, cx!ending between the un1biliCllS and die 
syn1physis pubis, which is ;iaachcd below co the pelvic bJ..:id and above co the 
posterior uprights by tv:o straps which pass backwards around che: loins. Groin 
str;ips arc filled also. 

The Taylor brace limits forward flcxion, extension and l3ter;i! tlcxion o.f the 
thoraco·lumbar region of the spine and, to son1c extcnr, rotation of the Iumb:Jr 
and lower 1hor01cic regions of the: spine. Ic incrC":ises 111oven1cn: :l[ the turnl>o· 

sa.::ral junction (Nanon and Brown, 1957). 

Fisher spinal brace (TLSOJ (Fig. 10.4) 
The Fisher spinal brace was described originally in 1886. Ir consists of a metal 
pelvic band to which two metal pelvic hoops, one on each side, arc attached. 
These pelvic hoops arch over the ili;:ic crests. There are t"11o"O posterior uprights 
and t"\'o adjustable lateral uprights. A cr~nsversc n1ecal ba:r, at the level of the 
inferior angles of the scapulae, joins the posterior and lateral uprights and ends 
an1criorly in axillary cru1chcs. All 1he n1cral parts except the lateral uprigh.Is arl! 
padded with a thin layer of felt and covered with kather. 

Abdominal support is provided by a f:ihric corser which extends forward fron1 

1hc l:ncr'al uprights and fastens in the mid-line anre::riorly. Wt:ll padded shoulder 
straps pass up from the tips of the:: axillary crutches, over the shoulders, cross 
posfcriorly) and 1hcn swing for\\•ards oigain to buckle on the front of the con.ct on 
each side level \virh rhe iliac cres1s. 

The axillary crutches arc not.designed to bear weight. If they press into 1hc 
axillac, nerve paisies will rcsuh. 

The Fisher spinal brace limits forward Jlexion and cxtensioo of the lower 
thoracic and upper lun1bar regions of the spine. Lufcral fla:ion is limited 01orc 
than with 1he Taylor spinal brace. Rotation of the thoracic spine is limited also. 

Thomas or Jo11ts spi11al l>rac• (TLSOJ (Fig. 10.5) 
This type of spinal brace was designed originally by H.O. Tholll2S. It was used 

.extensively by Sir Robert Jones instc:id of a plaster-of-Paris moulded suppoct. for 
lhc ambulant rreatment of spinal tuberculosis Uones and Loven, 1923). 

It consists of a large padded pelvic slrap which is attached posteriorly 10 a 
padded, leather-covered metal frame. Abdominal support is provided by an 
abdominal pad to which arc buckled waist, pelvic and groin straps. Shoulder 
straps pass from the metal fr:ime over the shoulders and under the •xillae ro be 
reauached to lhe metal fran1c at the level of the inferior angles of che scapulae. 



Anttn'or hypcrtxttnsion spinal brace (TLSO) (Fig. 10.6) 
This type of brace utilises a complcccly differenc method of construction from 
the above spinal braces. It was described originally by Hoadley in 1896, who 
used it to provide mechanical support 'of the spinal column between the middle 
of the lumbar and the middle of the thoracic rer;ions\ It employs the principle of 
three-point act Con of a bending force. Numerous modifications to this btacc have 
been made, but that of Baker (1942) is described here...-

I 
I · ' · 

\;./ . 

Fig. 10.5 Anterior hypcrextension brace. 

The anterior hyperextcnsion spinal brace consists basically of a rectangular 
metal frame, the short sidc.s of which fit over the front of the thorax and 
abdomen, in the pectoral and inguinal regions respectively, while the longer 
sides lie in the -mid·axillary line. Pads, hinged oo the metal frame, lie over the 
pubis and upper sternum. An elastic strap passes posteriorly from the side arms 
over the thoracic spine and. is kept sufficiently tight to hold the brace againsuhe 
p;itient's body. Additional pelvic and thoracic straps may be added to keep· the 
brace in position. · • 
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Moulded spi1;a/ orchoses 
Moulded spinal orthoses ' fit the contour5 of the irunk :ind distribute 1be body 
weight over a very large area. They can be. made from lc<1thcr, plastic, pl;lS.ler-of­

Paris, Plastazotc •, o r the recently introduced Ncofract * system. Their rigidity 
will depend upon the material used in their construciion. A lc21hcr support can 
be reinforced by attac hing metal bands. A Plast;izote support is less rigid rhan a 
plas1cr-of-Paris or p laslic support, but i1 is lighl an<l comfonablc 10 w~r, and 
can be moulded directly onto the patient, as can plaster-of-Paris. Lc:athc.r and 
plastic support s require to be ·moulded over a positi\'c model of the p;i1i.:nt and 
1hcrefore arc more c:xpc:nsi vc and take: loni;er to make than do those made from 
pla~ter-of-Paris or Plastazotc. 

These supports musl extend from the symphysis pubis to 1hc upper sternum 
a111cr iorly and be accur:ncly fitt ed around 1he pelvis. They arc: cut low 
posteriorly (fig. I 0. 7). 

·. 

f \ 
l'i11. JO. 7 Mould.:d spin•I j2ckct, utcncJs from the upp.:r sternum 10 1hc spnphysis pubis 
2111criorty ancJ is cue lower JlUSlcriorly. 

PRESCRIBING A SUPPORTIVE SPINAL ORTHOSIS 

h is impossible here to give detailed indica tions for the prescription of the 
various spinal orthoscs, as they depend upon the underlying spinal d is3bili1y and 
its site and extcnl, the intensiJ.y of-the patient's symptoms anJ Lhcir response to 
other forms ofrreatmcnl, the: p3ticn1's age and sex, whc1hcr the appliance is to be 
worn permanently or only .for a limited time, and 1he function required of the 
appliance (llcrger, 1969). · 

Defore ·a spinal orthosis is prescribed, it is imper:uive th;it an xcura1e history is 
taken, a detailed physic::il and radiological examination is performed, and other 
special investigations arc carried our in an attempt to d iagnose accurately the 
cause and sit~ of the patient's symptoms. Treatment in all cases must be directed 
towards the underlying cause of the symptoms which often may be relicftd by 
means otlter.than a spinal onhosis. When symptoms p crs i sl or change, in spite of 
apparent adequate 11 ; :t1111cnt, the: patient must be rca~scssc:d· care-fully, as the 
symptom~ may be due to a p~thological condition, for c:xamplc 1ubc:rculos.is or 
neoplasia, which could not be delCClcd initfally. 

•Sec Appendix 



J40 TRACTION AND ORTHOPAEDIC llPPl.11\NCES 

Spinal ortboscs.arc prescribed commonly under 3 proper name, which name 
may be 1ha1 of the original designer or someone who has modified the appliance. 
In addition many appliances, ahhough called by the same proper name, m;:iy 
differ considcrab1y in construction from pl3cc to place, and appliances of the 
same design and construction may be C3lled by different nan1es in different 
places. It is important 1hcrcforc to describe accurately the orthosis required) the 
movements which it is intended to control, and t<1 ... tnsurc that the orthosis 
supplied to the paricnt fits correctly and fulfils its intended funcrion. 

l'abrlc 1plnal orthoscs 

Sacroiliac orthosis (SIO) 
ThiS onhosis may be prcsCribcd for the rare cases of ;acroiliac strain or 
instability of 1hc sympbysis pubis. 

Lumbo·sacra/ orthosis (LSD) 
These onhoscs arc prescribed commonly in the mJnagemenc of chronic low back 
pain which may be due to a varje(y of causes, such as generalised degenerative 
changes affecting rhe intervcrtebral discs and posterior anicula1ions, prolapsed 
inlervertcbral disc in the later stages afler the acute symptoms have subsided, 
spondylolysis, spondylolisthesis, · - spinal insrabiliry, osteoporosis, minor 
compression fractures, and following some spinal operations such as spinal 
fusion. 

Thoraco·lumbar orrhosis (TLSO) 
This orthosis is prescribed instead of a rigid spinal orthosis when the patient's 
symptoms arise from the thoracic or upper lumbar regions of th~_ spine, !"ram 
conditions such as generalised degenerative changes, senile kyphosis, 
osteoporosis, minor compression fractures, and spinal jnfections in the elderly. 

Rigid spinal orthoscs 

Rigid spinal orthoses are more effective in reducing movement in the lower 
thoracic and upper lumbar regions of the spine than fabric ·supports. It must be 
rcmcn1bcrcd, however, that movement in the adjacent regions of the spine, 
especially the lumbo·sacral junction, 1ends to be increased (Norton and Drown, 
1957), and this increase in movement n1ay give rise to pain, particularly if 
degenerative changes arc present. 

Fisher, Taylor and Jones spinal braces 
All these spinal on hoses limit, tc;i some degree, forward flexion, extension, lateral 
tlexion and rotation in the thoraco-lumbar region of the spine, the Fisher spinal 
brace being the most effective, and the Jones the least. These spinal braces arc 
used in 1hc ambulant management of tuberculosis of the lower thoracic and 
upper lumbar regions of th~ spine, the more severe vertebral compression 
fractures, vertebral ostcochondritis and osteoporosis, and marked weakness of 
the rrunk musculature. 



srtNAL ORTllOSES 141 

Anterior liyptm:ttnsio11 spinal braa 
This brace is u'ncomfortablc if the p~C$SUtt exerted ovc:r the thoracic spine is too 

' great. h was designed to provide extension, but i:s more comfortable when used 
merely to prevent -excessive forward flaion. Conditions which -can be treated 
with this brace are compression fractures of the vertebral bodies and ank)·losing 
spondylitis. 

li1ouldd spinal ortl1oscs 
/\ioulded lc:11her or plastic spin:il onhoscs arc reserved usually for the 
m:magc:ncnt of severe deformities of the spine from any cause for which it woulJ 
be impossible to manufacture and fit a fabric or rigid spinal orthosis. 1 

Moulded spinal supports of plaster-of-Paris or Plastai.otc: arc used when the 
need fo~ a suppon is temporary. 

CORRECTIVE SPINAL ORTHOSES 

Milwaukee brau (CTLSO) (fig. 10.8) 
The Milwaukee brace (Blount ct al, 1958) is an active corrective spinal orthosis 
used almost exclusively in the ambulant treatment of uruc1ural KOliosis, the: aim 
being to postpone, temporarily or permanently, the need for operation. h 

. 
. j 

Fig. 10.a Milwaukee brace. Note tbc thrmt maald anteriorly and the two occipital pads 
J>0$1«iorty. . 

frequently has to be worn for ~ number of years, until lhe spine is stable. It is 
used 11-o in the post-operative period. Thia brace is used oc:cuionally in the 
management of ankylosing spondyliris and tuberculosis or other infection of the 
upper rboracic region of the spine. In these later instances, a pressure pad (sec 
below) is riot necessary. 
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It consists of a moulded leather or Ortholcnc pelvic corset which fits snugly 
over the iliac crests, around the waist, and curves upward in front to support the 
abdomen. It is cut lower at the sides to avoid pressure on th.c costal margin. 
Mctal.-sidc bars arc attached to the leather pelvic corset to form a base from 
which one anterior and two posterior metal uprights pass upwards to a ring 
around the neck. This ring is inclined at 20 degrees to th~ horizontal> being 
lower anteriorly. The uprighls arc adjustable to allow for growth. There is a 
throat mould anteriorly. This replaces 1hc previous submcntal pad, and its use 
avoids hypoplasia of the mandible and adverse effects upon the teeth. The throat 
mould does nol press on the mandible, but closely follows the contour of the 
throat at the level of the hyoid, withou[ pressing on the larynx. There are two 
occipital pads posteriorly. 

Rib rotation is corrected by a pressure pad located over the rib prominences. 
The pressure pad is fixed to a single, heavy, broad leather strap which is attached 
to the uprights at the desired level by stud fastenings. The leather strap is passed 
over the poSterior bar on the convex side so that the pressure is applied directly 
from the lateral side. To avoid pressure on a breast, the leather strop can be 
attached to an outrigger on 1hc anterior bar. 

Because of the close moulding of the pel vie corset, the brace has 10 be remade 
as growth occurs. · 

.. --.... ' • · . -~·, -:~~"."'t"'.'"" 1,.r •. ,_. ... ' .f"r• .• '· _:.. -' ~·:·":. 

FITTING OF MILWAUKEE BRACE (Asliera'nd • 

Whitney, 1980) . . ••. , · .. \I~;::~:._;' ;'·,, . ,· :·;·' 
The -~~rre~t prescrib_inr ·;.,~~1tifacture ~'~Jj~~~if: ~;;~~~k~~~~:· 
brace ,. highly spec1ahsed, end should bli:'C~errled•out·only by ·'""';·;. 
experienced surgeons and orthotists:'· Out\ffi'e'!Hielow·a·re some\,;;;; 

important '.'°ints, a~?~t,the1 _c1orreci fi~~~r~~~~\Mi'.~~uke~ brae~~": 
i .. Ch~~kl~g ~f b~4 j~~·µA:" . :[~~~~~~~;\ \i ;-"°' ·\?&{ 

- The pelvic corset musf fit sriugly_abo~\\-1.lst sbove the!<"-' 
iliac crests, extending inferiorly to the:sy'mphysis,·pubis and .::;: 
superiorly to the xiphisternum and Jow~1.?;ribs{lt inust be.,·\•\:,/_• 
curved upwards .. at th~ groin to allci~,:th'Ei\J:>.11ho,tlex to 90 '·''"\:t\;i' 
degrees, and extend to within 1 inch',(~i5:1ciri), of the surface:'ci~· 

·of a firm seat po'stericlrly. Ther·e stioi.i1J.j;if a ~2 'inch (5.0 cm) :•<;,1ii:, 
gap between the edges of the corse\po~t~rici.riy. The corset J-}.· 

~.mu.st .be .worn. tight en~ll.· ?h.to .prev··.,,,;?. ~ .. '~tiif~.~(i?.·p.lng·,.·d·o·_· w.:n_ o.v. er,1.\9t\.\ 
• the lhac crests. · . .-. · .J·. • :·:'.~,.'.·' • ·-.• : ••. ·!-;1~:~~v"'-~1;1~~.·~·\'r:J·;;;~'-!~· ~~'t;t:?.tw'll'! 

· .::. The uprights must be'cleilr of the tf6d~:ieepf,whare1:~~J.l;;t\:~·. 
~.-·.1~ preSaure~la trensmitted1b'f:t>eds:.r,Th~~Jiit~:cro_r~opr1ghtd-:;·rp·u~;r~-~­
'"-~.: rrbe· perpendicular to. th·.e:pelvlc cor88Jlfil.: •. l~_l.to!e .. iich'oth .. e. i.,f ... ~.~.\~. 
!< -~- and ·pass .. just med1al .to'!the scapuf6jl. .Ji~~i.l>i·ll~~~'~i·~_l\! 

. '~:::.The,n~ckirlng.must"c. 1e_at1.the.neck ~V.~. l.f!". cHa. s(f:1,;o.~,.J;5:~~~.~ 
·; __ ': cml~1;>n each slde.:J:;~'iU.'&; .· . 'J11-]!..~"1fi!lli~:?}1il!.!~~~i~ 
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- The throat mould must lie l inch (1 .0 cm) inferior to the 
mandible and must clear the larynx by 'a sirrilar distance 
when the patient's gaze is level. 

- The occipital pads must lie inferior to and not behind the 
occiput,. and bo bent at an approximate angle of 4 5 degrees 
to the vertical. · · ' . - Confirm the correct alignment. placement of the pads and the 
correction of the curve, with antero-posterior radiographs 
taken in the erect standing position. 

Advjce to patient and parents 

- Advise the pcitient to wear a cotton vest which is long 
enough to extend below the pelvic corset. This wiU protect 
the skin and keep the brace clean. 

- Regular washing and rubbing the skin with alcohol are 
important. Creams must not be used. 

- The brace is worn for 23 hours a day. While wearing the 
brace the patient must try to lead as normal a life as possible 
with the exception of contact sports and gymnastics. 

- Emphasise to the patient and the parents that the brace is an 
active corrective spinal brace, and that it is important that the 
P.atient carries out exercises twice daily both without the 
brace and also when wearing it. The patient is instructed in 
these exercises by a physiotherapist. The exercises are 
designed to obtain and maintain postural balance, correct the . 

. cur;ve. increase muscular strength and improve chest 
expansion. 

. -.The condition of the patient and the br'ace is assessed at 
· intervals of three months. 

Meralgia paraesthetica can occur during the wearin9 of a 
Milwaukiie brace (Mo_e and Kettleson, 1970). 

Boston brace (CTLSO) (Fig. 10.9) 

. . 

The Boston brace• (Hull and Miller, 1974; Asher and Whitney, 1980) is. 
prefabricated from I inch (3.0 mm) thick polypropylene. The pelvic corset opens 
posteriorly. ll is vacuun1~formcd on a positive mould of n normal lorso, 2nd is 
available in twenty dirferent sizes, with the result that apprOxi1na1cly 95°/o of all 
patients with scoliosis c:Jn be fined. The corset is lined with i inch (7.0 mn1) 
thick polyethylene fo;nn with large firmer rolls of foan1 over 1hc iliac crests. 

The brace is designed prin1arily for the treatment of lumbar and thor:iico· 
lumbar scoliosis in v.•hii..·h 1hc apex of 1hc curve is below the eighth 1horaclc 
V(:rtcbra. 

•Sec Appc:ndix. 
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A 
Fla. JO. t Botion braet. 

The" checking procedure and advice to the patient and the parents ~s s imilar to 
that for the M ilwaukee brace. 

ORTHOSES FOR THE CERVICAL SPINE 

The head b balinced upon the cervical spine by the action of the neck muscle3. 
The cervical spine exhibits a considerable range of movement in all direct ions. 
Inflammatory conditions or mechanical derangements of the cervical spine arc 
associated commonly with spasm of the neck muscles and pain. This spasm and 
pain may be relieved by heat, massage and exercises, but occasionally 
immobilization ofrhc cervical spine combined with support of the head to relieve 
pressure upon the cervical vertebrae, in tcrvcrtebral discs and joints, and the 
cervical nerves is required. This can be achieved by spinal traction (sec Ch. 6) or 
by external splint age of the neck. . 

To immobilize and rel ieve pressure upon the cervical spine, an external 
support must be shaped to fit the contours of the lower jaw and occiput, the 
shoulders, clavicles and sternum and the upper thoracic spine. In the presence of 
a lesion of the uppermost part of the cervical spine, the forehead also must be 
included in the support. The inclusion of the thoracic spine and trunk depends 
upon the level, extent and severity of the lesion of the cervical spine. 

For adequate immobilization of a lesion above the level of the sixth thoracic 
vertebrae, the cervical spine must be immobilized. This is achieved by attaching 
a cervical support to a long spinal brace, or by prescribing a Milwaukee brace. 

There arc many different types of cervical orthoscs. 

Temporary felt or foam ;collar (CO) 
This collar docs not control any movement in the cervical spine Oohnson ct al, 
l 977). h consists of a length of orthopaedic felt or foam rubber covered with 
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stockinette. It is u5eful in an emergency er when a temporary support is 

required, for ~xamplc following muscle strain. It is prepared as follows: 

' 
- ·Cut e ~trip of orthop~-edic felt or foe~~ ~ubber measuring 18 

inche·s by 8 inches (45.75 cm by 20.0 cm) and fold it in half 

lerlgthways. -'·?· 
- Cover the felt or' foam rubber with stockinette. leaving the 

ends long. to ac t as ties. 

Thomas's collar (CO) 
Many di!fercn1 cervical orrhoses :ire called 'Thomas's Collars'. The original 
s upport described by I !ugh Owen Thomas was made from sheer meral covered 
with fe lt and sheepskin. Th ick p l:mic sheet is used commonly today instcaJ of 
nwal. They (Fig. 10. 10) arc 'rc:::idy-madc' and :ire supplied in differen t siz.:s or 

arc :iujusiablc. Great c:irc 111ust be taken to ensure 1h:1t they are fastened securely 
around the: neck, rest upon the chest and shoulders :ind $upport the chin, jaw anJ 
occiput. Often they arc liucJ incllrrect ly :ind do not support the cervical spin.: at 
all. · 

Moulded cervical orthom (CO) 
Plastazott. After being he:itcd at 140°C for 5 minutes in a hot-air oven, a piece of 

Pl:istazotc is moulded around the patient's neck. It is then trimmed and secured 
with V.elcro straps. In this way _a support, holding the patient's head in the most 
comfortable position, can be made accurately and rapidly: Care, however, must 

be taken while moulding the Plastazote around the neck, especially with men, to 
:illow adequate room for the J:irynx to move during swallowing. 

Polythe11c. Supports made from polythene (f-ig. 10.11) art: used usual!}' for 
immobilization of the cervic~I spine :iftcr opcratio1). However, unlike Plast:izotc, 

a plaster modd over which tht polythene is moulded, must be m:ide first. 

.. , 
Fl1. 10.10 Thomaa'a collu. 
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Plg, 10. U Mouldtd polythene ccrvlcal ortbosis. 

These cervical orthoscs, which have moulded chin and occipital supports, and 
which extend down over the upper part of the thorax, control flexion and 
extension between the occiput and the third cervical vertebra Gohnson et al, 
1977). 

SOM! hrau (Fig. 10.12) 
The SOMI (Stcrno-Occipital·Mandibular-Immobilizcr) ):>race docs not have a 
back plate, and thus allows the patient to lie flat on his back without discomfort. 
This brace has a padded plasti:: chest plate and two padded shoulder extensions 
which hook over the tops of the shoulders. From these shoulder extensions, two 
straps which cross in the intcrscapular region, pass .downwards and around the 
chest wall to attach to the lower part of the chest plate. There arc three adjustable 

Ft,. 10.12 SOMJ brace. 
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uprights which pass upwards from the chest plate, two to the: padded occipi!al 
support and one to the mandibular suppor1. 

This br:ice can be applieJ with the patient supine. It is more comfortable than 
the four-postcr·ccrvical brace. It is most effective in controll ing Coward fl exion 
between the first :rnd fourth cervi..:;il vertebrae, especially at the atl:rnto·:ixi:il 
join1. It is not so effe<.:live in controlling extension and lateral llexion (Johnson et 
:i i , 1977). 

Four-polftr crrviral braa (Fig. I 0. IJ) 
This consists or a p:id<lcd chin cup :rnd occipital pl3tc :Htachcd by four ad justable 
turnbuckles to two padded pl:istic phitcs, one :rntaiorly and one posteriorly. 
T here :ire in :iduition two :ixill:iry :ind 1wo shou lder str:ips. T wo str:1ps connect 
the chin cu p and occipital pl:l tc, one on each side or the hc~J . 

Fig. 10.13. Four-poster cervical br~ce. 

It is easy to apply and adjust. h can be: applied prior to radiological 
examination when bony injury to the cervical spine is suspected. 

Th:s brace is effective in limiting Oexion in the mid-cervial region, but is less 
effective in controll ing flexion in the lower cervical spine. It does not restrict 
lateral flexion or rotation Qohnson et al, 1977). · 

A modification of this brace, in which the chest and back plates extend further 
<iown the trunk, and the anterior and posterior components ar~ connected by an 
encircling thoracic strap with rigid metal connections on each side of 1hc: head 
and over bot h shoulders, is most effccti\•e in controlling flexion and rotation or 
the lower pan, and extension of the upper and middle parts of the cervical spine 
(Johnson cl al, 1977). 
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Hal<>-body orthosis* (Fig. 10.14) 
Th.c; halo-body orthosis and its application arc described in detail in Chapter 6. 
This orthosis consists basically of an oval metal band, the halo, which is fixed to 
the patient's head just above the eyes and cars, by four metal pins screwed into 
the. out~ table of the skull. The halo in turn, is attached to a two-part padded 
plastic body vest by four adjustable metal uprights, which enables the head to be 
m oved in all directions until the optimum position is obtained. 

, 
/ 

I 

' , 
' / 

..... - " 
f\ 

Ft1. 10.IC Halo-body onho1i1. 

M inn-va jacJctt 
In the presence of a lesion of the uppermost part of the cervical spine, the 
forehead also must be included in any external support. As well as the halo·body 
orthosis, the Minerva jacket, so called because of the similarity of the head 
portion of the jacket to the shape of a Roma n battle helmet, made from plaster·of­
Paris, can be used (Fig. I 0.15). 

PERCENTAGE RESTRICTION OF NORMAL MOVEMENT 
PROVIDED BY CERVICAL ORTHOSES 

The following table is compiled from the findings of Johnson et al ( J 977) who 
carried out a stlldy c:o".lparing the effectiveness of different cervical orthoses in 
rcstrkting movement ip the ~ervicaJ spine in normal subjects. . . 

•Sec Appendix. 
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0 

Fig. 10.11 Minerva plutcr-of·Paris jacket. 

In the following table, the figures represent the percentage reduction in the 
normal range of movement conferred by the different cervical onhoses. 
Table 10.l 

Flc..x ia11 Exunsion Lat. jluion Rora1io11 

Sofi collar 25 20 10 20 
M oulded ortho•i• 70 60 35 60 
Somi brace 95 40 35 70 
Four-poster brace 90 80 55 70 
Modified four· 95 90 'jQ 80 

Poster br1cc 
Halo-body onhosis 95 95 95 99 

It can be seen 'rrom this table, that ihe halo-body orthosis controb mo~ent 
in the cervical spine better than all the other orthoses. In addition, the '!'ay in 
which the halo is attached to the plastic body vest allows very comiderablc 
:idjustment of the cervical vertebrae in all directions including longitudinal 
distraction (sec Ch. 6). When accurau: control of rotation, lateral flcxion and 
flc,.ion and extension of the cervical spine is required aft<:r serious fractures and 
fracture-dislocations, the halo-body orthosis is ahe orthosis of choice. 
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Lower limb orthoses 

A caliper is an orthosis for the lo\vcr lin1b which may be used permanently or Coe 
i;i. shon 1in1c only. Its func1ions arc: 

To provide stability for a v.·eakcncd, paralysed or unstable limb. 
TO relieve wciglit bearing. 
To relieve-pa iu. 
To control dejonnity aggr:i\•ated by postural Corces. 
To restrict n1ot~1ne1u of 1hc joints of the lower limb. 

Two or more of these functions m:iy be combined. The ultin1acc aim is ro 
enabll the patient to walk. To achieve this a caliper nn1st be s1rong1 light and 
easy lo apply and manipuhue. Jn general the n1ore simple an appliance is, the 
belt er. 

1'hcre are two main types of caliper: 

WEIGHT-RELIEVING CALIPER (KAr-O -Weight 
Relieving) 

The body weight is transmitted from the ischial tuberosity .to a padded ring or 
moulded leath~r (buckc1) 1op, through metal side bars 10 1:1c shoe and hence 1he 
ground. In practice a wcight·rclicving caliper provides only panial weight relief. 
Its use is indicated when il is advisahlc to dc:crc<1sc the an\ount of body weight 
u1kcn through the bones of the lov.•cr Hmb. 

CHECKING A WEIGHT-RELIEVING CALIPER 

This may be carried out in two ways. 
- With the patient supine. lift the splinted leg at right angles to 

the body. Place the finger between the bearing point of the 
caliper and the ischial tuberosity. Lower the leg. If 'he finger 
is trapped, the length of the caliper is correct. If the finger 
can easily be removed, the caliper is too short; ir the ring 
slips past the finger, the caliper is too long. 
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.- With the 'patient standing' ~rid sitting' bJdk'o~ the c~liper top,' 

. ~e:7.ould Just be possible t~.:sllp·o'n~~~~u~d~L~~,8. patient's,,, · . 
........ ~ .. 1-4·~"' ~·. -.. • •.. : ;,. ,\ ..•.•.• -~·~---·- , ·.!ha·.~"'m"""~-;r .. :t .• M~:i•i'· '"":" ..•. t.,.!!-·· 

Advise the patient 10 sit back on the 1op of the caliper and 1q avoid leaning 
forward wi1h the hip nexed, because as the hip· is flexed, the point'of coot act is 
transferred forwards _pr<?grcssivcly from the ischial tubcrosity 10 1hc ischial 
ramus and finally the pubic ramus ("(oung, 1929). 

NON WEIGHT-RELIEVING CALIPER (KAFO) 

I. Lon& leg brace (KAFO) similar in design to a weight-relieving caliper bunhe 
body weight is not supported on a ring. The ring merely locates the upper 
end of the side bars. This type of caliper is used mainly to concrol <lcformity 
or to restrict the movement of the joints of the lower limb. 

2. Below·knce appliance (AFO) used when the ankle or foot alone requires to be 
controlled. 

The basic design of a caliper - two meial side bars connected superiorly by a 
bind encircling the upper thigh, and inferiorly to a Jhoc - may be modified, 
depending upon the function required of the caliper. The common variations of 
each pan of a caliper and their functions arc described below. 

UPPER END OF A CALIPER 

The upper end of a caliper may be fitted with a ring, cuff or block leather bucket 
top. 

Ring top 
A ring top (Fig. 11.1) consists of a metal ring padded with felt and covered wirh 
leather. It may or may not be weight-relieving. If the ring top is to transmit body 
weight, it must be a snug fit, 01hcrwisc the ischia) tubcro1ity will slide through 
the ring, weight relief will be lost and the ring will press into the perineum 
where it may cause a pressure sore. 

This type of top is often used on calipers for children, or for temporary calip~rs 
for adults. It is simple and cheap to construct. 

Cuff top 
A cuff top (Fig. I 1.2) consists ofa broad posterior metal thigh band padded with 
felt and covered with leather. Anteriorly there is a broad soft leather band 
adjustable by means of a strap and buckle or a Velcro fastening. A cuff top cannot 
be weight-relieving. 

It is simple and cheap to construct, is less bulky than a ring top, and is easy to 
apply. A cuff top is particularly indiCated when, in the presence of marked 
wasting of the thigh, it would bt impossible to pass a ring top of the correct size 
over the foot or the knee. • 
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' - --. non!) top --- -

Anterior knee cap 

Pos1er1or guller piece 

-- Adjustable side bars --- -

- - - - ·- Ankle s11a11 

Fla. U.J IUnc top nlircr (Ki\f'O) with 11njoint£d adjuuablc 1idc ban, round 1pur pittcs, 
interior knee ap, posterior cu11cr pic<c ind an~lc llr•p. 
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Cull IOP __ _...,. 

Anlerior thigh pad 

--- Ring-locking joints 

Anterior and poste1ior -
calf band 

,..._......__.__.,_ _____ An~lo strap ------
'n-~~-.,-1 

Fig. 11 .2 Cuff top caliper (K.AFO) with non-ad ju11ablc: side bars, ri11g·lock .. nee joints, round 
spur pieces, interior thigh pad, anterior and postuior calr binds and ankle strap. 

Block leather bucJw top 
This type of top is made by moulding leather over a plaster cast of the thigh. The 
leather buckel fits accura1cly around the upper 1hird of lhe thigh, and ha_s a 
Posterior curved lip on which the ischial tuberosity rests. It is reinforced 
posteriorly by a cransverse meta.I band connected to the side bars. A metal strip 
with a flange projects upwards to support the bucket under the ischial tubcrosity. 
S1raps and buckles or lace eyelets arc fitted anteriorly (Fig. 11.3). 

As this lype of top must be made carefully, it is more expensive to manufacture 
th;in the other two types.1 Its u,se is reserved usually for permanent adult weight· 
relieving calipers. When the knee is unstable, support can be provided by 
extending the bucket top downwards to enclose almost the whole thigh. 
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rrrrrr 
- -- Bucket IOP 

Anlcrior 1n1gh Pild 

n---- Bilrlocl< ioinls ---

Elast 'c band-----

Anterior and pos1erior ---­
call band ' 

- Round spur pieces __ 

Fig. 11.3 Moulded leather bucket 1op olipcr (KAFO) with non-adj1n1able 1ide bars, barlock 
knee joinu, rouncl 1pur pieces, antc:rior thich pad, anterior and po61ctior calf band1 and 
ankle stnip. 

PELVIC BAND AND HIP JOINTS 

A pelvic ba~d is a padded rigid metal band covered with leather which encircles 
the pelvis posteriorly (extending between the 1n1erior superior iliac spines), and 
presses on the sacrum. h is fastened anicriorly with a broad1Jadded leather map 
and buck.le . Lateral metal bands extending downwards from the pelvic b:ind 
hinge with upward extensions of the lateral side bars of long kg calipers 
(KAFOs) at the level of the hips (Fig. 11.4). As the orthosis crosses the hip joint 
it is now called a HKAFO. It is bc11cr to use two long leg calipers with a pdvic 
band. If only one caliper is used, the pelvic band can rotate on the pelvis. 

The; hinge or hip joint may allow either free flexion or extension, or be fitted 
' 
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Fig~ 11.'4 -Pelvic band and hip joint for HKAFO. Nace 1hat 1hc pelvic band encircles 1hc pelvis 
be: low 1hc anterior superior iliai: spinc:si and the hip join1 is positioned slightly in front or the 
crcatcr uochaaicr. 

with a Jock to limit these movements either separately or in combination. It is 
important that the hip joints of the appliance arc positioned on the axis of hip 
flcxion - parallel and adjacent co the greater trochanters of the femora -
otherwise discomfort is experienced by the patient) and unnecessary stress is 
lhro\l\o·n upon the appliance. A limit~d abducrion joint may be needed also for 1he 
older, heavier child or adult to preven1 the rapid wearing out of the f1~xion­
extension joint. 

If support to decrease lumbar tordosis is required upward ex[ensions from the 
pelvic band to a !umbo-sacral supporl rn:iy be ::idde:d. This orthosis v.·ould then 
be classed as a LSl-IKAFO (Lumbar, Sacroiliac, Hip, Knee, Ankle, Foor 
Onhosis). 

The function of a pelvic band wilh hip joints is to preven[ lhe development of 
a flexion deformiry and ro control adducrion and medial rota[ion ar the hip, in 
rhc presence of muscle imbalance around the hip, following anrerior 
poliomyelitis, spina bifida or cerebral pahy. In addition these appliances increase 
rhe scability of the spine. 

These appliances arc always very cumbersome, even although they can be 
made with only a tueral side bar to the long leg calipers when the pelvic band is 
well fining. They should be re:con1mend<.:d .only after very careful C()OS~deraricn, 
~s rhc p.:uicn1s who require such .::ippli::inces ::ire seldom able 10 walk n1orr: th:in a 
£cw yards, even although their stability and mobility may be in1proved. Light 
appliances whjch simply brace the lower limbs may be be!ler, the palienl using 
cnuches and a swinging gaic. 

SIDE BARS 

StabHiry i.s provided by metal side bars which mus.t be both strong and light. 
Sreel is used for calipers for the lower limbs in heavy patients, the active child, 
and wh("n severe sras1icjty C!" athctosis is present, and fer ~•mancnr Calipers. 
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Duralumin is suitable for the side bars of light appliances. The moving puu, 
joints and the attachments of the caliper to the sl}oc, arc always nude of so::d. 

The side bars 3re shaped to the contour of the limb and must not rub the skin. 
In children !hey must be adjus13ble for length to allow for growth (Fig. l LI). 

The side bars are att3ched proximally to the ring, cuff or block leather bucket 
top, and d istally 3rt: slotted into the: hed of the s!"ioc: or boot. Knee joints may be 
incorporated. 

KNEE JOINTS 

The normal knee is a combination of a hinge and a sliding joi nt. It is not 
practicable to m:ike an 3rtifici;il joint which :iccuratcly follows normal k.."lee 
movement. The nearest point corresponding to the natural axis oi movemc:n: is 
situated ~ inch (I .25 cm) :ibove the joint line, and a Jillie posterior to its ceni~c:. 

Ring Jodi. lent.: joint 
The ring lock knee joint is the safest and most durable. It is illuswHc:d in figi..:rcs 
I I .2 and 11 .5. The axis of rotat ion oft he joint is eccentric to prevent the antaior 
edge of the m3lc section from projecting when the joint is flexed. The ring is 
pulled up to ~llow the knee to flex :ind is pushed downwards when the: knee is 

Fig. 11.5 Manual ring-lock knee joint. 

extended, to lock the hinge. A spring-loaded ball controls the position of the 
ring. A patient must have: sufficient power in the fingers to manipulate the ring 
lock. In hemiplegi3, the ring lock knee joint must be fined to the s~e side oflhe 
c:ilipC:r as the normal upper limb, and a simple non-locking join! to the othe.i Ude· 
bar. 

Ringiock knee joints with springs which automatically lock the joint when the 
knee is atended, may be fitted. An awomaiic ring lock must not be fiued to all 
four hinges when two calipers 3re worn, as it is impossible for a patient to 
manipulate all four ring locks simult;ineously while attempting to sit down.. A 
further modific:ition of tht: 3utoma1ic ring lock is called the rod-spri11g ring /od: . 
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This consists of a ring lock co the ring of which a length of rod with a co-axial 
spring is fitted. An upward pull on the rod raises the ring and frees the joint. 
When the knee is extended, release of the rod :ill:lwa the co-oxiul •prin~ 10 pmh 

· the ring down and lock the joint. This type of locking knee juint is used when a 

patient is unable to Jean forward far enough to operate an ordinary ring lock knee 
joint, or when he c:innot regain the erect positio!:! after bending forward. 

Bar/ode (Swiss lock) k11u joinr 
The b:irlock type of knee: joint (figs 11.3 11nd 11.6) locks automatically on 
extension of the knee. Dy pulling on a strap attached to a curved posterior bar 

Pie. Jt.• Barlock knee joint. Nocc the arc of movement of the pawl. 

connecting the pawls, the pawls on both sides arc released simultaneously, thus 
allowing knee flexion. The release strap from the curved bar is attached to the 
top, outer edge of the block leather bucket or ring top. A b road elastic band 
connecting the curved bar to the calf band provides the necessary tension for the 
locking device (Fig. 11.3). 1 

The main cfuadvwtage of this type of lockin~ knee joint is that with lateral 
malalignment, the pawls may not fit into.their notches aceurately, and therefore 
malfunction may occur. This joint i~ used only on permanent appliances for 
patients who will always have to walk with an extended knee:, as this joini cannot 
be left unlocked. The barlock knee joint must never be used when spasticity is 
prt3Ctlt, as failure is very likely to occur. 

It is imponant that this type of knee joint is manufactured correctly. The tips 
of the pawls move through an arc of a circle. To ensure accurate locking, the lugs 
on the clistal side of the knee joint must lie on the same arc, and must therefore 
point upwards and backwards (Fig. 11.6). 

Posrm·or off-ut knee joint (Fig. 11.7) 
The posterior off-set kne~ joini is a non·locking type of joint. When incorporated 
into a.Jong leg caliper, the axis of movement of the joint is situated posterior to 
the axis of flexion/extension of the knee. This means that when the knee is in at 

http://pnr.li
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F ig. 11.7 Pol tcrior olf·lCI knee joint. 

least JO degrees of hypcrcxtension, the posterior off-sec knee joint is stable as chc 
body weight passes down a line :interior to the axis of movement of t he joint. 

T hese types of knee joints ,arc usctl instead of locking knee joints in the 
'cosmetic ' appliances, which have been introduced rcccnily, for patients with a 
fla il lower limb who exhibit at least 10 degrees ofhypcrextension at the knee (sec 
later). H ypcrcxtcnsion can be aided if necessary by lowering the heel of the shoe 
slight ly and adding a small raise to the sole. 

Knee j oints u su ally arc not fitted to children's calipers . L ocking knee joints 
may be essential for a spastic child or to aid in sitting at school. They arc 
reserved for permanent adult calipers, either w •. ight relieving or non-weight 
relieving, to case sitting. 

HEEL ATTACHMENT OF -SIDE BARS 

The distal ends of a caliper may be attached to the shoe or boot by means of heel 
sockets or via a st.irrup. -

HEEL SOCKETS 

The distal ends of the side bars of a caliper arc bent inwards at a right angle and 
slotted into metal sockets fitted into the hcd of the shoe. The cal iper ends {spur 
pieces) and the heel sockets may be round or flat (rectangular}. 

Round 1ocJttt1 

These uc employed when muscle control is adequate and the p11icnt ia able to 
dorsinu and plant:ir·Oe.K tiis ankle. The disadvantus;cs of the round socket arc 
th:n movement at the anatomical ankle joint docs not correspond with the level 
of the ankle joint of the appliance, with the result that the appliance rides up anq 
down with dorsiOeicion and plantar·flexion; compression of the calf by the calf 
band occurs on dorsiflexion; and the heel tends to slip out of the shoe. The 
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advantages of round sockets arc that they arc easier lo make and adjust, the 
apparatus is lighter, and di!Tcrcnt shoes arc interchangeable easily. 

Round sockets arc used usually for children's calipers, and for temporary 
calipers for adults. 

Flat (or rtctangular) sodws 
This type of heel socket' allows easy imcrchangc:ability of shoes but docs not 
allow the hcc:J or the shoe to pivot. h is 1hcrcforc usually employed wirh an ankle 

hini;c: (Fig. 11.12). /\ llail 11nklc: could l>c ~olllrollc:<l by Ont Sl'Kkc1s without an 
ankle hinge, but fixation is too rigid and the shoe would not withstand 1he strain 
unless it was reinforced. Flat sockets arc expensive and arc reserved usually for 
permanent calipers. 

STIRRUPS 

There arc two types of stirrup attachment, the ordinary s lirrup and the s:mdal or 
insert stirrup. 

Ordinary stirrup 
An ordinary stirrup consists ofa U-shaped piece of metal which is rigidly fixed to 
the anterior part of the underside of the heel of the shoe. The arms of the U pass 
up and slightly backwards (about 5-6 degrees) on each side of the shoe to ankle 
joints positioned on the axis of movc:rncnc of the anatornic:il ankle joint. 

Sandal or insert typt of stirrup _ 
In this type a footplate is attached to the stirrup, both of which arc placed inside 
the shoe (Fig. 11.8). The main advantage of this method is that shoes can be 
changed easily. Moreover, as the foot plate and stirrup take up room in the shoe, 
it may be possible to wear shoes of the same size when there is a discrepancy in 
the size of the feet, as may occur in pa tien ts who have had poliomyelitis. The 
disadvantages of the sandal type of stirrup arc that pressure sores may develop, 

Fig. 11.1 Sandal or insen 1ypc of scirrup. 

and control of movement bc~ween the foot and the foot plate is difficult. The 
sandal type of stirrup must never be used for patients with p:ir:iplegi:i or sensory 
disturbance: in the foot . · 
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TOE-OUT 

When arranging the attachment of the si~c bars of~ caliper 10 a shoe by any of 
the above methods, it is necessary to provide toc-ou1, to prevent the patient from 
tripping over his toes. The amou nt of toe-out required is determined 
individu:illy. le depends upon the rcl:uionship _bee ween the :n:cs of mo\•c:nlenl of 
the knee and ankle joints, which in turn depends upon 1hc degree of1 ibial 1orsion 
present. The amount of toe-out usually providi:d is.10 to 15 degrees. To achi.:\•c 
this che amchmenc of the inner side bar of the caliper is positioned ~ l ighd)' 

p osterior 10 1h:H of the outer side bar (Fig. 11 .9). 

Fig. tl . t Toc·<>UI . 

ANKLE JOINTS 

A joint at the level of the :mklc follows 'the natural ankle movement. h c:in be 
constructed to allow free movcmen1, or to limit pfantar-ncxion or dorsincxion or 
both. 

It is essential that the axes of mov.emcnt of the mcch:mical and an:11omic3f 
ankle joints arc identical. The axis of anatomical movemcnc lies on a line which 
passes from just below the tfp of the medial malleolus and which bisects the 
lateral mallcolus one half inch above its tip. 

When ankle joints arc incorporated in a caliper, nae heel sockets (Fig. 11 . I 2) or 
a stirrup are necessary. As thc.sc ·r.uings arc difficulr and expensive to make, they 
arc reserved usually for perm:mr.nr .idult calipers or when a toe raising d evice is 
required. 

CONTROL OF ANKLE JOINT MOVEMENT (AFO) 

Movement at the anatomical ankle joint can be controlled by specially 
constructed mechanical ankle joints, or, when round heel sockets arc usc<l, by 
heel scops. 



162 TRACTION AND ORTHOPAEDIC APPLIANCES 

Htel srctp 
This is a mcral lug attached to the anterior or posterior aspects of a round heel 
socket (Fig. I I.JO),. to limit dorsiflcxion or plantar-ncxion respectively. If 
plantar-flciion is weak, excessive dorsiflcxion can be controlled with a front or 
calcancus slop. Conversely if dorsiflcxion is weak, foot comrol can be improved 
by adding a back or equinus slop. In lhe presenc" of a flail ankle, front and back 
stops can be fined so lh~t only a few degrees of dorsiflexion and plantar·flcxion 
arc possible. The main disaavantagc of this method of controlling ankle 
n1uvc1ncn1 is tlull th: o.xis of n1ovcn1C111 of the appliance docs not correspond 
with that of the ankle joint, with the rcsuh that considerable stress is imposed 
upon the heel sockets and the shoe i1se!f. 

Fig. 11.JC> Back heel :uop fined 10 a rouod heel sock.cl to con1rol phiiniar-flcxion al 1hc •nklc joint 
(AFO-Plamu S). . 

TOE-RAISING DEVICES 

When weakness of dorsiflexion is present, the fitting of a device to aid 
dorsiflc..xion will improve greatly the patient's function. Tripping over uneven 
ground and the characteristic high stepping gait will be abolished. As.stated 
above, the fitting ofa back stop or a mechanical ankle joint constructed to control 
plantar-flcxion will passively control a drop foot. There arc however a number of 
active methods employed which utilise a spring device of some sort. 

Doub!~ btlow-knee iror; round heel sockets and rot-raising spring (AFO Darsi A: 
Ankle, Foot Orthosis Dorsiflcxion Assisi) 
The simplest type of toe-raising spring is illustra.ted in Figure 11.11. The spring 
is attached to the double below-knee iron which lits into round heel sockets, by a 
Y·shaped strap. The lower end of the spring is attached to ·the middle of the 
dorsum of the shoe, at the level of the metatarso-phalangeal joints, by a small 
leather lug stitched to the shoe. This is a cheap and effective mech;:inism but it is 
obvious. cspcci2lly when worn ~y women> and considcr<iiblc stress i.; imposed 
upon the heel sockets and the ~hoc:. 

Doublt below-knet iron, anklt joints, flat Jut! sotktts and to~raising spring (AFO 
Dorsi A: Ankle, Foot brthpsis Dorsiflcxion Assist) 

A less obvious toe-raising spring is that employed With an ankle joint and flat 
spur pieces and heel sockets as illustraled in Figure 11.12. The spring is .. ttached 
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Fig. 11 . I l Double b.:low·kncc iro n, round spur pieces, IOC:·ra ising spring and ankle s1rap 
(AFO-Dorsi A). . 

co the outer side bar (or both side bars) of a caliper or double below-knee iron by 
an :idjustable strap and buckle or ·wire rod. and to a lug projecting forward from· 
the centre of the :inkle joint . This apparatus is heavy and expe!1Si\·e. 
Considerable stress is still imposed upon the shoe and heel sockets, and with 
time the flat spur pk·:es become worn and loose. 

Double btlow-knet iron with rubber torsiorr soclttt (AFO Plantar R: Ankle:, 
Foot Orthosis Plantarficxion Resist) 
When the force required to overcome the drop foot is not gr~t, a toe-raising 
device concealed in the heel can be used. Originally this device consisted of a 

J"lg. JI . 1% Double bclow·kncc iron wilh ankle joinls, nu spur pieces, IOC· raising spring and •nklc 
map (AFO-Doni A). 
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number of turns of spring piano wire wound round a rod (Tuck, 1957). Square 
sockets were sunk in each end of the rod to t:ike the spur pieces. A similar toe· 
ra.ising mechanism wilh a rubber bush vulcanised to the rod is now available 
(Tuck, 1962). The spring action results from torsional stresses in the rubber 
which can be varied by 'a screw thread. The disadvant:iges of the rubber bush arc 
that it may rapidly wear out and it can be fiued only to a broad-heeled shoe. Both 
these devices arc light and chc;ip, the later type being mass produced. 

Extttr coil spring to~-raisi11g applianct.(AFO Plantar R: Ankle, Foot Onhosis 
Pl111uuflexion Resist) 

For children under the :ige of five year;, a below-knee appliance fined with :i toc· 
raising spring, even if made ofDuralumin, would be too heavy. In such cases an 
Exeter coil spring toc-r:iising :ippliancc (fig. 11.13) which combines the 
functions of supporting side bars · and a toe·raising spring in :i simple light 
appliance, ·can be used. This appliance, howeve.r, is very restrictive:, with the 
result that the attachment of the spring steel to the heel of th:: shoe may become 
loose, or the steel itself may break . 

. 
\ 

Fig. 11.13 Exeter coil·spring toc·uising ippliance (AFO-Phnm R). 

Orrholtnt* drop foot splim (Fig. 11.14} (AFO . Plantar R} 
When the ankle joint can be dorsiflcxed passively to at least a right angle, and 
when spasticity is absent, an Ortholcne• or Per pl as• (both are high-density 
polyethylenes) drop foot splint can be prescribed. 

From a plaster-of-Paris cas t of-the leg, taken with the ankle held above a right 
angle if possible, a positive cast is made, over which a strip of high-den~ity 
polyethylene is moulded. This strip extends downwards from behind the upper 
calf, around the heel and ,forwards under 1hc sole to the base of the toes. When 
the high-density polyethylene has cooled, it is trimmed to ensure a snug fit inside 

' Sec Appendix. 
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Fig. 11.14 Ortho\cnc: drop foot iplint (AfO-Pbntar R}. 

the shoe, and the edges arc chamfered, especially under the toes. If necessary a 
calf pad of Plastazotc can be added to improve the cosmetic ~ppcarancc of the 
kg. 

The splint is worn next to the .skin. A Velcro strap may be fitted w the upper 
end to keep it closely applied to the back of the calf, or an elastic stocking may be: 
worn. , 

This splint overcomes the cosmetic and mechanical disadvantages of the 
previously described appliances. In addition it ovcrconies the disadvancagc of 
some of the present-day commercial footwear, the heels of which arc hollow 
plastic mouldings unsuitable for the insertion of heel sockets. 

T-STRAPS 
AT-strap is cut from leather. The vcnical limb of the Tis attached co the shoe at 
the junction of the upper with the sole. It is placed well forward. The map is cue 
with long tongues so that the upper end of the strap encircles both the ank.lc and 

1 

the side bar wich the buckle: on the other side of the leg, and che end of the scrap 
pointing backwards. 

A T -strap may be attached to either the inside or the outside of the shoe, to 
provide stability and to substitute for paralysed or partially paralysed invenor or 
evertor muscles. A sinslc bclow-lmec appliance (side bar) is used in conjunction 
with a T-strap (Fig. 11.15). 
Examples: · ' 

l. When the tibialis anterior and tibialis posterior muscles ICC weak, but the 
pcroncal muscles arc strong,· the foot will assume a position of valgus. This 
deformity can be controlled by an outside iron an!i an inside T-strap. 

2. A varus deformity from wcal..ness of the pcroncal muscles can be controlled 
wi1h an inside iron and an ou1side T-strap. 

-,­. 
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; \ 
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FIJ. lJ.lS Single inside bclow·knee iron with round spur piece and outside T-strap (AFO). 

RETAINING STRAPS AND BANDS 

In addition to the above modifications which may be made to a caliper, jt must 
be remembered that the limb must pc retained within the caliper. This is 
achieved by using various leather straps and bandJ. These arc described b~low. 

AnJc/e strap 
The spur pieces o( ~~ _:1;ppliance must be retained in the heel sockets. A T-strap. 
will perform this function as well as correcting a varusor valgus deformity. In 
the absence of a T -strap, an ankle strap must be present. An ankle strap is 
attached to the outer side bar, passes around the inner side bar and lower part of 
the leg, and b3ck to the outer side ba~ where it is buckled firmly (Figs 11 . l , 11 .2, 
11.3, 11.11, 11.12, 11.17). 

Pie. 11~11 K.nock-knec pad. 
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Poste rior thigh band --

'· 

Anlcrior ~nee c;ip 

Ad ju s1ahle side bars ----

Ankle s1rap 

Strap from heel of shoe 

to pauen to stabilize foot 

and shoe in the caliper 

Paue~ end 

Fig. ll.17 Patten ended c.lipcr (KAFO-Wcich1 rclievinc) wilh ud1i1l bcarinc rinitop, adjuscablc 
side ban, posterior 1hit:h band, interior knee ap, posterior calf band, ankle "rap and scrap from 
bed of shoe to patten. 

Calf band and anterior thigh pad 
When a knee joint is used a calf band and an anterior 1high pad arc fined . The 
calf band, lined with felc and covered with leather, is auachc:~ co the side bars 
just below the knee join!. A padded anterior thigh pad is fined above the knee 
joint (Figs 11.2, 11.3). It is not required when a long leather bucket cop is used. 
The calf band anc! the anterior thigh pad arc fastened wit It a strap and buckle or a 
Velcro fastening . Eyelets and :i lace can also be used for chc laucr. 
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Knu pad 
A knee pad is not alway' fitted to hinged calipcra aa it limits knee flexion. Its 
function is to stabilise the knee in a non-hinged caliper. In addition to the 
anterior knee pad, a leather gutter piece is attached to the side bars to lie across 
the popliteal fossa (Fig. 11.1). 

A knee pad can also be used to control or to prevent the developmcnc of a,.· 
valgus or varus deformity of the knee in the presence of ligamentou; laxity. To 
control a valgus deformity of the knee, the pad is attached to the outer side bar 
and passes around the knee (between the knee and the inner side bar) to be 

11tt:11:heJ iagain to the outer sh.le bur. In aJuilion there ore two nurrow strurs 
which attach the top and bottom of the knee pad loosely to the inner side bar, to 
control knee flexion (Fig. 11.16). To control a varus deformity of the knee, the 
attachments of the knee pad arc reversed. 

PATTEN-ENDED CALIPER (KAFO Weight-Relieving) 

When it is csser.ti::l for a limb to be relieved of all weight bearing, a patten-ended 
cal iper (Fig. 11.17) is requ ired. This type of caliper w as commonly used in the 
ambulant treatment of Perthes' disease of the_ hip. It is used less ofte n for this 

puq)OSe today. .-
A patten-ended caliper has. a snugly fitting ring top. The steel sisle bars, 

without knee joints, arc adjustable for length and arc prolonged about 3 inches 
(7 .6 cm) below the heel. The distal ends of the side bars arc welded to a steel 
ring, the patcen, from which a strap passes to the back of the shoe, co cont rol 
plantar-flcxion pf the ankle. The foot of the affected leg is thus kept sufficiently 
clear of the grou~c!. tc,> prevent the child from taking weight on his toes. In 
addition posterior thigh and calf bands, a knee pad -and an :mkle srrap · are 
provided. 

Normal footwear is worn on the affected side, but a compensating patten m ust 
be added to the opposite ~hoe to accommodate the increase in length of the 
affected lower limb (Fig. 11.18). 

Fig. 11.ll Compensatory paucn on a normal shoe. 

The length of the caliper must be adjusted repeatedly to allow for grow~h, 
otherwise the child will soqn bear weight on its toes. Whether or not this is 
occurring can be determined by e.xamjning the toe of the shoe worn on the 
affected side, for the ;presence of wean " J • • 
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THE 'COSMETIC' LONG LEG CALIPER {KAFO) 
(Fig. 11.19) 

' .... .... 
I 

: : 
t ~ 

Fig. 11 .19 'Cosmc1ic' long Ice caliper (KAFO). N occ 1h:u 1hc siJc bus end jull below 1hc knee 
where 1hey arc riveted 10 an Ortholcnc drop foot 1plinc. l'os1uior off-sec knee joinls arc illustralcd . 

The long leg calipers illustrated in Figures 11 .1, 11 .2 and 11.3 have a number of 
disadv:in.tages. They arc cui:nbersomc, heavy, rigid and often uncomfortable:. 
They frequently break, arc not cosmetically acceptable especially to women, and 
t:ikc m:my hours to make. In addition all the paticnt'uhoc:s have to be fitted· with 
heel sockets, and as the foot of th~ affected limb is often smaller, the patient may 
have to buy two pairs of shoes each time. 

To O'lercome these inherent disadv:1ntages and th~ additional problem of the 
unsuitable present-day commercial footwear, a new type of non-weight rclie\•ing 
long leg nlipcr (KAFO) for use in cist!s of flaccid paralysis of the lower limb has 
been developed by Mr W.H. Tuck at The Royal National Orthopaedic Hospital. 

· This development has resulted from the introduction of pl:istia and has received 
additional impetus from the previous development of the Ortholcne drop foot 
splint . 
. This new appliance is fitted with a bucket top made from high-density 
polyethylene moulded :iround a positive cast of the upper thigh and ischial 
region. Where the shape.and size of the foot will allow, the bucket top is riveted, 
forming a rigid cylinder which is threaded over the li mb when the caliper is 
applied. 
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The side bars terminate just below the knee where they arc riveted to a 
modified Ortholcnc drop foot splint. This result~ in ;.he caliper being lighter, and 
more resilient and cosmetically acceptable to the patient_ Th1:; co:;ri·1etic 

appearance can be improved further hy adding a false calf of Plastazote. The side 
bars are finished by sand blasting and then he.at-coated with nylon. 

Ring·lock knee joints {Fig. 11.5) are used commonly, barlock joints only 
rarely. When at least 10 degrees of hypcrcxtcnsion is present at the knee, 
posterior off-set knee jointS" {Fig. 11. 7) can be lined instead of locking knee 
joints, providing that the patient's other limb is normal, as the patient's stability 
dcrcml• "r'"' his hcing ahle 10 maimain hypercxiension a1 1hc knee. 

The caliper, with 1hc a<l<lition or a knee or an1eriot thigh pa<l an.I posoibly an 
anterior calf band, is worn next to _the skin in the same way as the Onholcnc 
dro[>"foo1 splin1. 

The choice of suitable footwear is wide. The heel must be broad and it is 
advisable that it should no1 exceed 1 to 1.5 inches (2.5 to 3.75 cm) in height. As 
the caliper fits inside the shoe, compensation can be made easily for any 
discrepancy in size of the feet. 

These new types of calipers have a number of advantages over the older types. 
They ore much lighter, weighing abou1 half that of the older calipers; they are 
cosmetically acceptable; they allow movenu~nt of the foot and caliper within the 
shoe which results in the patient being better able to adapt to uneven surfaces; 
chcy arc more hygienic; they arc quicker ro make, the time being reduced by 
about on~third; and they arc no more expensive. 

Appliances of similar design {Hartshill lov:er limb appliances, Yates, 1968) but 
using polypropylene instead of Ortholcne* or Perplas* arc made by Salt & Son 
Ltd.* 

PRESCRIPTION, CHECKING AND CARE OF 
CALIPERS .. 

The prescription, checking and care of calipc:r~ is considered in Chapter 9. 
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Footwear 

The mos1 im pon:11i1 rcq ui remenc of any footwear is that i1 fiis corrccilr. If 
footwear fits correctly, it will he comfort:iblc and will not cause! p:iin or dcfMmi1y 
in the future. · 

Any attempt to accommodate normal feet wi1hin incorrect footwear will resu lt 

in pain, the formation of c;illositics, bursae and skin ulceration from localised 
areas of excessive pressure, and occ;isionally, growth almorm:il it i.:s . If 1he ft:ct are 
deformed, the :ibove complications :i re more likely to occur. 

The shape of a norm:il foot is no1 symmctric:il. It changes wi1h growth in 
ch ildhood, in length more rapid ly than in wid th, as wc)I as with age anJ 

increasing weight in adult tire. The foot increases in length and wiJ1h on 
standing, and one foot may be large r th;in the other. 

M:iny people, women more than men, do not wear suitable footwear and do 
not understand why their feet arc pa inful. h is important therefore 10 examine: 
c;ircfully the foo twear of all patients complaining of p:iinful fret. When this is 
d one, it is often obvious th:it their footwt:ar does riot fit correctly, and that their 
feet are bei ng squeezed. Some women arc slaves to fashion, and will persist in 

wearing so-called fashionable shoes which they feel make them look more 
:ittractive. In addition, they frequently insist on buying a size 6B for example, 
because that it is the size they-have always bought, and wearing footwear with 
high heels which tends to push the foot forward, cramping the toes ;md 1hus 
predisposing to the development of dcforrr.ities of the toes and mc:latars:ilgia . . 

There are a number of diffc:rent factors which -contrihute to th~ problem or 
obtaining 1uit11ble footwi:ar, e"'.en for normal feet, such as: 

L The confusion in siie1 between footwear made in dirTcrcnt countries. 
2 . Some styles of footwe.ar arc only available in one or -certainly a limited 

number of widths. 
3 . The shape of the shoe or boot itscl( 

4 . The lack of adequately trained staff in .shocshops to advise customers on 
suitable footwear. 

5 . The psychological barrier, especially with women, to accepting chat the: size: 
of their feet may change with age. . 
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6. The lack of education in the problems which con result from incorrect and 
ill-fitting footwear. 

7. The failure to have both feet measured for le1·gth and width while sta11di1,rg, 
.eY~ry.Aime new footwear is purchased. 

THE NORMAL SHOE 

To enable a doct~r to communicate with an orthotist, a basic understanding of 
the construction of footwear is essential. 

A shoe is built over a last which is a model of the weight-bearing foot. The 
main parts of a shoe arc the upper, the sole, the heel, the linings and the 
reinforcements. 

THE UPPER 

The upper is that part of the shoe above the sole (Fig. 12.J). It is divided into an 
anterior pan, the vamp, and a posterior part, the quarters, medial and lateral. 
The lateral quarter must be cut low enough 10 avoid pressure on the lateral 
malleolus. 

-------Upper~ 
Vamp Lace Stays Tongue Quarter 

Heel Breast Heel 

Fl1- 12. 1 The m2in piru or 2 norm1l she><. 

Eyelets for the laces ar~ situated in ·the lace stays under which lies chc congue. 
At chc base ofthe tongue is the throat of the shoe, through which the foot enters. 
The lace stays may or may not be a part of the vamp, depending upon the scyk of 
the shoe. 

In the Gibson style of shoe (Fig. 12.2), the quarters arc srirchcd on rop of the 
vamp so that chc lace slays open freely to allow the foot to enter. A comparable 
style of boot is termed Duby. 

In the Oxford style of shoe (Fig. 12.3), the vamp overlies the quarters which 
meet at the front and arc laced together. Ba/moral is the term given to a boot of 

· similar style. The Oxford style docs not allow the tongue of the shoe to be 
rcflcct~d back as far as in rhc Gibson style, as a result the shoe cannot be opened 
as widely to allow the foot to enter :he shoe. 
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Fig. 12. Z T ht Gibson stylt of shoe. Nott tht plain v.n1p. 

Fig. 12.l The Oxford style or shoe. Note th>t the vamp overlies lhe quar1cn thus limiting how 
wide the shoe can be opened to allow the foot to enter. 

THE SOLE 

There arc two soles. The outer sole is separated from the inner sole on which the 
foot rests, by a compressible fi11er and the shank. The shank is a rigid strip of 
.steel, extending from the middle of the heel forwards to *-I inches (6.0-9.-0 mm} 
behind the break of the shoe which corresponds 10 the line of the metatarso­
phalangeal joints. The shank rcir.forccs the waist of the shoe, which is that part 
of the shoe which lies between the ™:cl breast (sec below) and the broadest p:1rt of 
the sole, the ball (Fig. 12.4). 

1--1 __ ...._ _ _; ____ Heel Breast 

I 
&'If-._ __ Shank Waist 

-- I 
--------Ball ol Shoe ------Break of Shoe 

(Line ol MP Joints) 

Fig. 12. 4 The outer sole is reinforced by 1he shank. 



174 TRACTION AND ORTHOPAEDIC APPLIANCES 

.' 
Shank and Fiiier 

.-
Well 

Outer Sole 

Pl1. 12.S Crota·acction or a &hoc or welted cons1rue1lon. 

The outer sole can be attached in two ways - indirectly or welted, or directly. 
In welted construction (Fig. 12.5) a narrow strip of leather, the welt, is sritched 
to the margins of the inner sole and upper, from the front of the heel forwards. 
The outer sole is then sewn to the welt. The sewn welted lc:11her sole is being 
replaced gradually by microcellular rubber and orhcr synthetic matcri:ils which 
arc attached directly to the upper and inner sole by sewing or more commonly, 
cement (Fig. 12.6). These other materials arc lighter, more flexible and harder 
wearing than leather. 

Inner Sole 

~g~~~~~~~~~-_:_-Outer Sole 

"""Stilchina (or Cement) 

Fla. 12., Crou·section of a shoe where 1hc sole is au~ched directly 10 lhe upper and inner sole 
cirhcr by 11itchln1 or ccmcn1. 

THE HEEL 

The anterior surface of the heel is called the heel breast (Figs 12.1, 12.4). The 
shape of the heel may vary (Fig. 12.7). It should have straight sides and be broad 
enough, unlike the stilleto heel, to provide firm suppon and prevent the ankle 
from rolling over. The height is measured in front of the centre of the heel, in 
line with the medial malleolus, and for orthopaedic purposes should not exceed 
1 J inches (4.2 cm). Heels higher than this force the weight of the body forward 
onto the metatarsal heads. ; 

~ @ 
. Flat Mlll1ary Cuban 

Fl1. 12.7 Di1Tcrcn1 typc1 orhccl. For onhopacdic purposes 1hc hciah1 or 1he heel 1hould noc 
ucced 11 inches (4.2 cm). 
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THE LININGS 

Tho~c parts of the shoe which make contact with th~ foot arc lined. The vamp is 
lined with cotton and the inner sole and ihc quarters ' with either lc:ithcr, or 
cotton reinforced with lc11th•r. 

REINFORCEMENTS 

The vamp is reinforced by che coe box, and the quarters, in che area of the 
anatomical heel, by the coimters (Fig. 12.8). 

Counter 

Pig. J2.8 The 10< box anJ counicr which reinforce 1hc toe anJ 1hc b~ck of 1hc •hoc in 1hc rc£ion 
of 1he 1n11omic1I hed, rupcc1ivcly. 

SURGICAL FOOTWEAR 

The· manufacture of special footwear, or alterations or additions to existing 
footwear, may be necessary co accommodate deformed feet , to relieve p:iin, to 
compensate: for shoncning of :1 lower limb, or to provide the foundation for :in 
orthosis. When doubt exists as to what is best to relieve :i patient's symptoms, 
consult the onhotist. 

The provision of well-fitting individually made surgical footwear is becoming 
more and more difficult as fewer people arc: being trained in this skilled work 

· (Sh:iw, 1976). Unfortunately :is the range of footwear availab le in the usual 
commercial field becomes more limic~d, there has been an increase in the 
demand for surgical footwear, thus compounding the problem. 

The comfort of the patient is p:iramounc. It is sometimes possible: co fulfil this 
aim without prescribing surgical footwear. Giving the patient advice about 
1uitoble foo~we:ir may be all that is necessary. Other patients can be referred to a 
local shop which may slock a larger range of sizes, be given the address of firms 
which supply footwear in ex1ra wide fillings (Bury Booe and Shoe Co. Ltd*), or 
be supplied with stock shoes or grt:atcr depth than normal, 10 allow more room 
for deformed loc:s, or to accept insoles. Others may only require modifications to 
their normal foocwc:ar. · 

The supply of individually made surgical foocwear is best supervised by one 
person, from the taking of measurements or a casl of the foot, through making 
the last an<l shoe, to fitting and final supply. In Grc:n Brilain, much of the 

·s~ hppcn<lix . 
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present surgical footwear is made in factories many miles away from 1hc pa1ic:nt 
by someone who has never seen the patient 's foot. This difficulty also cxis1cd in 
the United States of America but has been overcome: by 1hc Veterans 
Administration with the development of their orthopaedic shoe service (Smos, 
1976). 

Surgical footwear is made on a last constructed from accurate measurements or 
from a pl:istc:r cast of the deformed foot. 

When a foot is dc:formc:d, for example by hammer toes or hallux valgus, but is 
still plantigrad~~ careful measurements of the foot arc adequate: for the 
construction of the last. When the obnormality of the foot is such that the pl3nt:ir 
surface: of the foot cannot be: accommodated on a leather sole:, for c:x;implc severe 
untreated talipcs cquino-varus, a preliminary plaster cast o(the foot is essemial. 
An inside cork sole shaped to the contour of the base of the foot is mode. This 
ensures that the: body weight is transmitted c:vc:nly over a large surface: area, thus 
avoiding localised areas of excessive ·pressure:. _ . 

Shoes arc u sually prescribed when the deformity is limited to the forefoot, and 
boots if the foot is grossly deformed, if the hind foot is involved, if scars arc: 
present around the ankle which would be rubbed by the top of the shoe, or i( a 
large raise is required . · 

Boots grip the feet better than shoes, reducing piston action, and thus resisting 
the: tendency of the feet to slide backwards and forwards. 

The vamp of surgical shoes aod boots is commonly plain, as 1his gives a 
smooth Inner surface. • 

When surgical footwear is pr_c~cribc:d, consideration must also be: given to 1hc: 
size: of the: opening through which the foot is to be inserted. The Oxford style 
cannot be opened widely over the forefoo1, whereas 1hc: Gibson style: can be, 1hus 
casing the insertion of a more rigid foot into the sh oe. A very rigid or flail foot 
requires an even larger opening. This is p rovided by lacing extending dis1ally to 
the toes {Fig. 12.9). Pic:dro• and Eagle• lace-to-toe bootees are suitable: for 
supply 10 children and some: aduhs with small fi:et, suffering from spin:i bifida 
and other condition~ with gross neurological disorders of the feet . 

Fig. 12.9 Boot wi1h lacing utcnding distally to the toes thus allowing a much wider opening for 
entry of the foot. Note th~t the cyclcu have been rcphccd with books. 

It is imponant also to consider the method of closure or"the shoe or boot. The 
most common method of closure by laces and eyelets allows the snugness of the 
vamp to be adjusted to accommodate: swelling of the feet. On boots, some or all 
oft he eyelets may be replaced, by hooks, thus enabling the patient to don and doff 
the boots more rapidly, especially if hand function is impaired. Some patients 

•Sec Appendix. 
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wich impaired h:irid funccion, or limilation of elbow, knee or hip movemenl may 
nor be able lo nunase normal laces. The replactment of ordinary laces with 
clascic laces (Soesi laces*} or chc use offoo~wcar of the 'slip-on variety, can be of 
grcac help in such situat ions. Elastic shoe laces arc nol suitable foi use with an 
ankle-foot onhosis. Strap and buckle, and VclcrQ flaps afford otha methods of 
r:isily adjust:ihle closure. The Vckro flaps can be sewn on O\'cr the !Jc..: sta}'S. 
Shoes or boots may be fiued wi th Zip-fasteners or elastic webbing inscm; with 
neithe r can the snugness of Cic be adjusted. Sometimes a lo ng-handled shot.: horn 
can be of greac benefit. 

Vacuu~11-/ormtd -Plasrazotc and l'ampi footwear (Tuck, 1971) 
0\·er lhc last few years many new synthetic materials Inv:: been developed. 
These arc now begin ning to be used in the manufacture of surgic:il footwear. 
From materials such :is Plastaz.otc • (a high-density poly..:t hyknc) co1·..:n:J with 
Y3 mpi• (a plastic), v:icuum-forrm:d shoes wd hoot..:cs c;i n be made. 

This type of footwear may be used in the conserv:itivc management of any 
se\•ercly deformed foot, such as may occur in rheumatoid :irthritis, after p:in ia l 
3 mpu1ation or leprosy, or when trophic ukc:racion or g ross swell ing is prcsen1. 
Shoes or bootees can be m:idc, th!-! latter being presc ribed when the: foot is 
severely deformed. 

A preliminary plascer-of-Paris case of che fool is taken, from which a positive 
pl:ister cast is made. A Plasta2.01e inner sole is initially formed, :md is then addcd 
to and trimmed as necessary to obtain a flal surface. The upper is !hen formed, 
an.d afcer !rimming ic is 1utached to the inner sole with an adhesive. 1\ 1 

microcellular sole and heel and a Velcro fixing arc added finally. . 
This type of foocwear has a number of advantages over che presently accepted 

surgical shoes and boots. It fits snugly around the heel and mid·fooc; ii provides 
total surface concact with the sole of the foot, thus ensuring that chi: bodr·wcighc 
is spread evenly over a large area and chat localised areas of excessive pressure arc 
avoided; ic is abouc one-third chc wcighc of similar leather foocwcar; it can Qc 
washed and is therefore more hygienic; the Velcro fixing is managed easily even 
by severely deformed hands; and il will l:ist for up to twc:lvc mon1hs. The main 
disadvancages arc that some paciencs experience uccssivc sweating of their feel 

and the appearance is not so smarc' as that of lcacher footwear. 
This type of footwear is available commercially in a range of stock sizes 

(Drushoe*; Dermaplast'). · 

The Drushocs (Fig. 12. 10) do not have :my scams cxccpl al the heel. They arc 

Standard Depth Extra Depth 

Fis. 12.10 Drushocs; of 111ndard depth on the Jen and of extra-depth on the ri,ht. 

•Sec Appendix. 



178 TRACTION AND ORTHOPAEDIC APPLIANCl!S 

. supplied wi1h two removable insoles, in eleven sizes, two colours (black and 
brown) and in two forms (standard and extra-depth). The Drushoe may be worn 
as supplied, cut down to form a shoe or sandal (Fig. 12.11), or be moulded to the 
patient.'• foot after locally heating with a hair dryer, or after heating in a hot air 
oven for two minutes at 140°C. The sole of the Drushoc is adequate for outdoor 

use. 

Pig. 1?.11 Drushoc where the quarters have been r_cmond. 

HOW TO CHECK THAT FOOTWEAR FITS 
CORRECTLY .. 

• o I • • " • • • • • :· •• • ' ~ " .. • : • : . • o •• : o : • o • 

The fit of any footwear is ~f tne greate~.t. if!1portaryce during . 
· weight bearing and walking because of ttift.endency for the . : 
foot to lengthen and become broader, due·. to the stretching . 

· of \he ligaments of the foot, under the lnfiµence · of body ·· · ' 
weight. Therefore the patient· must be asked to stand ani:f .. . . 

: walk when footwear ia checked. .,:( ,~; '.:" .. : · · . 
- Excessive pressure must ·not be exerted ori the foot by the 

. , upper pr t~e Inner sole; ... ._ :. . : . , _ .. _~;:;; ;., ; :. . : ·: :·~:. . 
;, i.-:7?he _f!\ murt b~ sr;iug. :e.~oy~h :~o the~ :th.~. P.hC?.~. ~~~s_.pot .~a!Li1H1§~~ 
~~ J ~ : l _?f1r1h~J?ob_.~u~, .'.<?~s~1 1eir,~ _ 9-~ f<?r; .!:n~Y:~J1!"H~; ~~: ·J~e/p~~:'~o~.~~~1~i 
t-,LJ occur:·.Y..1tti111 . the . . shoe;.WttlJ.:.wal.kmg ;:andt.{urirnog..:.: .t .. ~: ., ,. -.. ,~\~~ 

- Tho~!' mus~ be adequet~ ,cleerenc~ ov~r,Jh~: dorsum·_of th~ t • .. ;;.:~/;f 
toes, as well as adequate space at the siaes of the heads of.~ ;; . · 

• . ,.. • .. . • • • ... . J , .;;. ~ 

the firs t and fifth metatars_al heads. If the'1shoe is not deep ~r~'::· ..-: 
I • · ·• • • ~"'I ' • f ' • , ,.._ _.. · 

wide enough, the metatarsal heads will be· pressed . . ,. . . · ; 1 ··:•~: • ~ 

~- -_ _downwards. . .. ~ >: _ .. ~: .. \ ... ;:-,· _;:\ =~ -:J~if\ : · ... ·:' .. ;~::: : ::: .~ ~·,:~-'.' 
- There must be a gep between the ends of all the toes and the 

toe of the shoe or boot.1 With respect to. the hallux this gap 
should be I inch (1.5 ~·~) . If the shoe or 

1
boot is too short, ._. ·.;" .-· 

the toes will be pressed against the inside of the shoe or . ·. · 
boot, be curled up and ,again ~ause the met~tarsal heads; to ·:~ ·:• .~: 
be Pressed. downwards·· · · .·.:,.·,,;,._:.. ""' .,· .... ·' · 1· • · -' 1'.', · 

• '. "Ci '~ '.-4 . · · .Ji • ·'.°?r-.'f>r.:r .. ~ ;~:<' ! : ·::~ :i.··~-;-': ··~~~ ;· ·: ·;' 
·-The patient must be able to :move alrhi~ ;;toes .. freely::, , · ~~ : -. : :: '. :{ ;. 

- The metatarso-phalangeal -joint of the. hail~imust be level • . ·'·:·i · 
with the inner c;utve C?f the sole, where th~ ~ole-.start·s to . . ::--,,·,;. 
curve laterally under the. arch. · . ·h)~::·:.: _, .. ,.~ .. ~ ; .. . :.:-·. 
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..:. The counters must fit snugly around the back of the patient's 
hecl. · · 

- The quarters must not gape excessively. 
- The quarters must not rub on the malleoli. · 
- The waist of the shoo or boot must grip the foot firmly 

enough to prevent tho foot from slipping forward or 
backward. 

- The quarters must be high enough medially over the instep to 
prevent impingement or irritation'at or near the region of the 
first metatarso-medial cuneiform joint. If it is not higti enough 
in this region, then if the laces are tied tightly, there will be a 
tendency for the modial arch to be pushed downwards, 
elongating the foot. · .. ··· 

.M.ODIFICATIONS TO EXISTING FOOT\VEAR 

Although :surgical foo·twcar, as discussed above, may be required for the 
m:::inagemcnt of painful feet, partjcularly in the case of severe dcformi1y, 01uch 
foot pain can be alleviated hy prescribing various a.Jdi1inn:; or alter;ujons ra 
existing footwear. An :;u:curatc: diagnosis n1ust be made hcforc chese addilions or 
alterations are prescribed. It must be renu:mbcrcd ch.al often foot sy1np1onls c~o 
be relieved by physiotherapy. 

Some" modern shoes arc noc suitable for modifi<;:ation because of their n1ethod 
of n1anufacnirc. The heels 1nay be of hollow plastic construction, and 1he soles 
m::i.r. be attached to the uppc..·rs by adhesive or ,by injection n1oulding. A shoe, 
suitable for modification or use \Vith an orthosis, is preferably of Jt:ather and 
v.:ehed construction, v.·ith laces. The heel should be broad, rather 1han narrO\\', 
and only of moderate height, that is not exceeding l j inches <4.2 cm). 

For convenience of discussion, p::iin in the foot is considered to arise from one 
or more of the following sltcs; ankle and sub-talar join1s1 heel, medial 
longicudinat arch, mcconarsal arch and 1ocs. 

ANKLE AND SUB-TALAR JOINTS 

Pain arising from the ankle or sub-talar joints may be relieved by 1in1icing or 
preventing movement at the aflCctetl joints. This can be achieved by advising th~ 
patient to wear bootsJ by inserting an :;ankle stiffener or by adding a rocker bar to 
the sole of the: shoe. A rocker bar is prescribed also following arthrodesis of 1he 
ankle to enable the patient to hcel·toc smoothly. 

. ··' 
A 11klt r11ff<mr 
A boot restricts movement at the :ifiklc joint. Further restriction can be obtained 
by adding an ankle stiffener. An ankle stiffener is made from metal or plas1ic. It 
extends upw:1rds fron1 the heel on the medial and/or lateral aspect of the ankle. It 
may be possible 19 remove the cxisting.counler from a boot and replace it with a 
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new elongated one, but more commonly an ankle stiffener has to be added to the 
outside of the upper of the boot, its lower end being riveted to the existing 
counter • .. .. , _. ... 

Rocker bar 
The apex of a rocker bar (Fig. 12.12) lies just behind and parallel to the line 
joining the first and fifth metatarsal heads. It differs from a metatarsal bar in that 
its anierior cxJensio-n is longer, its overall length being up to 21 inches (5.6 cm). 

As the sole of the shoe has been thic:kened by the addition of the rocker bar, it 

is sometimes 11ecem1ry to raise the heel of the shoe by a similar amount. The heel 
of the other shoe may have to be raised also to balance the patient. 

Fig. 12.12 Rocker bu (or hall~ rlgidua. Note that the apex of the bar Jiu immediately bcbind 
and parallel to the line joinin1 the lint and liflh metatarsal heads, but that its anterior extension · 
is longer than 1h~r of 1 met11arul bar (Fig. 12.21). 

Outsitk Aul float 
The lateral ligament of the ankle may be partially or completely ruptured 
following a severe inversion injury. -This may result in the ankle being_ unstable 
and repeatedly suffering further inversion injuries. 

In the absence of radiological evidence of increased tala r tilt either with or 
without general anaesthesia, or if the patient should decline operative repair of 
the ligament, inversion injuries can be prevented by floating out the lateral side 
of the heel of the ahoe (Fia. 12. 13). 

Fla. 12. ll Outside heel float . In addition an outside heel wedge can be added when weakness of 
the pcroncal muaclca It prcacnt. 

I . 

Normally the first part of the heel of the shoe to strike the ground is siruated 
about !-4 inch (0.6-1.25 cm) to the ·late~al side of t~c centre of the heel. By 
floating our the lateral side of the heel, the part of the heel which first strikes the 
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ground is brought medi11lly townrds the mid-point oft he now widened heel. This 
discourages the tendency to varus movement at the ankle and subt:ilar joints. 

In muscle imbalance, when the peroncal muscles ate weak, 11n outsiJ.: hct:I 
float with possibly the addition of an outside heel wedge, an ankle stiffener or an 
ankle-foot on hos is - :in inside below-knee: iron with outsic.k T -strap·(scc C:h . 11) 
- can be used to correct the varus deformity which occurs. 

!! EEL 

Pa i11 1111da tht hul, for example from pl:lntar fasciitis, may be rdic ,·cd by liu ing a 
horse-shoe shaped sponge rubber heel pad inside the shoe on a le;1 1h~r insole 
(Fig. 12. 14). If the insole is not effec tive, it is possibk to cxcavatl! the heel of a 
welled shoe and then to fi ll the cavity with sorbo rubb cr. 

,-------; ..... 
I I 'j--. 
\ I ---

~ 

l 'ig. 12.14 lied ~d. Note the honc·5'>oc 1h•pc to the 1pongc rubber p•d. 

Pain over the back of the heel from ·an exostosis of the cakaneus can be relieved 
by removing the counter from the back' of the shoe ;ind inserting two small thick 
sponge rubber pads covered with chamoii. leathe'r, one on each side of the 
cxostosis (a tapered hed cushion). 

MEDIAL LONGITUDINAL-ARCH 

Pain arising from the medial lpngitudinal arch of the foot may be due to foot 
sirain (from prolonged unaccustomed standing, rapid increase in body weight, 
rcs\lmption of weight-bearing after a long period of bed rest), or degenerative 
ch:mge.s in the tarsal and tarso·metatarsal joints. It is usually associated wuh 
flattening of the medial longitudinal uch and can be relieved by $upporting that 
arch. This support can be obtained in a number of different wa)'s. 

Insoles 

Valgus insoles 

These ar.c constructed commonly . from felt or sponge rubber covered with 
leather and mountc:d on a firm leather insole (Fig. 12.1 S). Occasionally rigid arch 
supports made from metal or plastic are prescribed . 
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Fla. 12. IS Valgus insole, full length. The suppon u1ends from the mit!Jlc nftti.. heel forw>r<ll 
unJcr the mc<li~I loni;ituJinal arch to the me1111ars:il hc:iw. 

The support extends from the middle of the .heel forward under the medial 
longitudinal arch to half an inch (1.25 cm) behind the metatarsal heads. The 
height of the arch support must be correct. It must not be too high for 1he rii;id 
flat foot, or too low for a mobile flat foot. Even if the condition is unilateral it is 
advisabl~ to prescribe a pair of insoles. 

When marked flattening of the medial longitudinal arch is present :mention 
must be paid 10 the metatarsal arch because support for both arches may be 
necessary. A combined valgus ~nd metatarsal arch support may be prescribed 
also for pes cavu$, so 1hat rhe body weight is evenly distributed and pressure on 
the metatarsal heads is relieved. ' · 

Insoles may be either of full or thrcc-qu:incr length. A full lcn&th insole is less 
likely to shift within the shoe with movement of the foot. It docs, however , 
decrease the amount of space in which the roes can move, and 1herefore should 
not be prescribed if there is any lcndency to hammer roe or claw toe deformity. 

As an insole takes up space within a shoe it may be necessary to advise 1he 
patient to buy footwear half a size larger than he usually wears. Patic.:nrs who 
have been prescribed insoles should be advised to wear them ini1ia lly for o nly :i 
shore period during the day, gradually increasing the lengt h of time until 1hcy arc 
wearing them continuou$ly. 

Shoe alterations 

Thomas net/ 
The front surface (heel breast) of a normal heel is slightly concave and runs 
transversely across the sole. In a Thomas heel (Fig. 12.16), the medial pan of 1he 
heel breast is extended forward at least I inch (2.5 cm), at which point the front 
of the heel lies under the navicular bone. This gives support 10 the medial 
longitudinal arch. 

Fla. 12.11 Thomas htcl. 

http://12.lt
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Mtdial slra11k filltr , 
Heavy patients somccimcs depress the longicudinal arch .ofthcir shoes. T his can 
be prevcnccd and support for the: media l longitudinal arch of 1hc: fool can he 
ol>1ained by adding a medial shank filler, which fills in the gap oeiw<cn the 
~round and the uncler surface of the longitudinal arch Cll°thc shoe on 1hc medial 
side. A medial shank Ii lier extends from the medial part of the heel breast to the 
head of the first mct:narsal where it is feathered to blend with the sole level with 
the break of the shoe (fig. 12.17). 

f'lg . 12.17 Mcdiol 1honlr. lillcr. 

Mtdial Jrul and laura/ sf1le rutdgcs 
This combination of wedges (cross wedging) produces a tendency to invert the 
heel 2n"d to evcrt the forefoo1, which results in elevation or· the medial 
longitudinal orch . 

METATARSAL ARCH 

Pain uising from the metatarsal arch region of the foot is usually due to the 
prominence of one or more of the central three met:ll~rsal heads in the sole of the 
foot, assocfatcd with dorsal subluxation or disloc-.ation of 1he respective 
mctatarso-ph:tl:i~gc:il joints. A hammer or claw toe dcformi1y is \lsually present 
:tlso. The laucr _may be associau:d with pes cavus. Other causes of mctatarsalgia 
arc Frciberg's disease of a metat:irs:il head, an intcrdigi1:il neuroma, m:irch 
fr:icture or disease such :is rheum:itoid arthricis. Symptoms can be alleviated by 
rclie\•ing pressure on the planiar aspect of 1hc mw11arsal heads. 

Insoles, etc. 

Metatana/ arclr support 
A metatarsal arch support consisrs of a pad of sponge rubber mounted on a firm 
leather insole and covered with leather. A single domed support (Fig. 12. I 8) will 
provide support for one or two of the middle metatarsal heads. When support for 
more than one or two metatarsal heads is indica1cd, 2 full width arch support is 
prescribed (Fig. 12.19). 



184 TRACTION AND ORTHOPAEDIC APPLIANCES 

,/'.._ ___ --';,, 
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Pig. lZ.JI Domed metatanal support, to relieve prenurc on one or two of the middle 
mctatanal beads. 

r- ___ ...... I"', 
I /'-.. 
I / 11- . 
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____ .,J ..._--=---

Fig. IZ.19 full width, three quancr lengths mctatars31 .rch suppon. The s11 ppon must be of 
the corr«t heicht and lie behind the metatarsal heads. 

A valgus and metatarsal :irch support can be combined on one insole. As 
mctat:irsalgia is often associated with hammer or claw toe deformities, care i:nust 
be taken before prescribing a metatarsal arch support on :i rull lcng1h insole. In 
such a situation a three-quarter length insole is preferable. 

li·f~tatarsal pad and garttr 
This consists of a p:id of sponge rubber mounted on a broad elastic band, which 
is slipped over the foot (Fig. 12.20). It is useful in relieving mild meiat:malgia 
and has the additional advaniage of allowin~ the patient 10 change his foo1wcar 
without having to transfer any insoles. 

Metatarsal arch supportS must be of adequate thickness and must be 

Flg. 12.20 Mclatars~I p3.J and i;ortrr. 
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positioned correctly. This is very important. They must lie behi11d<not under) the 
metatarsal luads. Pressure on the metatarsal heads i's reduced by the: body weight 
being transferred through the necks of the ·metatarsals. ' 

A new metatarsal arch support must be checked after it has been worn for one 
or two weeks. Prominent mct:llarsal he3ds tend to wear a depression in, or lc::ivc: a 
cli.:Jrer mark upon the insole. If rhe :mh support i·s in the co rrect posi tion neither 
of these two signs will be present. If these changes arc prc:sc:nr upon the insole, 
then the sup pon is pl:iced too far posterio rly, or is not high e nough, ~nd if 
present upon the arch support, then 1hc support is placed too fa r forwards. 

Shoe alterations 

Afetatarsa/ bar 

Pressure on the metatarsal heads can be rel ieved also by pl:lcing a raistd bar of 
leather o r m icroccllula r rubber across the sole of the shoe d irectly behind and 
pJralld to the line between the first and fift h metatarsal heads (Fig. 12.21). The 
anterior and posterior e>.: tensions of the bar are feathered in to the sole . The bJr 

Fig. J2.21 Metaml.11 bar for mcutars~li;ia . Note that the apex of the bar lie$ immedia1cly 
behind and parallel to the line joining the lint and firth metatarsal heads. 

takes the body. weight behind_ the metatarsal heads and provides a rocker 
movement. The average heighc of the bar for adults is i inch (1.5 cm). The 
disadvantage of this method is that the useful life of the bar is short due to wear, 
but it can be renewed easily without damage to the shoe . 

TOES 

Claw, hammer and mallet toes 
Deformed t9es rriay give rise to pain due to pressure upon them by the shoe. This 
pressure may be relieved by advising the patient to wear longer and wider shoes 
wi1h a plain vamp; ensuring that the toe box is of adequate height; stretching the 
shoe over . the deformed toes; inser1ing a b:illoon patch in che vamp where 
necessary; providing a metatarsal arch support rf the deformities are mobile. It 
may be necessary, h o wever, to prescribe surgical foocwc:ir to accommodate the 
deform ities. 
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lla/lux valgu1 and bu1110n 

The pain fron1 hallux valgus may be relieved by inserting a balloon patch in the 
vamp at the first n1etararso·phalangeal joint, or by prescribing a pair of surgical 
shoes. 

Hal/ux rigidus 
The pain from hallux rigidus may be relieved by advising: the p:u:icnt to wear a 
thick, relatively stitT, soled pair of shoes, or by modifying the footwear so thac 
Jurtiifltxion D.l the mctalarso·p'1.:1l:1.rtgcal joint of the hallux is rcduet:d or 
cli1nin:11cd. 'l'his c:.in be achieved in two \Vays. 

I. The oddition ofo rocker bor to the sole of the shoe or boot (Fig. 12.12). 
2. Stiffening the n1cdial side of the sole of the shoe. Jn a shoe of wcht·d 

construction, this can be achieved by elongating the shank so that it crosses [he 
brcals. o(thc shoe. An alternative mettod, in a shoe of non-weired construction, is 
10 add an extra layer of1eathcr (not microcc\~ular rubber) to the sole of the shoe. 
The additiona1 stiffness these procedures confer, prevents dorsiflexion ilt the 
mctatarso-phalangcal joint of the h:illux. 

Toe blo<k 
Occasiono.tly for multiple dcformi1ics, gangrene or infection, all the toes have 10 

be amputated. Following this procedure a toe block is prescribed. It is n)Jde of 
sorbo rubber or Plastazotc*. In addition, :l light steel or high d::nsity 
polyethylene (Ortholcnc) shank extending from the heel to 1he toe of th~ shoe 
must be fitted, to prevent the tip of the shoe from curling upwards. ' 

TRUE AND APPARENT DISCREPANCY IN 
LENGTH OF THE LOWER LIMBS 

Jn clinical practice, the exact length of each lower limb is relatively unlmponanr_ 
What is important is the difference in length \vhl..:h may exist between 1he two 
limbs. This difference in length may be true or apparcnc, or a combin::i:ion of 
both. 

TRUE DISCREPANCY IN LENGTH 

True shortening of one lower limb is present v.•hen there is a decrease in the: 
distance between the: upper surface of the head of the femur and the lo\1.'er 
surface of the calcaneus, compared with the other limb. This disrancc cannot be: 
me:Jsured_accur:::ncly by clinical means because of the deeply p\:Jced posi[ions of 
the relevant bony points. Accurate measurement is possible only by t:iking a 
special radiograph - a scanogr.aph - on which both lower lin1bs from the hips to 
the feet arc shown alongside a scale. 

For clinical purposes, the fixed bony points between which measurements 1lre 
taken arc the anterior superior iliac spine and the tip of the medial malleolus. It is 
accepted that the anterior su'pcrior iliac spine lies at a level proximal and lateral 

•Sec Append.ix. 



FOOTWEAR I 87 

to the upper surface of che head of che femur, and thac a pan of chc talus and 
calc01neus lies discal to the tip of the medial' m;il,lcolus. This means that 
destruction of the superior lip of the acet:ihulum, or upward disloca1ion of the 
head of che femur, will show as cruc shorccning when in fact the disca nce 
hecwccn the upper surfocc ofi he head of the femur :in.I the umkr surface of the 
l'akancus hn~ n 111 bcrn ahcic,I. Jn ;11{,lition loss ,1f limb kngth from a 
rn111pression fracture of the calc:incus will not l>c i<lcnc ific<l. 

APPARENT DISCREPANCY IN LENGTH 

Apparent discrep:incy in length of th:: lower limbs is due to the presence: of a 
fixed adduction or :ibduction deformity at one hip. 

In normal standing, the lower limbs arc paralld when seen from in front. To 
bring lhe lowe r li mbs in10 a par:ilkl position when a fixed adduction or 
abduciion deformity is pn:scni :JI one hip, the pelvis is cihed and one knee is 
ncxed. In 1hc: presence of :i fixed :idJuciion deformity, the :inierior superior iii~ .: 
spine on the same side is raised abO\'C the horizoncal, causing app:1rcn1 
shortening of the ipsilaicral limb. When a fixed abduciion deformi1y is prcsen1, 
che anterior superior iliac spine on the opposite side is ra ised above the 
horizontal, causing apparent shortening of the contr:il:ueral limb (or apparent 
feng1hcning of the ipsila ieral limb) (fig. 12.22). 

. _ .. , .. ·\ 
-· ·{ 

Long1tudin.-il aK•S of the body 

S u pr astemal notch 

X1phisternum 

FiKed dcfNmity 

ABDUCTION ADDUCTION 

M edial m;illcoh 

-- - ~ 

. \ 1 

I . 

Fig. 12·~ Apparent discupancy in length of one lower limb may be due to a find abduction 
or adduction deformity at one or the other hip joint. 
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The accurate measuremenc of app:u ent discrepancy in 1hc length of the lower 
limb is unimportant clinically. What is im~ortan t is that the detec1ion of an 
apparent discrepancy_in length indicates the presence ofa fixed deformity at one 
hip. 

HOW TO MEASURE THE LENGTHS OF THE 
LOWER LIMBS · / 

True shortening ...:;· : .. .. 
With the patient supine ·. '.~ •· ·· 

- Stand on the right-hand side of the patient. 

- Identify both anterior superior iliac spines .and draw an 
imaginary line joining these · ·~wo points .. : . 

- Project a second line distally from the centre and at right 
angles to the line joining the anterior superior iliac spines. 

- Prior to measuring the true lengths, place the normal limb in a 
similar position to that of the affected limb. When a fixed 
adduction deformity is present at one hip, the affected limb 
will lie across the distally projected line (Fig. 12.23), and 
when a fixed abduction deformity is present, the affec!ed 

Fig. 12.23 The posi1ion in which.1hc lower limbs musl be pbccd when me~suring for trut fmirlt 
in 1he presence of a fixed aJJ11<1io11 dt/ormity al one. (here 1he lefl) hip. . • 
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I . . . 
limb 'will lie some distance away frofl' this line (i=ig. 12.24). 

- Grip one end of a tape measure between the t ips of the left 
index, finger a·nd thumb, so that the thumb nail is at {ight 
angles to the upper surface of the tape measure. ; 

- Slip the left thumb and tape measur.e in an upward direction 
until the pulp of the thumb, covered by the end of the. tape 
measure, impinges upon the lower surface of the anterior 
superior iliac spine. 

Identify the anterior superior iliac spine in this manner, as 
th? presence of overlying mobile subcutaneous fatty tissue 
will make the accurate ide ntification of the anterior superior 
iliac spine impossible by any other means. 

- M~intain the left thumb in contact with the anterior duperior 
. iliac spine and lay the tape meas ure evenly along the medial · 
bo~der of the patella , and then slide the right thumb down the 
tap.e measure unt il it sl ips over the lower margin of ttie medial 

. .,ma!leolus . . . , 

. . I . . . 

.:... Note' the reading on the tape measure. · I ·.· 

..:._ Malntain the same grip on the tape measure with the.11~tt'· • 
ha~d; end repeat the manoeuvre for the opposite limb. =:_ 

• J . . . 

- Any difference between the two meas.urements indici,tes the 
.. amount of true shortening present. ! . 
. ... , . _. : ... , :.. . :· - '· .. :.. ·.· .. :.: ; . :i' : ... ~ .. . 

I 
I 
I 

-!I 

···- .--" 
• . I \ 

I\ 
· ... / .. 

I . 

' I 

Fig. 12.24 T he posi1ion in which 1hc lower limbs musl be placed when mea1uring for rr11e lmrrlr 
in 1hc presence of a fixed abduction Jcformity al one (here the left) hip . 
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• • • • .. :·;~. ~: • . I •• .. :;.~J.-=--··_.::.~~'.-: :~~,;~;._,,;'. 
With the patient standing,_'" .. : .. ·:·~.~/~'f.\i;~~,.\,\~_.'''~.~-,,· ·. 

- Stand'the patient erec('!vit.h'. b?th k~.e#.~~~~lf~i!~•~tel):da~\,,; D), 
. ;;';.lf1,e,1;iµfycboth anterior superior lhac spine~~,Tfie·_antarfor · ";,: .. ,. · 

superior iliac spine on the side of the shorter limb will lie at _a ,_ .:: 
lower- level.. . .. ·~·!/~: :-·~-~.1 :~·r.~: ·· .. ·· 11:~~~~1;~~t;_.t~~:·1-._-~ .. '.·: :-:·1E_~;; ... _(·~t'.'.! 

-'- Placaiwooden blocks of varying thicknes!i,'tmder the foot· of·-. . · 
·. · th• .. •horter llmb until the. anterior super!~"d!llac1.~plne8 lie on~a '; ~; 
~ .- horizontal plane. : . ' ;.;.J 1 • : • • 11~~1...;;-r~·~.! ~~~~J,.:_'\;i:.~~.t~ 1i~ 

·· ....: The total height of the1~obden blocks J9~~l:eciu'a1;·tha·~~·\.·,'.iW .. {F. 
. difference in limb lenQth~~:";_ .. /-: ,, ~~f~~~U.._;::A:~;~~~~t~~ftl11:p;1~ 
lo.,•--·-' ~ •' ••-"-•l\-'o~~ •• • ••·--~oJ ..... l.~-'iJ• .... :-~-~A> 

Apparent_ ; ahortenlng:':i;>tl'ff' .. ,·_·. ;'-_.~_':_ ._,_1.J', :: ; . __ d,_·_?i\···· . ·. . . _·!Ni·;l~i:;-·_1!"...l •• _.~,,:ft','~;} .. :; __ · -"'~·••l,i' ,.,,_.. ~ ....... ;f~'i!f-ij'-a1;,;...'\,..) ... ~.,._, . 

. Tha'~pparent lengthsriit•tha)ow~~ nmt .Jf.~;~J~f\iii3iom:,~:f~{'. 
fixed median point,\such ·as ·,the: x1phlstemom;orisuprasternal ;>;,;. 

, notCh~i.~o the tips .~f-~t~~~·.hi~dl~_I '!iti~-1~-~-~-t~h~}i~fg~\~.}jj-:·~.:-.J.~~~~~:~{1 
~ Li~~ ~~e_: patient ~~pine~.ir~~U;-,:~:! _. ~ '·"":·~;~·-~;~??,~~·~f-!;~{~~~tf~{~~\'..;:·;-..: ... ~~~l: 
-"" Ignoring the position ~f ,t~e:pelv~s, ·arra9~E!)he;lo"."er;fimb5"»~,:: '; 

evenly about the long1tudmal _axis of the.trunk;:,w1th; 0nly.3~4!'Y 
inc:hes '17 .5-10 cm) between the medial%'alleoli (Fiif;: 12.22):•::·; 

~ M~'ilSU_re the distance, troni .·th8 xiPhist~rnam ·or .. s~pra'sternal '-:;~:-~'' 
notch- to the lower margin of each malleolu's:· handling the -'~;:·~ 
taPO~_-measure as describ0d_ above. :.,--i :--~~~~ ~:: .;:"·,·~7--~~ . .-~: ·.-.::~-_{;:.~~·~ 

~A· diff0fence b6twean:the.~me8surefi1Brlt_s1i6·(76Bbt{'10~er· iifiib~'-~~ .. ~ . . -. .,,;: .. ..... ~ . - . -. ~ ... 
indicates the presence of a fixed adductfon· cir abduction .·_,._, 
deformity at one hip, but only ii true shortening or.~_,·. . . ,-:: .' 

le ~~.t~en ing is ab sen~·{;:; iii~·:.:~.· .. . ::·~ ~·!~·~£~:~~~- .~~.;~~:1~~j2L· :~<.i~Jl~-~ 

COMPENSATION FOR A SHORT LOWER LIMB 

A short leg gait can be ungainly and tiring. In addition it can increase the stresses 
imposed upon the hip joinrs and lumbo·sacral spine: and therefore contribu:c to 
the occurrence ofpilin at these sires. Con1pensarion for inequali1y in h:ngth of11ie 
lower limbs, whether true or apparent, can i1nprove function. 

Before determing the height of raise required 10 c9mpens:Jte for shortening ofa 
lower limb, a number of facts must be taken iilto consideration. 

I. Docs the p:llicnc h;ivc a lixeJ latcnil cul"v:Jturc of the spine, or fixed pelvic 
obliquLty? The presence of either of these dcfonnities will influence the degree of 
pelvic tih whi'h c:in occur. 

2. \Vhat is the range of flexion present at each hip? \Vh~n one hip is 
airthrodcscd, the p::nient can bring that lin1b forward duri1fg ~·alking only by 
swinging the pelvis forward on the opposi1c hip. Unless suflicient cleal"ance is 
&Jllowed between the foot 1on the affected side .and the ground, this \viii be 
in1possiblc. Any raise supplied fnust be such that the aflCctcd li1nb is etTi:c1ivcly 
j inch (I.25 ctn) sboncr than the other limb to give sufficient cle.ar:ince. 
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.3. What is the range offlcxion present at each knee? Again any raise supplied 
must allow sufficient clearance - ! inch (1.25 cm)- to bring the affected limb 
forward. . ' 

4. What degree of fixed cquinus (plantar fkxion) of the ankle or forefoot is 
present? ·rhc degree of these dcfonniLics will detcrn1inc the: heights of the raisc:s 
under lhc h1:cl 1 1he trc:td (1lll'Ll1;ir:;;i1 hc;1ds) und 1hc llk"S. 

5: \X'h:.11 <lcgJcc uf 1nohilit)' cxi:as ::it the ankle and in the forefoot? As nn1ch 
cqutnus of the.ankle and forefoot (pitch) as possible is allowed. This in1provcs 
the appearance and decreases the weight of 01e fo(ltwcar. 

6. Is dorsincxion at 1hc met:11arso·phalangea1 joint of the hallux lin1i1cd? 
Liniit;Jtjon of movement at this joint inOuences the: atnount of cquinus of tht: 
;inlde and forefoot V.'hich can be ::iUov.•cd. If too greJt a dtgrcc of equinus is 
allowed, the 1nct:11arso-phalange::il joint of the h;illux v.·iU be forct:J into 
dorsiflexion. This n1:1}' gi\'e rise to pain. 

CALCULATION OF THE AMOUNT OF RAISE 
REQUIRED 

' 
It Is rarely necessary to compensate for the first half an inch 
(1;25 cm) of shortening, as this amount can be 
accommodated easily by tilting the pelvis. 

Although the theorBtical height of the heel raise required to 
, cornpensate for any shortening can be calculated by 
·subtracting half an inch (1.25 cm) from the difference in 
lerlgth of the lower limbs measured with the patient supine, 
thi

1
s method is unlikely to be satisfactory. All patients who 

rt;quire compensation for shortening must be measured in the 
st~nding position. In this position the height of the heel raise, 
anp the degree of allowable equinus oi the ankle and forefoot 
nekessary to compensate for any true or apparent shortening, 
wt;iich is comfortable to the patient, can be determined. The 
co;nfort of the patient is much more impOrtant than any 
theoretical calculation . 

. ~.Stand the patient erect with both knees fully extended. 
- Insert wooden blocks under the foot of the shorter limb. . 
·. Blocks equal to the theoretical height of the required raise . 

can be used initially. 
- Tell the patient to ma1k time. 
- Vary the thickness of the wooden blocks under the heel and 

tread until the patient is comfortable. Remind the patient to 
.mark time between each variation in thickness of the wooden 
blocks. 

- The ultimate thickness of the w~oden blocks under the heel 
a'.'d tread equals the height of the raise required at these 
sites. : 
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Fig. 12.25 The heighr or a heel raise is measured in fronr or rhe ccnrre of rhe heel, in line wiih 
the mcJial mallcolu.s. Nore lhll rhc h~d r;iisc must be hiGhcr posteriorly rhrn :mtcriorly. 

Nott: The height of the heel raise is measured anterior to the cemre of the heel of 
the shoe, that is, in line with the medial malleolus (Fig. 12.25). This means thac 
when a raise is added to the heel of a shoe, the thickness of the posterior border of 
the heel must be greater than that of the anterior border, otherwise the under 
surface of the sole and heel will not make simultaneous contact with the ground 
when mmding, and all the stress will be taken by the anterior border of the heel. 

As it is necessary to provide a rocker action for walking, the height of the raise 
must decrease towards che toe (Fig. 12.26). The height of the raise at the toe will 
depend upon that at the tread. If this is large, the tapering must be mor!:. 

Occasionally after giving a patient a-raise determined iu the aboye way, the gait. 
pactcrn may still be poor. Do not over-compensate for shortening to try to 
ims:rovc a gait pauern in the presence of adequate compensation for shortening, 
as rhe poor gait p:ittcrn may be due 10 weakness of the spin:il or abdominal 
muscles. 

TYPES OF RAISES EMPLOYED. 

Oursitk raiu 
If the foot is normal, the raise can be added to ordinary footwear. Sensible: 
footwear is essential. Certain types of footwear arc unsuitable for the addition of 
a raise, for example: 

Height of raise at. Heel 

Fie. 12.21 Ourside raise. Nore rhat rhe raise upcrs rowuds the roe 10 aid walking. 



FOOTWEAR 193 

S~ocs with heels exceeding 2 inche~ (S.O cm} in height. 
Coun shoes. The addi1ion ofa raise 10 a couri shoe causes loss of flexibility of 

the shoes wich the res uh that the patient's ·heel tends\ to come out of the shoe. 
Shoes wi1h welded rubber soles and heds, as it is dinicult to remove the 

original sole. 

Soft suede shoes or boots arc no.I suitable for a. raise: in excess of I! inches (3. 75 
cm). 

When the requ ired raise is !-l inch (0.6-2.0 cm), che heel and if necessary !he , 
sole can be ra ised by adding to the surface of 1he cxis1ing heel and sole. 
Microcellular rubber is used for the raise in preference 10 leather, as it is lighter, 
m ore flexib le: and wears belter. 

When a heel r:iise of more 1h:in thrcc."quan crs of an i11ch (2.0 cm) is recpirnl, 
the exis1ing sole and hi:cl arc removed and layers of cork an: aJdi:d 10 obtain the 
ri:quircJ heighc. Thi: cork layers ar•; shaped and covcn:J wich k:11hcr similar Ill 

th:it of the shoe. The original sole and heel are reattached if possible, or if nu1, a 
new sole and heel ore made (1-igs 12.26, 12.27). 

Fig. IZ.27 Oucsidc raise - a.rchcd. 

lnsidt raist 
When a foot is deformed or of an odd size, surgical footwear must be made. In 

these cases, all or part of the raise may be concealed within the upper. This is 
known as an inside raise (Fig. 12.28). The maximum hdght for an inside raise: is 
usuatry 3l inches (8.0 cm) at the heel, with 2 inches (5.0 cm) at the tread, and 

·approximately I inch (2.S cm} nt the toe. If a larger raise than this is required, the 
additional height is obtained by- adding an outside raise. 

When the required raise is more than 3l inches (8.0 .cm), the cork raise can be 
arched and bridge w:iisted. The bridge,_ which must be strong and perhaps 
reinforced with a steel plate, prevents the heel and 1read raises from splaying out 
on walking (_Fig. J 2.29). 

Fig. 12.28 Inside r aise in I lu rgic2f shoe. 
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Fig. 12.29 Outside raise, arched and bridge waisted. 

As ha~ already been mentioned, as much equinus of the ankle and forefoot as 
possi'ble is allowed. However, in such a situation the heel pl:itform must be flat 10 

prevent the patient's foot from sliding _down tile slope and the patient's toes 
impinging against the tip of the shoe. 
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Splinting and casting materials 

In the l:is l few )'cars, there h:is been a rapid prolifc ratio11 of cas ting matc:ri:ils 
:1vaih1ble 10 the orthopaedic surgeon, and more wi ll be lkvclopcd with the aid of 
modern technoloi;y. The fi1llowini; comn11:111s :ire i111cn,lc.J to ~ss i st in the 
understanding and .use of these <l iffi:rent materials. 

HISTORY OF CASTING MATERIALS 
The urge lO immob ilise a fractured limb is b:isic. Ilippocratcs, in ahout 350 nc, 
used bandages stiITened by waxes and resins 10 treat fractures, and Rh3Zcs, born 
in 868 AD, in Arabi:i, used lime and egg white. In 1756, Chesclden, an English 
surgeon, used bandages soaked in egg white and flour to form a cast which could . 
be spl it longitudinally to allow it to be tightened or loosened. • 

In the 18th century, in the Turkish empire, plaster-of-Paris was u s(d in the 
treatment of fractures . The limb was enclosed in a case of pl:ister and any space 
which appeared as swelling subsided, was filled by pouring plaster cre:im 
through a hole in the cas t. Hubenthal, in 1816, irnproved upon this by mixing 
plaster-of.Paris and minced blott ing paper in equal proportions. In 1828 in 
nerlin, Koyl and Kluge used a wooden box in which they rested the injured 
limb. They then poured ·plaster-of.Paris cream into the box until the limb was 
nearly eovcrcd: This resulted. in a rather cumbersome <:asl. 

Plaster-of-Paris bandages were first used by Mauhyscn, a Dutch mmtary 
surgeon, in 1852. They were made by rubbing dry pl:ISlcr-of-Paris powder into 
coarsely woven cotton bandages, which were then soaked in water before being 
applied. They had to be freshly prepared before use (M onro, 1935). 

This was the principle of :ill plastcr-<>f.Paris bandages used until they became 
available commercially in 1931. V;irious substances arc added now to impro\'c: 
the handling characteristics of the bandages, allowing more thorough and evi:n 
wetting, reducing the: loss of plaster during soaking and accclc:rating the ~tting 
time. 

Although some: plastics were developed as casting motcrials in the 1950s, it is 
only within the last few years that this development has been really successful 
with the production of :i large r:inge of m3terials wi th widely dHTcring propert ies 
suitable for specific purposes. 
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ORTHOPAEDIC USE OF CASTS 
In 1raumatic and orchopacdic surgery, the cascing material is wrapped around the 
pati<:nt's limb or trunk and held chcrc while it hardens. The cast which resuhs 
ac~~r-~t~f). follows all the contours of the encased pan of the body, and will 
supporl that part finnly and evenly if lcfl in place, or provide an cxJcl negative 
mould if removed. 

pfhe use of casts-in traumatic and orthopaedic surgery can be summarised as 
follows: 

To support fractured bones. controlling movement of lhe fr:igments and 
resting the dounagcd soft tissues. 
To stabilise and rest joinls where there has been ligan1cntou:s.injury. 
To support and jmmobilise joints and lin1bs pose-operatively until healing 
has.occurred after for ex<ample, the rep:iir of nerves or tendons, 
To correcr a deformity by wedging the cast or the application of seri3l or 
turnbuckle casts. 
1~o ensure rest of infected tissues. 
To make a removable splint 10 3id n1obilisation or prevent deformity. 
To render ~t difficult for a p:uient to renlove dressings or ra1nper with a 
wound. 
To make a negative mould ofa part ofrhe body, as a preliminary step in the 
accurate construction of orthotic or prosthetic appliances. 

To make a cast of pan of a patient's body upon which.an orthotic or prosthetic 
appliance can be constructed·, a neg:nive rnol!!d of that part of.the body musl firs1 
be made. To do this a plaster-of-Paris c:ist is :ipplie:d over a single layer of 
stockinenc after the skin has been greased 10 help in 1he rcmovaJ of the c:isl. A 
5trip of lcaJ nr plastic nh•Y be ph1cctl on 1hc ski.1 where 1hc cus1 is 10 be cut 10 
enable ii to be removed. \X'hen the cast is dry1 it is marked and then carefully 
ri::=n1ovcd, before being reassen1bled using the marks ro ensure accuracy. 1\ 
po::.i1ive casl is then made by pouring plaster-of-Paris cream into the negJtive 
n1ould which has been coated inside wi1h a rcle'Jsing agent. Once 1he positive 
cast has set, the negative mould is removed, leaving an exact replica of part of the· 
patient_ In 1he construction of the onhotic or prosthetic appliance) tools, 
processes and m;Herials can be used which couhl not be .used on the p:iJicnt's 
actual limb, and in addition the v.·ork can be carried out in a workshop ren101e 

from the hospilll. Occasionally !'loJcrn plastic materials are used for the origin2J 
cast which can be used as part ofi:he finished appliance, without 1he need for any 
interme:di:ue stages. 

MATERIALS AVAILABLE FOR CASTING 
The 111aterials which are used for making casts on a patient arc either: 
l. Plaster-of-Paris. 
2. Plaster-of-Paris with melan1ine resins. 
3. Materials which undergo polymerisation 

a. Water activated ' 
b. Non·watcr actjvatcd. 

4. Low·ttmperaturc thermoplastics. 
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The orthotist can use high-temperaiurc thern1opl:istics and thcn11o·sc1ting 
plastics to make on hoses moulded on a positive pl;is1cr cast, but 1hcsc n1:i.tcrials 
cannot be used directly on the patiem. 

Pl.ASTER·Ol'·PARIS 

Plaster-of-Paris bas b<::tn used since <.:;irly Egyptl.an li111cs fi.)f dccor:.aling \\'a!ls, 

but it is only since 1hc 1800s thJt ir hls been used rnr onhopaedic ca51s. II is 
n1:ide from gypsun1, a n::itur:i!ly occurring mineral. ·rhe n:11nc; plaster-of-PJris, is 
said to stem fro1n an accident ro ::i house built on a di.: posit or gypsu1n, ne:ir 1':..1ris. 
'l'bc house burnt do\vn. \\!h!..'n rain fell on the baked n1u<l of thl! Ooors, it \~·;,;s 
noted that footprints ifi 1hc 1nud set rock-h::ird. This led to the rediscovery of the 
pr::icticc of he::i1ing: gypsun1 to n1ake a s:nooth covering for v..•Jlls. \\/hen llcnry Ill 
vi::.itcd Paris in 1254, he adn1ired the smooth v.·hltcness nf the walls anJ 
popularised 1hc use of pbstcr·of·Paris for walls in England. 1'hc! Ronuns h;,iJ 
used plaster to cover thcir ~·alls during the occupation of Bric:iin, bu1 the: 
tcchr.ique: h;:id been losr (S1nith. & Nl'phc1,1,• 1 1967). 

l'o n1ake plaster,of·P:ni::., gypsuin is hc:itcd to <lrivt: on· \~';.!Ccr. \X'hen WJ!t:f is 
added to the resulting pov ... dc:r, the original n1ineral refoons and heat is relt!ased. 

2(Caso •. 21IJO) + Heat ~ 2{CaSO,. ! 11:0) + 311 10 

Calcium sulphate dihydr:.1c + llc2 • ~ Calcium :.ulphatc hcmi-hydratc + W:ucr 

Modern plaster-of-Paris bandages arc made by grinding gypsurn and 1hen 
heating it in a steam pressure autoclave. The powder is suspended in a volatil~ 
solvenr with lhe: various additives to in1prove the handling characteristics. l'he 
resultanr slurry is coated onto the special interlock Vl·ovt:n cloth, called lc.:no. The 
solvent is removed in a drying oven afler which the band.ages are cut, rolled and 
packed in moisture-resistant containers. 

Closely conforming casts can be made by using plaster-of-Paris bandages 
prepared on an elastic cloth instead of1hc usual cotton cloth. The bandJgt.:s can 
stretch when wet to follow the shape of the limb1 but once set they are tht san1t 
as ordinary pl0t:s1cr casts. Onhoflcx• is such a type.: of b;ln<l<Jgc. 

PLASTER·OF·PARIS WITH MELAMINE RESINS 

Melamine synthetic resin was mixed wich plastcr--of-Paris to-form water-resistant 
c~srs in the 1950s (A1orrison 1 1953; h1.:audslcy, 1955). The resin sets after contact 
with water and reinforces the plaster-of.Paris b:andagc. \X'ith 1nodiflc<i1ions1 tbis 
form of casting material has continued in use to the present day (Zoroo.: .. ; 
Ccllamin'). 

MATERIALS WHICH UNDERGO POLYMERISATION 

These form a complex group of m:nerials which arc undergoing continuous. 
development. Several of them arc prepared in a form which requires the additiori 

of water to convert them to their rigid state, whereas others arc polyn1erise<l by 
different agents. · 

•Sec Appendix. 
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Water activated 

These: :ire chcn1ic:Jls which arc coated onto fabric or glass cloth to forni. bandages. 
Con1Jct with \Yater initiates polynicrisation so that the bandages set (Baycast•; 
ScotctiCast •; Crystona. • ). 

Non-water activated 

The materials in this group may be coated onto fabric and be activated by a 
chcmica1 solvent or by the addi{ion of a catalyst. Ultr::iviolc:t lii;lu, of a 
\\·:.1v1..·le11g1h not harinful to 1hc eyes, is the 111..:tivating ngcnt fur ont:: pho1osc11si1ivc 
resin (l.ightcJ5t II•). Another 1natcrial consists of a t\iwro-pan polyurcthJnc that 
foan1s when 1nixcd, an<l bccon1cs :i sclf-n1ou:ding casl when poured in10 a 
double-walled, fabric tube pre-shaped to fit different pans of the boJy 
(Neofract '). 

LOW-TEMPERATURE THERMOPLASTICS 

These ;ire inert plastics which bccon1c pliable when heated and harden \vhcn 
cooled. Theoretic;illy the cycle c::in be repeated indefinitely, but in practice it is 
restricted to modifying casts or splints rather than re-using the 1natcrial for 
different patients. The temperature! to which these materials have to be heated 
exceeds that which can be tolerated by the Skin, but since they• are poor 
conductors of heat they do not cause burns :JS long ·as the surf;ice iS dry and has 
been :allowed to cool slightly after the materhil h;:is been removed from tht oven 
or \va1cr bath. These materia~:s arc pn:pared ::is shC:ets (Orthopl:Jst•; Plast01zote") 
or open mesh h:inJages (llexcclitcj). In practice there <lo~s not seem to be a 
proble1n from soflening of the casts when the patient scanJs close to :i be::it 
source, as suflicient heat passes through 1he walls of the cast to cause 1he patient 
to move away before the c1s1 becomes sofc. 

CHOICE OF MATERIAL FOR SPECIFIC 
PURPOSES . 

The nia1erial chosen for any particu!Jr c:ist will depend upon a number of 
difTercnt f:ictors - the reason for the tilsll the experience of the user J. the strength 
\.\'hich is required in the cast, the duration for which the cast will be 'required, the 
likely exposure to water or soiling, the need for lightness, the likely need 10 
ff1odify the cast, the expense of the casting material. 

It is likely {hat plaster·of·Pa-ris will remain the standard m::iterial for most casrs 
and especially those used in the initial management of new fr::ictures. lt is 
familiar [0 all doctors as well as being cheap and the least demanding of n1aterials 
to apply. h is permeable ro air and &11lows blood, pus and odour to pass through 
to the surface and becon1e oDvious. Very accurate casting can be obt;iincd with it, 

•see AppcndU. 
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and its comfort and appc<1rancc can be <:xccllcnl \\'hen it is skilfully applied. 
\~/hen a pa1ient is frail, a lighl-\\'Cighl cast n1ay be best, and n1ay cnahle 1he 

pa1icnt 10 be 1nobiliscd r:uhcr than rcnuiin confined 10 hl·ll. A ligla-wcight cJsl 

111:iy also be used in the later stages of cnan:igcn1cn1 of a frai.:nirc in younger 
pJ1icn1s. /\ plustic n1a1<:rial is chosen. 1'hose avail;:iblc ln a h:.inJ;1gc: forn1 an.'. 
c;1sicr 10 n1ouJJ1 h111 1his is still n1orc diOicuh lh;1n \vi1h pL.1.stcr-of.Paris . 

• ~\;1ny plastcr-of-1':.iris casts :ire d:1111;.1gcc..I b)• r•nicn1s \~·alki11g on 1hc1n before 
1hey have 1horoughly dried. 'fhcsc have 10 be replaced v.:i1h the rcsuh:inl ,1;as1e 

of 1i1nc nnJ n1a1crials. Pl;is1ic materials '>.'hich achieve their n1axirnun1 llnJl 

s1rr.:ng1h quickly ;1rc idc::tl JOr wl·iglu-hcarir:ig casts. ·rhcir ability ro \\'iths1:.JnJ 
cJrly \Vcigl1t-hc:..1ri_ng reduces thcch;.incc ufdJn13.gc, .:ind 1n:..1y allov.• a pa1icnl 10 hi...· 
a!lt1wc<l ho111c rJlhcr 1h~1n sl:J)' in hospit;1J jusl bccJu~c he is unabk to \\·Jlk 11011-

\\'cighr bt:Jring \1;i1h crutches. 
C:i!)LS frequently arc 1h:ct.lcJ fiu scvcra) \\•eeks or niooth!i 111 the 1uJnJg1:111c:11 "11 

onhopac<lic conditions in childn:n. Pi:istcr-of-P•uis CJSts ~1rc c:.isilr dJ111:1~cJ by 
chi!Jrcn, hut rhis tlJ111;1i;r.: c:111 he avoided if a bycr of t11t:gh 1 \\'Jt.:r-r..:~i::.1.1111 

syn1hctic n1;i1erial is applied ovcr 1hc plastcr-of-f>Jris . .t\L1ny of thc~t.: sr1uhc1i..: 
ni:iterials can be used also 10 H'p:1ir d~11n:igc.i CJsis, 1hc rl'!iulting r.:pJir l'cing 
lig!ner and stronger than if plaster-of-Paris had been uscJ. I l,1\\'c\'c:-r, CJSlS n1ust 

bt repaired, ra1hc:r than he replaced, onl}' if it is ccr1ain that the inner layers of 
1hc: cast have not been disturl:;:d. If 1hc inner L.1ycrs of 11.ic c<.1st ha\·t· hl'co111t.: 
roughened or irregular, rcp:iir of lhc c<:1st can lead lO discutnfon and e\'en the 

de\•c:lopment of a pressure sore. 
Expensive plastic casting 1naterials generally are not used for casts \rhich n1ay 1 

have to be rc1noved for ren1anipulation or to allo''' frequent examination. 
A non-inna111n1ablc cast should be considered if a patient is likely to be exposi:d 

to naked flan1es. AH forn1s of padding used under casts are infla1nn1abk) as is 
mosl clothing. The authors hov.:cvcr, ha\'C been unable to tind any au1hen1ica.tcJ 
account of injuries being caused by a cast catchi~g fire. 

Some new cas1ing n1atcrials can be remoulded by applying he:u or more 
soh·ent. This can be an advantage Y.'here it is necessary to relieve pressure over 
bony prominences, or the shape requires to be changed as sv.•elling subsi<lt:s. 

Radiographs of high resolution cannot be t:iken through plasccr-of-Paris. Son1c 
synlhc:tic casts however arc almost transparent lo X-rays. 

Porcntial allergy or or her heahh hazards 10 both the p;uicnt and the user must 
be considered when choosing and. using casting nloilcri3ls. Gloves frequcnllr 
have 10 be v.•orn \\·hen using sonte of the newer casting n1ateria1s, both to c3se 
handling of the matcri:ils as well PS to protect the user from allergic skin 
reactions. 

A few materials incorporating class (Crystona 11 j fihreglass•; Scotchc:ist *)arc 
hard to cut and may require speciaJly hardened culling tools or blades ifthcs~ are 
not 10 be quickly blunied. · ,. 

At ;ncscnt d1e ideal C<lsdng material doc:s not exist. If ic did it mighr h::ive rhc 
following properties - be suitable for direct application to the patient, be easy to 
mould, be non-toxic to both the patient and user, be unaffected by nuids such as 

•Sc< Appendix. 
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water, be transparent to X-rays, be easy to modify, be quick setting, be easy to 
remove, be able to transmit air, odour, water, pus, be stron~ but light in weight, 
be non-inflammable, be non-messy in application and removal, have a long shclf­
lif~~~$\ .• ~. cheap. 
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14. 
Plaster-of-Paris casts 

Plaster-of-Paris casts can be responsible for the development of serious 
complications. 

IMPAIRMENT OF CIRCULATION 
A limb ~·h.ich has been fractured, or upon which an operation has been 
performed, will always swell to a greater or lesser degree because of haemorrhage 
from the bone and surrounding 1raun1alised sof~ 1issue, and because of 
reactionary tissue oede1na. If such a l'i111b has been encased in a plaster c:i.s1 the 
:swelling can resuil in :in appreciable increase in pressure within the C?SI, ai_td 
cause J reduction in or the obliteration of the blood supply of the 1nu-scles and 
nerves. An incn:ase in the pressure v.:ichin a fascia I con1partment of the liffib in 
the absence of a plaster cast can h::1ve the san1c result. This in1pai,,11e11c of the 
circi:latio1J can occur i11 the presence of distal peri'phcra/ pulses. Ischae1nfo causes 
1issue death .ind subsequent fibrosis. joint contracn1rc:, 1uusclc paralysis anJ 
altered cutaneous scnsiblliiy m.iy develop and cause considerable perni:incnl 
iinpairmcnt of the future function of 1hat limb. · 

Patients who have sustained a fr:icture or undergone an operation commonly 
suffer pain. This pain rupidly and progressively decreases over the following two 
to chree days. The persi:sitcnc~, the increase, or the recurrence of pain in an 
injured limb may hcr:ild the onset of circulatory il]lpairment, or the development 
of a pressure sore. · 

Circu/01ory tf11barrasS1nt11t or tlte developtntnl of a pressure sort is accou1pa1uld by 

severe pain. It is important to rcmcn1bcr that patients- do not al\\•ays con1pl:fin of 
pain to the attending doctor for varying reasons. Ewry patit1U whr> has a ploutcr 
cast applied 1n11s1 bt directly ques1io11td as to 1/ie presence of pai11. lJrJ 1101 wait for the 
pario11 tO m111p/ai11 of pain - ;, 111ay tlitn be too late. 

TO .PREVENT. VASCULAR COMPLICATIONS 

- Do not apply an unpadded plaster cast to a recently fractured 
limb. Many fractures can be adequately immobilised initially 
by the application over padding of a partly encircling plaster 
slab, the slab being retained by an encircling bandage. If a . 
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complete plaster cast must, be used to 1)1aintain position, the 
plaster must be applied over padding; Preferably the plaster· 

. cast then should be split throughout Its length . 
..:: After an operation, always apply a well padded plaster cast. 

or split a lightly padded cast throughout its length. 
- Elevate the encased limb so that gravity'ciln assist the 

venous return from the limb. , . 
- Encoura~e active finger, and .toe movem~~ts~,again to assist ... ., 

tho venous roturn. · -. ~ ."'· .. · 
- Keep a frequent and careful check upon· the state of the ··: ·' ·' 

circulation In the affected. limb. .• ,,, .• .;~~ ... ,. __ ,.~ .... ,_,_.;..-,;.~,..., 
1: Enquire ebout the presence and. site of any:paln. N~ver ignortb·. 

the complaint of pain, as even a fussy, pa~\e_nt. ~~n dev~lop ,;,.i;i•.i 
circu_letory embarrassment or a press_ure sore. _ ;· _ ,~; .. 

• ,,_ •.•. :·1-··_..W 

2. Examine the fingers or toes for swelling. Swellirig may be due.< •,...I • ~--• 

to venous obstruction, _dependency oUlj'51nJ.ured;llmb)d {'. ·~;<;~t 
. insufficient active exercise or a combination of all three. . ... ·.:. 
3. Compare the state' of the capillary circui8tfonfespeCialiy iri"'.'~")S 

the nail beds, in the Injured limb with th~t.lr'.-ttie unfnjured·f'-t><' 
limb; Blanching on pressure should be toli61l1ied 1by a quick,·"'.·,?; 

. return of colour on release of the pressu'?e:''rtie coloJr shouid':-~t 
be pink. Blueness of the extremities sugges'ts venous '.,_.,,,,~ 

· : obstruction. It should disappear on elevati~n'ofthe limb.'· ,, ',._.,_,:• 
White and cold fingers· or' toes suggestl'e'rterial ·obsfructio.n:''~·;, 

. 4; The periphetal pulses rfi:av· be obscured, ~y~th'e, t':~~t. but , .:,'/,\ 
where possible palpate tha·m and compare'. with' the uniniu«;·a r~: 

_. • .: •·- ' ••. -· - . 't~•,:j!'.'\>""P.' . ; , .. ·• •o'.f)) 
hmb. Remember that circulatory embarrnssment can be· . " ., . 

.• •. • -· --· • = ·· • ·.·;~·rt'•'·-·· · ··~ - ··1 •. !':j:.'jl,-:; ·"present oven when the distal pulses are'1>alpable. >'. \·'·' .. ::. ,,,:
1 ~. : · , · =·:11!~r·-. : 1 ·y=1·~r· :t:Rr.1!'llf1 

5. Examine the extremities, for the presence•<>,~. altered.skin';.:.::::, <'o" 
senSibility - hyp~aest}')-0si8._. ----·,.:·:. ~_::.-~~~~:-·~;·~~· ~-;~-'.~~:·:·_·}ic:~:;-\~~~.:~~ 

e: Tes' ~he ease and range of actiVe en_d ·P~.~ .. ~~Ve;m6Veit\6nt_ of_/;·;,~ 
the fi_ngers and toes. Pain on passiv~.E!X.t,e,'1sion .of the fingers'.:,:,: 
or toes is strongly indicative of lschaemla'of the flexor , . , ._. ';;:•,,; 

··: .m~-~-c~e. groups.:-~;:·:~-·--~.=· . .\~ ,•/'fE·~·?. ,. . ·.r·~ 2~t~~w'&~;JJ"~~ -~~:-~--::~.:t~i:~-·:~~;.:~:{~; 

If 1hert is evidence of inipairment of the circulation in a limb, the plas1tr cast must 
be split at once 1hroughour its lengh, or removed completely. Ifimpairmc:nt is due to 
a rise of pressure within a fascial compar1mcnc1 then the limb must be 
decom_prcssed immediate1y. Remember that the splitting or removal of a plaster 
cast may not be sufficient; the limb m3y also need to be decompressed. The delay 
ofa few hours may have disastrous consequences. A good rule is if in doubt split 
the plaster cast: it is bctt~r to split a cast unnecessarily and possibly lose the 
position, than to run the risk of ischaemic changes occurring in a limb. 

In gencr:il a low~r limb cast is split along the front) 2nd an upper limb cast 
along the ulnar of flexor surface. How to split a plaster cast is described lat~r. 
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PRESSURE SORES 

' Pressure sores can develop under :1 plaster cast due to irregularicy of the inner 
surface of 1hc cast, insunicient padding cspeciaHy over bony promi.ncncc1 1 lhc 
prc:scncc offon:ign ho1.lics such as coins or 111a1..:lrstirks hcl\\•ccn the CUI anJ 1hc 
skin, or fro1u the cl1;1H11i; uf the ~kin by the rt.lUi;h cilgcs of"- crack in th\! casl. 
·rhc dcvclopn1c1H of pn:ssurc sores can be prcvcnlcU by the careful applica1ion of 
:iJc<]uatc padding, by the: o.voi<la11cc of v:;i.ryini;:. tension in a roll of p-2ddin!: or 
p!Js1er as it is l.Ji..:ing applied, and by the :J\'Oid:.incc of localised aceJs of p1cssllrl' 
by fingers or thumb wbile the plaster is wet. \X1ith regard to the latter, l Wl"t CJ.St 

n1ust be held only in the pahn ofihc hand, so 1hat pressure is spread over a wide: 
ari::l. In a<lUitiCJn a wet cast n1ust be supported lhroughout ils leng1h o:-. a pi\Jo,v 
un1il it is dry, to :ivoid direct pressure on an t.u1dcrlying bony promir..tncc, Such 
as Ilic heel or the point of the elbow. 

Dl.~GNOS!S or Tiil' PRESENCE or A PRESSURE SORE 

1. Pait1 

Pn.:ssure sores are painful initially. ~rhc p.1in v.:ill decrease \vhcn full 1hickness 
skin ulceration occurs. If a patient co1npl&1.ins of p3in under a plaster 0$t, which 
is not referable to the fracture or oper::uion, the presence of 2 pressure i<>rc 1nust 
b~ suspected. 

2. Fretfulness 

Especially in children. Children may be too young to complain oflociliscd pain. 

3. Disrurbed sfcep 
1'his again particularly applies to children. 

4. Rist in tc111pcra1urt 

5. Rtcurrtnce of s'UJtf!i"g of tlit fingers a,rd toes 
Once the initial swelling has subsided. 

6. The presence .of an ojjemivt smell 

(. Discharge 
A discharge may present either from under 1hc -edge of the cast ar by the 
appearance of a stain on a previously clean area of the cast. 

Dy the time the patient exhibits a rise in tempenturc, or 1hcre is I. ncurrence 
of swelling of the fingers or toes, or an offensive 5mcll or discharge is DOied, full 
1hickocss skin ulcerution wi1h possibly necrosis of the undcrl)•ing fal ad muscle 
v-.·ill have occurred. l"hc presence of a prcssurs sore n1ust bi: di:igom.cd before: 
this state is reached: , . 

If lhe presence of a pressure sort is suspec1ed, dtt ski11 i11 that ares •ust b11 
t:ra1ni11ul im1nediacely cir lier by ci11ti1lg a window, or by re111oving tht am .U.O,ethtr 
(1hcse procedures are described in d<1ail la!cr). It is beuer 10 lose positioci farher 
than allow a pressure sore to develop. 
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INSTRUCTIONS TO AN OUT-PATIBNT. 
WEARING A PLASTER CAST 

Orily'Hmill number ofpotlents who have had a plaster cast applied ore ~dmincd 
to hospital. The vast majority arc Jrcated as out·paticnrs. 

Hcfore any pa1icnt is alJowcd to leave hospital, the circulation in the encased 
limb musr be checked and found to be satisfactory. In addition the patient musi 
be given the followlng instructions ~th verbally and in writing. 

1. Time and place of his next out-patient attendance which should be within the 
nexr 24 hours. 

2. How 10 recognise, 1:id what to do about possible complications. 
3. Whal precautions to take with regard to the pinier cast. 

The following is a suggested sheet of instructions to give 10 a potient: 

l11.1tn1ctlo11• lt> padeola lD a pluter ca1l 

IMPORTANT 

RC"por1 back 10 1he botphal Immediately at any dmc· of 1he day or night if 
You gel increased pain, or pins and nccdks in 1hc plastered limb. 
Your fingers ot 1ocs become blue, whi1c, badly swollen or numb. 
You are unable 10 move your fingers or IOtS. 
You lOOSc any object, 1uch u a coin or pcntil, under the pb.stc:r cast. 

Do not. nst the plasler cast oa a firm suriacc. 
Do 001 bans lhc spJiDtcd limb down -unless 1hc limb is in active u1e. 

Use the •pllnt.ed IUnb •• much as possible, Move your lingers and toes, and all 01hcr 
join11 no1 immobilised by the pl.aster cast, a nu1nbcr of times every hour. 
Keep the plaster cast dry. ~'~ 
Report bac:k to I.he bospilal IC lhe plaster cast become• Joo1c. cracked or 1ofr. 

The application of the different plaster casts used in the treatment of fractures 
and other conditions is not described. This is well described in other books 
(Plaster--of·Paris Techniqut; Gypsona Ttchniq11e; Or1hopotdic Nursi11C). 

The following procedures arc described: 
Removing a plaster cast. 
Pre-operative preparation of a limb immobilised in a plaster cast. 
Cutcing a window jn a plaster cast. 
Spliuing a plaster cast. 
Wedging a plaster cast. 

REMOVING A PLASTER CAST 

A plaster cut used for the ~xtcrnal immobilisation of a fracture will be removed 
afler a certain number of weeks-1 to dclermine the state of union clinically and 
radiologically. When a pl2stcr cast is removed, it is important that th~ skin of the 
limb is not damaged, the patient is not subjected to pain, and control of 1he 
frac1ure is maintained until it is decided ch:Jt the cast can be discarded. 
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The plaster cast can be cut with plast(r shears or with an electric pl:ister saw 
(e.g. Zimmer). Gencr:illy slic:irs :ire used for children, ~m:ill costs, and casts on 
the upper limbs. Tiu tlectric plcw.:r saw muu 1101 be used 011 u11padJ«i cam. It may 
be used wich grcac care wh~n there is only srockincttc unJ cr the cast. 

HOW TO USE AN ELECTRIC PLASTER 
SAW !Fig . 14.11 

The cutting blade of an electric plaster saw does not rotate. 
It oscill ates, and will damage. the skin only if it is drawn along 
the limb or it the skin is adherent to the underlying bone and 
therefo re not mobile. 

Oowo j :8-1 Uo AOooo Oowo j 
~~---"====wzJ-;. P . . . -~ c=---""'--~. :a· : .~ ., -----::-- ~'"- • l dstcr cast ·:. ·.-.\5C 

~~~'\%~~~~~>\~~ PactJ1n9 $~~'"'* 
·Lomb 

Fig. U .1 The correct way 10 use an dcc1ric plaster nw . . ; 
- Switch on the saw. • 
- oen;io~strate to the patient that the saw will not cut skin, by 

pladng tha oscillating blade in contact with your own hand . 
- With light pressure apply the cutting blade to the plaster cas t, 

keeping a finger under the neck of the saw to control the 
depth of the cut. In this w ay it is easy ' to feel when the saw 
has :cut through the cast. 

- Remove the blade from the cut formed in the cast. 
- Reapply the cutting blade at a slightly higher or lower level. 
- Repeat these separate· and distinct movements until the cast 

has been divided along its length . 
Do ~ot draw the cutting blade of an electric plaster saw along 
(he limb, otherwise the skin will be cut. Take particular care 
when there is · a blood-soaked dressing under the cast. 
Do not hold the electric saw with wet hands, or allow the 
saw. or: the lead to the saw to get wet. 

HOW TO REMOVE ~ PLASTER CAST (Fig . 14.21 

- Determine if the cast is padded. . 
- Choose a line along which to cut the cast, avoiding any bony 

prominences, to reduce the risk of skin damage, For a lower 
limb cast, the line mus t pass in front of the lateral malleolus 
and be hind the medial mafleolus. 
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·c-!J I . 

··""'~t!f.:.-· . 

\ 
Lift off front /divide padding / 

Gently lih limb free 

Cut cast along lme 

- behind medial malleolus 

- in front of lateral malleolus 

Fig. t•.z How 10 bi·valvc a plaster cast. 

. . 
- Cut the cast on both sides of the limb (bivalve), with care . 
- Remove the front half of the cast, divide the underlying 

padding, then carefUlly lift the limb out of the back half of the 
cast. . 

. 
- Reapply the bivalved cast and secure the two halves of the 

cast to the limb with crepe bandages, for transport to the 
Radiology Department. · t:· ._ 

PRE-OPERATIVE PREPARATION OF A LIMB 
IMMOBILISED IN A PLASTER CAST 

h may be necessary to operate: upon a_ limb which has bec:n immobil.ised for some 
weeks in a pl3ster cast. Before: operation, the: skin should be prepared to remove 
the dead superficial epidermis and hair. Aftc:r a few weeks a fractured limb can 
be moved puinlessly ~ith gentleness and care. 
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CUTTING A WINDOW IN A P.LASTER CAST 
I ' 

h is someti mes necessary to expose a limited area o f skin su rface fo r examinat ion , 

whc:n it is inadvisable: to remove or bivalve: the who le case. T h is c:m be: achic\'e<l 

by cutting a window in the case. 1 

W hc:n it is known that a window will be cut later in a cast, fo r example fo r the 
removal of sutu res, the site of the window c a n be indicated by upplyini; 
adJ itiona l dressings or a pad of wool over the wound, so that an elevation i11 the 

cas t is produced. 

HOW TO REMOVE WINDOW (Fig. 14. 31 

- ldont ify and mark out on the cast t he a rea o f skin to L>e 
exposed, allowing a reasonable margin for error. 

- Cut along the marks with an electric plas ter saw. 
- Gent ly lever the window out. 
- Remove the underly ing padding to expose the skin. 

Examine~ 

A 
/ Cut and appl~ fell 

cmove padtl1ng 

\ 
Re11lact: and str.:ip 

Fig. 14 .3 Cuuing a window in a plast(r cm . 

HOW TO REPLACE A WIN.DOW 

The w indow must be replaced after examination, otherwise, 
if the limb swells, the skin will impinge against the cut edges 

. of the cast and pressure sores will result. In addition the cast 
will be weakened. 

- Remove eny padding from the undersurface of the window. 
- Cut a piece of orthopaedic felt to the-exact size of the 
~· w indow, and stic k it onto the undersurface of the window. 
- Replace the w indow. · . 
- Firmly apply zinc oxide strapping or plaster bandage around 

the cast t o retain the window in position. 
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SPLITTING A PLASTER CAST 

HOW TO SPLIT A PLASTER.CAST . 
.... ; ._ .. -'i:<'"' .,. :::, ' ' ' ' . ' 

.:.. Maks a longitudinal cuUhrough rhs cast from one end to the 
other, using plaster shears or an ele~trlc plaster •aw. 
Nora: It is useless and dangerous to nibble at the free edge of 
the cast uniler the misunderstanding that the swelling of the ..... 
fingers or toes Is due to coo:istrictlon by the free edge of the .. 
cast. The swelling of the fingers or toes is indicative of 

•· 'i..· - ' Increased pressure within the whole cast. . •.. ·; , 
- Ease open the cut In the cast about fto l: Inch 10.6 to 1 :25''' 1i · 

- ~';:,~de all paddlng:f~~j~~l~g ~n'r vJ.;J,;~;b~ilq~li~d~;~~;~;·i)~ 
the underlying skin. Wound dressings must be cut as a blood~·. 
soaked gauze dressing dries· rock hard ancf may Itself form a . . . . . \'. ' . 
constricting rinQ. 1.: •.• - • _-.· •• - : .• f·;1:.i_..,... .. : , 

- Check that bare skin ls exposed throughout the whole length 
of the cut in the cast. This is particularly important over the 
front of the ankle. . . . : .. •:,,f;.· . 

- Cut and place a strip cif orthopaedic felt'along the whole . 
length of the opening in the cast. This :i):.ill prevent herniation 
of the skin. • ·; · · · lJ>.'.)· • · 

. . ' .. ~-~~. · .. 
-Apply a cr&pe be~daga.~round the c.i:ili,t:n~o:.iJ.:,:···•· . :, .. 
- Elevate the limb end encourage sctlve;{no,v~m.ent.. o(the. toss. 

or fingers. · -· · ··;.t -· ·.;:_;:r'.·-~l~~:\ ~:; _:!.:":. ·. ::~ 
• • • .-i ~. · ... r .. ·;. .. ~.:-;.:,:;·_:.,.-~ .... -~ .... "" ~,,,,.!,·~~ ... .:. .. .;. : .. : ........ 

When impairment of circulation is due to an increase in pressure within a fascial 
companmcnt, the treatment is operative decompression of that companmenr. 

WEDGING A PLASTER CAST 

The aim when reducing a fracture is to reduce overlap and to obrain correct 
apposition and alignment of the fragments without rotation at the fracture site. It 
is difficult to maintain reduction during the application of a plaster cast. Post­
rcduction radiographs may show rhat ahhough length and appo:s.ilion have been 
satisfactorily obtained and rotation corrected, angularion at the fracture site is 
present. This can be corrccted by .wedging the plaster ca~t. · 

Charnley (1970) states that wedging of plaster casts should be regarded as an 
unfortunate necessity rather than a procedurC of choice. 

A wedge may be ofrhe opening or closing type. In practice an opening wedge 
is preferable (Watson Jones, 1932). Charnley (1970) states that he has the 
impression that there is a higher incidence of delayed union when an opening 
wedge is used. He advis~ that wedging should be completed wi<hin the first 2 to 
3 days •Iler the application of the first plaster cast. If however wedging i• delayed 
until <he fracrur. is 'sticky', distraction of the fracture and ddaycd union arc less 
likely to occur. Oniy wdge a pa<kkd plaster cast. · 
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HOW.:TO WEDGE A PLASTER CAST (Fig. 14.4) 
.' ;rii:!;· •. ·.r ! · · ~:- :~ . · · . • 

- Study the entero-poste.rior ·and lat~ral radiographs to · 
de~erm1ne · In which direction angulatlon has occurred. ' ... 

- Identify the level of the fracture. This .can be done by ·' · . · 
··: ·cofriperlng the ·radlogi'aphs with the clist, or more accurately 

: by taking a radiograph after attaching a radio-opaque marker 
. · to · the cast ·~ ,: .... . ....... ..... ·· , •Y • ••• _; ...... : .:-~\,,-=·. &.._:··: .•. : :r:: ... :: ... ·. : .& , .:' .... ·=:·. 

Study 12"'.liographs. 
Chee~ d irection 
or angulation. 

2 
Identify level and 
sile ol honge. 
Mark cast. 

3 
Cut along marl< . 
Open wedge . 
lns.,rlwood 
block. 

4 
Check radoograph. 
lnserl fell. · 
Replas1er cast. 

Fig. 14.C Wedging a plaster n st. Note that in the above diagrams, angula1ion is shown on the 
antcro-poatcrior ndio,raph only. If 1nKul11ion i1 prcacnt on both the anicro·poatcrior ~ntl lhc 
lateral radiographs, the apex of the wedge will be antero-mcJi<il/ latcral or postcro-mcdoallhtcral, 

and the hinge must therefore be left at 1hat 1itc. 

- Make a circumferential mark on the cast at the level of the 
· · .. fracture . . 

- Determine where on this mark the hinge of the wedge is to · 
~ ~ ·1 be ·located; The hinge is situated over· the apex of the ·· · _ ··· 
·· _:'angulation when en opening wedge is proposed. . · 1 ·~ . .' ~ 
~·.:.i Cut;found' the mark w ith an electric plaster saw, leaving 2 ,·_u-. ... 
i .' inches ~5 .0 cm) or one quarter of the circumference uncut, 
.· · the ~slte of the hinge. ' 

. - Slowly apply a corrective force to reduce the angulation, thus 
·!; ope:11Jng the wedge, the cast hinging on the · uncut portion ... 
''-7, 'Insert ·a wooden block to keep the wed.ge open. Temporarily · · 
' !;'- secl.ir~ the block with zinc oxide strapping. 
-:- Tak~ radiographs to determine whether adequate correction 

.. ~:-::. h~~i,~~en obtained. If not, open or close the wedge a~; .. .. . · ~· .. ; 
·!t.l: .... reqolred "• ... . • · · · : "" ... "' " ~. ' " ,, t-~·" ' · .... 

:.i .:..h .... -- .. ·'~ ·· : ~_ .:·.~- ~ .... :· .. :: ~--·· .:~; .. ;, . -~ ;_~-:: .. ~:~ : - . . . ~ ....... .1•· - :: .l-



214 TRACTION AND ORTHOPAEDIC APPLIANCES 

' '' • •• -,,_ ,\.,•,I , 

- If correction haa been obtained, cut lind Insert a strip of 
·orthopaedic feh the size of the wedge, leaving the wooden 
.R!£fk in piece. . ·, , .. ,,,.,._ 

·'.'.::~ly plaster bandages around the cast •. · 
-Change the plaster cast·· ··"·:·.:.:•,;:\;,, ·,,.; ,, , ,, 

1. If pain persists for more than 1 . to 2 hours after -· 
wedging. ::::.1 · ·.~.·;~-.~~!;~·;·._;• .. ·. _. ~; 

2. Rou~ln11/y two weak• a/ter wedging;· Any plaster cast 
cen only be wedged once. If more correction is required, a 

. new cast must be applied; ·.r.!< 
... ·~·. ~-

COMPLICATIONS OF WEDGING OF PLASTER 
CA'STS 

1. Embarrassment of the circulation in the limb. 
2. Pressure sores. 
3. Complete loss of the reduction. 
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15. 
Functional bracing 

Functiona l bracing is a closed method of creating fraccurcs l>Jsed on the: hdic:f 
that continuing function, while a fracture is un!ting, encouragc:s osteogcnc~is, 
promotes the healing of ti ssues and prevents the d evelopment of joint stiffness, 
thus accelera ting rehabilitat.ion. The concept acct:pis that the loss of the 
ana tomical red uction of a fracture is a small price to pay for rapid healing and the: 
restoration of function, without compromising the appcarancc: of the: limb hy 
operative sca rs (Sarmiento and Latta, 1981 ). It complements r:llher than reptacc:s 
ocher forms of trc::nmcnt. 

The concept of functional bracing is not new. In 1855 H .II . Smith, a surgeon 
in Philudelphia, designed an appliance for the ambulani lrc:i tment of c:iscs of 
non-union of the proximal femur. It consisted of a waist b:ind, ischial support 
and a thigh-lacer, as ·well as knee and ankle hin&cs. Union occurred in the seven 
p:nicnts-treated. In this ccncu,-y, Lucas-Championnitre ( 1910) advocated c:arly 
weight-bearing for tibial fractures treated in plaster casts, believing that 'Life is 
/v\ocion'. In 1926, Gurd (19·10) rccommcndcc.J immediate wcight·bearing in an 
unpadded below-knee cast, of the pattern lacer us~d by Sarmiento, for fractures 
of the ankle and foot. 

The present era of functional bracing probably began during the 1950s when 
Dehne used this me1hod for the trea1mcnt of fractures of the shaft of the tibia in 
American troop~ (Dehne e~ :ii. 1961). Mooney et al (1970) stated that one 
thousand cases were t reated. Non-union and persistent infection did not ·occur 
despiie an approximate incidence of compound fraciures of thirty per cent. In 
1963, Sarmiento began his systematic study of functi onal bracing with both basic 
and clinical research. 

THE THEORETICAL BASIS OF FUNCTIONAL 
BRACING 

Fractured ribs unite. This indicates that the elimination of movement at a 
fracture site is not mandatory for a fracture to unite. It is stability that is 
important, to reduce pain, m;intain alignment and prevent deformity. 
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If the fragments of a fracture arc held rigidly together, chc formation of 
external bridging callus is suppressed (Anderson, 1965) and union occurs by chc 
formation ofmcdullary callus. If some movement occurs between the fragmcms, 
cxcernal bridging callus forms, and as it is s ituated at a discancc fro m chi: axis of 
potential movement, it has a greater mechanical advantage than m c:dullary 
callus, and therefore makes a much stronger early repair. Sarmiento asserts that 
rigid immobilisacion is detrimental to fracture healing and that the intermittem 
loading of the fracture ,;ma, by muscle activicy and weight bearing, promotes 
local blood now and the development of electrical fields which arc bc:ndicial for 
healing. 

A fracture brace which allows movement at the joints and some movement at 
the fracture site transmits a measurable load which decreases as the fracture 
progresses to union (Meggitt ct al, 1981; Wardlaw ct al, 1981). In the early st:igcs 
of union ·it is the soft tissue mass 1hat transmits most of the load. The muscle 
compartments act as a Ouid mass surrounded by an elastic container, che deep 
fasci:i . Fluid is not compressible :ind the fascia cannot be stretched beyond the 
confines of the cast. In th is way, after ;i certain degree of displacement, pressure 
and load is uansmiued without fun her de: formation (Fig. 15. l ) . Elastic recoil 
takes place when the load is reduced. When muscles contract, they bulcc. When 

Fig. IS.I D iagramatic illumat ion or how load is transmi11ed by muscle withi n a rigid container 
(the cast) as long as the fascil is intact (J fttr Sarmiento & LJm, 1981). 

this occurs within a rigid conscraining cylinder, the muscle.s are forced inwards 
away from rhe rigid walls :ind agai nst the centr:il fragmc'nts thus causing the 
bony fragments to be hdd more firmly (Fig. 15.2}. 

Soft tissues are excellen t at resisting tcnsion :is long as they have not been 
d:im agcd roo severely by rhe injury. The hydraulic forces described above 
cor.t rol the fragments and resist overlap :ind :in1,rulation until callus forms and 
takes over that func tion . Rotation is resisted usually by components of the brace 
and/or the t~ndcncy of muscle concr:iction anti joint movement to :i lign the 
frag;nents. _ 

Sarm!cnto and Lalla (1981) have shown that in closed fractures, shortening 
d ocs not incre:ise with weight-bearing, although the or iginal amount of 
!>horten ing docs pers is1. In tibial fractures they found this to be only J- l inches 
(6.0-9.0 mm). In compound fraccures, or others where there is a severe 
'1isruption of the soft tissues, th~re is insufficient tissue linking the fragments of 
b ooc to resist overlap, despite the hydraulic forces which also :ict: These 
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Muscles Contract and Buloe 
Increased Ove rla p o l Fracture 

When Muscles Contract Wi thin Rigid 

Cylinder They do not Bulge. Bony 
Fraomonts Held More Firml y. 

f'ig . 15.l When muscles contract wi1hin 2 rigid cylinder they arc forced inward1 away from the 
rigid waifs tbu1 holding the bony frai;mcnu more firmly. 

fractures will shorten excessively if weight-be3ring is :illowed before the soft 
tissues h3vc hc3lcd. An initi31 period of convc:ntion31 treatment is therefore 
essential with such fractures. 

WHEN TO APPLY A FUNCTIONAL BRACE 

Functional braces usually arc not applied :it the time of injury. Conventional 
casts, w!lich immobilise the joints above and below the fracture, or tr3ction may 
be usc:d initially, care being taken during this time to correct any angul:ir or 
rotational deformity :is the position following the cast br:icing of a fracture is 
basically dependent upon the position of the fragments before the brace is 
:ipplied. Compound fractures will not be: re3dy for br:icing as soon :is closed 
fr:lCtUfC$. 

Assess the fracture clinically when pain and swelling have subsided. 
I. Minor movements at the fr3cturc: site should be painless. 
2. Any deformity should disappear once the d eforming force is removed. 
3. There should be rc;isonable resistance to telescoping. 
4. Shortening should noc exccde { inch {6.0 mm) for the tibia and ! inch 

(1.25 cm) for the femur. 
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CONTRA-INDICATIONS TO FUNCTIONAL 
BRACING 
1. Lack of co-operation by the patient. As the co-operation of 

the patient is essential, the method cannot be used if this is 
uncertain. 

2. Fractures in patients with spastic disorders, as there is a 
tendency for the fractures to anaulate within !he brace. 

3. Deficient sensibility of the limb. 
4. Wllun i.J brocu cannot bu fiUud closely and occurotuly, us D 

close fit with the minimum of padding is essential. 
5. Isolated fractures of the tibia. These should be treated with 

caution, as the intact fibula tends to force the limb into varus 
a-nd to delay consolidation of the fracture. This is more 
marked with fractures in the proximal third of the tibia. 
Osteotomy of the fibula may be needed. 

6. Fractures in the proximal half of the shaft of the femur. As 
these fractures tend to angulate into varus, bracing should 
only be carried out by experienced personnel. 

7. Fractures of both bones of the forearm if reduction has been 
difficult. 

8. Isolated fractures of the radius with damage to the inferior 
radio·ulnar joint or interosscous membrane. 

9. Isolated frac:tures of the ulna with damage to the superior 
radio-ulnar joint. 

THE USE OF MODERN MATERIALS 
IN FUNCTIONAL BRACING 

f...1any of the modern synthetic casting n1att'rials are \\'ell-s\1ited for use in the 
funcrional bracing of fractures (sec p .. 196). Those supplied in the form of 
band:iges arc light and slrong, and an: used in lhc S3mc way :is pl:ister·of-P;:iris. 
h1any of them are sufficiently flexible to allow the brace to be loosened and 
tightened after it has been split longitudin::illy and straps atc3ched. 

'fhermoplastic casting 1naterials supplied in sheets, such as Orthoplasr 
Gohnson & Johnson Ltd)" and Hcxcelitc (Orthopaedic Systen1s)* require a 
different te('hniqnc, involving the careful use of patternsi before the final sh3pt! 
is cut from a large and expensive sheer of material. Kits are available 
commercially Uohnson & Johnson l~td). Braces nlade from thcrmoplasLic 
material 01:rc easily n1odificd by local heating of the area to be altcri:d. 

Pr~fabricated plastic femoral and tibial braces arc available (United States 
h1anufacturing Co.),. in a range of sizes. Fitting of these should be s1raighr· 
forvr·ard as long as the lirpb conforms to one of the standard shJpes, and arrenrion 
is paid to preventing excessive pressure on the skin at the knee and ankle. 

•Sec Appendix, 
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FUNCTIONAL BRACING FOR FRACTURES OF 
THE TIBIA _ . 

Sarmienco and Latta ( 1981) found that external bridging callus did not form 
s:nisfactorily in response to the functional bracing of tibial fract ures, un less the 
brace was applied wi1hin six weeks of 1hc fracture occurring. Aftc:r this rime 
there was a higher incidence of delayed :ind non-union . · 

f or fractures of the tibial plateau, a cast brace incorporating hinges is required. 

HOW-TO APPL y A ·:FUNCTION.AL BRACE FOR 
THE: . .TIBIA .... _;._ ·~ 

~·~: • ' : • I • ' ., - ; ;- • • • 

1. Using plaster-of-Paris: the. Sarmiento tibial plaster cast (Fig . 
15.31 :-:-

• · .. - \ .· .. !',: .. 
( ' : : •; • I • • • . ··.; -: :!I • • • ~ 

- Re~ove·the orlglnel cast and eny .trans.fixing pins, end cover . 
·a~~.'.pfri_ ~_holes with'. small dry dress.lrygs. . . . . 

- Sit the patient on a couch with.his legs dangling over the 
edge·end the relevant thigh supported on e sand beg . . . . . . . ( 

· · Enco~rage the patient to relax. . , 
-.. · - Liberally dust the leg with non-perfutned talcum powder, ,· -'. 

· before rolling the cast sock or stockinette onto the limb from 
the· toes to above the knee, taking _care to avoid any wrinkles. 

-: Apply minimal orthopaedic wool padding over the heel, tendo 
. ,. :-celceneus, malleoli, common peroneal nerve and tibial 

~ :)}~-~~~yle~ . and crest . . : . .. : . . '~ - . . : .:'.~ . . ·:_ .. . .~.'=..: : : : .. . 

Ftg. IS. :S The Sarmiento tibial plmcr cut. 

Level of Tibia l 
Tubercle· 
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I . 
- With the ankle at a right angle, apply plaster-of-Paris 

.band<iges from the toes to 2 inches (5.0 cm) above the 
ankle, moulding carefully around the ankle. 

· :.:.. Apply further plaster-of-Paris from the toes to the tibial 
tuberosity and mould it over the medial proximal half of the . 

. soft tissues of the calf, aiming to reproduce the shape of the 
sound leg. -

- Flex the knee to 40 degrees and rest the patient's heel on 
your lap. · 

- Apply further plaster-of-Paris from the top of the cast to l 
inch (2.5 cm) above the proximal pole .of ·the patella . . 

- Firmly mould the plaster cast over the· m~dlal flare of the tibia 
and the patellar tendon. At the same time apply firm pressure 
in the popliteal fossa and the back of the calf with the flat.of 
~he hand, to produce a triangular cross-section in this area to 
help to control rotation. 

- Mark out and trim the upper end of the cast,· keeping the ears 
as long as possible on both sides of the knee. Posteriorly :~he 
upper edge of the cast is level with the tibial tuberosity. 
Inferiorly the toes must be free to flex and extend fully (Fig . 
15.3). 

- Fit a walking heel slightly anteriorly to the long axis of the, 

tibia. . • .. ·· .. _: .. ·.: . . · ~~ '..{~:'.:,~~="~-~: .:!(~- ·,.: . ·.! 

2 . Using thermoplastic material (Orthoplast) (Fig. 15.4) 

This account is based on the instru.ctio~ . ~h~-~t- fro~ J~hnson 
& Johnson Ltd, the makers of Orthoplast and ·a paper by . ;·. s . (1981) - .: _ ! •• • • • -, _ • • • • ,~ · ~fl:=; .. __ ~ .. ! . . .. · . 

.. ·'-' u.men • , :~ . ,. ~" !· ~.t .,_..,. ... · . . • ~ .. J • .;;.,:1·::. :. ..· · .. · , · . < : .) .. • ,,,. . . . ... . - ... . .. --. .. r . lt .... . ~ .. r· .. · · . ~ ·· ~·-J. , ... :.t:.J.-'" •• ~-,.~- ~ ••.•• i.~.· -···~ 

Fig. 15.4 Onhoplrn tibiJl function3l br>ec. 
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Two people are required . The patient must be able to co· 
operate without sedation. 

- Remov~ the original cast and any transifixing pins, and cove~ 
any pin holes with small dry dressings. 

- Sit the patient on a couch with his leos dangling over the 
edge and the relevant thigh supported on a sand bag. 
Encourage the patient to relax. 

- Roll a double layer of stockinette onto the limb from the 
middle of the foot to above the knee. taking care to avoid 
any wrinkles. . 

- Wrap a layer of adhesive foam around the ankle to protect 
the malleoli , and one o r two layers of orthopaedic wool 
padding , if necessary, over the tibial crest and condyles. 

- Cut a pattern from thin card (Fig. 1 5.5) and trim it so that it 
extends from the m iddle of the patella to the tips of the 
malleoli. It should wrap around the shin and overlap by 2 
inches (5.0 cm) in the mid-line posteriorly. If a tibial brac;ing 
kit is b eing used, choose and trim th'e most sui table of the 
three half patterns supplied in the kit. 

B---•-----~ 

Fig. IS.S Shape o f paucrn for Onhoplas1 1ibial funciional bra.:c. A. Distanco; from superior 
pole of pa1clla 10 ankle join1. n. Circumrcrcncc al level of t ibial cond)·lcs, plus 2 inch<s (S.O cm). 
C . Circumf~rcncc ar_ound ankle al lc~d of m>llcoli, plus 2 inches (5.0 cm). 

- Mark out the final shape on the sheet of perforated 
Orthoplast. 

- Check · with e tape measure (Fig . 15. 5) th&t A, the mid· 
anterior vertical line of the marked shape is equal to the 
distance from the top of the patella to the inter-malleolar fine; 
B. the width at the level of the tibial condyles is equal to the 
circumference there plus 2 inches (5.0 cm}; and c. the width 
1 inch (2. 5 cm) above the malleoli is equal to the 
circumference there plus 2 inches (5.0 cm). 

- Cut the Orthoplast sheet as marked, heat it in a water bath at 
a temperature of 72 to 77°C for three minutes, and then dab 
it dry. • 
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- Support the patient's leg with the knee flexed about 40 
degrees by resting the heel on your ·knee. 

~·While holding- the edges apart at the. back mould the supple 
sheet of Orthoplast over the leg until the front is perfectly 
smooth and contoured. Then temporarily bond the sheet to 
Itself by pinching the pieces together po,steriorly to form a 
vertical seam. This enables a snug fit to be made all the way 
down. : ··'' . 

~ Ttln, tho protrutJlng layara to a width of} Inch (2 .6 cm), : 
degrease the surfaces which are to be bonded; with .' .· 
trichloroethane or carbon tetrachloride and then fold down · 
the seam so that if lies flat. . .. :~f.fr;~ .. ~. .-! .·.: . ·' •• , . , • ~ .... ~-~- " · 

- Firmly wrap a cold, wet elasticated bandage 'over the brae~ ','. 
from the ankle to the knee to assist close moulding and 
accelerate setting. · · · .. !=~f;/_. ·. . · · ..... ,\ ·-=- · . . . . ..... 

- As soon as the wet bandage has been".applied firmly, mould · 
the Orthoplast on either side of the t ibial crest' to ·provide a · : 
relief channel (Fig. 15.6), over the patellar tendon to ensure : 
that the brace is ·patellar tendon bearing; "and in the politeal 
fossa to produce a triangular cross section' in this area to help 
to control rotation . . 

- When the Orthoplast has hardened, remove the wet bandage 
and. with scissors, trim the top and bottom edges of the 
brace. Full flexion and extension of the knee must oe 
possible, and the ears at the top must be left long enough so 
that the brace extends around two thirds of the 
circumference of the knee. Ensure that the brace does not 

.. press on the tendo calcaneus. · .;,;.?:~~ . . . 

... .. __ .: .. ,~. . .. . ·- - ... _ ... . :·=..:;·:.::·~~~!..:.~·.:; .. . '·· ' · . ·:. - .. ·:_:.":..~.:· _ 

Fig. lS. S Moulding Onhoplast on boch sid~ of tibial crest to provide a relief channel: 
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- Fold the stockinette over the edges of the Orthoplast and 
secure with adhesive tape (Fig. 15.4)'. 

"'.""Fit a heel cup (see below). 

llEE!.·Clll'S 

·rhe purpose of a hed·cup is to help lo control rotation and to stor the I.Hale: 

sliding down rhe leg. h will also gi\'e son1e !:Heral support. 
l. A si1nple fornl or hcd-cup Ci.n be made fron1 a Slrip of plain Onhoplasr 

measuring 11 by 3 inches {21".o by 7 .5 cm). After the usual beating, dr)•ing and 
dci;reu~ing, au;.ich 1hc s1rip to 1hc b:.ick of the bra.cc so 1h;.1t ii ~ov1:rs !h\'. li.ick of 
1h::: ankle and ht'cl and 1hcn extends forwards uudcr 1hc bet.: I to the frotH of the os 
calcis (fig. ISA). 

2. H.cady·n1ouldcd poly11ropylcnc hcc:l-cups :in: J\':li!:iblc (Fig. 15. 7). (:tHklSC 

tht.: appropri;11t: ::iizc of hct:l-cup ;ind si.:curc ii to thi.: IO\\'i:r t.:t:J of 1hi.: br:.1::1.: hy 
wrapping a strip of Orthoplast, n1casuring approxi1na1c.:ly 9 by -1 iuch1.:s ('.?3.0 by 
10.0 c111) Ovt'r the uprit!,hls of1hc hcd·cttp, :iilcr tl1c usu;il h.:~Hing, Jr}'i!lg and 
<l1.:greasi11g. 

Fig. 15.7 Rc;idy-niouldcd polypropylene hed<up. 

Once the heel·cup is aaached, the patient stiould be able to wear ordir.ary 
shoes and walk v.·ith a norn1al "gaic. In additionJ 1he heel-cup can be S\\'\lng 

backwarJs to allow the patient 10 wash the foot and to put on .a sock under the 
heel-cup. 

Excoriation of the skin undCr a thermoplastic brace·can occur due toexccssi\'e 
sweating. This problem can be overcome by making the brace removable. To do 
this> the brace is split fro1n 1op to bouom posteriorly, using 5ho11 even v~nica.I 
scrokcs with a cast cuuing saw. Care is essential to a\•oid overheating anJ tile 
possibility of burning the. patient1s skin. Velcro straps arc then fined. 

FUNCTIONAL BRACING FOR FRACTURES OF 
THE FEMUR 

_.,. 
/\iany authors (Mooney et al, 1970; Connolly ct sl, 1973) state that long-leg cast; 
braces should only. be used in the n1anagcment of fractures in the dislal half of 1 
the 5haft of the fen1ur, os 1hcsc hnu;cs cannor control the lcndcncy of fractures in 
the proximal third of 1hc femur to go into varus> fron1 the pull of the hip 
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abductor and adductor muscles. To control fractures in ihe proximal chi rd ofihe 
femur, this tendency to vorus ongul:ition must be resis1ed. This requ ires 1he 
thigh cast to be auactled proximally to a pelvic band yia a hip joint. 

Meggiu et al (1981) have designed a hip-hinge thigh-cast brace (Fig. I 5.8) for 
use in the management of chis fracture . The chigh·cast, quadril:neral in shape to 

Fig. IS.8 Hip-hinge thigh c:ut br>CC. 

-· 
resist torsion, extends distally to just above the knee. Proximally it is a11ached by 
a metal uniplanar hip hinge to a rigid pelvic band, fitted with an adjustable waist 
belt and shoulder strap. The axis of the hinge is set level wich che tip of che 
grcaccr trochanccr in a position of 20 degrees of abduction at the hip. In 24 
patients with frac tures of the proximal. half of the shaft of the femur, union 
occurred after between 11 and 18 weeks, and varus angu l:ition w:is not a 
problem. 

In fr:icturcs of the distal two thirds of the shafi of the femu r Mcggict ct al 
(1981) claim that a long·leg cas t brace functions mainly as :in anci-buckling 
hinged tube. They feel that once telescoping of the fracture has ceased, the 
fracture receives little hydraulic support from the muscles, bc:ing supported 
instead, by the thigh-cast, knee hinges and upper shin cas t which transmits 
bc:tween JO and 30% of body weighr. The :inklc and foot section of the br:icc 
immobilises the foot, ankle and calf and only ac1s as a static suppon for that part 
of the brace above. They suggest therefore, chat a standard long-leg cast brace 
should be used only for the m:wagcment of fractures ofihc distal half of the sha ft 
of the femur and of the tibial plateau, in obese patien;s with flabby thighs and 
without a waist. For these fractures in patients who arc not obese and who have a 
more muscular and cylindrical shaped thigh, they suggest a knee-hinge cylinder 
cast brace suspended from a waist band (Fig. 15.9). A similar reduced fcmorJI 
cast brace is described by' Sarmiento and Latta (1981), the brace below 1he knee 
being reduced to an encircling calf band, with the tower arms of the metal knee 
hinges being riveted co a plastic heel-cup (Fig. I 5.10). 
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.. 
Fig. IS .9 Kncc·hingc cyli nder cast brace, using metal knee hinges. 

Fie'. IS.10 Ftmoral functiorul brace in thcrmoplutic material. 

' .:-.. ; i:~ .. . . . .. . ·. . . ' .· .. . . . . 
How· TO APPL y .A LONG ·LEG 'CAST BRACE 

-· .. ·~ ·' '·: . . . . . ' .. 
:.:" .. t ....... ~~Jt1··.> .. l \~ .. . :':. ·· '' ·!: ~,- . 1~ ... . _.: .. 
_i -T~l~Jr_p~ of cast brace (fig. 15.11) is used for the treatment of 
·. frectUres of 'the dlstel half of the she~ of the femur end of the 

· · tiblai~p!atea11. , full exten~ion of the knee and sufficient callus to 
·'prevent shortening must be present, and pain and marked 
_;·mo~lnfy:et the fracture site must be .absen~ . Most fractures can . 
:_be .~.raced ! within four to six weeks~of injury. . ~ 

. : ! V&ilous types of plaster .or thermoplestic materials may be. 
_; US~~-~!he. ,brace is COnStl'}JCted in fou~ separat~ Stages: general _ 
- prepfti:ation, below-knee cast; ~high-.cast end fitting of.knee_. .,:~,.: .. 
:· . hi -..:!.o.·,;·l J .. . ·: . " " ; . : . . . . . -· ·- . . . '.·" ~·-· .... no••2f;~1''t' ' t :~ ,~~ \" ;"-·,!\ r., ~~ .. ~·1f· 4 .. ~ - ~i~:..: ... r..:. ·•! d' . .... >·1~:: ,' !·:.~-.. ~,;. , 

, ~..:..t. - .... . ..;;c . ..... , , ~.:: ... '. b :...,,.• ·: • ..f. :~..:.. .. ~;.:.::-. - .. : .kL.i::~; _ .. .-. ..-: .. · .. ·. : . '; ..,'-, .:.r~·:.~~~~· 
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1. Using Orthoflex and Zoroc: Femoral Functional Bracing Kit 
(Johnson & Johnson Ltd) (Fig. 15. 11) 

a .. General preparation 
- Sit the patient on a couch on a firm pad to ensure clearance 

of about 6 inches ( 15.0 cm) beneath the p,atient's thigh, This 
exposes the gll:lteal crease and thus allows the smooth 
applic;;·ion of the thigh pa~ of the brace. 

- Remove any traction pins. Although traction pins can be left 
111 situ ond lncorporotod In tho broco, oppllcatlon Is oasior if 
they are removed. 

I . 

Fig. 15.11 Long leg c•sl hr.cc. Note the polyc1hylcnc k.nee hinges. 

- Liberally dust the limb with non-perfumed talcum powder, to . 
make the applicati~n :'oi ; ~he. cas t soc~;·o·;: s tockinette easier._'( ·=. 

- Roll the cast sock onto' the limb from the'toe:, to tho' g'roin · · ~•:.. 
· taldng care to avoid wrinkles, and ask .the patient to hold the .' · _ 
:: ' cast· sock hioh intent-le groin and · 01ui~M ... c.rease .. _a11 the time:·=·: 
- Apply minimal orthopaedi~· wool paddlng·'C)ve r the heel, tendo :_' . 
. calcaneus, malreoli, t ibial crest and condyles and the common:'~ 

peroneal nerve. · " 'i" · '_. ·h;~"i·; .: · ..... , · . · · · · :. :.=: :. 
- With the adhesive surfa.ce facing outward's. to.prevent··· ; .. ~ " . . :.!'.'. 

possible skin reaction apply a pre-cut piece of orthopaedic ··~ :·~-.. : :·~ 
felt over the tibial con~yles, making su·ra:that the double lay.er." 
is on 'the medial side to assist in the alig'rlment of the hinges · '. < 

(F.lg. 115.12). ·"· · ·~·.;.,, \: . ._ · ·itf~··~t· '·: :' .'·.- .. .: -~: 
-:-· Appl•i. a second pre-cut piece ot' orttiop-~e'dic f~Jt ove'r the ... . <'. · .. 

femoral condyles again 'with the adhesive'·surfac~ facing ". i,~S~!·1-:;: 
outwards, but with the double layer on"the lateral side (Fi'g .. ~n·.~· 
15.12). ::· ;·". . . . 
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Medial L1ateral 

Doub le La yer of F e l t 

l ) 
Double La yer ol Fell 

f ig . I S. 12 T o show how the orthop• cdic fch is • pplicd 200,·c rnd below the knee. 

b . Belo w -knee cas t 
- - W ith the ankle at a right angle, apply one 5 inch (12 .5 cm) 

wide roll of Ortho flox elastic plaster bandag e from the base 
of the toes to wi thin ~ inch (6 .0 mm) qf the top of t he 
orthopaedic felt. The bandage must be rolled on and NOT 
t ensioned, to avoid an unduly tight cast . 

- Cover the Orthoflex w ith one 6 inch (15.0 cm) wide roll of 
Zoroc resin plaster bandage. 

- Carefully mould the c ast around the heel and ankle and wait 
·until it sets. · 

c. Thigh cast 

- Support the leg and exert slight traction on the limb 
maintaining the correct rotational position_ 

- Make sure that the cast sock is held high up into the groin 
and gluteal crease. · 

- Heat the pre-cut Orthoplast cast brim in a water bath at i 
temperature of 72-77°C for three minutes. mop·off the 
surface.water and fi! the cast brim snugly around the upper 
thigh ensuring a close fit at the groin. 

- Trim and smooth the upper edges of the cast brim. This is 
. helped by firmly pulling the cast sock down over the upper 
: edge of the Orthoplast. 

- Apply a cold wet elasticated bandage over the Orthoplast. 
- Mould the cast brim into a quadrilateral shape by applying 

pressure with both hands. Maintain this pressure until the 
Orthoplast hardens. The quadrilateral shape of the upper part 
of the thigh cast helps fo control rotation. 

- Firmly apply one 5 inch (12.5 cm) wide roll of Orthoflex 
elastic plaster bandage around the thigh from ~ inch (6.0 
mm) above the lower edge of the orthopaenic felt to i inch 
(1 .25 cm) below the top of the cast brim. Oo not apply the 
Orthoflex under tension. 
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- Cover the Orthoflex w ith one 6 inch ( 1 5 .0 cm) w ide roll o f 
Zoroc resin plaster bandage. 

- Mark on the cast sock, the centre of the patella, the line o f 
;.~tKe')oint, and the mid-point of the l imb on both the medial 

and lateral aspects (Fig. 15. 13). 

Centre ol Pa le Ila Line- for Knee Hinges 

Fig_. U. ll !l\uit on the C3St sock, the centre of the p3tcll3, the line of the knee joint, antl the niiJ · 
poi nt of the limb on both sides. The hatched line intlicJtes the position for rhe l;.nee hinges. 

d. Hinges .. -:. .. . 

These may be of polyethy lene (as supplied in the kit). or 
metal. Metal hinges must be positioned accurately using a jig. 
A ccurate positioning of the poly.ethylene hinges Is not so 
important as they do not have a localised axis of rotation . In' 
addition their side arms cannot be shaped to fit the contours · 
of the limb. 

.. ,I• 

(i ) Polyethylene h inges (Fig. 15. 14) .. 1 ..'i ~: '. -:' 
- Make a slab from one. half of a 6 inch ( 1 s~o ·cm) w ide Zoroc 

. · . . ._. . . . : , ' .• ~ .... · . r· . . .:.. 
',, .-_. bendege _and pla~e jt .o.~er._th~ front of:Jh,~l,ow.er:·P~·rt of.the · •• . -~·: 
· · · t high cast. · · · · · · · ·· · ·-' ".1_':.~.~ : . • • • •• •. 

rt., ·_.... . -.• 

: - Position the hinges on the slab so that theyJ ie just behind the 
mid-point of t he limb on each side o f the .. knee (Fig. 15. 13 ). 
Fold b~ck the ends of the slab over the ends ·o f the h inges .\· . . · ·. ". 
and then, using t he remains of the abov e -Zoroc bandage, :_< '-
firmly bind the hinges to t he thigh cast b~. twisting t he . . · 
bandage into a rope as it crosses the hing~s : .. The hinges are .~ .· · 
covered completely from the corrugated:section to the . top ." ~· . ._ 

. . - ... ::\Ji::.~ • . .. "'• . , .. ,_. __ : 

Fig . 15. 14 Polyethylene knee hinge. 
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- Wait until the above plaster is set and then make another slab 
from a similar roll of Zoroc bandage and place it over the 
upper margin of the below-knee part of the brace . 

- While maintaining traction on .the limb, push the thigh cast 
proximally and then bind the lower part of the hinges to the 
below-knee part of the cast in an identical manner as beforo. 

- Turn the cast sock back over the lower end of the brace at 
the toes and fix it in position with a 4 inch ( 10.0 cm) wide 
roll of Zoroc bandage using the rest of the bandage to 
reinforce the sole of the brace. 

- After the plaster has s et, ask the patient to gently fl ex the 
knee. Trim the brace es necessary to ensure that it ls 
comfortable and tha t fle xio n of the knee to 90 degrees is not 
impeded . 

- A~ter 24 hours, give the patient a plaster boot and allow h im 
to begin mobilising, t aking as much w eight through the 
br~ce, as he can. 

Fig. IS. IS Metal knee hini;e. 

. (ii) ·Metal hinges (Fig. 15-15) 
- Temporarily lock the metal hinges in extension and then fit 
· them to the jig, to hold them parallel (Fig. 15.16). 

fig'. IS.18 Jig 10 hold lhe nmal knee hint;ts porallcl. 
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- Offer up the hinges in the jig to the limb and hold them at the 
level of the middle of the patella and about i inch (2.0 cm} 
behind the mid-point of the limb on each s ide . 

:.....! Snape the arms of the hinges with bending irons, so that the 
plates at the end of the arms rest snugly against the cast. 

---: Check that the hinges are orientated correctly. to .allow flexion 
of the knee and do not rub on the sides of the limb. 

- Clamp the lower ends of th& hinges to the below-knee cast 
with a giant jubilee cllp. · .. 

- While maintaining traction on the limb, push the thigh cast· 
proximally and then clamp the upper ends of the hinges to 
the thigh cast with a second jubilee clip. This will seat the 
thigh cast as firmly as possible. . 

- With the jubilee clips in position (Fig. 15.17), plaster the ends 
of the hinges onto the casts above and below the clips, then 
remove the clips and complete the attachment of the hinges. 

- Remove the jig and the locking screws from the hinges, and 
check that the axis of movement looks correct when the 
knee is flexed gently, as far as the patient will tolerate. 

- Finish off the lower end of the brace and trim it as described 
above. 

Fig. JS.17 Jig holding metal knee hinges in posirion with pointer over the centre of the p~rcll•, 
and giant jubilee clips holding arms of hinges to 1hc cast. 

2. Using thermoplastic material 

A functional brace for the femur can be made from 
thermoplastic materials. Either metal or polyethylene hinges 
can be used. The brace is applied in two parts, tibial and 
fempral, later joined together w ith the hinges. Both the t ibial 
and femoral parts are applied in ways essentially identical to 
those already described above. The measurements are shown 
in Figs 15. 18 and 1 5.19. These braces can be split and 
fastened with straps so that they can be remove d or their 
tightness adjusted. · . . . 
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-------0------ -
r-ig. 15. 18 Shape of plctcrn for 011hop!Jst for femoral part offcnhlf3l function•! t""'<. 1\ . 
Di>tance from i~hi3 l tufxro,ity to mcu1Jl fcmorJI condylc. 11. Di>t"1Kc fr ;i111 ~' ""' to m:J.,I 
frntofJI rnndyk. c:. l>i>IJllCC fmrn tip 1\f i;rcata ilud\JlllCf tu IJICfJI frnHHJI .:1111,tr k . n . 
C ir.:umfcrcncc uf t lni;h at lcvd of li:n11ll JI conuyks pill> l inch ('.!.5 nn). E. l '.11 • u111frrc:o,c 31 
mid·thii;h plus I i111:h (2. 5 cm). F. Oblique circumference at groi n plu, I in.:11 (2 .5 cn1). 

A 

°Fig. 15.19 Shape of pmcrn for Orthopllst for tibial part of fcmorot li111C1ional br•cc. ..... 
Distance from tibial plateau 10 ankle joint plus I im:h (2. 5 cm). II. Circumfaen(e at lc,·cl of tibJI 
condy:cs plus I inch (2.5 cm). C. Circumference arounJ ankle at level of mallcoli plus I i111:h 
(2.5 cm). 

'VHEN TO DISCARD A FEMORAL CAST 
BRACE 
Mooney ct al ( 1970) detcrmin"cd e.mpirically to rcmoYe a femoral cast brace on 
the basis of the function and not the radiological appearance or the injured limb. 
They fell that what was important was .that the patient could use the limb 
without distress, could tolerate full weight bearing and had sufficient aCli\•e use 
of the knee for walking and sitting. 

h has been 5hown (Meggitt ct :ii, 1981; Wardlaw ci 111, 1981) in studies of 
fractures of the distal two thirds of the shaft of the femur using strain gauges 
incorporated into long-leg cast braces, that the thigh section of the cast brace 
carries on average J0- 30% of the weight of the body, during healing of the 
fraccurc. As the fracture progresses cowards union, the percentage of the weighc 
of the body transmitted by the limb increases unt il full weight bearing occurs. 
From these observations Meggitt ct al (1981) developed a crude but simple 31ld 
practical test, using bathroom scales, 10 determine when it is safe to remove the 
b race. 
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The patient s tands erect with the foot of the braced limb o n b:u hroom scales 
:ind the foot of the normal limb supported at the same lc\'cl on wooden blocks. 
Using· a fram e or crutches for balance, the patient slowly transfers as much 
weight as possible to· the fractured limb for ten seconds. This is repea ted several 
time$ until a consistent highest :ecording of the 'standing weight ' is obt ~ inerl . 

from this and the known weignt of the patient, a 'fracture load-bearing index' is 
calcul:itc:d as :i percentage of the body weight. As union occurs, this index 
increases. When full weight bearing is achieved, the cast brace can be removed. 
Immedi:itely :iftc:r remov:il of the brace; the: index foils, but rapidly recovers aftc:r 
one to three: weeks. 

FUNCTIONAL BRACING FOR THE HUMERUS 
(Fii:. 15.20) 

Sarmiento and Latta (1981) do not advise bracing for tc:n to fifteen days after the 
fracture: has been sustained. One of the authors, however, will apply a brace 
much earlier, if the patient can be relied upon to adjust the tension of the brace 
as the swelling of the upper arm varies. 

It is essential that these braces arc made from material which is light and 
sufficiently flexible to enable it to be easily tightened and loosened around the 
upper arm. Thin sheets of thermoplastic material, such as Orthoplast are 

available in kit form with pauerns . 

./ 
-,, 

Pl1. 15 .20 Function~! brocc for-1hc hum~rus. 



FUNCrtONAL BRACING 233 

- D~aw on the arm an outline of where ,the brace is to lie, or if 
a commer.cial kit is being used, choose the pattern of the . 
correct size (Fig . 15.21 ). The brace must be free of the 
elbow crease and the axilla, but must extend almost to the 
olecranon and the point of the shoulder. It must not e xtend 
beyond the elbow or s houlder as this will restrict subsequent 
movement (Fig. 1 5 .20). 

A 

rig. 15.21 . Shape of p3Hern for OrthC1rlast functiona l brace for the humerus. A. Distance from 
3 inches (7.5 cm) above t h< sl •. rnltlcr joint to the inner crease of the elbow. H. Circumference of 
upper arm at. the kvcl of th< aKil!a plus 2 ind1cs (5.0 cm). 

- Cut a sheet of Orthoplast to conform to the outline on the 
upper arm or to the patte rn, allowing a generous overlap . 

-•Ask the patient to lean towards th'e injured side, to allow the 
upper arm to hang free of the side of the chest. 

- Apply a cast sock or a double layer of stockinette over the 
upper arm . . 

- Heat t he Orthoplas t in a water Qath at a temperature of 72 to 
77°C for three minutes, dab it dry, sprinkle talcum powder 
where the material will overlap to prevent it from seH­
bonding, and then shape the supple material around the 
upper arm. It may be more convenient to carry out the initial 
rough moulding on ' the patient's sound upper limb . 

.....: Wrap a cold wet elasticated bandage over the Orthoplast. 
- When the Orthoplast has hardened, remove the wet bandage 

and then the brace and trim the brace until it fits comfortably 
and all its edges are smooth. 

- Attach Velcro straps and check that the patient can 
manipulate them. 

- Turn the cast sock or stockinette over the upper and lower 
~dges of the brace and secure it with adhe-Sive tape. 

- Tell the patient that the brace must always be kept wrapped 
es firmly as possible around the limb, consistent with 
romfort . · 

- Show the patient how to remove the collar and cuff, flex and 
extend the elbow, and carry out pendulum movements of the 
shoulder. 
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16. 
Exteri:ial slu~letal fixation 

The term external skeletal fixa1i11n is used to describe 1hc rneibod wh'.:'.rc-by bonc:s 
;ind bone fr:::ig1ncnts are held ricidly by metal pins, which transfix. the in<lividull 
bone fr;ign1cnts bu! nol nccc::;::.Jrilr ihc lirnb, :lll<l "·hii:h arc 1hcn1sC"l\'eS :ltt:JchcJ 

securely to a strong cxtcrnJJ f1:.tJJ,•.:. "fhe 1nain supponing fr::J.n1e is anJ..:hcd ll> th<: 
ends of the pins thus keeping i1 clear of the sofl (issu~s and therefore leaving 

roon1 for dressings or proccc.!urc~. such as skin grarting 10 be carried out. foreign 
m:uerial is not placed on the si1c of inrended bony union. Rigid fix:uion of rhe 
fracture mini111iscs the risk of infection (!licks, 1970). This m~thod of 

'imn1obilisation' of bone falls httwccn plaster cas1s and internal fixa1ion with 
pl:Hcs ,and screws or n::iils. 

DEVELOPhiENT. OP EXTERNAL FIXATION 
SYSTEMS 

The concept of external fixat,on of fractures is not ne\V. For many years it has 
been standard prac1ice Y.'hen ;ii fraC-curc of rhc femur i$ present, to immobilise a 
frac1ure of lhc ipsilateral tibia L-11.ransfixing it above and b~low 1he frac1urc site 
with Steinmann pins which arc then incorporated in a plaster-of-Paris cast. 

Charnley compression cl:.1n1p~ arc a form of cx1ernal fixation which have been 
used for n1any years when performing an arthrodcsis. The bone on each side of 
the joint is transfixed by a Steinmann pin. Sin1plc clamps attach 1hreaded 
connec1ing rods to the ends of tt;e: pins. When wing nuts on 1hc connecting rods 
arc turned, the Steinmann pins are approximaced and the prepared bone ends :1re 
brought and held rigidly 1ogcthu under con1pr<~ssion. 

Various external fixation frarlltl were developed to control the ostcmomy site 
in lcg·lengchefli~g: procedures. 'f}.c earHest was probably that of Puui (Abbott, 
1927), who in 1921 1ranslixed eldi half of the bone and soft 1issuc on both side> 
with a pin, and placed spring mt='~l struts between the ends of the pins. Abbou 
developed chc idea with two pin~ .OOve and below the os1cotomy site, 10 improve 
conlrol of angular ion. These frar;.cs v.·ere rarely used for treating fracrurcs. In 
1938, Hofrtnann, a S\viss dv-2.x, designed an exlcrnal fixation syMem 
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specifically for the 1re:J.tmcnt of fractures. This systc1n w:is used until I 968, 
when the original concept was modified by Vidal in France. This work resulted 
in the· construction of a fr:imc which allowed for both the reduction of the 
fracture after assc1nbly of the frame, as well as the provision of rigid s1abilisation 
of the most severe fractures of long bones. 

There arc now several external fixation systc1ns commercially avJ.ilablC. They 
all f-.>llow 1ha 1amc b::itic principlt.::s. 

THE PRINCIPLES OF EXTERNAL FIXATION 
SYSTEMS 
PINS 

Ahhough only one pin m:iy be placed in each site, it is more usu;:il for cwo or 
three pins to be placed close together to obrain a-iirn1er grip on rhc bone and to 
prevent rotarion. 

Tran!lrlXlng pins 

These pass through 1hc bone and the soft tissues on both sides of the limb. 
1\lthough a more secure grip on the bone and the frame wjll be obtained, they 
m:iy cause damage to vital soft tissues. They are not recominended for us~ in the 
upper limb,, or upper femur. 

Transfixing pins 1nay be con1plctely·sn1ooth or h:ive a centrally raised threaded 
seclion. They an: avJibble in different di::uue1ers and overall lcng1hs anJ \Vith 
thr~Jdc<l sec1ions ofv::nious lcng1h to ailo\Y the correct size 10 be chosen for c:-1ch 
p3tient. The correct transfixing pin is v.there lhe length ofrhe threaded section is 
several threads longer th::in 1he diamc1er of 1he diaphysis or met::iphysis into 
\\·hich it is ro be inscrtcJ. 

Half-pins 

The5c do not p::iss 1hrough the whole lin1b. They are inserted fronl one side of 
1he limb only, 1hus rc.dccing the danger of dan1age to vital soft tissui.:s. ·rh~y 
n1ust hov.:ever pass through the whole \vidrh of the bone, pcnetraring both 
cortices. Generally rhey J.re used in the upper li111b, pelvis and upper p::irt of rht: 
1high. Half.pins 111ay be self.drilling and sclf-1affping and the 1hreaded scc1ion 
may be continuous or in1errup1ed. 

Those half-pins wi1h a contiµuous rhre;ide<l section are used coinn1only in 
canccllous bone. "fhc length of the thre;:idcd section should exceed 1he dia1ni.:tcr 
of the bone by several threads. lfa half-pin v.·ith a continuous threaded section)s 
ro be inserted in10 the diaphysis of a long bone, the bone must be drillt:d before 
the half.pin ·is inserted. 

Hillf-pins with an interrupted thread arc used prin1arily in long bones where :i 
good purchase can be ob1ained in both cor1iccs. If a self-drilling and t~1pping pin 
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\Yith a continuous chrcad is inserted into a diaphysis of a long bone, there is a 
danger that the thread, cut in the first cortex) v;\11 be damaged when the pin is 
being drilled through the second cortex: The use of'a pin with an in1i:rrupted 
thread avoids this as the sn1001h central section of the shank will still be in the 
first concx v.·hilc the second cortex is being drilled. Once the $CCond cortex has 
been perforated both sections of the thread v.·iH be scrcv.·ed into their respective 
coniccs (Fig. 16.1). A radiogn1ph is ni:cJcd 10 help choose the corrl!cr length ot 
hnlf-pins with an intcrrup1ed thread. 

Fig. 16.1 lfsdf-drilling and lapping pins ar( used, the thrc:i.dcd section mu$1 be in1crrupccd, 
and the pins n1ust be of the coucct lcn&lh. 

FRAMES 

Ah hough in an emergency, frames an be cons1ructed from different m:uerials in 
a variery ofways 1 using for example plaster-of-Paris, Nissen U-loop or Charnley 
compression clan1ps, con1mercially available fran1cs are b~uer. 

/\1any of the different 1ypcs of frarne use a variety ofclan1ps, universal joints 
:ind rods of varying length to construc1 the franH':. So1ne franv;:s are more rigid 
than others. l'hey also <lilTer by the case with \\'hich the fran1c is constructed and 
by which the position of the bony frag1nents can be :itljustc<l; once 1he fran1c has 
been constructed. The mare· cOn1plcx fra'1nes pern1it lhc correction of an~ula1ion 
and rotation as well as the Ji:str~ccion or co1nprcssion of the bony fragnu:nts. 
\V'irh some fran1es, the pins in each group n1ust be inserted parallel 10 one 
another for the cla1nps to fit, :and therefore it is iin1')()rt3n( 10 use a jig in their 
insertion. Other fr;imes h3\'e clamps v.·hich can accon1n1odate groups of pins 
which are not parallel 10 each other. 

Some modern cx1ernal fixation sys1ems incorpora.1c a layer of insulaling 
material in.the clamps to prevent electrolytic action ir sligb1ly dissimilar n1etals 
arc used, and to prevent distortion of any cl«trical fields that n1ay be added fron1 
internal or external electrodes separate from the frante. 

After construction, some exlcrnal fixation systems can be suspended from a 
Balkan beam 1 by anaching cords and weights. Elev:Jtion will help !O reduce 
swelling, prevent con1pression of sofl tissues, aid wound toilet ;ind nlaintain 
mobility of the patient. 
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INDICATIONS FOR THE USE OF EXTERNAL 
SKELETAL FIXATION 

External skeletal fixation has valuable applications in the treatment of both acute 
trauma and elective surgery. 

I. Some closed comminuted fractures where the fragments are large enough to 
take cransfixing pins 1 :ind traction is nol suitable. 

2. Fractures associated with extensive dan1agc to the soft tissues where rracdon 
is not suiiable, and where the frequcnrapplication of dressings or skin grafting is 
required, or a vascular rtconstruction or nerve suture needs prott:crion. 

3. Fractures with significant loss of bone, such as follo\ving gunshot injuric:s, 
where it is essential to 111aintain the length of the limb. 

4. /\\uhip1e fractures, 10 allow the treatn1c:nt of other fractures by rr:.iclion. 
5. Pdvic fractures with disruption of the symphysis pubis. 
6. Anhrodcsis where in1mobilis:uion in a cast is not adcqu:ne Dnd iincrno:il 

fixation is not desir::ible. 
7. Lengthening of a limb. Progressive daily distraction is possible. 
8. Plastic surgical rroccdures, such as cross-leg tl;ip l;rafts \•where: u:·1npor::iry 

reliable fixation of 1hc limbs is needed. · 
9. Failure of union following a fraccure or ostl!otomy, especially if the 

overlying skin is unhe::ihhy. 
10. Infected fraccures, 

CONTRA-INDICATIONS TO THE USE OF 
EXTERNAL SKELETAL FIXATION 

1. Very soft osteoporotic bone. 
2. Where the bony fragments are too small to securely accept 

sufficient pins. 
3. Infected lesions at the sites where the pins would have to be 

inserted. 
4. Situations ¥'.there it would be impossible to keep the patient 

under regular supervision. 
5. When the surgeon is not familiar with the equipment or the 

method of application. 

CHOICE OF EXTERNAL SKELETAL FIXATION 
SYSTEM 

Unfortun:itcly it is not yet known with wh:n degree of rigidity a fractured bone 
should be held to obtain optimal union. · 

Union ofa fn1ct\lrc occurs by a series of processes, each of which is controlled 
in a different way by environniental foctors (McKibbin, 1978). Initially there is a 
short·livcd primary callus response, which appears to be a fundamental reaction 
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of bone to injury and which does not see.n1 to bt.: inf1uenced by eitbc.r 1no\•en1c:•1t 
or tot:il rigidity at the fr:icturc sile. Following this ini1ial response, is the phase in 
v.·hich bridging exrernal callus is formed. 1'his phase, v.•hich also will nor 
continue indefinitely, is rapid, appears co depend upon the rccruiunent of cells 
fron1 the surrounding tissues, and nlay be suppressed h)' rigid i1nn1obilis:.11 ion of 

11ic fr:IL'lllrc Ir bridt:int_: or th-..· frat:llllC is at·hiCVC\J, ft.:llllld\.·l\j11g \\·ill \11.'•,.'llf ill 

~ssoci:.1tion with a run her phase of late fflc<lutl,1ry callus IOrrnatinn. 'l'hi~ proc~ss 
is slo\'-' and appc3rs to be ;:issistcJ by i111n1obilis:1tion. Ir a fr:icturc is crc:.HcJ by 
rigid intcrn3I fixation, 1hc forn1;:ition of external bridging c;1llus is supprcss<:"J 
(Ande:rson, 1965) and· union occurs l.ly the forn1a[ion uf 1ncJull;iry cillus anJ 
primary bone union. 

Sarn1icn10 and Lana (l981) found 1hat cxtern;il bridglni:: callus did not !Orin 
SJ.iisf.::ictoril)' in rcspOll::iC [O llH: function:.1\ bracing of tibial frJClUfCS UllkS:. the 

brace \l.'::J:S :iprlicd \~·ithin six \VCtkS or the fracture OCCUrring. 

J{icks (!977) howcvct hJ:. shown tli::it 10 obt:Jin bony union in C:Jscs ofdel:.iycJ 

union and non-union of the hypcnrophic 1ype1 n1ore rigiJ fixation is rt'quin:J. 
The. choice of v.:hich system of external skeletal fixation to use depends upon 

the type at·ailal>lc and th!! cornplt:xity and site of the bony :ind soft tissue injury. 

Generally the simpler the injury to he treated, the si1npler the sys1t'm CJ.n be. 
\VhJt is important is 1hat if the system used initially is very rigiJ 1 1hen 1his 
rigidity must be decreased later to encourage bony union> perhaps being replacl!J 
by a functional cast brace. 

~1.ost sys1cn1s are dl.!signcd pri1narily for use in the n1anagen1ent Of fractures of 

the tibia, but some are n1orc versatile and can be used in the n1anag(n1ent of 
fractu~es Of the ft::n1ur, pelvis and.upper lin1bs. Recently, v.•hat have been tt;rnH:J 

n1ini Sj'Stems ha\'C bct:n introduced for use with fractun:S or the Cl;,1\•icl<::, 

n1etacarpalsJ phalanges and n1etatarsals. h is very icuportant that the challenge: of 
the application of an cxtcrn:il skclcl:l! fixation sys1c1n to a frac1ure is not allo\vt:d 

to obscure the possibility that a sall:r and si1npler 1ncthod of treating cl1:1t frJ("ture 
n1ay exist. 

})escribed bclo\\' arc thrct: of the large variety of extcrn<1l skele1.:J.I fixation 
systems which are available con1mcrcially. 

Portsmouth external fixation bar (Denham external fixation 
compression*) 

This device (Fig. 16.2), designed prin1arily for use in rhe management of 
complicated fractures of the tibia (Edge and Denham, 1979, 1981) consists of a 
single threaded steel bJr. Self-tapping half-pins with con1inuous 1hrcad are 

inserted inlo previously drilled holes in the subcuraneous antero·medial surface 
of the tibia, three above and three bdotv the fr:1cture. The pins arc fixed to 
carr,iagcs on lhc b:oir by acrylic bone ccn1enl (two p~ckcts lo each coirriage). One of 
the carriaGcs.is mobile, its position on the bar being governed by locking nuts. 
The pins in each group at either end of the bar do not h::ive to be par~llcl. The 
t'vo groups of pins can be distracted or approxi1n:11cd but cannot be angu!:J1eJ or 
ro1ated relative to e:ich other once the ccn1ent has hardc.,1u:d. It is 1hcrcfor~ very 
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Locking Nut 
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Insulated Carrl;:ioe --~...t. 

Moves on Threaded Bar 

Throaded OM ---~ 

Fixed Insulated Carriage 

Continuous Threaded 
Half Pins 

" 

Fig. 16.2 Ponsmou1h umnal fixation bar (Denham ex1ernal fumion compression). · 

importanl to try and obtain, by open operation if necessary, as occur:11c a 
reduction of the bony fragments as possible, before cementing the pins \O the 
carriages. Obtaining a good ~eduction is helped by cementing only one group of 
pins at a time. Compression is then applied by tightening the :ippropri:itc locking 
nut. 

A further development of this system utilizes a bar in which there is a lockable 
universal joint (Fig. 16.3). This enables the position of the bony fragments to be 
adjusted after the acrylic cement has hardened. 

Universal Day frame* 

This symm (Fig. 16.4) also is designed for use in thr management of fractures of 
the tibia. Two or more tr:msfixing pins are driven through the bone and scf't 
t issues above and below the fracture site. The pins in each group arc parallel. 
Clamps arc attached 10 both ends of each group of transfixing p ins. Two 
horizontal bars, one on each side of the limb, arc a11achcd to the cl::1111ps by 
universal joints. This system allows adjumncnt of the position of the fracture in 
all three planes. Compressio~ or distraction can be applied: 

Hoffmann external fixation ~yllem* 

The Hoffman external fixation system (Fig. 16.5) is very versatile. Half.pins OT 

transfixing pins, either alone or in combina1ion, can be used, but the pins in each 
group must be parallel. E~ch roajor component of the frame can be adjusted in 

•Sec Appendix. 
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a Longitudina l Rod 
(One Each Side) 

Fig. 1'.4 Universal Day fran1c . 
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Compression/Distraction Device 

fi1. U.S ll1>ffn11nn cx1qn~l fu:;,.t i(l1.\ s_ys\c\\\. lf 1w11 ~1 \ill\lf.t.\c \u t\ a1.; \'lo;~~I\\ ''"~:.Id\ ~i,k 1{ 

lh< \i"mh, lh<: J,,,,\..1~ lr~m<: 1)1\-.\,,,..,,\ ii ,~\i, ... 1 ~ \·1.bl tr.1\\c. 

:ill three planes, with the rc:sult th11t the frame c11n be loosely assembled before 
the fracture is reduced, and then tightened. The frame can be constructed in 
difTerent ways to enable complex fractures as well as fractures of the femur, 
pelvis and upper limb, to be managed. . . 

\Vhcn the two groups of transfixing pins arc connected by two longit udinal 
adjustable bars on each side of the limb, the double frame produced is called a 
Vidal frame. As the Vid:i l fra me is extremely rigid, it must be reduced in s ize :is 
soon as possible to decrease this rigidity :ind thus cncour:ige union of the 
fracture. 

The use of the Hoffm;:in system in the treatment of fractures of the upper and 
lower limbs and the pelvis is extensively described by Coones ( 1977). • 

APPLICATION OF EXTERNAL SKELETAL 
FIXATION 

. . . : : t . . • . 

It is not intended to d escribe in detail the. ~pplication of any one 
particular method of external skele t al fixation. Attention to 
detail however is important if th e method is to. succeed. Certain 
f actors must be t aken into considerat ion before any particular 
system is chosen. Careful techniqu e must be used during the 
application of the chosen sys tem. Close observation of the limb, 
fracture, pins and frame is essential after application. 

. : .. 
. ~ . .. · .. ,::-;i: ;·· : ... ·- ·~-. ' ... ' :·~ .. ~ 

Pre-opera~lve planning ·:···t?:t:'. 1 '.' :; -~·<:,::i;\'. ~': :\.;1 ;. : i ;;: ,~'. 
- Carefully consider whether a simple~' method of ifo·~tment · ~~ .; .. 

. an alternative method of fixation might be better: than · .. . :1}.'; 
external skeletal fixation. Each case must be· considered on : 
its own merits. The technical challenge of-the application of · • 
external skeletal fixation must not be allowed to obscure the · · 
possibility that a safer and simpler method of treatment might 
exist. 
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- Obtain good quality rediographs to enat;>le en accurate~ ; ., · 
assessment of the extent of the fracture to be made. In,_,; .. "'· 

.:._:;particular to ensure.that there isnot e fracture line at the'.-(::·,--. 
';.,intended site of insertion of the pins. : . · , 'ii-L1 · 
·~·Consider and choose the type of pins and frame most · · 
i 'i::su'itable for the fracture. . · ·>·-,,:; 
:...:. Choose the best sites for insertion of the pins, taking into 
~ '·-ac~ount the bony fragments. and ease of access for anY soft 
; ·~ tissue procedures which. might be needed. 
c:- Have. a trial run with the _apparatus, if possible,' to check that 

. ·:'.:all.the necessary components are present, and that the 

. :. planned frame will work as intended. 
" ;_~.f~l:j; .:~--'.:' ' .. -

Polnt•~•bout- technique • :. '· · · "· 
. l\_ff_t~;j_~c;.,;··:'. _ . _ ·: .. t, ~~;.· . , , .< .. ,,, 
'-',Take full aseptic precautions. If iodine Is used for preparation 

-~ :<ot..,t~~ iskln, take caro that It Is not left on the stainless steel. 
· 'pins· or frame as it will cause corrosion. . 
,.:., c.;;fy out any wound cleaning which might be needed, and if 
''.'possible reduce tho fracture and hold the reduction with bone 
:'' cl~mps while the pins are being inserted and the frame . i' ............ , '' ' . - . 

· 1, -constructed. · . : . . '· '. . 
. '-:- Ma,ke adequa.te stab wounds before inserting the pins. With 

': .. seif2drilling and. self-tapping pins, tap the end of the pins so 
. !•~ :0..tH· - ·• - . . 

. '. .. that their sharp points 'dig into the bone. This will prevent 
· · · th~·m..from slipping when drilling begins. With half-pins with a 
: :L coniinuous thread, the bone must be drilled first. With half, .. 
· ;'.iPlt;'.i!,with interrupted thread, check their length · · 

' :-. radiographlcally before insertion.' ' :' .• : ...... ' 
i(Use:·a hand brace to drill the pins into the'bone: With"a' powe; 

.. ;:;-,drir(i:here is 8 greater danger of thermal necrosis of the bone 
. _and: subsequent loosening of the pin end perhaps infection of 
"'ttle''i>ln track. · · . · · · · · · · · · · ... 

?AC!'18nce the plns until the threaded portions of the pins ., " · 
. ; 'en(Jiige both cortices of the bone. If a pin is to transfix.-the;; 
·:·,whole limb, the skin must be incised where the pin emerges' ....... . .. ~ .. 

, ,; ~~to'!avold skin tension end perhaps necrosis. · 
· +Jt.1tla essential that all the pins in one group are parallel, then 

· '_:.i(1ii')ii{must be used to Insert the second end ell subsequent·'. · 
Jt'_,\ f ....... 1. ;"!- ~-. 

"::~-k~P..~f,._n-~ny_ group. . . ... :~: __ ~ _, . ·--~ ·~ 
·:~-.·.~,Depending .upon the system chosen;: either reduce the·,;, "~~: ,,, . 
' ' •(··· - - ~-· - . .. . 
~·.'.:-:·t~.t~~~ln:e and secure the pins to the ,frame with acrylic bone-(.-·-;: 
'~lJc~{n~nt (Portsmouth External Fixation Bar), or connech:lamps:~: 
:·~\\to;,,tti~;~roups _of pins. than build the rest of the framo,end .,,;,,,;, 
,.' ·.-. 1i_adJ\l.~ti1t untll,rediogrephs show that. ·the bony fragments are·~'-. 
~-"'~··'·'.i~e:;.desjred position .. ;, ., · >J.~ , ... :·.·.·,.. · · ~,..., .. ,.-;;,.-.· ::·:ti-~ ~'ll.!.-. ~- ·- . '•--.. • •• j.,loo.o_.~. ~-i~_.,\o4.r ......... ~.:;~.:°';.~~;4..f:'~~~{.~~ 
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- Apply compression across the fracture site if the 
~onfiguration of the fracture will allow it. Compression will 
promote unio!' !Dwyer, 1973). 

1 
..:. If a· limb is being lengthened, the pins and frame must be 

secure before the bone is divided. Distraction can then 
proceed without risk of deformity. 

- Dress the pin sites and check that all the clamps and nuts are 
tight. 

- Cover the sharp ends of the·transfixing pins with plastic or 
metal caps. 

Post-operative care 

Tfie limb and the apparatus must be exa,;,ined daily;•· .. · ·. 
- Check that the skin around the pins Is neither Inflamed ·nor · 

under tension. The latter can cause skiri necrosis and 
infection. With limb lengthening or a major change in the 
position of a fracture, the skin may have to be incised and 
resutured, under local anaesthesia, at the entry and exit sites 
of the pins. 

- All clamps and nuts must be tight. A proper fitting spanner 
must be available. 

- The sharp tips of the transfixing pins must be covered at all 
times, to prevent damage to the other limbs and the nursing 
staff. 

- Any pins which become loose or infected must be removed 
promptly. . .. . . .. . . . ... ,,· 

- The position of the bony fragments must be checked'. . ·;· . ·c:· ! 
. ' • - . • . • - •"• . -. -... ;.-·• - ":'" ..... -.. -.\' ·+ ·-1·: ••. ~ 
.. regularly with radiographs,'and their position altered as.>'· •.::.~·''' 

necessary by adjusting the frame where· this is possible • ._._:;_._, 
;:__Attach suspension cordst~ the frame •. ~~\hat the affected_:;:·.~; 

limb is elevated. This will help to reduce ;welling and will-.. · · ··. 
also avoid the tissues of the calf, for example,• being pressed';,.•; 
against the pins. ·~ . . ;·?:},·. --~-- l.- , •• · -· 

- If external skeletal fixation is used for fractures of the tibia, ., 
attach some form of sling or drop-foot platform t~ the frame -'< 
to prevent the development of a fixed equinus deformity of ·:::.:;~ 

· the ankle joint. Rubber shock cord luggage straps are useful t.;\ 
for this. :.- .. :. .... :·~,: -' . .-. . \~·~~/-~ 

- On the day after application of the devic~\ encourage the,_,.: .• ·<.;;~ 
patient to start exercising all the joints of the affected limb as;·,: 
much as possible. _ . ~·i..:i{i-.- r.·; ,· : ! .. :-, ··~-· -~ 

- Keep the patient on bed rest Ontil any· ~-ki~,.;.:y~~n~shave ;::•· ::i:. 
heeled, after which m'Obfllsatlon non weight-bearing with· 
crutches can begin. · 

http://must.be
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- When radiographs show the presence pf callus, partial 
weight-bearing can be allowed .. 

- When it appears that the fracture may be united 
radiographically, loosen the frame and check the condition of 
union clinically. 

- Advise partial weight-bearing for the first 1 -2 weeks after 
removal f'f the external fixation device. 

COMPLICATIONS OF EXTERNAL SKELETAL 
FIXATION 

1. Infection of skin wounds. This is more likely to occur if 1he 
initial incision in the skin-before the insertion of the pins, v1as 
t.JO small, or puckering of the skin around a pin has occurred. 

2. Infection of bone. This can occur either from loosening of the 
pins, or failure to obtain rigid rixation of the bony fragments 
in an open fracture. 

3. Development of joint stiffness. This is most likely to occur at 
the ankle joint, especially if transfixing pins are used in the 
lower end of the tibia. Clawing of the toes and stiffness of 
the fingers can occur after transmetatarsal or transmetacarpal 
location of pins. 

4. Damage !O blood vessels. nerves or tendons by transfixing 
pins. 
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17. 
Walking aids 

W:ilking aids arc used to increase the: mobility ofa-pa1ient, as they enable: some of 
the body weight to be supported by the upper limbs. There arc m:iny different 
walking aids - paralld bars, walking fr?mes, cru1ches and sticks - and many 
diffcn:nt types within each broad group. The correct selection of a walking aid 
for a particular patient is very important and depends ·upon: 

I. Stability of the patient. 
2. Strength of the patient's upper and lower limbs. 
3. Degree of coordination of moyement of the upper :ind lower limbs. • 
4. Degree of relief from :-"'eight-bearing required. 

These aids may be sufficient in themselves or they may have to be used in 
conjunction with calipers or other orthopaedic appliances. 

As the: condition of the: patient improves he ma;· progress through the different 
types of walking aids. Whether or not the ultimate aim of walking unaided is 
achieved will depend upon the degree of any pcrm:incnt residual dis:ibility. 

After a prolonged illness, many patients .ire generally weak. This can be 
minimised by good nutrition :ind a well pl:inned progressive course of exercises. 
When a walking aid is used, part of the body weii;ht is taken by the muscles of 
the shoulder girdles and upper limbs. Auention may have to be ra:d to 1he 
strength of these muscles when planning the: rehabilit:uion of the p3tien1. The: 
particular muscles used arc: 

I. Flexors of the fingers and th~mb to h~ld the handgrips firmly. 
2. Dorsiflexors of the wrist to stabilise the wrist in dorsi flexion, thereby 

obtaining the best functional position for powerful finger fle:-:ion. 
3. Extensors of the elbow to stabilise the elbow in slight Oexion when the body 

weight is taken through the upper limb. 
4. Flcxors of the shoulder to move the walking aid forward. 
5. Depressors of the shoulder girdle to support the body weight. 

To regain confidence in 'walking takes time. When walking is commenced it is 
therefore important to eliminate the fear of falling and to avoid ton rapid 
progression. 
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PARALLEL BARS 
I 

Parallel bars arc rigid and do not have to be moved by t he patient. This enables 
the p~ticni to concentrate entirely on moving his lower limbs correctly. For this 
reason parallel bars arc often used when the patient is Oot stable, or initially to 
<k\•dop 11 partk11h1r l'allrrll ,,fi:ait, th1· putkn1 l\\"i11!: t<111!:ht th\· ,,,nc,·t ~t°•\ll \'lh'\' 

\ll' ;1nn anJ lowc1 limb 11H.1vc111cnl. · 
A foll ·lcngth mirror should be placed a1 one end of 1he rar:sllcl bars. In it the 

patient can observe his movements and thus avoid looki11g :.it his fec.:t, a common 
mis take made when any type of walking aid is use<! initially. A mirror is 
particularly helpful if the patient has lost proprioception. 

Adjustment. Some parallel bars arc not adjustable. If they arc, adjust the 
dis1:ince between 1hc bars :in<l thc hc ii:ht of the bars so lh••t when 1hc:y :i re h..-1.1 
by the pati~nt his elbows arc in 30 dq;rccs of n~xion. 

WALKING-FRAMES 

A pat ient is not usually g iven a walking-frame unless he: will never be able to 
walk with walking-sticks, tripods or crutches, as the: pallcrn of gait acquired in a 
walking-frame is difficult to change. Moreover; a patient who uses a walking­
frame is usually confined 10 his home, and is unable to rnanagc: stairs. If parallel 
bars arc not available, however, a walking-frame: is very useful initially wht:n a 
patient is unstable and fearful of fall ing. 

There are chree main types of walking-frame: lhc sta11dard walking-Cram<, the 
reciprocal walking-frame and the roll:itor. The fi;st two 2rc usually used for 
elderly pacicnts who lack confidence in walking and arc uflstc:idy. Walking with 
full or panial weight bearing is possible. The rollator is usually rc:served for 
patients suffering from neurological con'ditions, such as cii>sl!111inated sckrosis, 

with incoordination of the lower limbs. 

Standard walking-frame 

The standard walking-frame (Fig. 17.1) inight, rigid, ~table and easy to use. h 
consists of four almost vertical aluminium alloy tubes arTmgcd in a rectangle, 
and joined togeiher on three 5idcs by upper ind lower h~rii:onul tubcs. One long I 

Fig. 17.1 S1andard wallting·Cram~. 
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side of the rectangle is left open. The lower ends of the vertical tubes, which may 
be adjustable by means of spring-lo3dcd double ball C3tches, 3tc fitted wi1h 
rubber tips. Hand-grips arc fitted to the shon, upper, horizon tal tubes on c3ch 
side: •··;.'-

Adjustmcnt. If the frame is adjustable, alter the height of a// the vertical 
tubes, and ensure th.at they arc all of equal length, so that when the handgrips arc 
held by the p:ilient, the p:itieni's.elbows :ire in 30 degrees of flexion. Patients 
with incoordinat'io_n of tbe lower limbs may find walking easier ifrhc: handgrips 
arc higher. · 

llow to use. The patient st:mds in the walking-frame, lifts and places the 

fnmw fm\x·1ml a ~hN\ ,fo\i\IK~ anJ \\\~n \\'\\\\;.~"I' \O \h~ fm\\~ ~\ill h\)\,\\ni; 1h.: 
handgrips. 

Gutter- frame (forearm walker)* 

The main structure of the gutter frame (Fig. 17.2) is the s::ime_as that of the 
standard walking frame except that the top is · mo<!ified by the addition of two 

Fig. 17 .2 Gu11cr frame. 

gutters in which the patient's forearms rest. The patient t:1kcs most of his wcigh1 
1hrough the forearms . The hands gr3sp vertical handles to lift and turn the 
frame. The fon::irms may be secured in the i;utters with light Velcro straps. 

This type of fr:imc is useful when the p:itient cannot extend his elbows fully or 
is unable to take his full wdght through his hands because of weakness, 
deformity or the presence of a plaster cast. 

The patient must be able to abduct his shoulders t o 30 degrees with the 
for(arms parallel to the noor, and must have sufficient dexteri1y to be able to slip 
one hand out of its strap and rclt::ise the other forearm. 

Adjustment. Adjust as for the s1and:ird walking-frame. 

•Sec Appendix. 
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Pulpit frame {AtJas adjustable standing aid)* 

The pulpit frame (fig. 17.3) has limited application. It has the same basic shape 
as the standard walking frame, but it is w·ida and higher. The lop of the frame 
consists of a padd1:<l U-shapc<l lc<lgc which reaches th1: height of the lower part ,,f 
tltc: chc:st. The: pJt i1:111 lifts tltc: r1a111c a short l~i.~1 •. 1-:c: 1i.irwa1J anJ then leans un 

the padded lc<lge while stepping forwards. 

Fig. 17.3 Pulpit fram~. 

It i~ used by patients with deformity or w~kncss of the whole upper limb; 
with weak tri.mk muscles or a1axia; for standing practice by those whu are 1111aulc:: 
10 walk; and for 1hosc who 11:nd ·10 foll b~ckwar<ls when 1rying 10 walk with an 
ordinary walking frame, as it encourages forward flex ion of the trunk. 

Adjustmcnc. A<ljust as for the standard walking-frame. 

Reciprocal walking-frame 

A reciprocal walking-frame is basically identical with a standard frame, except 
that each side of the frame can be moved forward aiternately. There arc swivel 
joints between t.he front horizontal and vertical tubes. As the frame does not ha\'C 
to be lifled clear of the ground with each step, the patient's stability is increased . 

Adjustment. Adjus1 :is for thl! siandard walking-frame. 
How to use. A four-point gai t is usc<l (sec Ch . 18). One side of the frame is 1 

lifted and m oved forw:ird, the cwo legs of the other side remaining in contact 
wich the ground. 

Rollator 

A rollacor {Fig. 17.4) has two small wheels at the front and two short legs at the: 
back, protected by rubber tips. The rear legs arc almosc vertically under the 
h andgrips. Care must be t;ikcn when recommending a rollator for elderly 
patients as it may roll too for _fonvard so that they los1: thc:ir balance. 

Adjustment. Adjust as for the standard walking-frame. 

•Sec /\ppcn<lix . 
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· ' .. 

Fis. 11.4 Rolla1or. 

How co uac. The p:uicnt holds the hnndgrips,. lifts them to r:i isc 1he rear legs 
just off the ground, wheels the rollator forwan.J :i shon distance, lowl!rs the rear 
legs onto the ground and then walks forward into the roll::itor siill holding the 
handgrips. 

CRUTCHES 
There arc three m:iin types of crutches, axill:iry or underarm crutches, elbow 
crutches and guncr crutches, 

Axillary crutches 

The common axillary crutches (Fig. 17. 5) are made of wood. They consis1 of 3 

double upright joined at the top by a p::id<lc<l :ixilla~y portion, a handgrip, :in<l 3 

non-slip rubber tip covering the Iowa end. The overall length of the cn11ch and 

Fig. 17 . $ A:cillary, elbow and guncr crucchcs. 
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the position of the hand-grip should be adjustable. Ry using adjustable ::rutchcs, 
it is easier to fie each individual patient correctly, and the possible waste of 
culling nonadjustable crutches lo the co~rcct sizel is avoided. 

\Vhen triceps weakness is present, supporr can be provided by attaching to the 
outer side of the cru1ch, oib(l\'e 1he level of the: h;.inJgrip, 11 half-loop barld 
between the double uririgh: through \Vhich the. upper <1nn is placed, or a short 
n1etal guuer piece to the posterior upright against which the upper ann is 
pressed backv.'ards. 

A 11 degrees of \veight relief ::ire possible v.:ith 3xillar}' crutches. Usually they are 
used y,•hcn cru1ch walking is commenced initially and .when non-weight bearing 
on one lov>er lin1b is ind:cared, for example after a fracture. Although 111ore 

cun1bersonH: 1han clbov.' crt.:'.cbes, they arc n1ore sl:.1ble. ']'he padent can release a 
h3odgrip :ind use th::it h:i:id to open a door or adjust his clothing, while 
continuing to support hin~se\f. This is imponant when the patient's baJ;1ncc is 
poor. 

METHODS OF INITIAL MEASUREMENT OF LENGTH FOR 
AXILLARY CRUTCHES 

his necessary to be abk to obtain son1e initial indication of the overall length of 
the crutches required by a particular patienr. ~rhis nicasuren1enl should be :.is 
accura1e as possible. Final adjustment of the crutches for overall length and 
position of the handgrip, however, must be carried out with the pa1ienl standing 
and wearing shoes. 

l'here are n1any methods of obtaining such a measurcnient. Beckwith (1965) 
states' that the following tv.·o m~thods of measuring patients for axillary crutches 

arc the most accurate. 

l. Subtract 16 inches (41-0 cm) from the ht:ight of the patient, or 
2. Wirh the patient lying supine, nieasurc the distance from the anterior axillary 

fold 10 the bouom edge of the heel of the shoe. 

The measurement obiained with these two m'cthods equals the overall lengrh 
of Che crutch from che top oft he axillary pad to rhc bottom of the rubber tip. 

J\i:i:JusTMENT OF AXILLARY CRUTCHES 
·- :1 • : ..'.; 

The.overall length and the position of the handgrip must be 
corr~ct for each patient .. · . • 

When walking with crutches, patients wear shoes and the·'· 
height of the heel will vary from patient to patient. With the 
patient standing up straight, the axlllary crutches e><tend from a 
point 2.inches (5.0 cm) or three finger breadths below the 
anterior axillary fold, to a point on the ground 6 inches (15.0 
cml:in front of and lateral to the tips of the toes. The shoulders 
are)fopressed and the palms of the hands rest on top of the 

·. h~~~grlps with the. elbows in 30 degrees of flexjan (se.e Crutch 

__ St§f.~'.,Ch_. 181. . -·"'· _,, ··•·• ~::;;;.__ ). 
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Adjustment must be carried out with the patient standing and 
wearing shoes. 
- Place a crutch under each arm. 
- Check that the palms of the hands are on top of the 

handgrips. 
- Place the tips of the crutches on the ground 6 inches 115.0 

cm) in front of i'nd lateral to the tips of the toes. 
- Ask the patient to stand up straight and to relax his 

shoulders. 

. . 
Checking overall length 
- Attempt to insert three fingers between the axillary pact and 

the anterior axillary fold. 
Too long - Less than three fingers can be inserted between 
the axillary pad and the anterior axillary fold. The crutches 
are forced into the axilla, the shoulders are hunched and the 
patient is unable to lift his body off the ground. Pressure on 
the nerves in the axilla may cause pararysis. 
Too short - More than three fingers can be inserted between 
the axillary pad and the anterior axillary fold. The patient 
leans forward from the waist, his buttocks project backwards 
and the line of his cent:e of gravity passes down in front of. 
his feet. This position is potentially unstable. It could be 
corrected and the pelvis brought forward by maintaining 
some degree of hip and knee flexion. This must not be done 
as it is tiring and may hinder crutch walking. 

To adjust the length of the crutch ·.'' 
- Take off the bottom two wing nuts •Jnd remove the bolts. 
- Slide the crutch extension to the correct length. 
- Replace the bolts and wing nuts, but do not tighten the wing 

nuts at this stage, otherwise it will be impossible to move the 
handgrip. · :· , 

- Check the overall length of the crutch again. 
. ·~ i·.~· .. ,_·:;-··; _:,'. . -~ .. : 

Checking tho position of the handgrlp ·~ ~~~~;;:.~.~':'·~ · _. 
With the shoulder depressed and the pai;;f'of the hand on top 
of the handgrip, the elbow should be in 36 degrees of flexion. 
Too high - The elbows are flexed more. :harl 30 degrees, the 
shoulders are hunched and the ability tO: grip the axillary pad 
between the upper arm and the side wall of the chest is lost. 
Too low,- The palms of the hands do r\otrest on top of the-: ' 
handgrips, the axillary pad presses into the axilla, the elbows 
are flexed less than 30 <legrees and the ability to take weight 
on the hands is lost. 
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To adjust the position of the handgrlp, 
- Remove the uppermost wing. nut and bolt. 
- Move the handgrip to the correct position. 
- Replace the bolt and wing nut. · 
- Chock that tho elbow is in 30 degrees of flexion. 
- Tighten ali the wing nuts. 

Note: The axiilary pad must be gripped between the upper 
arm and the side wall of the chest. The patient must not lean 
on the axillary pad othervvise paralysis may occur from 
pressure of the axillary pad on the nerves in the axilla~ 

Elbow crutches (Loftstrand crutches) 

,\lost clbo\I.' crutches are n1ade fron1 3 single adjustable tube of 3luminium alloy 
10 \\1hich are: :it cached :i lJ-shaped 1nt:tal cufr (arnlband), to accon1n1oda1c (ht: 
forc:um just below thi: clbo\\'t and a rubber or plastic co .. ·ercd handgrip. 'fbc= 
!o\vcr end is protecred by a rubber tip (Fig. 17.5). 

The arn1b<Jnd is 1nade usually fron1 spring steel. It grips lhe forearm, thus 
enabling the crutch co be controlled when frcedo1n of hand n10\•en1ent is 
required. l·hc arn1ban<.I nlay ha\•e a front or side opening and n1ay be fixed 
rigidly or be :iu:iched by a hinge joinr 10 lhe upper end of the crutch. Armb:inds 
which are not made from spring steel and are rigidly fixed 10 the upper end of cl1e 

crutch can be obt::iined also. Occ::isionally for young children the arn1banJ is 
replaced by a padded ring. 

A<!ljusunent of the length of the crucch between the lower end and the 
handgrip is by n1cans. ofa spring-loaded double-ball catch, and this mcchanisn1 is 
also used in son1e crutches to vary the distance bi:cwcen the handgrip and the 
armband. 

Heavy duty elbow crutches1 made from stainless steel tubing, arc avai.lable 11 

and urc to be preferred for those patients wh<r for several weeks can only lake 

wc:ight through one lower limb. 
Elbow crutches arc less cumbersome, and confer less s1abilhy 1han :axillary 

crutches, but arc more slable than walking·sticks. They arc prescribed foe 
patients who can take some v.•eight on both feet but require an aid for balance 
and confidence, for example when partial weight bearing with the three·point 
crutch gait, the four·point crulch g;iit or the tV.'O·point crutch bJit (see Chapttc 
18). Some p:11ien1s \\'ith paraplegia, who have: unusual skill, s1r~ng1h.., 
coordination and balance1 1nay be able to use: clbo\v crutches with the swing-
through gait. . 

AD_JUSTIYIENT OF ELBOW CRUTCHES 
' Elbow crutches must be accurately adjusted for e"ch patient. 

Adjustment must be carried out wi~h the patient standing and 
weafing shoes. 
· When elbow crutches are adjusted correctly the tips of the 

crutches are on the ground 6 inches (15.0 cm) in front of and 
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lateral to the tips of the toes and the patient is standing up 
straight, with his shoulders depressed and his elbows in 30 

4· degrees of flexion. 
-.Ask the patient to put his arms through the armbands and to 

grasp the handgrips. 
- Check that the palms of the hands are on top of the 

handgrips. . 
- Place the tips of the crutches on the ground, 6 inches 115.0 

cm} In front of and lotorol to tho tips ot tho toes. 
- Ask the patient to stand up straight and to relax his 

shoulders. 

Choe.king over ell length . . ",.; ". .. , . 
Too long - The shoulder Is hunched and the elbow is flexed 
more than 30 degrees. , . 
Too short - The patient Is leaning forwards and the elbow is 
!loxed less than 30 degrees. 

To adjust the length of the crutch ··.'..: 
- Disengage the spring-loaded double-ball catch by pressing in 

both buttons. . .. 
- Slightly twist the lower part of the crutch so that about half 
· of each button is visible. · · · · · '" · . f · "· · · • 

- Slide the lower part of the crutch to the· desired position. · 
- Twist back the lower part of the crutch to allow both buttons 

of the ball catch· to jump out. 
· - Check that the lower part of the crutch is firmly locked in the 

new position. 
- Check the overall length of the crutch again. 

Chee~~ the positi~~ _Of_, th& ·armbaild ;-jfi~;-;j+:· .. ~~ii;;Y:.~~-'.~1.;;~.~;~·;j_::·;·;_;~;:_: 
. ·:1f.);,,lhe,position of the:arm,balld is corre~9'.;,~_an:tfie gap.betw~en::. 
':;'·:·the top of the armband and the flexor,~re~as.e'of the e.1.bow is·;, 
; :-:-.:.'-~!_.2 . i~c~_es ( 5. O cm)~: .. :·.::~-;~;·#-~~·\. .; .· _ ~~~- ;-;~i;i:~-~-~·~~·:·'.-: r .. ·:r'.: •• ::'.:~- ·i .. ~r.:, 
'· ,,,;.i;: .Adjust. the position: qt,.1he,,ermbe~" .. 1~·;~hl.~::.1s~' possible-.",;·; iF• 
" . . . . ... ,..1.. - • ,, .... , ....... ~_ .. _, .. _ .... -.· ,., -· 

Guuer crutches 

A gutter crutch (Fig. 17.5) consists of, single adjusrablc tube of aluminium 
alloy. Attached to 1he upper end is a shon horizonral metal guuer or trough in 
which the forearm rests with the elbow in 90 degrees of flexion. Projecting 
forward from the gutter is an adjustable bar carrying a vertical h::indgrip. The 
gutter, which may be padded, is secured to 1he forearm by Velcro fas1enings. On 
some cru1ches the angle belween 1he gutter and rhe alloy tube and the position of 
rota1ion of the handgrip in relation to the guner, may be adjusted. The lower end 
of the crurch is protected by a rubber tip. Adjus1ment of length is by means ofo 
spring·loaded double·ball catch. 



WALKING AIDS 255 

Gutter crutches are indiatcd when there is a fixed flex ion deformity of tht 
c:-lbow joint, wc.iknc:ss of rhc: muscles conrrolling 1he elbow joint or hand, a 
deformity of the hand =ing difiiculry. in gripping, or when 1he pa1ienc 
experiences pain in the hand or v.·rist on taking v.•cighl through the upper limb. 

ADJUSTMENT OF GUTTER CRUTCHES 

- Strap the forearm into the gutter so that the point of the 
elbow lies at or jus"t behind the posterior edge of the gutter. 

- Adjust the distance between the front of the gutter and the 
handgrip, so that tC.e handgrip can be grasped firmly. If 
rotatory adjustmer.~ of the handgrip in relation to the gutter is 
possible, adjust. 

- Ask the patient to stand up as straight as possible. 
- Place the tip of the crutch 011 the ground 6 inches {16.0 cm) 

in front of and lateral to the tips of the toes. 
- Adjust the heigh! cf the crutch by means of the spring-loaded 

double-ball catch so 1hat the elbow is in 90 degrees of 
flexion. If the patient is unable to flex his elbow to 90 
degrees, then a crutch in which the angle between _the gutter 
and the crutch can be adjusted is required. 

WALKING-STICKS 

The commonly used walking-slick is made of wood, with a C-curv(d handle; a 
right-angled or pistol-grip handle is also available and nlay be preferred by the 
patient. A rubber tip protects the lower end. "Adjustable sticks n1adc ffon1 
alun1inium alloy tubing with rubber or moulded plasric handgrips can be 
obtained. 

Walking-sticks arc nor as stable as elbow crutches, bur are lighter and more 
eas_ily stored. They assist balance and provide moderate suppon for a lower Jimb, 
and thus can improve gait and help to relieve pain, for cxa1nple from a painful 
hip. Walking-sticks are not used unless the disabl(d JO\\"CT limb can bear \\•eighr. 

CHOOSING THE CORRECT WALKING-STICK 

I\ paticot when using a walking·stick should have his elbows in 30 degrees of 
Oexion. 

Too long - The shoulder is elevated, 1he elbow is flexed more than 30 degrees, 
uln3r deviation of the ~rist is increased unless the grip on the handle is changed 
and support is decreased. 

Too shore - The patient leans forward and 1he elbow is flexed less than 30 
degrees. 

I 
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ADJUSTMENT OF WALKING-STICKS 

~.P.la.c;e the handle of the walking-stick on the ground beside 
the heel of the patient's shoe. 

- Remove the rubber tip. 
- Adjust the length of the walking-stick so that its (lower) end 

Is level with the most prominent part of the greater 
trochanter or radial styloid process. 

- Aoplaco the rubbor tip. .. . . 
- Reverse the welklng-stlck end check that the patient's elbow 

is in 30 degrees of flexion. . ... ... , . 

TRIPOD AND QUADRl!PED _WALKING AIDS 

These walking aids arc similar. They arc made from aluminium alloy or steel 
tubing. 

Tripod walking aid (Fig. 17.6) 

This has three rubber-tipped legs which touch the ground at the corners of an 
equilateral triangle. The looped or right-angled handgrip lies in the same.plane 
as a line joining two of the legs. The height of the handgrip can be adjusted. 

Fig. J7., Tripod walking aid. 

Quadruped walking aid 

This has four rubber-t ipped legs. The: handgrip lies vertically above the twv 
inner legs, which arc more widely spaced than the two outer legs. The height of 
the h:mdgrip is adjustable. ~ 

The tripod and quadruped walking aids, which may be used singly or in pairs, 
confer more stability than' w:il\dng·sticks or elbow crutches. They cannot pivot 
forwards and must be lifted and placed in a forward position. This requires more 
strength in the upper limbs th::in would be required for walking-sticks or 
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cru tchc~. Usually they arc reserved for paticn;s suffaing from neurological 
conditions, but they may be used in the rehabilitation of elderly patients who 
have sustained injury to their lower limbs. These walking aids have one 
particular advantage over walking-sticks and crutches; they will stand upright 
hcsidc a bctl or a chuir, ready for use . 

. ADJUSTMENT OF TRIPOD OR QUADRUPED 
WALKING AIDS . 

- Place the walking aid beside the patient , and ask him to take 
hold of the handgrip. 

- Check that the aid is correctly orientated. The handgrip must 
lie vertically above the t wo legs which are nearest to and 
parallel to the patien t 's foo t (Fig. 17.7) . If the aid is 
positioned incorrectly, the patient will trip over the legs of the 
aid which lie, or will come to lie with use, in front of the 
patient 's foot. 

Fig. J7. 7 Corr(ct ori(n121ion of tripod walking aid. Not( 1ha1 1h( handgrip mu51 Ii( \•cnically 
above the two kgs of the walking aid which arc nearest to and paralld to the patient's foot . 

. I 

-'-' C~ck that the palm of the hand lie; on top of the handgrip. 
. I 

- Check that the handgrip is at the correct height. 
, . Too high - the patient's elbow is flexed more than 30 
·degrees. · 
Too low' - the patie~t's elbow is flexed less than 30 

: · degrees . 
•. 

To adjust the height of the handgrfp .. . 
- Loosen the adjusting screw or disengage the spring-loaded 

double-ball catch. 
· .:.... Raise or lower the handgrlp to _the correct level. 

- Tighten the adjusting screw or ensure that the two buttons of 
the ball catch are engaged. 

- Check that the handgrip lies parallel to the line joining the 
two inner logs . · 

- Push down· yourself on the handgrip to ensure that the aid 
will not collapse . / 

- Check again that the handgrip is at the correct height. 
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HANDGRIPS 

The hilntlgrips of all walking aids can he modified to accommodate a stiff or 
deformed'hand. The girth ofa handgrip can be increased by wrapping lengths of 
orthopaedic felt or sponge rubber around ii. For a deformed hand, such as may 
occur in rheum:itoid arthrit is, a mould of the grip of that hand can be taken in 
Plastazote• and later be transferred tq the handgrip of the appliance. 

RUBBER TIPS 

The suction-type tip is best for crutches (Fig. 17 .8). It is flexible and the sides of 
the tip fl_are out slightly. There are concentric rubber rings on the undersurface, 

Fig. 17.8 Cross·scc1ion o ( a rubber suc1ion 1ip. 

with the outermost ring projecting slightly beyond the other rings. On a wet 
surface these concentric rings exert a suct ion-cup C!ffcct. The flexibility oft ht tip 
and the suct ion-cup effect tnsure that the undcrsurfact of the tip comes into 
uniform contact with the ground even when the walking-stick or crutch :s 
inclined at :i slight angle from the vertical. 

Worn tips arc dangerous. They arc liktly to slip. They must be replaced. 
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•Sec AppcndU.. 



18. 
Crutch walking 

The fu:i.:tion of crurchcs is to prevcnl v.·eighl-bcaring (Perkins 1 1970). The 
rn::ijority of patien1s approach crutch walking with so1nc apprehension, and the 
older a!ld che more dis;;.blcd fhc p:Hicnt 1 the greater the appn:hension. Son1etin1es 
crutches are needed only temporarily; at other times lhcir need is permanent. 
The patient's ability to use crurches efficiently and pcrhars eventually to walk 1 

unaided depends upon a nun1ber of factors. 

I. The strength of the muscles required in 1he use of crutches (sec Ch. 17). 

2. The correct selection and adjusuncnt of the ~~tchcs (sec Ch. 17). 
3. A good sense of balance. 

4. Familiarity with the crutches and their maintenance. 

5. The correct crutch stance. 

6. Instruction in how to stand and balance wilh crutches before taking any 
steps. 

7. The pattern' of gait employed. 

8. The energy necessary for the pauern of gait employed. 

9. The initial development of the gait pattern between parallel bars if 
necessary. · 

JO. lnsrruction and praaicc in walking and the perforrnance of various 
manoeuvres essential for d.aily living, with the crutches. 

CRUfCH MAINTENANCE 

1. The wood or metal must not be cracked. 

2. All the adjusting nuts must be tight, and all the spring-loaded double-ball 
catches must be working. 

3. The rubber tips must be in good condition. If the tip is badly worn it 
must be replaced. 

4. The handgrips and axillary pads if present, must be in good condition. 
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CRUTCH STANCE - AXILLARY CRUTCHES 

Before taking any steps with rhc crutches, rhc: p:uient 111us1 be i11struc1cd in how 
to :;1and and balance \Vi th 1hen1. This is achieved by standing the paticnl ag.iinst 
a wall and placing a crutch under each arm. l'he correct stance with crutches is 
in a posi1ion \Vith the head up, the back straight with the pelvis over the feet as 
much as possible) the shoulders depressed not huncheci'; the ;:ixillary pads of the 
crutches gripped bct\·1ccn the upper :inns ~1n<l 1h~ side walls of1he chest 2 inches 
(5.0 cm) below rhe anrcrior axillary fold, the crutch rips 6 inches (15.0 cm) 
fllf\\';lfd alh! 6 iHL"IH.'S (11.0 l"lll) OIL( frnU1 !he tips OflhC ll)CS 1 1hC p~1htl$ or1hc 

hands on 1op ofrhc hJndgrips, the body \VciglH taken 1nainly on the bands, and 
the elbows in a position of 30 degrees of flcxion. 

·rhc correct crutch sl;:incc with elbow or gutter crutches is basically the same. 

CRUTCH \VALKING - PATTERNS OF GAIT 

There arc four diITcrent patterns of gair: 

1. Swinging crutch gaits. 
2. Four-point crutch gait. 
3. Two-paint cru_cch gait. 
4. Threc-poin1 crutch gait. 

The patterns of gai( c;nployed with crutches diJiCr in 1he con1bination of 
cnuch and foot or crutches and feet n1ovcmcnts used in taking: steps, :ind in the 
sequc:ncc of such co1nbinations. 

To select the p~Hlern of gait to be employed by a particular p:?ticn1, the 
following must be evaluated - the abili1y of the patient to step forward \Vith 
either one or boih feel; to bear weight and keep his balance on one or both lower 
Jinlbs; to push his body ofT chc ground by pre:;sing do\vn on both crutches; to 
m;iintain his body erect; to control 1he crutches; and the increased expenditure of 
energy required with all assisted g:ai1s. 

The t\.,.'O-point and the 1hrce point parrial v.·eight-bearini gaits using: crulches 
(either axillary or elbow) or \valking s1icks, require 33o/o n1orc energy than 
norn1al v•alking, whereas abou1 78°/o more energy is required by the three-point 
non-weight bearing and swing-through gaits (McBcarh et al, 1974). 

The pattern of gJit which is se1ectc:d "Should be as near normal as possible., 
consistent Vr'ilh the pa1icn1's condition. It is in1ponant to remember that walking 
aids are used 10 increase the p:itient's mobility. Each patient must be encouraged 
10 walk even if he docs not use a recognised pa11ern of gait. Any n1obility is better 
1han immobility. 

le is impossible to teach any definite pattern of crutch walking to children 
under the age of five years. Children over the age of five can be taught but when 
they are alone they may n'ot practise what they have been taught. 

A distance of 12 inches (30.0 cm) is advoca1cd ;i.s rhc leng1h of s1cp and of 
forward movement of the crutches when the sequence of n1ovemc:nt in the 
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di/Tercnt !ypes of gait is -described. This disu1nce is advocated in order 10 

emphasise that these for\vard movcn1ents arc sn1all and equal. h is recognise...! 
1ha1 the leng1h of step will var):wi1h 1he height of the pa1ien1. It is important that 
any patient \vho is learning to use cru1chcs should g::iin confidence as quickly as 
po~siblc. ConfidcnCe will be gained ntore quickly if the inicial steps are sm<Jll. As. 
confirlence increasesJ 1he length of slcp can be incn:ased. \X'hen the ground is v.•ct 
or slippery, shon slcps :ire ad~·isabk as slipping ,~·ill be li..:ss likely lO occur. 

SWINGING CRUTCH GAITS 

There are tv.·o types of swinging crutch gait, the swlng·to crutch g:ilt and che 
swing-through crutch gait. Th~se gaics arc used ·when the body Y:eight can be 

!Jker1 through both lo\1ler lin1bs Jogether but the patient is incapable of n10\'ing 
his lower linibs individu:.illy dt1~ (0 r~n;:ilysis. C;.i!iJH.:rs Jr\.! frcqucnily '\\'Orn lo 

s!abilise the lo\~·cr lin1bs. l"hc lower lin1bs arc n10vcd by the crunk n1uscles acrin~ 
on the pelvis. 

The stable position is thJl of a tripod, with a large triangular base and the api:x 
ar the sho1..1lders. The t\.'/O anlerior legs of the trlpod are fanned by {he back'\\'Jrd 
and inward slanting cru1ches. ·rhc poscerior leg of lhe tripod is fonned by the: 

trunk and lower lin1bs of the patient as he leans forward on the crutches. A 

p:uicntJ paralysed bclo\v the waisl, is stoible in this position provided ilia! J1cxioa 
contractures of the hip, knee, or :inkk Joints are not presct11 1 the knees 11rc braced 

in extension and the centre of graviry falls in front of the hip joints, to 1nain1Ji11 

lhen1 passively in exlension. 1ftht: centre of gravicy falls lx·hind the hip joint~,. 
passive hip extension will be lost, the hips will flex and- the patient will collapse. 
Before attempting to progress the·'paticnt must practise standing in chis posirio11 
until he has acquired a sunicicnlly good sense of balance 10 give him confidence. 

In the swing-to crutch g::ii1 1 the pa(icnt advances tht: crutches and then swi~gs 
his body to the crutches. In the s\1ling-through crutch gait [he body is swung 
through beyond the crutches. · 

SWING-TO CRUTCH GAIT 
. . 

Crutch'Joo1 sequmct 
' 

Both crutches; lift and swing the body to the crutches. 
I 

Tho patient Is In the stable position . 
.- Plac·e both crutches forward together a short distance. 
- Take all the body weight on the hands and at the same time 

straighten tho elbows to lift the body. 
- Swing both lower limbs forward together to berwoen rhe 

crutches. arching the spine as the heels touch the ground 
first. 

- Keep the spine arched and the hips well forward. This will 
maintain tbe hips and knees in extension and stabilise the 
lower limbs. 
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- Take the body weight on both feet. 
-. lmmediaroly place both crutches forward a distance of 1 2 

inches 130.0 cm) in front of rhe feet, to regain the stable 
. .,,,,position. 

- Repeat the above. _.-. 
. . ~ .. 

Initially, patients may n·ot have either 1hc cOnlidcncc or1hc power in (he upper 
limbs or trunk ro perform the swing-lo crutch gait as described above. When this 
occurs, the pa1icn1 is taught to hitch ihc cnnchcs forward and then 10 slide, jerk 
or drag ·lhc feet forwurJ 1ogcthcr by a body nlu'/cmcnt, while bearing do\YO on 
the hand-grips and keeping rhc body inclined forward sufficienlly to maintain 
the centre o( gravity in front of the hip joints, As confidence ond strength 
improve, the swine-to crutch gait will develop. 

SWING-THROUGH CRUTCH GAIT 

The swing-1hrough cnuch gait, although quicker than the swing·ro crutch gait> 
must be aue1npted only \Vhcn the patient's balance is excellent. 

Crutch-foot stquena . ·~· ·• 

Both crutches; lift and swing the body beyond the crutches. 

The patient is In the stable position 
- Place both crutches forward together a ·short distance. 
- Take all the body weighi on the hands and at the same 

time straighten the elbows to lift the ~ody. 
- Swing both lower limbs forward together through the 

crutches. Clrching the spine as the heels touch the 
ground first, 12 inches 130.0 cm) in front of rhe 
crutches.. · .. ; 

~Keep the spine arched ·and the hips w~ll forward. 
- Take the body weight on both feet. The forw.ard 

momentum brings the trunk and the crutches to the 
erect position. . ~· 

- lmmediarely place both crutches forwari:t"a distance of 
12 inches {30.0 cm) in front of the feet; to regain the. 
stBble position. i !:. 

- Repeat the above . . }J:ri\f\.' .. 

FOUR·POINT CRUTCH GAIT 

· ... ' ~ ., . 

The four-point crutch gait is used when all or pan of the body weight can be 
taken on each foot.1 but the patient is unsteady and therefore requires a wide base 
ofsuppon. A. the patient's balance improves, he may progress 10 the two·point 
crutch gait. · 
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CrU1cA1oot lt'luenu. . .-,t •••• • ··'._;-~·,:~ :: • . 1· -" :-~,·~ 
c •.. ~··'::"~-:~ ·,.. • . ."!\}~~.!~1: '· ... , ....... _.. .• ,. -~,t~--p·: . 
RiiiiiY'Mutc~; lefi foai?-i~fi:hrutc~i\1ght foot; - .·.,i·:·~t_N~~· 
The·:;tient Is sta~ding'tm BOTH fe~t with a crutch. ~n~~/~·t{;?: 
arm'..~.::.;· ~- : -... -... ;_ .... : ·-_. -~_; ._ . '. #: ~:--~.:· .- ... ~.j~~< 
- Place the left crU'tch forward a disiance of 12 inches (30.0.c 

-'_.:. ciTI);~_ .. ~_., ~".~_-_-:; .... ~ =. _· .. >' ,, :;~ ,,. -.. -~;-_:'.; __ ·~-. < :_ ; '·· : ; . . -;_. . --~:. -:t~:;.,~,.,,'{f?-~'. 
"-Step. forward 12 inches (30.0 (:;ri) with the right foot. taking:''' 
<:;part.of'ths body:.walght.on the'left hand. . · "'-°' "' ·".-:'.· • 

1· ''-· - ·- • . •. ~ ' . .. . . . ' . . . ..,._ • 

•.. .;.;_Place the ·right crutch· forward a distance of 1 2 Inches (30.0-,~-.·: 
,'/ cml:/n front of the left crutch.,. · . : ·:: · · ,:--

: _.'.-"st~p:forward with the left foot, placing it 12 inches(30.0 ·-~-· · 
·:-:::.:.:·.cml In front of the right foot, .taking part of the body Weight~-~-~ 

; tm11~t~{,~~~\~~~~;:~;:.~~·"·'·--·· J:, .. \ -~;-.n·. 'c~:i _:J.xj;0.-· .. 
TWO-POINT CRUTCH GAIT 

When the two-point crutch gait is used the amount of body weight taken on both 
feet i& rcdUccd. This type of gait iJ used when ihe patient's balance i' good, some 
body weight can be taken through both lower limbs but both. lower limbs are 
painful or weak. · 

· ·7~i{*~H~,;~~;1u·;,::r,~· .. :';iiii1:,~;:,:· ;' . ·>, ::~,;;~,\i~~ 
Rig~f crutch and left foot'sim'ultaneously; left crutch and right 

-.. ~~~~~,1~l~1\8~_e·~.~~1v~:- ,j · l::!_:;·: ... ·. ~~~~ =·: .. -.· ;·; . ··., :·.~~· ~,~: ~~-' ,._~{:i1~-_.: 
'The,p'atlent Is standing on BOTH feet withe crutch under eoch·,;,,:. 
arm:_;__ ;.r; 

;-:- Place the right crutch and the left fooi forward together e · '·'' 
•. dist~nce of 12 inches (30.0 cm), taking part of the body " ,. 

"·'.~-<:w.e,lght·.on _.the,left foot. ,, • , s ": .. . ·.. · .,,,. ·'"· · 
, . ._,-:->.,Pla"ce.:thp: left crutch and the right foot forward together ii ': •;,, '" 
'itif-~i~hce,of;1,2Jnches (30.0 cml,in front of the left foot,•'\;·.>~}:'· ' 
;~ ~~:.ta.~~[19' part;·of the body weight on',the. right foot • .,:l,;;; "''.$'ii~.' 
·~.;'1!$Jflf~:iet:,the:_above., .. ··.~i--_,;:. :. i1:1,i_fl·· .. i-!·, . ··. i );-!'<L:-t1.~~; 
~ -,_ · -: . .._:..:..-i.~.-·-' .~ ... ·..:-.. :o,~;,;.:- :- .. ::0,- _,__:_ .. . .... ~.-..:;...~,:;,:.. ~--:····~·u 

THREE-POINT CRUTCH GAIT 

By using the three-point crutch gait, the amount or body weight taken by ~ foot 
can vary from none to partial or full. The three-point crutch gait is commonly 
taught to orthopaedic patients who may have one painful or weak lower limb 
which cannot support lhe whole body weight, and one lower limb which can. 
Both erutchcs support the weaker lower limb, while the stronger limb takcs the 
whole body weight withoui any support from the crutches. 

The sequence of movement of the crutches and the low(:! llmbs in performing 
different functions is described below. 



By carrying the pelvis forward to a positi~n between the crutches before the right 
foot l~ves the ground, a more stable position is obtained as the pendular 
movement of the pelvis and lower limb is reduced. and excess forward swing is 
avoided. 

When non-weight bearing in an above-knee plaster cast, it may be necessary to 
add a raise to the opposite shoe, especially if the knee is held extended, to ensure 
that the injured limb will clear the ground as it is brought forward. If a raise is 
not added, the injured limb will have to be carried in front of the body with the 
hip in slight Clexion. To ensure non-weight bearing in young children it is 
essential to add a r~ise to the opposite shoe. 

When a lower li.rnb is strong enough 10 take part of the body weight, that limb 
is pl:iccd on the ground att}u same·t imt as rhe two crutches. By this means pan of 
the body weight is taken on the hands, and part through the lower limb. This is 
termed partial weight bearing. 
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Wh(n gell ing up from a wheelchair, check that the wheels arc: locked. 

' .: -.~.:;,,-:; •• .. · i • . •!. 'I. .--· • • - · ·1. • • • 

STEPPING Up ' .KE . S EP . , :·!(: .... ., \'.' . = . . . A RBOR'=. T . ·: = .. -.·· •. , ...... ~ ....... · : 
. : :.\-~!)·\· ' . : ... _ -- ~ ·-. .. -~-· -·. f :;; .. 

The ni~ttlod described here is used also when going up stairs . : . 
ualno11W_g . crutches.::,;; · .. ,i ' ; ,.:. ·. : : ;.l~f ':. ·; · · ·.»,~ff~W~~~~~ 

. . .?~..::<1 · , .~ :-·::!'H ,'q ~;_,~~1-·-~. · . ('\i~•~,~~:!-:- : - : .. . . :: ~-':'.~~/t~'.~F~ 
, . Alw~yJ.;,!tep ·up_ ~Ith the etroriger lowe~ 11mb first. Crut~.:~~~,~~~ 

- . weal(_f l!£FT .IOwer llmb.- . ·.'.-..' ~: .. ) ';:. · : : : -- ~ -~~·°l!ft'"~' 
-A ;r .. h •h k b ·' ·.. . ·.'. , · ·. ' .;:~<t,!~;· 

.. . • PJ..&P.i~~ . ,.. .e .. _er _. , '• .. _ ;:. ,• :,.; .-.i ~: :~· , ,, · i .; ;;,~·, ;-!;' ,;!~~' ,, ~ i. 

. ·::_,P!,~~1~e,~nds of f?oth c~ches in _the angle formed:bY. the :.~ij~~~~ ! 
kerlv.~nd . the roact : . . . \ . . . . . ·,,:i'tl,;::;) 

- Tak~the . body weight on the hands, straighten the elbow~ · .1." ·t·~. 
- ·endkfarrv the 'pelvis forward to between the crutches: :- -!}~.;;::: ~ 

·...i:·uh$f~)~ght .foot ott ttie 'ground: and."carry It upwa.rds=~~~,~~t~ 
· FtorW;.;C1s onto the kerb: ; . -~ . , ·, ·•, ·.~ ~.:.~·~t~"i':f; 
• · :. ' ~ ' ·: _. , · · l ' .;;- ·: • . -. . -. • : ' : .. ·. !' H(.'tf.,1!1!~'* ! .' 

· . - Stralgt_lten the right knee; tfiereby transferring the body .:.;,;\ ··:; .;.:· ; 
• • • •• •• • • • . ' ·· 1._1•h;-i ........ , J'} 

· .~1e1ghtr.on . to .the right foot. · : :.. . .: < .. :.,;..·,,.~),~;.· '~ <· 
-7 Llhfboth:crutches up . ~nd' carry th~m'·~nd ttie ' le ti lower;Jlth1b a:~'{;,; . :f . ..,•.;•.·~~ : ... · • · .· 1 ·::;if. .' ·, • . ..·~ ~ .• ~•v:-t-r·~ .. ~!'r' , • 

. , -~~ o~aJ_.uS.: In· preparation for the next step. ' .. ·. · :.; ,'-~ . .-~:~"! ":: 
; , .. ~ .. ..... -:,...i!i ....... ; . -- • • • • • • ..... • • • .# •• ; l ·, . 1 . ... ~-; .. • .. :; 
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STEPPING DOWN A KERB OR STEP 

. Jhe.following method is used also when going down stairs 
. uii°ng two crutches. 

Always step down with the crutches and the weaker lower limb 
together first. Crutches; weak LEFT lower limb. 
- Approach the edge of the kerb. 
- Teke all the body weight on the right foot. 
- Place both crutches downwards and 12 inches 130.0 cml : 

forward on the road, bending the right knee end carrying the 
left lower limb forward at the same time. The higher the kerb, 
the greater the distance the crutche:. must be placed away 
from the kerb. 

- Take the body weight on both hands and carry the pelvis 
forward to between the crutches. 

- Lift the right foot off the ground and place it ·.downwards and 
forwards on the road in front of the crutches, thus 
proceeding to the next step. 

ASCENDING STAIRS WITH A HANDRAIL 

Crutches; weak LEFT lower limb; handrail on the RIGHT. 
- Approach the bottom of the stairs. 
- Transfer the right crutch to the left hand. It is more 

convenient if tfle rransferred crutch is carried horizontnlly in 
the left hand. 

- Take a forward grip on the handrail with the right hand. · 
- Without moving the left crutch, lift the body upwards and 

forwards with both hands and at the same time lift the right 
foot upwards and forwards onto the first step. 

- Lift the left crutch up on to the same step. 
- Repeat the procedure until the top of the stairs is reached. 
- Transfer the second crutch pack under the right arm before 

proceeding. 
·-· -1~~ 

If the handrail is on the lefr, the procedure is identical except rh;:n the left 
crutch is transferred ro the right hand. Always step up with the stronger lower 
limb first. 

£?ESCENDING STAIRS WITH A HANDRAIL. 
Crutches; weak LEFT lowor limb; han<lrull on the RIGHT. 
- Approach the top of the stairs. 
- Transfer the right crutch to the left hand, holding the 

transferred crutch horizcntally. 
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- Place the right hand slightly forward, on the. handrail. 
- Place the left crutch on .the ste,P below, bringing the left 

lower limb forward at the same time. 
- Bend the right knee tO bfing the pelvis forward between the 

crutch and the right hand. 
- Take the body weight on the hands. 
- Lift the right foot off the ground and place it forwards and 

downwards on the same step as the left crutch. 
- Repeat the procedure until the bottom of the stairs is 

reached. ~ 

- Transfer the second crutch back under the right arm before 
proceeding. 

If the handrail is on the lefl, the procedure is· idcnlical except tba1 thi: kft 
crutch is transferred to the right hand. Always s1cp dovwn \\'ith the crutch anJ the 
weaker lov.•er limb lirsL 

flefon: a patient can be considered to be really efficient \11:ith crutches 1 he OlU5t 

be able to step back\i..•::irds, ror\Yan.ls and sidc\\·ays, and 10 \1talk on uneven 
surfaces and up and down inclines. 

WALKING-STICKS 

\Valking·sticks can be used lo decrease !he a1nount of body weight taken through 
a lower llmb during v.•Jlking ::ind thercrore can con1pcns::ite ror n1uscle we.iknt:ss 
and relieve pain. In :iddition the use of a y.:alking-s1ick or SI icks can increase 1he 
stability and the confidence of a patient. 

Once a lower Ji1nb is strong enough to be able 10 take ne:irly 311 th.: body 
weightJ two sticks can be substituted for crurches. The 1-echnique of w11lking 

with two sticks is the san1e as that described above for partial weight bearing wi1h 
crulches. It is preferable to use two \\"alking·sticks inili.ally. If only on~ w;1lking· 

stick is used, the patient v.•ill lend to lean lo~·ards the sti-ck, to rake a shorter 
stride on that side and 10 carry 1hc opposite lower lin1b in abduc1ion. 'fhis 
abnormal gait 1ends 10 pcrsis1 afrer the v.•alking·stick is abandoned. \Vhen a cood 
technique using two walking-sticks has been ;ichie\·t:d. one slick can be 
discarded. The single v.•alking-s1ick is carried in the opposite hand to the ;i/Tcct~d 

lower limb. (Some pa1ients, howcvcr1 with a lesion oft he knee or ankh~, mar gain 
more relief by holding the W:J.lking·stick in the ipsihnc:ral hand.) for cxan1pk, to 
obtaiq_ partial relier from v.'eight beai"ing on the left roo1, hold the \l.'alking-stick 
in th~ right hand, and pl:icc 1.he l~rt foot and the walking-stick forwards togi:ther 
at the same time. 

Increased stability and further relief from weight bearing can be obtained by 
bringing the hand inward to resl against the body in the region of the grc.·ner 
trochanter of 1he fcinur. 
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Tourniquets 

In many orthopaedic ~per3tions on the: upper and lower limbs, a b loodless fidd 
is important as it 3ids the recognition of tissues, and eliminates delay and 1rauma 
c3used by repc:3tcd swabbing. 

To provide a bloodless field, blood must be: removed from 1hc: limb and 1hen 
prevented from re-entering it. Elc:va1ion of the: limb, and the: reflex: 
vasoconstriction which follows this, decreases the volume of blood within it, but 
more complete exsanguination can be: achieved by act ively squeezing the bioo~ 
out of the: limb. An Esmarch bandage is commonly used for this (sec below). 
External pressure: is applied at t he: coot of the: limb by a tourniquet, to occlude: 
the a(terics and veins and thereby prevent rc:-emry of !:>lood. 

THE DEVELOPMENT OF TOURNIQUETS 

For centuries, a tightly constricti ng device has been applied around limbs to stop 
haemorrhage, especially during amputation . · 

The term 'tourniquet' was coined by Petit in 17 18, to describe the action of his 
screw device (Fig. 19 .1) to stop haemorrhage (Klenerman, 1962), but Lister was 

fig . 19. 1 Pc1i1 1ypc of 104rniquc1. 
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the first surgco~ to employ it to provide a bloodless field for an operation other 
than amputation; the excision and arthrodesis ofa tuberculous wrist joint (Lister, 
) 909). However, he drained the limb of blood by elcva1ion. 

In 1873, Johann von Esmarch, Professor of Surgery at Kid and Surgeon 
General 10 the army, di:scribcd the bandage \Vhich bears his nan)e. It was Oat and 
woven fron1 indiarubbt:r. I Ic used it to cxs:ingltinate the liinb, but prevented 
blood from 11:-cn1crin~ by applying, uround 1hc limb, heavy rubber 1ul>ing 
fastened 'by a hook and brass chain. The Esn1arch bandage loiter c:une to be used 
as a tourniquet as well as for cxsanguina1ion. Such use however, was :issocia1cd 
\Vilh nerve pa\sics. 'l\l try to prcvcnl thc:sc p;1lsil'S occurri11g1 llilrvey Cushing, in 
190·1, invcnteJ tht: pncutn:nh: tourniquet, <lcvcloping it fro1111hi: stanJarJ l{ivJ· 
Rocci blood pressure apparatus. He di.."Scribcd its use for cranio1on1ies, but soon 
it was used for operations on limbs. 
Th~ p-neurnatic cu IT is the basis for all n1odern tourniquets. 

TYPES OF TOURNIQUET 

There arc two main types of tourniqueti non·pneumatic and pncun1atic. The 
later may-be non-autom.itic or automatic, when there is a regulating mcch.inism 
to compensate for small leaks in the _system. 

'• 

NON-PNEUMATIC 

It is permissible only in exceptional circumstances to use a non·pneumatic 
tourniquet on an upper or lower limb. The d;:ingc:r with non·pneu1natic 

tourniquets> whether straps or rubber band:ige, is that the pressure exerted by 
them on the underlying tissues is unknown. i.\tiddlcton and Varian (197·1) have 
shown that with an Esmarch band:Jgc:, (here is a linear incre:is.e in pressure \vith 
each turn of the bando.ge, \11!~h 1he result tho.t the pressures under the bandage 
can reach 900 n1m of n1ercu:-y in cidul!s :J.nd I 015 mm O)crcury in children. 

Only a few modern pneun1:itic cuffs can be sterilised. ~">.n Esm:irch b:indage can 
be <1utoclaved if it is rolled carefully with clo1h betv.·ecn each layer. It is thus in 
sterile situations that an Esm:uch b:indJgc mJ)' hJvc: to be used as a tourniqllct. 

The procedure de1aih:d on page 280 1nust be follo\,l,·c:d very c:irefully. 

Digital tourniquets 

Tourniquets around fingers :ilnd toes are dangerous, as they may not be reni.oved 
at the end of the operation. This particularly applies to finger cots and silastic 
rings (Smellie, 1962) which must never be used. The risk of using a digitol 
tourniquet is reduced i( a large art~ry clamp is used to secure a large rubber 
catheter around the base of the fi.ngc.'r or toe. An ahernative safe tourniquet !Or a 
finger con be fashioned from a surgical glove as suggested by Karev (1979) (see 
below). 
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PNEUMATIC TOURNIQUETS 

The pneun1atic cufTs used as tourniquets arc 'based on the same physical 
principles as blood pressure cuffs but they arc stronger, their fastenings arc more 
secure and they usually have a s1i1Tbacking piece co maintain the effective width 
of the innatcd cuff. 

Non·automatic 

A non-automatic pneumatic tourniquet consists or a pn!!umatic cuff, .a h3nd· 
operated pump and a pressure gauge. The pressure in the cuff is l<no\•Nl buc there 
is no auron1atic COf11pensruion for lc:i.ks in the S)'St~n1> and a regular check 
therefore rnust be kept on the pressure in the cuff. In addition the hand pun1p is 
sn1J!I and it may be diOicult to r;ipidly raise the pressure above the paticni's 
systolic blood pressure. ~fhis could n:sult in venous i:ngorgc1ncnt if an E~n1Jr\..·h 
bandage is not used for exsans;uin:nion. 

Automatic 

In an automatic pneumatic tourniquet, there is a conslant supply of gas lo 
compensate for any leaks in the system. In addition as some form of gas reservoir 
is used, the patient is less likely to be n1ovcd from lhe operating 1ablc wi1h the 
tourniquet in place. A pumped reservoir may be us.ed, but in che newer systems 
the gas comes from a container of a very volatile liquid (Jichl.oro-difluoro­
mcth~nc), from bottled air or nitrogen, or from the coniiuesscd air line to tht: 
operating theatre. 

\X'ith any of the above systems, the inflation of the cuff is rapid and 
controllable thus essentially clln1inatlng the chance of venous cogorgemcnt 
occurring. 

CONTRA-INDICATIONS TO EXPRESSIVE 
EXSANGUINATION 

1. Severe infections and tumour. When either of these two 
conditions are prese:nt, expressive exsanguination must not 
be used, to avoid dissemination. 

2. Proven or suspected deep vein thrombosis. When proven or 
suspected deep vein thrombosis is present expressive 
exsanguination must not be used. Austin ( 1963) reported 
two cases in which massive fatal pulmonary embolism was 
precipitated by exsanguination with an Esmarch bandage in 
the presence of silent deep vein thrombosis. Both patients 
had sustained fractures around the ankle. initially treated by 
manipulation and immobilisation in a plaster cast, which 7 to 
9 days later required internal fixation. 
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CONTRA-INDICATIONS TO THE USE OF A 
TOURNIQUET 

.. ·• ~-

1. Peripheral arterial disease. 
2. Severe crushing Injuries. In these cases the circulation is 

often precarious. 
3. Sickle-cell disease. Under anoxic conditions the red blood 

corpuscles sickle, blood viscosity increases. vessels become 
blocked and a severe episode of thrombosis and haemolysis 
may occur, particularly on release of the tourniquet. Tesr all 
pattenrs who are at risk for the presence of Haemoglobin-S 
prior to the use of a tourniquet. 

SITE FOR APPLICATION OF A TOUR~IQUET 

With the exception of digital tourniqui::ts, it is no·.v accepted th:u tourniquets 
must only be placed around the upper arm or thigh. These are the only places 
where there is sufficient muscle bulk to distribute the pressure in the cuff evenly, 
and thus avoid local high pressure areas over tissues close to the surface. CufTs 
must not be placed around the forearm, wrist or ankle. 

WIDTH OF PNEUJ\.1ATIC CUFFS 

The American l-Ieart Association concluded lhat for the pressure in lhe 
occluding cuff of a sphygmomanomet~r to equal chat in an underlying central 
artery, the width of 1he cuff should b' 20% greater than the diamct<r of 1he 
upper arm, and be 40o/o ofrhe circumference ofche thigh or 8 inches (20 c1n). If 
cuffs of these dimensions can be used, lh~ pressures in them need only be a little 
above the sys1olic blood pressure, 10 maint::iin a bloodless field. If narrower cuffs 
have to be used, higher pressures are needed to tr.\nsmit suflicient pressure to the 
centre of1he limb to occlude the artery. ·rissues i1nnH:d!atcly beneath a cu IT n1ay 
be sub1niued to possibly excessive ar:d dan1aging pre;sure. ·ro avoid this 
1hercfore, the widest practic::ible cuff, up to the dimensions given above, n1usr 
always be used. 

EXSANGUINATION 

The simplest and safest way \o.remove most of the bJood from a limb, is to 

tl.~'\;j,tC \\>.c. \imb. µ '\C,\\,a,J,l.j ~ ~!;>.~~ \\'~ (~I/Ii w,im;;.;;,_ W,~ \\Ji'liG.i. F,\\'J.'~ \~1". 
veins under the eOC:ct of gravity, and this is followed ·by reflex arteriol~r 
constriction "\\'hich makes the emptying more complete. More efficient 
exsanguin~nion can be :lchicved by inflating an envelope covering the whole limb 
{Klenern1an, 1978), or by applying an Esmarch bandage from the digits to [he 
cuff (sec below). 
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TOURNIQUET PRESSURES 

h is importanr 1har the pressure in a c;Utr is known accurately at all times. 
Cushing~s simple and reliable method was 10· <:onnca. chc: cuff to the mercury 
manornercr of an ordinary sphygmomanon1c1cr. Although this nlethod is still in 
uscJ most systems now use a dial gauge as this is n10Cc convenient and can read 
higher pressures rhan an ordinary blood pressure mercury column. l~hcsc dial 
gaugcsJ which must record pressure in mm of mercury> arc si1nplc to use> bu1 c<1n 
become inaccurate with damage or long use (Flatt, 1972; Fry, l 972). Hallcu 
(1982) found 14 out of 52 dial gauges in d_iily use co ht seriously inaccunuc. 

Expcrimcntal work and clinical observation have shown that 1nuch l-0v.·cr 
pressures can be used than has been the cuscom in recent years (Klcncrman and 
1-lulands, 1979; Klcncrn1an ct alJ 1980; Klencrman, 1982). The pressure 10 be: 
used is based upon chc unscd~nc:d patic:nl's blood pressure n1casurc:d on the ward 
before operation. 

For the upper limb, the pressure should be 50 mm of mercury higher than 1he 
sys1olic blood pressure, "'here.as for 1hc lower limb, it should be 1~icc 1hc 
sys1olic blood pressure. The higher pressure is needed for (he lower limb because 
:a cuff of the ideal width may be 100 wide to fit on the 1hig.h :above the oper:nivc: 
field. 

., . 
UPPI!~ LIMB (mm of Hg) 

. LO'fE!'- UMB (mm of Hg) 
SYSTOLIC BLOOD PRESSUlll! PLUS SO 

• c TWICE THE SYSTOLIC BLOOD PRESSURE 

TOURNIQUET TIME 

Tourniquets must be applied for the shortest possible 1imc1 compatible wi1h 
proper surgery. For a heahhy patient a safe roudoc is for the surgeon 10 be 
notified after one hour and for him to remove the cuff as soon as p!)ssibk after 
thiill, If the operation is difficult the time may be c:nendcd to lj hour5, and 2 
hours probably·should be rcgardeJ- as the maximum. These timc;sJ however, will 
nm be safe for all patients. Special care must be taken with the elderly, and 
patients suffering from diabetes :ind alcoholism. 

Flatt (1972) set a time limit of two hours for 1500 consecutive OJ>C(ations on 
lhc hand and found that 95% of 1hc operations could be complcled within 1ha1 
time. Complicalions did not occur in 1hc 60 patients whose operations e.r.cccdcd 
that ti~c. The two nerve palsies which occurred in thcOlhcr patients were lra«d. 
to faulty equipment. I-le stated, 'Two houni is not safe, but one hour can be 
exceeded jf proper equipment is being used'. 

Klenerman, and his fellow workers (Klcnerman ct ala 1980; Klencrm~n1 1982) 
have suggcslcd, following their research on healthy monkeys and humans, that a 
longer period is safe as long as the minimum cffectiYC pressure is usc:d. They 
agree that the longer period will not apply to 

0

paticnu who arc unwell, or who 
have a manifest or subclinical neuropathy. 
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DANGERS OF A TOlJRNIQUET 

Tourniquets art dangerous. It must be remembered thar the advantage of using a 
lourniq~ct is mainly to the surgeon, therefore risks to the patient are nor justified 
(Bonney; 1981). 

,\\ajar con1plications from the us·e of a tourniquet arc rare. Middleton and 
Varian (1974) estimated that the overall incidence of major complications was 
1:8000, being 1:5000 in the upper limb and 1:13 000 in the lower limb. Flan 
(1972) reported major con1plications.due to faulty equipment in 2 ouc .of 1500 
opcr.ltions on the upper limb. Most of the complications which occur could be 

. avoided .if all the focts now known about tourniquets arc taken into accoun1. 

The dramatic con1plications of gangrene from an excessive period of 
ischacmia, and nerve palsies from excessive pressure, have been known for a long 
time. Experience in two World Wars has sh0wn Ihc risk 10 both life and limb 
which results from leaving tourniquers appli.ed for too long under baulc 
conditions. They should only be used as a last resort (Watson-Jones, 1952). 

f...{ost •Hcntion has been directed recently towards the dangers from pressure, 
wilh the suggestion that longer periods ofisch:iemia can be tolerated (Klcnerman 
et al, 1980). This may result in other problems due to ischaemia being 

uncovered. 
·The cjan_1?:ers frorq the use of a .tourniquet' can result from 1he process of 

cxsanguina1ion, from Pressure Qn the tissu" .. " under the tourniquet, from 
ischae'mia, from bleeding after closUre of the \~:uund and from failure to re:nove 
~he tourniquet afier the end of the operation. Each of these will be. considered 
separately. t 

DANGERS FROM EXSANGUINATION 

Exsanguination by elevatia·n is not hazardous, but there are risks v..·hen it is 
achieved by compression. Frictional shearing forces from a tightly :ipp!ied 
Esmarch bandage: can dan1agc: the: skin, especially when it is 'veakened by 
conditions such as senility, rheum;noid arrhri:is, steroids or the Ehlers-DJn!os 
syndrome. The ends of fractured bones, bone: screws or foreign bodies ir.ay 
damage: skin or soft tissues if the bandage is :.ppHed tigh.1ly. Nerves v.·hich lie: 
subcutaneously can be damaged unless protecred by additional padding. 

Compressive c:xs:i.nguin:nion must not bi: used in the presence of dei:p venous 
thrombosis, malignant tumour or infection, all of which might be spread Oy 
embolization. 

Austin (1963) reported two cases in which m:issive fatal pulmonary embolism 
was precipitated by exsanguin3.tion whh an Esmarch bandage in the presence of 
lilent deep vein thrombosis. Bo.th pa1ic:nts had sustained fractures around the 
ankle, initially treated by manipulation and immobilization in a plaster cast, 
which 7 to 9 days later required internal fixation. ... 

During an operation under a tourniqucr, injwy to a major blood vessel may 
occur and not be recognised. P~trick (1963) described four cases ofinjury 10 the 
popliteaI anery which occurred during operations for 1hc removal of menisci. 
None of the injurits was recognised at chc time of the operation. 
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Blockage of the superficial fcinoral ar[ery fron1 JisrupliOil of an .athcoontatous 
pl;.ique, in a young won1:.1n, hoi:; also be-en reporlcd (Gi:u1ncs1ras ct al 1 1977). 

The heart may be ol'crloadcd, with possible cardiac'arrest, if both lower limbs 
a1c exsanguin:ncd at the san1e tin1c in an elderly or unfit paticnl. EO'e\'.tivc 
exsanguin.nion of both lower li1nbs v.'ill res~lt in 15°/o of the circula1ing blood 
voh.:111c being forcc<l b<lck into the rc1naining·circula1ion. l'his equals 3 rapid 
tr;insfusion of?00-800 1111 ofbluod (Klencrnian, 1982). l'his extra cardiac load 

can be lolcratcd by the young hcalihy pa1icnJ. In the elderly or unfit pJti~nr, a 
tourniquet should be applied to only one li111b at J tin1e .. 

Oi\NGERS I'ROM TIIE PRESSURE IN TIIE TOURNIQUET Cliff 

/\lost tourniquet cufTs need a laytr of wool or fo:un padding under thcn1 10 

protect the skin fron1 pinching and abrasion as tht: cuff is infla1ed. Care 1nus1 he 
taketi !O ensure that irrj1ant or inOa1n111ablc skin pn.:par:Hion solutions d0 not 
soak under tht: cuff. Skin necrosis h;is been rccor<li.:J {FJ;.111, 1972; J\lidJlcion & 
Varian, J 974)1 but not ignilion fron1 diathcrn1y. This con1plic<1tion can be 
prevented by covering the cuff and 1he adj:iccn! skin \.,:ith an :adhcren1 plas1ic 
drape.· . 

Occasionally the walls of ancrics are stifTcned by calciurn depasils and tlv.: 
rigid tubes that result cannot be con1pressed by norn1al cuff pressun:s 
(Klenerman, 1976). If the pressure is increased there is a risk lhat the vessel \.\'alls 
will fracture and that the blood supply 10 1hc li1ub will be .d:Hn:iged pern1ancnll}'. 

Urgcni surgic;:il cxplClr•Hion of the Alrtcry could be required. 
E~n without an unusually high pr(:ssure in the cull: locAll damage unJer 1hc 

cuff can occur if the skin is fragile, the bone irregular or the nonnal padding 

from muscle :ind ·fat is absent, for cx:lmple in cachcxia 1 severe rheumaroid 
arrhri1is and pofion1yeli1is. In these si1uations 1 extra padding under the cun· n1us1 
be used. 

If 1he pressure in rhc cuff is higher 1han necessary, normal skin, muscles :ind 
nerves are at risk. Muscle is the tissue most likC:ly 10 suffer permanent da1nage, 
but the most severe functional disi:abitity results from doin1age to nerves. Heahhy 
nerves arc more resistant than muscle 10 struc1ural dan1age from pressure, buc 
the function of nerves is impaired rapidly by boih pressure and isc~aemia (Lewis 
et al, 1931). .. 

When a nerve sustains local injury from pressure, the effect is seen over 1he 
whole area distal to the site of injury, supplied by that nerve. The effect of injury 
to a muscle is restricted to that muscle and its action. 

Unhealthy nerves such as .those in ·patients 5uffering from. diabetes mellitus, 
alcoholisn1 and rheumatoid anhritis arc at greater risk ih:1n normal. 

The effect of pressure on muscle has been studied by Pa11crson and 

Klenerman (1979) in healthy monkeys. Damage was more mai'.ked under the cuff 
1han Jistally. Mitochondrial changes were seen at one hour and increased lo rhcir 
n1aximum at five hours. After up lo three hours of compression, recovery ·w:is 
rapid and lhe muscle had a normal histological appearance when examined 2-1 
hours larer. Muscle power rook a week to return 10 normal. Afrer five hours of 
con1prcssioo there v.·as extensive mitochondrial dan1agc and necrotic fibres V.'crc 
seen three days later. 
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Tourniquet paralysis syndrome 

The tourniquet paralysis syndrome is c:iuscd by pressure rather (han ischaemja. 
Ir was described by Moldaver in 1954 " having the following features. 
I.~ Motor paralysis With hypotonia or atonia but without appreciable atrophy. 
2. Sensory dissociation. Touch, pres.sure> vibration and rosition sense usually 

arc ;absent, as these modalities arc carried by l:uge fibres v.•hich are more 
sensicivc to pressure. Pain sensibility rarely is lost and hypcralgesia inay be 
present. The recognition of heac ;and co1d usually is preserved. 

3. The colour and temperature oft he skin arc normal as sympathetic funclion is 
not affcc1ed. 

4. The peripheral pulses are normal. 
Elcccrical studies show that the block to nerve conduction is at the 1evel of the 

tournique1. Motor nerve stimulation distal to the block may stil.l produce ;i 

coorratlion. Pressure distorts the myelin sheaths which retract from the nodes of 
R2nvier. This process continues as segmental· demyelination. The axons are 
preserved (Ochoa e! al, 1972). The pathological condition of1ournique! paralysis 
syndrome is probably an extension of the physiological state of r;Jpidly 
recoverabl:: paralysis which occurs ·when the pressure in a blood pressure cuff 
has been held above the systolic blood pn:ssure) in an unanacsthetiscd Subject, 
for abou1 halfm hour (Bonney, 1981). Recovery from full poralysis takes three 
mon1hs (Moldaver, 1954; !l~iddleron and Varian, 1974). 

DANGERS FROM ·1sCHAEMIA 

The tissues di~tal to the cuff become anoxic. acidotic and loaded with 
metabolites (\Vilgis, 1971; Klenerman et ali 1980). Wilgis felt that critic<ll levels 
of ~cidosis were reached after l\YO hours, as the venous pII in rhe lin1b had fi1llt:n 
to 6. 90, the pOl had fallen to 4 fJ'lffi Hg and the pCOJ had risen ro I 0·1 n1m I Ig:. 
Klencrman et al (1980}<lid not measure che pOi but found that 1he plf levels did 
no: fall so low in either monkeys or humans. They found that afrer three hOurs of 
isc.hat:mia it took 40 minutes for the ::icid·base levels in 1he li1nb to return 10 

normal. \'Vith isch3emia of more than three hours duration the recovery titne 
increased dramatically. They do not feel 1hat there is any benefit in the practice, 
ad· . .-ocatcd by Bruner (1951), of releasing the tourniquet for ten minutes after one 
hour 1.0 allow the lin1b to recover, during the course of an opera1ion which ,.,,.j]J 

1ak:: ovei I l or 2 hours. They base their opinion on their finding 1ha1 the return 
to norn1al takes 20 ininutcs :i.fter one hour, anc.l that the c::ipil!::iry bed is nol 

pe,-fuscJ for the tir,st few.1ninutcs aftt:r the rclc::ise of the 101ir11iquet {\Vilgis, 
1971). \'l;-~ilgis also found that arteriolar shunting resulted in poor initial oxygen 
uptake. \'re feel 1hat the praclicc of briefly relt:asing the t_ourniquei should not 
simply be abandoned because the limb is unable to return completely to norn1al 
in the time allowed, as such praCticc may result in the limb being better able to 
withstand a further period of ischacmia. The matter remains controversial. .. 

Tourniquets and sickle cell disease 
The use of a tourniquet is' almosr ccrtainly"contra·indicated in sickle cell Jirtas~. 
The: blood in a limb will sickle ifa tourniquCt is used. J-lowever, in pa1ie11ts with 
ri'ckk cell 1rai1, doctors \Yho work in Africa and the West Indies have not reporrcd 

.. , 
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any particular problems wilh tourniquets (Klcnerman, 1981). If a tourniquet 
must be used in a patient with sicklt cell trair1 the limb must be cxsanguimi.tc:d 
thoroughly before the cuff is innatcd, an~ the period ·of ischacmia mus1 be kept 
to an absolute minimum. 

Post·tourniquct syndrome 

Following the release of a tourniquet there is immediate swelling of the tissues, 
due partly to reactive hyperaemia and partly to increased capillary pcrmeabiJi[y 
to fluids and pro1ein. Klenerman (1982) found 1hat the sw4!lling becan1e n1uch 
n1orc severe y,•hcn ·(he tourniquet 1jme was increased beyond two hours.· 1r this 
swelling is severe and is allowed. to persist, the condilion n1erges into the po.st-
1ourniquec syndrome. 

The post-tourniquet syndrome is probably due to ischacn1ia and its duration. 
Certainly the longer the period of ischacn1ia and the olJcr lhc patient, 1he n1ore 
likely it is lhat untoward !issue reactions will occur. Ilruncr (J 951) described tht! 
post-tourniquet syndro1nc in lhc upper lirnb as consisting of 1he folloY.'ing: 
1. Puffiness of the band and fingers, evidenced by a sn1oothing out of the 

normal skin creases. 
2. Stiffness of the joints in the hand 10 a degree not otherwise expl;.iined. 
3. Colour changes in the hand which is pale when elevated and congested when 

dependent. 
4. Subjective sensations of numbness without true anaesthesia. 
5. Qbjective evidence of weakness of the muscles in the hand and forearn1 

without real paralysis. ,. 

PREVENTION OF THE POST-TOURNIQUET 
SYNDROME 

To decrease the degree of congestion of the tissues and to 
minimise haematoma formation at the operative site: 

- Select the correct operation for each patient. As the tissues 
of elderly patients are less tolerant ofischaemia, swelling and 
stiffnes~ are more likely to occur after operation. To carry out 
a lengthy operation may result therefore in a decrease rather 
then an Increase in function. 

- Avoid wasting time. It is imperative that the duration of 
tissue· ischaemia Is kept to a minimum. As already stated this 
is achieved by: 

1 
·: Careful pre-operative planning of the operation to avoid 

wasteful movements. 
Delaying the application of the tourniquet until all necessary 
instruments are ready, the surgeon is scrubbed. gowned and· 
ready to cleanse the skin, the patient is on the operating 
table and the operating lights are adjusted. 
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·.• . .. ·-··•·?···-' -~~/ - . . -~···· a.;~:,:-. ,l;il!.I!(~·. ~:.: ;c :.:!' :•.r 

-, Do not extend the .tourniquet time unnecessarily. It_ is better -~ ~~~\ 1 
. , .to Suture tendons after the tournlq~et ,,-8-s ~b6e'n_ J.~lees-ed ,:: _.i:)!I!---~­
. rather than to prolong the duration of tissJe. lschaemia. . ·.·• , .·· , 

'"'"*'N'efves must always besutured and skin.grafts applied after: 
release of the tourniquet to avoid the formation of a · -· -·-· 

. haematoma between the' nerve ends or"'!incler 'the skiii graft'.:"'' 
,,- Ensure good haemostasis. If the toun:ilq\ie\ is released before>,1(:­

. :;.ithe wound is closed,.capill~ry haemor(!Jage, is. controlled. by_,, ,.;: 
.. local pressure with saline compresseS,Jo_t_&,~o 10 .minut~s,i,~~-i;·~-h 

after which the larger. vessels are clamped and,!igeted. If the .... ,, 
•:•t wound is closed, a bu\kY;!dressiiig _un~e-~i.{rlod~(-~~e~·~- ·!._ _.: ••• :·.:t,!;>,' .. : 

· compression by a crepe bandage must!>~; eppl[ei:t. before_ theiii~'· 
-~ .(.(4tci\-'~~u~t is rele:aS~~. ~i~~; ~4~!/; ·,.~_ ,.~ f~~'.:18.'.Ji.};1 J.~.:;}~~~f! ~)~·>i_:;_~.1-.. ~.~ 
: ,..;- Elev.ate, the llmb after .the iOperatlon;:'f,g~~'!ii!h}liiM •'-IJ'..''.idilV/l 
,.. Encourage the p~tl~n~t~!~~~o.rm act~v~.m~ii~!'\1e~~~~'.~f!,~.1Je;i'},1~.~ 
~:.P~~'~~a~t part~z·:·:~:~~·::!;·.:~~H~•;i: .:. · '.'i.~'_ ~l1!!t~~Jt!f_t5~.?~r;:;~:~~15£~ 

DANGERS FROM BLEEDING AFTER CLOSURE OF THE WOUND 

If Q tourniquc1 is released before the wound is closed, o.ny major source of 
haemorrhage can be identified and controlled. This may prevent the formacion 
of a haematoma jeopardising wound healing. Generally 1ournique1s are released 
bc:Corc a nerve is sutured or a skin gtaft applied, to ensure that a haematon1a does 
not separate the 1issues. 

\Vith some operitions there is bleeding from bone which cannot be sropped 
until a firm dressing is applied. In these cases it is better to insert a drain and 
keep the cuff inflaled uri1il the dressing is secure. 

lt is safer to release che tourniquet before closure: if there js any risk that a 
major blood vessel may have been damaged. Injury to the popliteal artery during 
meniscectomy, '"·hich v:as not recognised at the cimc of a:peration, has been 
reported {P<trick, 1963). 

DANGERS FROM FA!LING TO REMOVE THE 1:0URNIQUET 
Failure to remo .... ·e a tourniquet is most likely to occur \Vith digital tourniquets, 
especially if rubber rings or bands without large clips arc used (Chen, 1973; 
Hoare 1973). The patients life will not be threatened by meiabolites from an 
ischaemic finger, so th!! tourniquet can always be released when it is discovered 
and efforts made to save the finger. 

Six hours has been suggested as the dividing line between removing the cuff 
and trying to save 1he limb, and removing 1hc limb above the cuff to save 1he 
patient's life (Klenermao, 1962). The nursing staff musr call rhe m<dical sraff 
BEFORE removing any forgotten tourniquet. If a rourniquet is removed, 
preparacion.s musr be made to treat the: crush syndrome which may develop 
(Bywaters and Beall, 1941; Mason, 1978). !t is encouraging to note that 
Middleton and Varian (1974).reportcd full recovery after a tourniquet had been 
left in place for 4j botJrs, although there were initial sciatic and femoral nerve 
palsies. 
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ROUTINE CHECKS ON TOU:RNIQUET 
EQUIPMENT 

The surgeon n1ust satisfy hintself lhat the tourniquet equipn1cnt he uses is 
correctly maintained and that :ill gauges arc a.ccuratc. 

BEFORE EVERY OPERATING LIST 

- Check the level of the fluid in the reservoir or the pressure of 
gas in the cylinder. 

- Ensure that the machine will attain end hold a pre·set 
pressure. Set a pressure, block the distal end of the tubing 

·going to the cuff, and inflate. 
- Inspect the cuff, its fasteners, and all connections and 

tubing. 

MONTHLY 

-··1nSpect the Esmarch bandage for t~ars or perished Brees. 
Ensure that tapes ore attached if it is ever used as a 

· - tourniquet . 
. ~ Check the pneumatic cuff system for leaks. If the cuff is 

applied over a rigid cylinder. a pre·set pressure should be 
. maintained for an hour without a drop in the level of the 
·~reservoir. 

~Check that.the pressure gauge on the control unit is accurate 
. ~'.when connected to a mercury mano.meter, over the range 

".<;;·covered by the mecu;y column (0-300 mm). Due to the 
··· .. <.simple mechanical nature of the gauges most commonly 

· .- used, they are unlikely to be dangerously inaccurate if 
. readings at 100, 200. and 300 mm Hg are all correct to 
· within a few millimetres. Perform the test by connecting the 

tube, which goes to the pneumatic cuff, directly to the tube 
, ,.· tci the mercury manometer of en ordinary 
' .->.... '· 
·':,t-sphygmomanometer . 
. :....:;The controls and gauges must be checked over their full . 
.. -,~range, and ell seals and connections overhauled at the .fi' . 
. ,; .. Intervals recommended by the manufacturef, as well as after 

.;·>.j;41very time a fault is found • .. ~_r1. ...... _..... . -~4 

RECORDS OF USE OF A TOURNIQUET 

Records must be kepl every time a tourniquec is used> so that if complications do 
occur, it is possible to retrieve all the information 1h:n is needed for rcs.:arch or 
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medico-legal purposes. Prc·printcd cards, such as illustrated below, on which all 
the rClcvant information c:an be recorded, should be present in the patienr"s c:isc 
record$. 

Table 19.1 '. 

Tournlqucl record abeel 

Da1c 

Surgeon 

Type - Pncuma1ic 
r~march B 
Other 

Method of cxsaagulnatloa 
Elcv:uion 
Esmarch B 

Rclurn of circulatioo 
Wi1hin ONE Aiinutc 
Aficr ,\\inu1cs 
Nm ::111 :all 

Name 

Address 

Opcratio1' 

Cull she - \tppa Arm 
Thigh 
Digil 
O.btt 

Cuff wldlh 

Cuff pn:ssure 

Duration On" 
OIT 
To1al 

Hosp. No 
D ofD 

mm Hg 

Minute3 

HOW TO APPLY ·AN ESMARCH BANDAGE 
FOR EXSANGUINATION .· .... -

HOW TO APPLY'~AN;ESMARCH BANDAGE ' 

AS.~A, TOURNIO~.E[:;.~·, .. . .. ;1~~t-~:. ~,; ...... ·. :=,'.':,: 
The use of an Esmarch bandage as a tollr_niqtiet is .nov•,::_,.,,,..,. ·:' 
recommended as the pres~ure exerted.:b'i:ii on thii underlying: ·­
tissues is unknown, and will probably bii;'higher 'ihan is :'. , : .. :, 
advisable. However; It is recognised thaf\pecial · • · .. ::· -'·. · ·._.,, .. 
ci1cumstances or particular local problem's may make Its use-'~·, 
as a tourniquet neCessary, If this is sO/then the Esm.arch· · .;'~~; 
bandage must be applied very carefully and the tourniquet 
time kept to the absolute minimum. 
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"".""Apply an Esmarch, bandage as described for exsanguination, 
· but make sure that the application starts with the end of the 

bandage to which the tapes ere attached. 
- At the upper thigh or upper arm, wrap the Esmarch bandage 

over padding, the last 4 or 5 turns being on top of each 
other. Only the first tum of the bandage is applied with 
tension. The last three or four turns mus; only be wrapped 
loosely around the limb. 

- Slip the remaining roll of the bandage under the last turn so 
that it lies in the line· of the artery. -

- Unwind the distal end of the bandage, starting at the' fingers 
or toes, until the turns acting as a tourniquet are reached. 

·-Tie the two end tapes securely to the table to guard against 
the patient leaving the theatre with the tourniquet still in 

·:'. place. 
·.:... Note the time, and enter it on the tourniquet record sheet. 
- Remember to keep the tourniquet time as short as possible . 

. . 
HOW TO APPLY A DIGITAL TOURNIQUET 

·:.}.~ ~::f ... i; . 
.1. Fingers and toes 

• I' 

,.·~ Cl~an and anaesthetis'e the digit. ... ,. 
''".:...Wrap a layer of gauze snugly aroun'd the base of the digit, to 
<;. prevent· the skin being pinched. 

c..·e1evate the harid or foot for four minutes, or squeeze the digit 
,; ;,;;firmly. , 
·:::-"'Ask en assistant to wrap a singie turn of rubber tubing over 

' 'the gauze and to pull it tight. 
- Secure the tubing with a large artery clip, in such a way that 

the handle of the clip is out of the 'way. 
- Note the time and enter it on the tourniquet record sheet • 

.. ·:·-:-::~ .. ·i--.}· . ·. . . . . . . _ _.._ .-- :: 
2. Flngare only (Karev, 19791 ' "·· l..: ' ... 
. . . ' I . . : . . 

-,.: Cleari the hand and anaesthetise the relevant finger. 
~Ease a sterile surgical glove over the finger and the rest of 
·''e;the hand. . . . . , . 
. -.: Cut a small hole in the tip of the glove of the required finger. 
~-Roll back the glove to the base of that finger. 
:.... Note the time and enter it on the tourniquet record sheet. 

The finger is now cxs:tnguinatcd and wilt remain so while lhe glove is in phice. 
The rest of the hand has a sterile covcr1ng. 



-----------------------------
•Sa: Appcndiz. 
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- Do not allow the tissues exposed at the operative site to 
become dry. Regularly apply cold saline compresses. 

·-Avoid the use of hot spot-lights which will accelerate t.he 
drying of the tissues. 

- At the end of the oper•tion remove the tourniquet. This is the 
responsibility of the surgeon. Note the time at which the 
tourniquet is removed. 

- At the end of the operation check that the circulation in thti 
limb is satisfactory - periphera·I pulses and/or capillary 
circulation. 

BIER'S BLOCK 

Double pneumatic cuffs (Hoyle, i964) have been introduced as an ingenious 
t:lelhod of re<!ucing the pain from the rourniquet cuff in regional inrravenous 
analgesia (Bier, J 908). I-Iowever a potentially serious problen1 exi!.tS \\1ith a 
double cuff, as each cuff is only half the wid1h of the cufl'which nortnally would 
be used on the arm. If the normal cu IT pressure is used (see above), the veins ar~ 
occluded, bu! the aneiics are not, with resultant venous congesti<ln. If the: 
pressure in the cUJTis increased until arterial flow cc:aSes, 1issues beneath the cuff 
ntay be damaged. It may be safer if double cuffs are not used for the Bier's 
technique. PJin due to prcssurC Of1he cuJTis an occasional probkm, but as lorig 
as the operating time is limited to lc:ss than 40 minutes, additional analgesia v..·ill 
rarely be required. 

APPLICATION OF BIER'S BLOCK FOR THE 
UPPER LIMB !Ware, 19751 

This technique is absolutely contra-indi~ated for any patient 
w'ith a known hypersensitivity to local anaesthetic solutions. 

1
1t is potentially dangeroUs. Five serious incidents including 

three deaths have been reported. It is recommended that the 
tourniquet equipment must be used and constantly monitored 
by one person who is familiar wlth it and ·whose. sole duty is 
anaesthesia (Department of Health and Social Security, 
H11alth Notice (Hazerd)(B2l7l . 

.:.. lie the patient supine. . · 
~·Dilute 20 ml 0.5% PLAIN Bupivacaine Hydrochloridet 

(Marcain•, Duncan Flockhart & Co. Ltdl to a final volume of 
50 ml with Sodium Chloride Injection BP solution, using a 50 
ml syringe. -This will produc0 an 0.2% solution of Bupivaceine 

·Hydrochloride. The maximum recommended dosage is 1.5 
mg/kg bodv weight. 

•!)cc Appendix." 
'Sec Importan1 Nocc (p. 285). 
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Table lt.2 

W1i1i\1 of Pa11011 B11piNcairu Jau Fin.al inj«rion wJumt 

.···~--~:;.,.;.c·'o,.'-·_(_A&J ________ •_r_1._5_m_g_llt_1_(_m_&J _____ •_!f_o._n._,._1w_1_i•_•_(m_1_i_ 

70 
60 
so 

·40 

105 
90 
75 
60 

52.S 
45 . 

37.5 
lO 

. . ·''t.!-·· ; ' .i ., · .. - . ' . . . : ; 

Note; Tha, fin~I volume, Qf Q,i. % :!!llYtloo 'of aupl11@.i:«1.ln~ . ·. 
~yil~chlatiile ii @t\\lal m hall thil dO~il 11'1 n'li) of Bllplvacalne 
Hydrochloride, calculated at 1 .5 mg/kg body weight. 

- Measure the patient's blood pressure. :" ~. ;__ . : .. , 1.:.r· 
- Apply a tourniquet cuff to the upper _arm~ but do not inllata 

It. .__•;!;{· . . ,.,,, -'··':· 
- Insert a small (23G) indwelling needle o(plastlc cannula into.::_· • 

a suitable vein, preferably on the dorsum of the hand. Secure .•;,; 
the needle. ·::t·:··;. · t1 

- Exsanguinate the limb by elevation for four minutes or by the. 
use of en Esmerch bandage. . 

- Inflate the cuff to e pressure 50 mm mercury higher than the · 
systolic blood pressure, and maintair. thi,s pressure for the , -~'·:·· 
duration of the operation. ,. ·- . ·· : .;.:c,'1,"~....::i- ·.::-~-.1 • .• ,': .-:~- •. ·.:,-P.(;s 

- Inject the required dose of 0.2 % bupiiiaC:eine.' and then gent!~·;_ 
massage the limb to facilitate the spread of the anaesthetic .•.:., 
solution, The patient will experience a feeling of warmth ... 
and/or paraesthesia .. :~· . ··<·· ·:t.i;~~:.:Ji;\:~-~ /· ·\·• /:.;'1:;~·'.=<.~~ 

, -:: Wait for analgesia tc:_develop, )"h!f.u~~~)!i, <;~.~[~, "J~~i.'!,_~,},o:~;; 
.:.-> .. :::, 6 .'!1.f.n~tes~ Loss ... o~.;c~ .. t.~~.~o~s. sen~~ti_g~~t'*!R.'P.·: J?.~1c.~. ·~·!al;t·~.~-~~!~.:~ 
; .. ;;;;;~us ~\'{t guide .. ~~.~~-s,c,1,e: r,el~xe ~I ~~ .. ~~;,u:~;~,~e J''.12~;,~i l(:f ~~~~1{1f:! 
>:>»,.'heavy' to the patient; If analgesia 1s patchy·or 1nadeq!Jate;·,c,c•-."· 

.: inject ,; further 5 to 10 ml or the 0.2%~otipivacaine solution:· : ,: 
• -;'Note"the time"arid.enfoUt on the tourruq.uef'record sheet./'.\ 
· ..:..: On· i:dfuplctfon ·of tho' opOratr.,n, d9'flate;it1i" C~ff 8nd ·note the···:·~:; 
' ; time' for entry on the._ tourniquet recoiil'~'iifieei;-''. : -. ,;:~ ,, . 
. - Remove the indwelling 'needle. Sc,nsatldnfWill usually 'ieturri' X<:I 

.· :~ < wlt~i~::: B minu.t95<~ ... ··:~~::~.~;i;~'.'·.· · ·~ 1 ... /.: •. ·~~;.)~~~~~:~~:L·.fi:~~.;~;·~~'~.?~.;::_'..Y~!iitf~;;~ 
-~;.,, Allow'· the. patient .tot re.,cc:ixer. under-.super;v,1s1on!'yg ;,f ~r?r'''!•:·~:;;;; 
·h~·a• •. ·:.;.·c;.i...,;.'.: .. ~. •· _:_ ~.i.i.-:.-.:i:.:::.\:..~JaH .... ·~· 1.:·-~ . .-;i~··1.·M ·ttd~~ '1.i'..::;"'.:~·~:""cJ!'~! 

Bupivacainc Hydrochloride is recommended because of its low level. of 
systemic toxiciry (\T/arc and Caldwell, 1976). It is however longer acting and is 
approximately four times as polcnt as Lignocainc Hydrochloride (Xylocainc*, 
Astra Pharmaceuticals Led) which can also be used. Tht 1naxitn1an reco1111nended 
dosage of Lignocaine Jlydrpch/ori<k is 3.0 mg/kg body weighr. 

Toxic reactions to local anaesthetic solutions arc unpredictable, and depend 

• S<c Appendix. 



TOURNIQUETS 285 

upor. the dosage, route of administration and the physical state of 1hc: pa1ienr. 
They include nervousness, dizziness, blurred vision, nausea, vomiting, tremor, 

· convulsions and cardiac arrest. 
Adequate resusciralion equipment must be available. 

IMPORTANT NOTE ON TUE USE OF DUl'IYACAINE 

Since firsc publication of this edition a scrong warning hl:is been issued by rhe 
Con1mittccon Safety of Medicines (C.S.M., 1983) thac lJupivacainc (.t\1ar..: 
cainc) should no longer be used for Ilicr's ])lock. Ir is now fl'lt that serious 
complications (including cardiac arrest) arc n1orc lik~ly to occur than \\."i[h 
Lignocainc and arc much more resisr~nc ro rrcatn1cnr. 
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Appendix 1 

Ace Orthopedic 
.14105 South Avalon Boulevard 
Los Angeles 
California 90061 
USA. 

Apex Foot Products 
New York 
USA. 

Arthrodax Lid 
Arth{odax House 
Telford Road 
Blcester 
Oxfordshire OX6 OTZ 
England. 

Aslra Pharmaceuticals Ltd 
St Peters House 
2 Brickel Road 
St Albans 
Herts ALI JJ W 
England. 

Bayer (UK) Lid 
Pharmaceutical Division 
Haywards Heath 
West Sussex RHl6 ITP 
England. 

Bury Boot & Shoe Co. (1953) 
Ltd 
Woodhill Works 
Drandlesholmc Road 

·Bury 
Lancashire BL8 !BG 
England. 

Ace cervical traction cq~iipn1ent 
11 alo~body orthosis 
(UK distributors, 5ec 

Do\vns Surgical Ltd) 

Dern1aplast shoes 

Ce!larnin 
Cellona 

X,;locaine 
(Lignocainc ·Hy(lrochloride) 

Baycast (in USA - Cuttcrcasl) 

Various styles of men's and women's 
shoes in broad and extra broad 
fillings 

i 
I 
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B X L Plastics Ltd 
·ERP Division 
Mitcham Road 
Croydon 
Surrey CR9 3AL 
England. 

Carters Ltd 
Alfred Street 
Westbury 
Wiltshire 
England. 

Plastazote (manufacturers) 

A.tlas adjustable frame (Pulpit frame) 

Chas A. Blatchford & Sons Ltd Metal hinges and jig for cast bracing 
Lister Road 
Basingstoke 
Hanis RG22 4AH 
England. 

C & L Developments 
47 Queens Road 
Weybridge 
Surrey 
England. 

Cutter Laboratories Inc. 
2200 Powell Street 
Emeryville 
California 94608 
USA. 

D. Howse'& Co. Lid 
Beethoven Street 
London WI 0 4LR 
England. 

Downs Surgical Ltd 
Church Path 
Mitcham 
Surrey CR4 JUE 
England. ·• 
Duncan, Flockhart & Co. Ltd 
Birk beck Street 
London E2 6LA 
England. 

George Saller Ltd 
West Bromwich 
Staffordshire 
England. 

Hadfield split bed 

Cullercasl (in UK - !3aycast) 

Simonis swivel 

Ace cervical traction· equipment 
UK distributor 

Marcain (Bupivacaine Hydrochloride) 

Suspension springs for a Thomas's 
splint 



Gilbert & Mellish Ltd 
501-503 Bristol Road 
Selly Oak 
llirmingham B29 6AU 
England. 

Ho\\.'medica Inc. 
Orthopedics Division 
359 Veterans Iloulcvard 
Rutherford 
N.cw Jersey 07070 
USA. 

Howmedica (UK) Ltd 
622 \Vestern Avenue 
Park Royal 
London W3 OTF 
England. 

Jaquet Or!hopedic S.A. 
45 Avenue de la Praille 
Case Postale 3 80 
1211 Geneve 26 
Switzerland. 

J. E. Hanger & Co. Ltd 
Roehampton Lane 
Roehampton 
London SW 15 5PL 
Encl and. 

John Drew (London) Ltd 
Orthopaedic Supplies Dept 
433 Uxbridge Road 
Ealing 
London W5· 
England. 

Johnson & Johnson Ltd 
Orthopaedic Division 
260 Bath Road 
Slough 
Berks SLI 4EA 
England. 

Johnson & Johnson Products 
Ltd 
New Brunswick 
New Jersey 08903 
USA. 
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Piedra bootees - UK distributor 

1-{offmann external fixacion systern 
UK distributor 
Universal f)ay fra111e 

1-Ioffmann external fixation sy51cm 

Ortholene 

Drushoes · 

Neofract 
Orthoflex 
Orthoplast functional bracing kits 
Specialist foan1 traction 
Tractac 
Zoroc 

Delta·lite fabric 
Delta-lite glass 
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Marlin Orthotics 
177 Grange Road 
Londo'n SEI 
England. 

Minnesota Mining 
& Manufacturing Co. 
Orthopedic Products· 
Surgical Product$ Division/3M 
3M Centre 
St Paul 
Minnesota SSl44 
USA. 

United Kingdom Ltd 
JM House, PO Box I 
Bracknell 
Berkshire RG 12 IJU 
England. 

OEC Orthopaedic Ltd 
134 Brompton Road 
London SW3 I JB 
England 

Orthopedic Equipment Co. 
Bourbon 
Indiana 
USA. 

Orthopaedic Systems 
40 Mersey Road 
\Vidness 
Cheshire W A8 ODS 
England. 

Parke, Davis & Co. 
Pontypool 
Monmouthshire 
Wales. 

Boston brace - UK distributors 

Lightcast JI 
Scotchcast 
ScotchOex 
Stc_r:drapo 

Lightcast II 
Scotchcast 
ScotchOex 
Steridrape 

Denham external fixation compression 
(Portsmouth external fixation bar, 
Mark 1 & ll) 
Orthotrac (in USA - Orth-0-Trac) 
Zimn1er electric plaster saw 

Orth-0-Trac 

Hexcelite 

Ketalar (Kc:aminc Hydrochloride) 

Performance Plastics Ltd Perplas 
Melton Mowbray 
Leicestershire 
England. 

Physical Support Systems Inc. Boston brace 
Windham 
New Hampshire. 



Pryor & Howard Ltd 
Willow Lane · 

Mitcham 
Surrey 

England. 

Radiol Chemicals Ltd 
Stepfield 
Witham 
Essex CMS JAG 
England. 

Remploy Ltd 

Orthopaedic Division 
415 Edgware Road 
Cric klewood 
London N\\'2 6LR 
England. 

Salt & Son Lid 
220 Corporation Streel 
Birmingham 
England. 

·scton Products Ltd 
Tubiton House 
Medlock Street 
OldJiam 
Lancashire OLI 3HS 
England. 

S. H. Camp & Co. Lid 
East Partway 
Andover 
Hants SP I 0 3NL 
England. 

Smith & Nephew Lid 
Bessemer Road 
Welwyn Garden City 
Hcr<rordshire 
England. 

S. Reed & Co. 
Beechwood House 
Infirmary Road 
Blackburn 
Lancashire BB2 3LP 
Fnol~nrf 
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Brackets for allaching Bohler stirrup to 
Thomas's splinl for suspension 
by springs 
Fisk splint 

Socsi shOc laces 

Eagle boocees 
Forearm walker (Gutter frame) 

Hartshill lower limb appliances 

Not;>c 
Seton skin traction kits 
T!1bigrip 

Four poster cervical brace 
Pavlik harness 
Sarni brace - UK distributors 

Crystona 
Elastoplast skin traction kits (outside the 
British Commonwealth, all Elasroplast 
products are kno'A'n under the name 
Tensoplast) 
Glasson a 
Gypsona 
Opsite 
Plastazote - UK distributors 

Prefabricated tibial brace 
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The Scholl Manufacturing Co. Ventfoam skin traction bandage 
Ltd · 
182-204 St John St reel 
London 
England: · 

United States Manufacturing 
Co. 
PO Dox 110 
623 South Central Avenue 
Glendale 
California 91209 
USA. 

Victor Daldwin Ltd 
Vansitard Estate 
Windsor 
Derk shire 
England. 

Zimmer USA 
727 North Detroit 
Warsaw 
Indiana 46580 
USA. 

Zimmer Deloro Surgical Ltd 
Dunbeath Road 
Elgin Industrial Estate 
Swindon ' 
Wiltshire SN2 6EA 
England. 

Fracture bracing components 

Yampi, supplied in various colours 

Skin-trac 
Pelvic traction screw 
Screw eye - Wing traction screw - for 
olecranon traction 

Pelvic traction screw 
Screw eye - Wing traction screw - for 
olecranon traction · 
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TECHNICAL ANALYSIS FORM RIGHT UPPER LIMB 

N•mt 
No. ____ _ Aqt ___ _ _ SU- - - - -

Oata of On~t_ . 
c.u .. _________________ _ _ _ _ __ ~ 

Prutnl U1>pe<· Limb Equipm•nt _________ ____ _ 

Oi•gn~is--~------------------------------------

Rlght0 LtltO 

S i.1us of othtr upptr limb: Norm•I 0 

I. Ambul.iory status: Norm•IO Impaired 0 Walking Aid 0 

2. Whtelch•ir 0 Sining Positi<ln: Si.bit 0 Unstob le 0 Roc:l incd 0 
S111on9 Tult,.nct: Nurn.,10 
Pro pul.,on: M•nu~I 0 

limih."'Cf 0 OutOJl iun .. 
Mot\lr 0 Oept ndrnt 0 

3. Cognition; Norm•I 0 lmp1irtdO 

.. Endu11nu: N0<m1I 0 lmp• ired 0 

!>. Sk in: Norm•t 0 lmpair v<J 0 

6 . P1inO Loc~1ion 

7. Vision: Norm•IO lmpair•dD 

8 . Co01d in~tion : Norm•IO tmp•iro<iO f unct ion: Norm1IO Compromi~D 
Prevtnltll D 

9 . Mottvarion: GoodD F1irO 

10 . AS$0Cialed imp1irmtntt: _ 

~ I • Oire<:tion o f T,.nsl11ory 
\._.!-/ l 1 Mo1ion 

!Gr~~ 1.2 or 31 

• Abnormal Otgre• o f 
Ro tory Mo1ion 

• Fi .. d Position 

• Fr~cture 

PoorO 

LE G ENO 

Volit ion• I Force ( V ) 

N • Norm•I 

G Good 
F . f ~ir 
p . Poor 
T . Tract 
z . Zoro 

Hyptrto o ic Muscle (H) 

N • No rm al 
M • Mild 
Mo • Mootr•1• 
s • 5.,...,. 

St n111ion 
CF] • tlorm•I 

1::-:·'.i • 1-typeuhesia 

W~ • P.rtsthts i ~ 
~~ • Anesthc!.ia 

PropriOC•p lion (Pl 
N • Normal 
I • Impaired 

A • Abs•n l 

D • Oiu ension or~ 
Enlorgtmtnt 



H 

FOS 

100 

(Tip 10 

MMl·f'•lml 
CLOSED 

. L 

AP AP AP AP Ocm 

FINGER 
Flex.·Ext. 

,., 

Ocm 
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H 

H 

10 

OORSAl 

MP 

MC 

THUM8 

OP~~ 
Ext.·Abd. 
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§: :8 

§: 

H HD 

-­ABO : 
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§v vD ... 

p //.a-'~ 

·ov ·oH 

SENSATION 

f 
\ 

DORSAL 

0)} 

TRANSVERSE 

EXT ROT. INT. ROT. 

a: 

SUP. ,,, 

I ADD : CM ' 

: A80 :• 
~ 

\ 

~ 

PRON. 
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I I \ 
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°' 
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~ 
0 
0 ,, 
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I 

umm•ry ol Func1ion1I Olu bilily 

"•••tmen t Objectives: P1ovcn l/Co11tet Oelormity 0 lmprO•• Function 0 
Relic•• P•in 0 Other -------------- ------------

OA THOTIC RECOMMEN DATION 

F LEX EX T ABO ADO 
t--:--A_O_T_ArT_l_O_N __ -1 AXIA L 

ln1. Ea1. L O A.O 

1Ro 1 ruo t 

::z~~:~~=~~~=~w :~~~=~~~~wn~t~~ i~~~~=~~~~~~:~~ =~~:?:li:::s~;*~~~ 
='-~----.f------t""--- to...._. . ,~• 

-+----- ·i-----1 tt1w1m1 <~rnrnrfF tw@mmt:li~Wi¥iW~t 

O&tt 

CEY: Use the following symbols 10 indic11c desired conuol ol desi9nattd lunc1ion: 

F • FREE - Frtt motion. 

A• ASSIST - Applic11lon ol 1n Ule<nal force lor lht purpo ... ol increasing tht range, vcloci1v. or 
fora ol • rno1iofl. 

R • RESIST - Application of 1n u
0

ttm1f force for the purpow ol dtcteasing tht velocity or loru 

S • STOP 

v • V11i.ba. 
H • HOLC> 
L • LOCK 

of a motion. 
- Inclusion or. slltic uni t t o det•• •n undesired mo1ion. in Ont d irtetion. 
- A unit th1t can bt adjuntd w i1hout makinv • itl\ICtural change. 

E tim inatio" of • It mo11o,, ;,, prcicribcd pl1nt fvtr ily posi1ionl. 
Device includes an optional loc~ . 
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TECHNICAL ANALYSIS FORM SPINE 

N1mt _ _________________ No. ____ Age_Su _ Wtight . __ Htigh1 _ _ 

D1•9nosi1 ______ _ ---------- --- Occup1tion ___ ____ _ 

Prutnl Otthotic Equipmtnt __________________ ·--··---------

Ambul1t0tvD 

Sunding 81l1nce: N0tm1IO 

S11111.0 

Norm110 

lmp•ittd0 

Unst1bleO 

limittdO 

Whtelch1irO 

Walking Aid 

Rtclinell 0 Silting Posi1i°"' 

Siuing Toltr•nct: 

Upright 0 

MAJOR IMPAIRMENTS 

-~ . S 1ructu11I: No tmp1i1men10 

0111oporosi1 0 

01het ··--

.}· 

.· 

·' . • ~ 

I. Bone: f1~c1ureO Lt.el_ _____ _ 

2. Dist So•ct : (Otsetibe) ________________ __ _ 

J. Alignment: ScohosisO KyphosisO lo<do sisO 

Sensory: No lmp1irmen10 
1. Anesthtsi1Gl location ____________________ ____ _ 

2. P1inO Loc11ion _____________ _____ _ 

Upper limb: No lmpairmtn10 

I. Ampu111ionO ----------- - --
2. Other _ __________________________________ _ 

lo-• limb: No lmp•irmtnt 0 

1. l imb Shortening: R igl'll 0 Leh 0 Amount _________ _ 

2. Hip Contr1cture 0 ;,nl<ylosisO f "txionO Otgr tt~ 
Adduc:ionO Dtgrtt ____ _ Abduct ionO DtgrH - ----

Otg•tt------

J . M•iot Motot louO loation -------------------
4. Stnu1ion : Ant11hu i10 loc•lion __________________ _ _ 

Hype111>ui10 • loc•t ion ----- -------------

P1inO l oc11 ion ---------------- --

Auoci1:td lmp1i1mtnts: ______________________________ _ 



.. 
LEGEND 

15 

~ ·~ TS ( deo) 
CURVE WITH 

APICAL VERTEBRA 

J' :Y-\:: _, Tl2 

•;. OF NORMAL 
MOTION 

[3 

_ PELVIC 
- TILT 

• • . ARTHRODESIS ~ ARTHRITIS 
-· 

111' I .FRACTURE 

Q = QUADRATUS 
· LUMBORUM 

I = ILIOPSOAS 

VOLIT IONAL FORCE'. 

( v) 

N = NORMAL 

G =GOOD 

F "FAIR 

P : POOR 

T : !RACE 

;: " ZERO 

SEGMENTAL 
INSTABILITY 

HYPERTON ICITY 

( H ) 

N: NORMAL 

M = MILD 

Mo = MODERATE 

S = SEVERE 

> ...,, .,, 
m 
:z: 
0 
>< 
"' 
N 

"' "' 
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Summ¥y or Functional Otubility: _ .. -·-· ------·· ·-- - · .•.. --·.. - - --- __ - . --- - - --

-----'------------ --------
·-----·---------

Tr .. tment Objectlv" : 
Mo tion Con1101D Spinal Altgnmtnt 0 

A•ial Unloodin9 0 Other ----·· ---------

OA THOTIC AECOMMENOAT ION 

-~~TE RAL~~10N 

A L SPINE FL EX ._ _ ________ ...__ --~------' -----4------l 
EXT 

AOTAT IO~ AX: IAL 

A . ~-+LOA~-

----l----_,1 ___ -
! 

CTLSO Ccrvic&I 
·-=~=--.;:...;.;_;.=--·'-----11------ --- - -----1 

TLSO Thoracic 

S10 Sacroiliac 

t 

I -- ---- 1 
ff@Ef@ "J~?::XtTIIi · __ _ 

I 
REMARKS. 

' 

KEY: U.. the following symbols to indicate dnir<d control of dnignued function: 

F • FREE - Free motion 
A • ASSIST - Application of an external force for the purpose of ir.::reuing the Ufl!le. o;e.locity, or 

force of 1 motion. 
R • RESIST - Application of 1n external force for the purpose of decreuing the velocity or lorce 

S •STOP 
v • V1r~ble 
H • HOLD 

L • LOCK 

of 1 motion. · 

- Inclusion of a stiitic unit to deter an undttired motion in one d irection. 
- A unil lhat c.an be adjusted without nuking a st1uctural change. 
- Elimination of all motion in prncrib«t plane: specify position. 

e.g. in degrus or (+I H . 
- oh-ice includes an optional lock. 

Signature 
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Abdominal pt11c1 135, 137 
Abduccnt nerve palsy, 89 
Absecu 

ctrcbra.l, and skull traction, 81, 88 
oextndural, and skull traction, 81 
'ubdural, and 1.kull tr:action, 81 

Ace halo-body orthosis, 81, 82, 83 
Ace halo splint, 76-77, 287, 288 
Acctabular :angldindcx, 95, ·96 
Agnes Hunt tnction, 48-49 
Ai.ncx, 132 
ArU.le-foot orthoses, 162-165, 166 
Ankle joint 

Oail, management of, l60, 162 
functional brace, for, 223 ~ 
lower limb orthoSC$, for, 161 
pain and footwear, 119-180 
prevention of cquinus at, 23, 33, 61, 244 

Ankle stiffener, 179-180 
Ankle strap, 153, 154, 155, 163, 166, 167 
Ankylosing spondylitis, bncing for, 141 
Anterior hypcrex1ccuion brace, IJB, 141 

indiattions for, 141 
Antuior thigh pid, 154, 1'55, 167, Hi9 
Apparc.ot discrepancy in limb length, 187-188 
Appliances (su .also Ort hoses) 

drop foot, for, 162-165 
prescription or onboscs, 118-128 
susJXD$ion o~ S6-70 

1dvaougcs of, 56, 59 
Fisk splint, 62 
pt"lvic sling, 69 
plas1cr bed, 68--69 
Thomas'., t.plint, 63-68 

Arched and bridge waisted ce.i$c1 193, 194 
Auto~tic pneumatic tourniquet, 271 
Axil~ary crutches, 250-253 

ad1usuncru or, 251-253 
chtekin& bandgrip poi:itian or, 252-lSJ 
chcckiog overall length of, 252 
ror spinal bracu, 136, 137 
initial measurement for length, 251 

Back kvcr, 135 
Balkan beam, 56, 106, l l I, 236 
Ball of shoe, 173 
llalloon pa1oh, l 85, I B6 
Balmoral styk of boot, 172 
Barlock knee ioint, 155, 155 
Barlow 1plint, 96, 100-101 
Barlovr''S tcsl, 92-93 
B arrcl hitch, 5 7, 58, 64 
Barton tongs, 73, 75-76 · 

application or, 76 
·Batchelor p!Aters, 102-103 
Bathroom scalu tes1, 231-232 
Baycast, 199, 202, 287 
Beam 

B1lk.1n, 56, 106, 111, 2}6 
Thanet, 66 

Bed 
elev11tion of and coumcr tnction, 26, 29, 47, 

71, 111 
Hadfield 1plit, 28, 29, 106, 288 
patients in traction and, 106 
plaster, suspcmion of. 68-69 
SOtC$, 107 
spli1, Hadfield, 28, 29, 106a, 288 

~low-knee iron, 162-164 
Belts, spinil, 132-134, 140 
Bier's block, 283-285 

application of, 283-285 
complia1ioru of, 285 

Bivalve of plu1er casts, 209--210 
Block, Bier's, 283-285 

·slock leather buclcl lop, 152. 1S4, 155 
Blood lou and frilClurcs, 108 
Bloodles.s field, pcovUion o(, 269-270. 

272 
B6hlcr·Bnun fume, 44-45 

di1<1dvan1agcs of, 45 
a.lid.in1 u:action in, 44-45 

BOhlcr 11irrup, -4, 5, 113 
Boston brace, 143-144, 290 
Bowel care, in lraction, 110 

http://funaior.il
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Bro1cc 
;anterior hypercxtrnsie>n spinal, I )8, l.J I 
lloslon 1pinal, 14)-144, 290 
femoral functional, 223-2)2 
Fisher spinal, 136, 137 
four·pottcr cervical, 147, 191 
humcnl functional, 2)2-233 
A1ilwaukcc spin1I, .t41-14l 
RC'l~n Jonu •pin•I, ll6, 137 
SOMI, U6-147 
Taylor spinal, JJS, 136-137 
tibi.al func1ional, 219-223 

Brachia! plcxu1 rahy, 891 137, 252 
axillllr)' crull:hcs anJ, 2S2 
1--lshcr srin1I brace: anJ, 137 

Bracing, func1ional, of fracnucs. 215-233 
Break of the 1hoe, 173 
Rryant's--trx1ion, 41--IJ 

application orj 42 
co111raindica1ions to, 43 
moJificJ, 4)-4-1, I 10 
pos1crior gutter splines and, 43 
\·ascut:ar complica1ions of, 42-43 

Buckel top, calip<r, 154, 1551 169 
Bu-:k's uactio:i, 27 

application of, 2~ 
BupivaC2inc {A1arcain), 283-284, 288 

C..kancus, cxos1osis, 18 I 
Calcium sulphate, l 97 
Cal( bands, J 54, I 551 I 67 
c .. Jipcr, 151-170 

oinldc joinrs, 161 
b;;isic design of, J 52 
bucket top, 154, 155, 169 
COIIC cf, J 28 
checking, 126-J 27 
cosmc1ic, l 69-170 
cuff top, 152, 154 
drop fOO{ devices, 162-165 
fiJnC1ion3 of, 151 
heel stop~. 162 
hip join1s, J55-J56 
knee joir.u for, !57-159 

b~rlc-..:k, 155, 1511 
posterior o!T·sct, 158-159 
ring lock, 157-158 
Swiu lock, 155, 158 ,,. 

non weighr rdic~·iog, 152 
pauen·ended, 16 7, 168 
peh-ic bJnd, l 55- l 56 
prescription o(, I IB-126 
retaining straps :oind bands, 166-168 
ring lop, I S2, 153, J 6 7, 168 
•idc ban, 156-1,7, 1S9-J6l 

heel anachmcn1 of, 159-160 
heel $0CkCIS, J 59-1601 J 62 
stirrups, 160 
IOC our, 161 

toe raisi;ig &:vices, I 62-165 
T·stroips, 165-166 

upper end of, I 52- l 54 
wdglH relieving, 151 
du~cklng of, 126-127, 151-152 
indication~ for• 151 

C3nvas, 132 
Cue o( onhosc11 I 28 
C:irc o( the injured limb, in tr;i.c1ion, l 10- t 11 
C:111 bracing, 215-213 
C:111ln11 1nd 1plln1in1 m11erl1!1, 19,-2<H 
Ccllamin, 1971 1981 287 
Cdlona, 198, 281 
Cerebra! :ibscess and skull uac1ion, 8 l, 88 
Cervical 1pine 

injuries 10, 79, 90 
Cervical spine onhoscs, 144-149 

four·poster, 147, 291 
halo·bo<ly, 81-Sl, l48, 1·19, 287 
i\lincrva jacke1, 148, 149 
nlouldcd, 145-146 
rcs1ridion of movement, )48-149 
SO/\lJ brace, 146-147, 291 
lcmporary collar, 144-145 
Thom:is's collar, 145 

Cen·ic:il spondylosis and traction, 71, 73,. 90 
Chcckini;: footwear, 178-179 
Chest con1plications and ttac1ion, I 09 
Cbvicul:ir pad~, l 35 
Clips 

spring, and suspension cords, 58, 67 
1001hcd1 15, l I 2 

Clove hitch, 57, 58 
C'.omn1on pcroneal nerve p3by, 8, 22; 110, I 12 
Comn1uui..:;1.1ion, and pa1ien1s in 1raction, 108 
Compcn.'i~lory p<1lten for shoe, 168 
Compound p~llcy block, 59, 64-65, 68 
Cone 1011gs, 73, 75-76 

3pplication of, 76 
Congeni1:oil disloc31ion of the hip 

:ipplic:11io11 of splint, 99-100 
llry:1nt's trac1ion modified, for, 43-44, 1 lO 
clinical iests for, 92-94 

Barluw, 92-93 
Ortohni, 9)-94 

complications of ue;uneot, 96-97 
inciJe 11ce of, 92, 94 
m11ln1cnance o( teductlon 

applfancc.s, 97- I 02 
pl3s1e1 ca~u, 102-103 

nunai;emenl in splint, 100-101 
r~Jii.:israphic examin3tion, 9·1-96 

. spliming for, 96-103 
Con.b · 

s1.nrxnsion, 57, 67, I lJ 
U3clion, I I, 181 !9, 21, 28, 29, 30, 36, 38, 

41, 52, 54, 57, 66, 113 
Corrective 1pln1I onhoses, 141-144 
Conets, 132-134, 140 
Cosmetic long leg tali~r, 169-170 
Counter (of shoe), !75, 179 
Counicr traction, t 1-12, 18, 19, 23, 26, 27, 

42, 47, 54 
lixed, 1 J, 18 



Counltt 1r1e1lon (cotCtJ) 
rai,in1 bed end for, 12, 27, 29, 30, JJ, 33, 

381 39, 41 1 •S, 47, 48, 49, 50 
sliding, 12 
uae of &ravity, 12, 26, 42 
using 1plin1, 11 
well-kg, Use or, 23 

Cou1il, 132 
Crile he.ad haller, 71., 72 
Crush syndrome, 278 
Crutch ~justmcnt 

axillary type, 251-253 
elbow 1ype (Loftstrand), 253-254 
guuu type, 255 

Crutch stance, 260 
Crutch walking, 259-267 

ascending stairs, 266 
deKcnJ..ing slairs, 266-267 
encrn- apcndi1ure •nd, 260 
general considerations, 260-261 
non-..,,·cigh1 bearing, 264 
pan:i:.d weight l>e:<riring, 263, 264 
p;aucrns of gait, 260-267 

four poin1, 262-263 
aclcaion of, 260-261 
1win1-1hrough, 261, 262 
1wing:·10, 261-262 
three-point, 263-267 
two-point, 263 

ti'ing from chair, 264-265 
siuing down, 265 
tleppiag down, 266 
11eppinf up, 265 

Crutchc:s, 250-255 
adjus1.men1 of, 251-255 
uillllfJ, 250-253 
elbow, 250, 253-254 
function of. 259 
gutter, 250, 254-.255 
handgrips, 250, 251, 252, 253, 254, 255, 

256, 257, 258 
Lofu:trud, 250, 253-254 
maiocmaoce of. 259 
undcnrm, 250 • 

Crutchfield longs, 73-75 
apptkadoa of, 13-14 
failure of procedure, 75 

Cryitona. 199, 202, 2031 291 
Cuff COfti. caliper, JS2, 154 
Cuff. tourniquet, 211, 272, 211, 279, 282, 283 
Cuucrast, 199, 2871 288 

Day ff'&IDC, 240, 241; 289 
Dt;laycd uni.on of fracture, 18, 23~ 
Dehali1c, fabric and 1la", 199, 289 
Denham external fixation comprC$sion, 2}9, 

240, 241, 290 
CX:nham pin, 4, 5, 28, l ll 
Denis Browne hip aplint, 102 
Duby styk of booc, 172 
Dccmapluc footwear, 177, 287 
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Diu1cmuomycli•, 88, 89 
Dietician and paticnll in tract:ion, lOS 
Dia;it1l tourniqucu, 270, 261 

1pplication of, 28 I 
dJnecn of, 270, 27fl 
glove type (Karcv), 281 

Discrepancy in limb length. 
apparcOt, 187-1.58 

cause or, 167 
n1c;i;suremcnt o(, 190 

calcubtion of uiSt: required, 191-J92 
compcnu1ion for, 190-194 

gu.er<ri[ considcra1ions, 190-J91 
uuc, 186-187 

measurement of, 168-190 
1ypc5 of rahcs uud, 192-19-1 

Dor11c11c bandage, 14, 15 
Drop-foot devices, 162-165 
Drushoc, 177-178, 289 
Duck, 132 
Dunlop 1rac1ion, 49-50 

applicarion of, 50 
indica1 ions for, 50 

Eagle boo1ccs, 176, 291 
Et..siopbst skin traction k.i1, 2, 291 
Elbow cnuches, 250, 253-254 

1djus1n1en1 of, 251-254 
chr:cking overall length of, 254 

Electric plaster saw1 how to use, 209 
Embolism 

fat, 106, 109 
pulmonary, 109, 271 

Enurc,is and h•lo-pdvit: 1raccion, 90 
Epiphy,cal growth pla.tcs, daauge 10, 11, 34., 

37, 96 
Equipmenl for casting ma1erials, 198-201, 203 
&m<rirch bandage. 269, 270, 271, 272, 274, 

279, 280-281 
dangers of. 270, 271, 274-275 
cx.unguination, how to, 280 
prc:uures beneath, 270 
tourniquet, bow 10 apply, 280-281 

·Ezctcr coil 1prin1;, 164 
E.x1•ngulna1lon, 272 

contra-lndications to, 271 
c:bnger1 of, 274-275 
mc1hoJ1 of, 269, 270, 272 

l!xternal 1ltcle11l ftxalion, 23S-245 
application of, 242·245 

post-operative are, 24<4-24S 
pre-operative planning, 242-243 
rcchnique, poinls abouc, 243-244 

complications of, 245 
con1ra-inJic1cions 10 u11~ of, 2J8 
Denham bar, 239-240, 241, 290 
dcvc:lopmcnt of, 235-236 
frames, 217, 239-242 
Hoffmann system, 215, 240, 242, U9 
indications for u~ of, 238 
lower limb fracturt:l, 239, 242 
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Ex1cmal d:dcc.al fii:arion (con1J) 
pelvic fracrurcs, 239, 242 
pins 

balf·pins1 236-237 
lransflling. 236 

Ponsmourh bar, 239-240, 241 
prevention of cquinus, 244 
principles of1 236-237 
suspension of fr,amc, 2371 2« 
tibial frktUJ'c.s, 239-242 
ullivcrsal D:11y frame, 240, 241, 289 
upper limb fractures, 239, 242 
Vichi frame, 236, 242 

Exuadural absccs.s and skull 1ractioo, 81 . 
Ex1radural hac.maroma and .skull traction, 81 

Fabric spinal supporu, ))2-1}4, l.fO 
Fa.sciaJ companmcnu, dccomprcuion of, 206 
Fa.t embolism, 106, 109 
Fch collu, J«-145 
Femoral nerve paby, 278 
Femur, capital cpiphysis 
ap~rancc of, 94 
congcW1&J dislocation of rhc hip and, 95-96 
cpiphysi1is, 96 

Fibreglus, 200, 201, 20J 
Finger tourniquc:u, 270, 281 

glove typt (K.2J'cv), 28 I 
Fi.sher spinal brace, 136, I 37, 140 

indiacioas for, 140 
Fisk Jpliat, 16-17, 37-38, 61, 6l, 291 

adv ant ;;igcs of, 3 7 
sliding traction in, J 7-38 
1u1pcruion of, 62 

FUcd !!action, 11, 16-25 
application of, J8-2J, 22, 23-25 

wilh Thomas'• splint, 18-21 
for ccrvic;ill spine, BI-BJ, 148, 149 
halo.body onh~is, 81-83, 148, l49, 287 
halo-pelvic, 8.l-90 
Roa:cr Andcraon well-le'°• 23-25 
signilican1 feature of, 18 
Thomas'• splint, in1 18-21 
Tobrull. 1plint and, 16 
lraction unir, in, 21-23 
U;1.n1fcr of paticnl in, 20 

Aail ankle, management of, 160, 162 
Aammabili1y of casting materials., J 98-20i1 

2<3 
Flatfrcctangular heel sockeis, 160, 161, 162 
Food, patients in traction and, 107 
Foot plate, Ni3-Sen, 31 1 32, 33, 35, 61 
Foot siraio, 181 
Footwear, 171-194 

factors awing problems, 17 J-J 72 
how to check, 178-179 
modilications, 179-186 

ou1side bed float, J 80 
rocker bar, 180~ 186 

normal1 f72-17S 

pla.Jtuote and yampi .. acuum formed, 
177-178 

surgical, I 7!5-179 
varuum formed, 177-178 

Fow-poinl crutch gair, 262-263 
Four·po~.u:r cervical brace, 147, 291 
Fracture. 

1 
blood loss and, I 08 
blood uansfwion and, JOS-109 
boatd, 106 
care of patient in traction an~ 105-117 
cervical spine, 79, 149 
delayed union, 18, 239 
dis1rac1ion of, Jl, 18, 27 
dun.1ion of traction and, 117 
femoul shaft 

an1crior bowfog, 15, 221 29, .381 39, 41 
fued traction for, 18-22 
functional bracing for, 223-232 
in adulu, 20, 21, 28, 30, 31, 33, 37, 38, 

40, 44 
in children, 20, 27, 34, 41 
initial ruction weight, 27 
bre angulation of. J 16 
Pc:rlins 1raction for, 29 
reduction of, 20-2J 
refrac1ure of, t 16 
trac1ion unit for, 21-23 

femur, subcrocba11lcric, 28, 33 
fc:mur, supracondybr, 39 
functional bracing of, 215-233 
humc:ru1 

fu11c1iona? bracing for, 232-233 
,supr:icondyla.r, uxrion for, 50 

m.al-rourion at siic of, 111 
neck of femur, 27, 28 
non-union of, 215, 239 
pelvis, 23, 69, 2)9, 242 
udius and ulnit, SJ 
removal of traction and, J 16-117 
ribial condyle!, 28, 37 
1ibial sh;.ifl 

cx1crn:.il 1kckt1I fi.x1tlon for, 239-2-ll 
functional bracing.for, 219-223 
Perkins rrac1ion for, 29-30 

union, procc,sc1 occurring In, 216-117, 
2)8-239 

vc:ncbral compression, 140, 141 
Fracture bracing 

fenior•I, 2::3-232 -
humeral, 232-233 
1ibial, 219-223 

Frame 
Day, universal, 240, 24J, 289 
ex1ernal 1kc:le1at fuation, 2371 239-242 
pulpi1, w~U:ing, 249 
reciprocal, walking, 249 
roJlator, walking, 249-250 
srandard, walking, 247-248 
universal Day frame, 2401 2411 289 
Vidal, 242 

Frcibcrg•s disease, 183 



Frejka pillow, 96, 97 
Frog plasters, 103 
Fulcrum $!rap, 132, 133, 134 
l"unctional bracing, 215-233 

bathroom scales test, 231-232 
bony inrecrion and, 215 
contra-indications 10, 218 
rcmoral fractures and, 223-232 

how 10 apply, 225-231 
· when 10 discard, 231-232 
heel cups, 223 
111 11~0., ·n~ -.: 111 

metal, 225, 229-2 JO, 21S:I 
polye1hylcnc, 226, 228-229 

humeral fractures, 232-233 
how to apply, 232-233 

kiu, 221, 226, 289, 291 
non-union of fr:ictures and, 215 
Sarmienco cur, 219-220 
shortening of fr act urcs and, 216 
1hcorc1 ical basis of, 215-217 
1ibi•I fraccurcs and, 219-223 

heel cups, 223 
how 10 apply, 219-223 
Sarmicmo cas11 219-220 

union of fractures and, 215-217 
use of modern m•lcrials i•', 218 
when 10 •pply, 217 

Gait, paucrns pf and crutch walking, 260-267 
Gallows uacrion, 41 
Gamgcc 1issuc1 I 5 
Gcnu rccurvatum end 1rac1ion, JI 
Gibson s1ylc of shoe, 172, I 73, 176 .• 
Glassona, 200, 291 
Glouoph1ryngcel nccrvc palsy, 89 
Gravity u coun1cr 1tac1ion, 26, I I 1 
Gusscu, clasiic, 132, l 33 
Gutter crutches, 250, 254-255 

adjustment of, 255 
Guuer frame, 248 
Guucr piece 

cru1ch, 254 
leather, posterior, alipcr, 153, 168 
posterior, au1ch, 251 

Gypsona, 198, 291 
Gypsum, 197 

Hadfield aplit bed, 28, 29, 106, 288 
Half hi1ch, 57 
Hallux rigidus, 186 
llallux valgus, 176, 186 
l lalo bail, 78 
l lal<i.body onhosis, 81-83, 148, 149, 287 

applica1ioo of, 83 
cervical spine, restriction of movcmcoc, 82, 

149 
Hale>-pclvic traction, 71, 83-90 

application of, 85-87 
complications of, 88- 90 

managemcnl of, 87-88 
ocrvc palsy aal!, 89-90 
uses of, 83 

Halo splin1, 76-78 
applica1ion of, 77-78 

Halo 1rac1ion, 78 
llalo vest, 81-82, 83 
Haller rracc ion, 71-72 
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llamihon Russell 1ra;:i ion, 30-31 
applica1ion of, 30-31 
1ht11ry of, 31 
It•· 11.111 "ei~h1 •n.I. JI 

ll anJgrips, 25:> 
guuer cru1chcs, 2 H 
position of 

axillary cru1ches, 252 
dbow crurchcs, 2;) 

rollator, 249 
rripods and quadrupeds, 257 
>1rndord walking frame, 248 
"·alking sciclts, 255 

llanshrll lower lir.ib appliance, 170, 291 
Head hahcr 

can•as, 71, 72 
chamois lcarher, 71 
Cnlc, 71, 72 

Heel, 172, I H 
arcachmenr of side bars, 159-16 J 
cups, func1ional bracing, 223 
ouuide float, 180 
painful, 181 
sockers, 159- 160, 162 
u irrups, 160 
nops, 162 
srylcs of, 174 
Upcrcd heel cushions, 181 
T homas, 182 
.. ·here 10 measure bc.igh1 of, 174, 192 

Heel and sole· wedges, 183 
Heel brcut, 1.72, 173, 174 
l!CJCcclire, 20 I, 202, 290 
Hilgenrciacr's line, 95, 96 
Hinges 

ankle, 161 
functional braces, 224, 228-230 

mc11I, 224, 225, 229-230 
polyc1hylenc, 226, 228-229 

hip, 155-156, 224 
knee, 157-159, 226, 228-230 
onhoscs, lower limb, 155-156, 157-1 59, 

. 161 
Hip 

abductioo dcformily, traa.ioo for, 23-25 
adduction dcformi1y, tnctioa for, 23-25 
anhroplasry, traction for, 30, 31 
congenical d islocarioo of 

dinicel 1c:s1s for, 92-94 
complications of 1rca1men1, 96-97 
inc.idcnce of, 92, 94 
radiographic c.raminarion, 94-96 
splinting for, 96- 103 
ruction for, ~J-H, 110 
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Hip (w,.1J) 
flu.ion dcformi1y, 1raction for, 48-49 
ffacturc-disloca1ion, craclion for, 45-48 
joinli 

funaion.al brace, for, 224 
onhosis, for, 15~ 156 

Hotfiw:nn C:itfcrnal fixation sys1cm, 235, 240, 
242, 289 

Hyposloual ncnc palsy, 89 

Impairment of cirrul<nion, ) 1 42, SO, 11 l, 205, 
206 

Jnftttion 
functional bracinl( and, 215 
pin·1n.ck, 9, JO, II, 28, 80, 88, 110, 112 
ikull 1nction and, 80, 81, 37, as 

Inside raise, J 93 
Insoles 

advic: 10 pa1icnts1 182 
combined valgus and mcuursal, 184, JBS 
mcunn1I, 181-184, 185 
valpn, 181-132 

Instant lumbar suppon, 134 
fntcrdiiiial nturom;i, 18) 
ln1rn·c:ious region~! anacsihcsia, 283-285 
bchacl"ili.oi 

~ in presence of-dh1:1l ~riphcral puhcs, 205, 
206 

of fr:r.oral capi1:ol cpiphysis, 96-97 
of o.!onioid process, 90 
painful limit:uion of poinive movement 111d, 

-12, 50, JI I, 206 
tour:.iqucts and, 276 

Je2n, 132 
Joint 

anll: 
control of movement, 161-162 
fu;:ctional brace, 223 
lo"4cr limb onhoses, 161, 163 
p;i.in. and foo1wear, 179-180 

bar!o.=k, 158 
hip 

func1ion2) bnce, 224 
lower limb onho)es, 155..:::156 

"'" uis of mo\·emenr, 16 
fur.ctional bnce, 223-230 
lower limb onhoscs, 157-159 
polyccntric pathway, 16 

posterior off.set, J 58-159 
rinc lock, 1!57-158 
stilfr.eS5 and trac1ion, 6, 9, 28, 37, 54, 61, 

89, Ill, 115 
subil:alar 

pain and footwear, 179-180 
Jones (Thomas) spinal brace, 136, 137, 140 

indiotions for, 140 

Karcv finger tourniqucr, 281 
Kctabr, 85, 290 
Kirschner wire, 6, J6, 51-52, 54, 113 

strainer, 5, J 13 
Knee cap, anterior, 1531 167 
Knec·flaion piece, 16, 38 

sitinc of, 16 
Knee joint 

axis of movement, 16 
functional brace, 228-230 
lower limb onhoscs, 157-159 
polyccntric poitbway, 16 

Knock-knee pad, 166, 168 
Knots 

barrel hitch, 57, 58, 64 
convcnion to reef knot, S71 58, 64 

clove hitch, 57, 158 
half hi1ch, 57 
prc'ven1ion of slir~ing, 58 
reef, 57 

L:11cc snys, 172 
Last, 172, 176 
L:11tc angulation of femoral sh:11fl fncturt, 116, 

224 
l.:ncral upper femoral traction, 45--18 

applic.11ion of, 46-47 
site for, 6, 7, 46 

Leno, 197 
Leprosy, fn;.~wear for, 177 
J .igh1eas1, 200, 202, 290 
J.ignoc:11ine, 284, 287 
Limb lcng1h, me:11sure:mcn1 of 

apparent, 190 
1ruc, 188-190 

Limb, prc-opcra1ion af and plasle:r case, 210 
Linings (of shoe)> 175 
Loftstnnd cru1chcs, 250, 253-254 
Lorelli: plaslcr cas1, 103 
Lower limb orihoses, 151-170 

ankle foot (t\FO), 162-165 
anldc joinn, 161, 163 
buckc1 lop, 152, 154, 155, 169 
care of, 128 
checking, 126-127 
cosmc1ic Jong leg caliper, 169-170 
ru!T top, 152, 154 
Exeter coil spring, 164 
functional bracing, 214-232 
functions of, 151 
J laruhill, 170 
heel sockets, 159-160 
heel stop, 162 
hip joint, 155-156 
how 10 prescribe, 118-126 
knee ~nkle (001 (KAFO), l'.il-152, 153, 154, 

155, 167, 168, 169-170 
knee joints for, 157-159 
non wcighl·rdicving, 152 
Ortholcne drop foo1, 164-165 
panen-mdcd caliper, 167, 168 



Lower limb orthoscs (aJntd) 
pelvic band, 155-156 
recaining s.rraps ind bands, 166-168 
ring top, 152, 153, 167, 168 
side bau, l56-1S7 

heel auachm~nl of. 159-160 
scirrurs, 160 
{0(:--0Ut, 16J 
toe-raising devices, 162-165 
cr:oining in rhe use of, 127 
T-str;ip$, 165-166 
upp<r end of, 152-154 
weight relieving, 151 

how to check, 126-127, 151-152 
indications for, 151 

Low tcmpcr.aturc thcrmopla$lics, 196, 201, 
202 

Lumbar support, inst.ant, 134 
Lumbo-Hcr:il onhosis, 1331 140 

indications for, J.10 

Managemcnc of pacicnu in traction, 105-l l 7 
blood Joss and fractures. I OS 
dietician, ·role of, 105 
equinusJ devdopmenr o(, 111 
injured limb and, JJ0-111, 114-117 
ischaemia of muscles, l 11 
medical care, 108-1 JO 
bl~ lossj 108-109 
bowc:ts, 110 
ches1 complic.ation1, I 09 
pre-uisting conditions, 110 
urinary tract, 109 

nerve palsy, 110 
nuuin1 care1 106-toa 

bed ind bedding, 106, 111 
communication and, 108 
food, 107 
(CDetal appctrance, 106 
menca\ state, 107-108 
obsuva1ion1 and charts, 106 
pain relic(, l 07 
1kin, 107, J 10 
1oile1 arrangcmenu and, J 07 

occupational 1herapi1t, l 05 
pain relief and, 107, 110 
paracsthC$ia or numbness, 110 
patient and, 106-111 
phyJiothcrapy and, IDS, 114-IJ6 
preuurc sores, 106, J07 
radiocraphic uaminttion and, 114 
rehabili11don officer and, 105 
removal ofuaction, 116-117 
akin initalion, 110 
le~ work and, IOS 
lraction·suspension system, 111-114 

stings and padding, 112 
/."'-arcain (bupivacaine), 283-284, 288 
J.,tcch;mical advantage, and traction Sf$1tma, 

59, 65,. 68, 6~, 114 
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Medial lon~icudinal arch aupporu, Jal-183 
beel and aok: wedges, 181 
medial 1hank filler, 181 
Thomas heel, 182 
valgus insole, 181-182 

i\~edial shank filler, 183 
Mc:!aminc resins, 196, 197, 198 
/.1.eralgia paraesthctica 

halo-pelvic 1raction and, 90 
/\.\ilwaukec $?inal brace lfld, 143 

/.1.e1acarpal pir. traction, 53-5-t 
1i1e for, 6, 7, 54 

/\.1.ciaursalgia, 183 
/.iecacarsal arch supports, IS3-IS5 

checking or, 185 
mcuiarsal b,;.r, 185 
a.ctatarsal ir.>ales, 183-l~-t, 155 
metatarsal pa.1 and ganc:, 18-t-185 

/.tctatarsal b;ir, 185 
J..ie(.atan;a\ ins..:.ilc, 163- IS~, 185 
J..~etaurs.al pad and g;incr, 184-185 
fo,iilw;uk.ce sp;nal br.;ce, H 1-14 3 

fining of, l-12-143 
indications fur, 141 
rncnlgia pa.raes1hctica L-i.:i, 143 

Minerva j;ckct, J48, )49 
/..~onkcy pole, J06 
li\ouldcd spin.al supports, 131, 139, Jil, 

143-144. 145-146, 148 
M\i.Sclc spaun, 1, 11, l4i 

Neofract, 139, 200, 202, 289 
Nerve paby 

•bduccn1, 89 
uillary crutches and, 252 
brschial plexus, 89, 137, 252 
common pcroneal, 4, 8, 22, 110, 1 ll 
femoral, 278 
fisher spinal brace andj 137 
1Jouo-phatp11e1l, 89 
b.alo-pclric uxtion andj 89-90 
hypoglossal, 89 
recurrent luyngc.al, 89 
acittic, 278 
spin.al cord, 89 
1ourniquc1s and, 273, ll5, 276 
ulnar, S2, 110 

Nerve suture, and 1ouro.iqw:s:s., 278 
Ninet:y/ainc1y uaction, 3l-J7 

applicadoo o(, 36-l7 _ 
children, results or treaUDCQt with, 34 
dan,en of, 17 
indicatioo.s for, 13-34 
support of lq: io, 34-36 
uactioo wd&ht and, l6 

Nissen foot pi..e, ll, l2, Jl, 3S., 61 
Nissen stirrup, ll, 32 
Noa·union of fracture, 215 .. 239 
Non·water actiYaled polymeri.Mtioa <1f casting 

ma'crials, 196, 200, 202 
Noa·wcight bc.ating with a-utcbC$, 26~ 
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Noa-weight relieving caliper. 152 
Normal sh~. coni1ruction of; 172-175 
Notac 1racdon, l, 291 
Nursing care of p:nie:ms in 1raction, 106-108 

Occupational lhcnpis(, 105 
Olecranon 1rac1ion, 50-.~3 

s.i1c for, 6, 52 
Opai1c, 2821 291 ' 
Onhoncx, 197, }.98, 289 
Onholcnc, 164, 169, 289 

cosmetic caliper and, 169-170 
drop foot splint1 16-1-165 

Onhoplas1, 201, 202, 289 
On hoses. 

anklc·foot, 162-165, 166 
congcni(al dislocation of the hlp, 96-103 
anmctic, lower limb. 169-170 · 
definition of. 118 
for drop foot, 162-165 
Jo.,..·cr limb, 151-170 

care of, 128 
checking, 126-127 
cosmetic, 169-170 
fcnctional bracing, 214-232 
functions of. 151 
pancn-cndcd, 16 7, 168 
rrcKripfion o(, 118-126 
lrainin& In uu of, 127 

Jumbo-sacral, l ll, 140 
non wcight·rclicvini, 152 
prcKrip1ion of, 118-126 
U'rniliac, 1)2, 140 
spin:al, 129-149 

cervical, 144-149 
corrcclivc, l.fJ-144 
fabric, 132-134, 140 
funccion or, IJJ-J32 
rigid supponivc, 135-139, 140-141 
supportive, I 32-1.f l 

1rchnical an:alysis and pr~crip!ion forms, 
J 19-126, 294-301 

terminology for, JJ9-J25 
thorac1>-lumbar, 134, 141) 
training In u•e of, 127 
"'-"<ight·rclieving, ISl-152 

OnhOlic terminology, development of, 119 
Onhotin, 118, 119 
Onhotr•c, 2 .. 2?0 
Onolani's rest, 93-94 
Ostcomyclitis and skull lr:K1 ion, 8 J 
Os1coporosh, \'cr11:bnl, 901 140 
Outside heel neat, 130 
Outside raise, 192-193 

arched and bridsc waisted, l9J, 19• 
Cb.ford style of shoe, 172, 173, 176 

Pod 
calf, plaiEIZOlc, 165, 170 
clavicular, llS 

for 1n1nior bowing femoral thafl fncture, 
15, 21, 29, 38, 39, 41, 112 

knock·knct, 166, 168 
1high, amcrior, JS4, 155, 167, 169 

Pain 
prcssu1e sores and, 205 
11ac1ion and injured lin:.b, I JO, 111 
vascular complicaiions :and, 205 

Paraesthcsia 
l~tcnl cu11ncowi nuve or thish 

haltt-pclvic 1nction and, 90 
Milwaukee spinal brace and, 143 

plasrer caslJ ·~ 205J 206, 208 
post·lourniquct syndrome :and, 277 
1ourniquc£ pa~ysis syndrome and, 276 
1raction and, 110 

Parallel bars, 2•7 
P:aralysis syndrome, 1ourniquct, 276 
Paraplegia 

halo-pelvic tr1ctlon ind, 89 
sandal !)'pc of llinup :and, 160 
1winging crutch gaiis and, 261-262 

Partial weight btlring wi11l cru1chcs, 263 
Pat1C"n-cndcd nlip(:r, 167, 168 
Patterns of cru1ch gai1s, 260-261 
Pavlik h:uncss, 97-99 

application of, 98-99 
Pelvic babd 

for fonclional brace, 224 
for lower limb onhosu, ISS-156 
for spin:al brace. 135, 137 

Pelvic hoop, 83, 84, BS, 861 87, 88 
Pelvic rl>d, 83, S-', BS, 87, 88, 89 
l'ch•ic sling 

applicJtion of, 69-70 
su1pcnlion or, 69 

Pelvic 1tac1ic,;1, 49 
Pelvic uaction KICW, 46, 29;1 
Peripheral pubes i:l presence of impaired 

circullilti~n. 50, 111, 205 
Peri1on~41I ~enc:l~l:!on, pehic rod and, S6, 

89 
Perkins line, 95 
Perk.ins traction, 28-30 

application of, 29-30 
phy1io1hcrapy and, 29 
rc:suhs of 1rca1menl with, 28 
1rac1ion weights and, 29, 30 

Pcrpl:as, 164, 170, 290 
Pcs cavus, J 62 
Physio1hcr:1pist 

in 1chatilita1ioo team, J 15 
obscrv;tion o( complications, 115 

Physiotherapy 
cru1ch w2Ucing, 261-267 
pa1icnts in traction, ind, 105, 114- I 16 
Perk.ins traction. 29 
1re:11mcnt programme, 115 

Piedro bootce1, 176, 269 
Pins 

Denham, 113 
fixing, and halo splin1, 76-77 



Piru (eontd) • 
half-pins ind external skeletal fixation, 

236-237 
Srcinmann, 4, 91 113 
1hcrmal nccrosU of bone and, 243 
irack infection, 9, 10, 11, 28, 80, 88, 110, 

112, 245 
uansfu.ing, ar.d external skc1e1al fixation, 

236 
Pllnlar faiciiris,· 181 
Plasru.otc, 139, 201, 20~, 288, 291 

black, 20 I 
cervical onho5is, 145 
high density p<ilymer, 20t 
low density polymer, 201 
pink, 20l 
'Pinal suppon, 139, 145 
vacuum formed and yampi footwear, 

177-178 
while, 201 

Plurer bed 
sus~ns.ion of, 68-69 

Plasrer cuts, 205-214 
Batchdor, 102-103 
bi·valving (removing), 209-210 
C'IJUing a window in, 211 
frog, 103 
impairment of circulation and, 205-206 
instructions 10 patients, 208 
Lorenz, J 03 
Minerva, 148, 119 
of foor•for making last, 175, 176, 177 
preoperative preparalion of limb in, 210 
pressure rorcs, 207 

diagnosis of, 207 
prevention of complica1ions, 205-208 
Sarmiento, 219-220 
s111iuing of, 212 
uaction unit, 21-23, 61, 64 
use of, 196 
wedging of. 212-214 

complications of. 2 l 4 
Pinter jacket, 139 
PJastcr-or·P1i-is, l~S. 1961 197, 1981 202, 203 

band1gcs, 195, 196 
Cc!lona, 198, 287 
Gypson•, 198, 291 
lcno, 197 
melamine resin, with, 197 

Cella.min, 197, 198, 287 
Zoroc, 197, 198, 289 

Onhonu, 197. 198, 289 
Pl.Hier 1aw, electric, how to use, 209 
Pneumllic tournique:(, 271, 279, 282 

application of, 282 
au1omaric, 271 
cuff pressures, 273 

dangcn from, 275-216 
cuff widrh, 272, 280, 283 
invention or, 270 
main1en1ncc of, 279 
non-automatic, 271 
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Polymcrisalion ind CUting materials, 1961 
197, 199-200, 202 

non-w11er •aiV•tcd, 196, 197, 200, 202 
Fibreglass, 200, 201, 203 
Glassona, 200, 291 
Lightcut, 200, 202, 290 
Neofuct, 139, 200, 202, 289 

waccr 2cti~;i1eJ, 196, 197, 199, 202 
Baycasr, l99, 202, 287 
Crystoni, 199, 202, 201, 291 
Dehalite, 199, 289 
&otchcasc, 199, 202, 203, 290 
Scotc:hfli:.x, 199, 291.l 

Polythene 
cervical onhosis, moulded, 145 

Ponsmou1h uternal fi•ation ~r, 239, 2i0~ 
2U, 290 

Pos.t·lourniquct syndrome, 277 
pn:ven1ion of, 277 
recognition of, 277 

PoSI uauma!ic respiratory iniu!licicncy, 109 
Posccrior guucr piece, I 53 
Pos1crior olT-sct knee ;oinr, l 58-159 
Preparation of caio1ing tnaieriah, 198-201 
Picscrip[ion of spinal onhrut.$, 139-141, 

148-1"'9 
PrC$Cn1a1ion of casting malerials, 198-201 
Pressure soi~. 4, 10, 11, 15, J06, 107, llO, 

112, 205, 207 
diagnosis. or, 207 
plaster alts and, 207 

Prolapsed intcrvertcbral disc, 49, 140 
Prosthesis, defini1ion of, 118 
Pulleys, 59, 113-114 

compound pulley block, 59, 64-65, 681 114 
Pulmonary cn1bolism, 109, 271 

tourniquet use and, 271 
Pulpit frame, 249, 288 

Quadruped walking aid, 256-257 
Quaner (of shoe), 172, 179 

Radiographer aOO patic.ots in traction, 114 
Radiographic c.zaminatioa. 

acr-us for, in lnclion, I 14 
aning materials •nd, 20.3 
congenital ciislocatioo or the hip, 94-96 
utern•l skclcral fixation, and, 245 
frequency of, anJ fractures, 114 
removal of traction &Dd, 116 
von Rosen technique, 95 

Reciprocal w1lking frau1e, 249 
Rectangular heel sockets. 160, l6l, 162 
Recurrent laryngeal m:rvc palsy, 89 
Reef ._nol, 57 

conversion from barrel hitch, 57, SB, 64 
Rcfracturc of femoral didl, 116 
Rchabilita1ion 

cruich wa!k..ing, 259-267 
functional bucing and, 215-233 
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Rehabilitation (roncd) 

lower limb onbos~ lSl-170 
modern splinting and casting rruucrials, 203 
patients in uaction and, J 15 

Rehabilitation officer, role of, JOS 
Reinforcements (of shoe), 175 
Rcmould:bility of ca.sling matcrialJ, 198-201, 

203 
Rcn:11I calculi and traction, 109 
Renal failure 

c:rush syndtomc ind, 278 
undcr-cransfusion and, 109 

Rhcum:i.coid .:anhrilis and footwcu, 177 
Rigid spinal orthoscs, fJ5-139, 140, 141-l44 

indic;nions for, 140 
Ring lock knee joint, 154, 157-158 

automatic, l 57 
m.;inual, '157 
rod spring, I 57 

Ring top, caliper, 152, 153, 167, 168 
Rocker bar 

for .111nk.Je/sub1alar p2in, J 80 
ror hallux rigldus, 186 

Rod 
distraction, spring·lo~dcd, 83, 84, B~. BS. 89 
pelvic, 83, 84, 851 87, BB, 89 

Roger Anderson well-kg tr:iclion, 23-25 
:application of, 23-25 

Rollator, 249-250 
Rotarion of limb, control of, 2, 4, JO, 19, 23, 

33, 37, 39, 51, 53, 60, 61, 62, 64, 
6S, 67, 68 

Ro1:1nd heel wckecs, 159-160, 162 
t111aJ\·an1:1ges of, 159 

Rubber cnncb tips, 258 
Xub~r glove tourniquc:1, 281 

Sacroiliac on hos is, J 32, 140 
indicacio~ for, 140 

Sc.uOiliac suai:i, 140 
Sandal srirrup, 160 
s~rmicnto 

humcr:;il brac-e, 232-233 
tibial cast, and brace, 219, 220-223 

Scan, dcpre"cd, prcvcniion of, 11 
S.:iatic nerve palsy, 278 
Scoliosis ·and spin~I br<1cing, 141-144 
Sco1chcast, 199, 2021 203, 290 
Scotchflex, J 99, 290 
&rew eye, 6, 46, 47, 51, 52, 292 
Seton s!Un traction ki1, 2, 291 
Sc1ting time of c.is1ing materfals, 198-201 
Shank, 173 

medial, filler, 183 
Sli:-cl, foT hallux rigidu~ 186 

Shelf life of cuting cnacerials, 198-201 
Shcn1on's line, 95, 96 
Shock lun1, 109 
Sh<>< 

difTcren~ parts of, 172-175 
heel, 172, J 74 
heel breast, 172, 173, 174 
lace s1 :ays, 172 
1inincs. 175 
quancr, 172, 179 
raise 

arched and bridge waislcd, 193;··194 
olcul:ation of, 191-L92 
general coruidcr:uions, 190-191 
inside rdse, 193 
0 uuide raise, 192-193 
tapering of. 192 
types used, i92-194 
unsuitable: footwear for, 193 

rdn(orcc:menu, 175 
sh2nk, J 73 
sole, in~r and outcZ., !73-174 
chro2t, 172 
toe bo11:, 17S, 185 
1onguc, 172 
upper, 172-171 
v~rnp, 172, 1761 !85 
waist, l 73 
welted consln.•ction, 174, 179 

Sickle cell diseasd1r;;ii1 2nd 1ourniquc11i 272, 
276 

Side bars of c;~Jipcn, 156-157, 159-161 
Simonis swivel, 28, 29, 30, 238 
Skcle12I 1rac1ion, 4-11, 26-30, 32-37, 4t-47, 

52-54, 7)-81, 112-11) 
complicacions of, 4, 9, 10-11, 80-81, 66-90 
Dcnllilm pin, 4, 5, 28, 113 
grca1er ttoch;.nl~r, .,ltJ-47 
halo, 78 
hJlo-pi:.IViC, 71, SJ-90 
infection ofbor.~ and, 4, 10, 8t, 88, 

J 12-113 
in5enion Steinmann pin, 9-10 
KirKhr:er wire, 6, 36, 51-52, 54, 113 
l:i.1enl upper fc.rr,onl, 46-47 
mc:aca.rp;;il, 53-54. 
ninety/ninety, 33-37 
nur5ing care a:id, IJ2-l l3 
o!ccranon, 52-53 
Perkin~, 28-30 
sites of applio1ion of, 6-9, 73-78, 85-87 

c;.ika:ncw, 9 
grt:itcr uochanter, 6 
lower end of femur, 6 
lower end of tibia, 8 
me1ac2rpals, 6 
okcr:illnori, 6 
upper end of femur, 6 
upper end of tibia, 8 
ikull, 73-74, 76, 77 

1Jtull, 7J-8J 
SIC"inmann pin, 41 9, 113 
Tulloch Brown, 32-33 

ball of, 173 SIUn 
briak or, 173 
counter, 175, 179 

graftin& and tourniquer, 278 
irritatioo and trKtion, 110 



Skin (contd) 
nursing care in irac1lon, 107, 110 
pre-operati\•e prcp:uacion solu1ions, 282 

Skin-trac1 2, 292 
SlJn traction. 1-4, l 12 

adhesive, 2, 110, 112 
applica!ion of, 2 

complicacions of, 4, 110, J 12 
contrlllndic1Hion1 to, 3 
non-adhesive, 3, 112 
mai:. Craction wdgh1 and, 2 
nuuing care, 112 
Tobruk !rli11r anJ, 18 

Skull, penc<racion of, and traction, 81, 88 
Skull tractivn, 7j-8] - t 

aims of treatment, 79 
apphcacion of, 7)-78 
cervical 5pinc injuries and, 79 
complications of, 80-81 
Cone (Ban:on) tongs, 75-76 
CrutchfidJ 1or.gs, 73- 75 
halo splint, 76-78 
indications for, 7 3 
management of, 79-80 
trae1ion wcighis, 73-80 

Sliding traction, 12, 26-55, 73-81 
applic;itior.. of 

Agnes Hunt, 48-49 

. ·-

DOhlcr·Br.1un frame, using, 44-45 
Bryant's tuaion, 42 
Buck's Haction, 27 
Dunlop trac1ion, 50 
Fisk splint, 38 
'Fix~d' Thomas'$ splin1, 40-41 
sallow~ Uaction,. 4 J 
grcacer troch.an1er, 46-47 
Hamilton Russell traction, .30-11 
literal upper femortlJ "6-47 
rne1aarpa( pin traction, 53-54 
mod.irttd Bryant's uaction, 43-44 
ninety/ninety traction1 36-37 
olecraaon traction, 52-53 
pelvic, .f9 
skull, 73-78 
Thomu•a: spli~t and knec-flexion piCC'C, 

38-39 
Tulloch Brown tn1ction, 32-33 

far cctvictl spine, 71-81 
methods .of 1pplica1ion1 27-54 
principle of, 26-27 

Slin1 
for Thotnas's splinl, 14-15, ll2 
pelvic .. 69-70 
prevention of alipping, IS 

Social worker ind pa!icnts fo lractioa, 105 
Sock.ct, heel 

fb,t/rcctangular, 160, 161, 162, 161 
round, 1531 154, 155, 159-160, 162, 163, 

166 
rubbcc tOtliionat, 

1
163-164 

· Socsi laces, dastic, 177 
Sole (of shoe), 173-174 
SOf..i.I br~c, 146Tl47, 291 
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Spc.:ialist foa.n1 traction, 3, 289 
Spina bifida J.~d footwr.ar, 176 
Spin:1l behs and corsets, 132-134 
-spinal cord injury .anJ traction) 73, 79, 89 
Spiral ins1abili1y, 140 
Spinal orthoses, 129-149 

an1erior hyperexlension brace, 138 
Boston brace, l4l-14~, 290 
ccrvii.:al, i 4·i- l-li'l 

four-poster, l.J7, 291 
halo-body, 81-83, 148, 149, 287 
J.tim:rva j:1ck<.'I, 148, 149 
mould..:..J, l·lS-146 
rc~iriction of movement, 148-1..\9 
SOt.H brace, 1·16-147 
temporary collar, 144-145 
Thomas's collar, 145 

couei:1ive, 141-144 
fabric, I ]2-1 34, 140 

fitting of, 13·1 
function of, 131, 132 
lumbo-s:1i.:ral, 113 
prescriplion of, 140 
sacro-il12c, 132 
thoraco-lumbar, 1 J4 

Fisher brace, I 36, J 37 
function of, 131-132 
J..\ilwauk.ec br~cc, 141-143 

lining of, 142-141 
indications for, 14 l 

moulded, 139, 145-146 
po:osiblC bendi1s of, 132 
rigid supportive, 135-139, 140-14. I 

basic construdion, 135-136 
fitting of, 138 
prescription of, 140-141 

Robcn Jones brace, 116, 117 
1upportivc, 112-141 

prcscripcion of, 139-1.f l 
Taylor brace, 135, !3&-137 
Thom:u's collar, 145 

Spinal 1raction, 71-91 
non-skeletal or halter, 71-72 
sltelc1al or skull, 73-76 

Spine 
ccrvic.al, restriction of movcmcnl by 

orthoscs, 148-149 
functional anatomy of, 129-131 
infection ind bracing, 136, 137, l-40 
inrr1diKal pressu.rc1 13 J 
movcmcnCI in 

cervical, 129-130 
lumbar, 110-131 
1horacic1 110 

Splinl 
Barlow, 96, 100-101 
danien of discarding coo early, ao.d 

, fracturu, 116 
Denis Browne hip, 102 
Fisk, 16-17, 37-38, 61, 62, 291 
function in diiling lraction, 12 
halo, 76-78 · 
pos1erior g:uucr and Bryan1'i traction, 43 

I 
I 

\ 
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Splinu (con1J) 
Thomas's, 13-16, 18-23, 38-41, 63-68, 

I I 1-112 
Tobruk, 20 
von Ro&en, 96, 99-101 
when to discard, and fractures,· J l6-117 

Splinling and casting materials, 195-204 
choice of, 202-204 · '· ;,.,,,.,,.,. 

:.i .. ·· runctional bracing, 218-231. •· 
, 95 .. ,:··,; ..• ! 

history o~, l . .- .. _. ,.;, ~· .•1 
lo:1d-bcanng umc of, 198-201 ·· , ., . ;. . 
low tcmpc:rarurt thermoplastics, ~O~l.:~~~1 ,~ • 
onhop:acdic we: of, 196 -~-•';-·• 
plo1s1cr-o(-l'ui~ 197-198 · .. , .. 1 
pla~tc:r-uf·l"aris with niclaminc, 197, 198. ·. 
polrn1criu1ion, which undergo, 197, 199, ... ~ 

200, 202 
propcnic_!, ublt of, 198-201 
$ti1Tncss of. 198-201 

Spli1 bed, H:iJJidd, 28, 291 106, 288 
Spliuing of rbntc:r cu.n, 212 
Spondylolinhcsis, 140 
Spond;·lol)-sis, 1-10 
Spring 

clips for cords, 58, 67 
E:xc:tcr coil. 16'1 
Thomas's splin1, luspen1ion by, 56, 68, 288 
10<-raising, 162-16.f 

Spring-loaded Jistraction rod, 83, 8·1, 86, 88, 
89 :< 

Spur pieces 
n:n/rectangular, 159. 16.J 
round, I S9, 163 

S12nd.:ard w.:al!Ong fr.:amC, 247-248 
S1cinm2nn pin, 4, 9, 113 

Charnley clamps with, 235 
inscnion of, 9 

Stcridrapc, 282, 290 
S1icP,1 walking, 255-256, 267 
Stirrup 

:urachmcnt of side ba~s. 160 
Bllhlcr, 4, 5, 113 
Nissen, 31, 32 
ordinary, I 60 
sand.:al or inscn, 160 

Str:aps 
•nklc, 153, 154, JS5, 161, 166, 167 
fulcrum, 132, I 331 114 
rcuiiiing for lower limb orthoscs, 166-168 
T, 165-166 . 

Strength of castin& maltriah, 198-201, 
202-20) 

S!)•k of boot/)hoc 
Bdmoral, I T2 
D"C.rby. 172 
Eagle, 176, 291 
Gibson, 172, 1731 176 
Oiford, 172, 173. 176 
Piedro, 176, 289 

Subdural abscess :and skull 1rac1iOn1 81, 
Subtabr join1 1 pain and foo1wc2r, 179-180 
Suppon.i\•e spinal orthoses, 132-i41 

Surg.ical footwear, 175-179 
Suspension cords. 57, 67• 113 
Suspension of appliances, 56-70 

ad't'anlaJel o(, 561 59 
Suspension wcighu, 60-61 1 62, 65, 69 
Swinging gaits with cru1chCs1 261-262 
Swing·1hrough cru1ch g::iit, 262 
Swing-lo crutch gah, 261-262 
Swisa lock knee join,, 155, l SB 
Symphysis pubis, insrabili.t~ of, J 40 

Tapered heel cushion, 181 
Taylor spinal bnacc, 135, 136-117, 1'10 

inJications for, 140 
Teachers :ind p:uicilt! in 1rac1ion, IOS 
Technical analysi.s forms; 119, 120-12&. 

294-301 . 
Tcndo calcancus, pi·cssure sores and, 4, 5, , 12 
Th11nc1 bc<1m, 66 
Thcrmopl11stics 

high tem?C·fa1urc; 1·;.; '.· 

low 1cmpc1a1ure, 19·6; .201, 202 
Hcxcclia·, 2_01, 202, 290 
Onhopl.:asl; 2"01, · 202, 289 
Plastazorc, 201, 202, 288, 291 · 

Thigh pa•J, :anlcrior, 15·;, 155, ·167, .169 
Thomas collar, 145 
Thomas heel, 182 
Thomas or Jones s'pinal br:acc, 136, 13"?, 1.;0 

indications for, 1·10 
Thomas's splint, 13-16, 18-22, 38-41, 49, 

63-68 
description. of, I l 
'fixed', application of, 40-41 
'fixed', suspension or, 65-67 
'lixcd', lraction in, 3-20 
knce-flcxion piece 2nd, 16, 38-39 
measuring for, 13 
prcpan1tion of, l4-J6 
sliding traction and, 33-41 
slings for, 14-16 
suspension of, 63-68, I I J-JJ2 

by cords, pulleys,. weights, 63-67 
by springs, 68, 288 

Thoraco-lumbar orthosis, 13·1, 140 
indica1ions for, 140 

Three-point cru1ch g:.it, 263-267 
Throa1 of shoe, 172 
Tinci. benzoin. 10 
Tobruk splint, 20 
Toe block., 186 ·.!. 
Toe box, 17S, 185. , 
T0<·ou1 and lower limb onhoscs, 161 .- ... 
Toc-r:iising devices. 162-165 

2nk.le joint and spring, 162-163 
dtmble below·knee iron anJ lpting, 162-J~} 
Exe1cr coil spring, 164 
Onho!enc splint, 164-16S 
rubber toq;ion soci..ct, 163-161 

Toilet and paticn1s in traction, 107 
Tongs 

, 

.; 



Tongs (amrd) 
!h rton, 73, 75-76 
Cone, 73, 75-76 
Cnuchficld, 73-75 

T ongue (of shoe), 172 
T ourniquw, 269-285 

Bier's block, 283-285 
application of, 283-285 
complications of, 285 

chcd.ing rourinc, 279 
contra·indicariom 10 

uunguinarion, 271 
use of, 272 

dangcn from, 274-278 
blccdint af•cr rr rr.0·1al, 278 
cuff pr<:1ure, 275-276 
cxunguinarion, 274- 275 
failure to prolcct 5kin, 28:! 
fai lure to r<movc, 278 
bchacmia, 276-278 

deep vei n rhrombosh and, '171 , 2H 
development of, 269-270 
digiul, 270, 28 1 
Esmarch band•ge, 26~, 270, 271, 272, 2H, 

279, 280-281 
how 10 apply, ~80-282 
non·pncum:otic, 270, 21:10-281 
Petit (screw) rypc, 269 
physiologic.al change' wilh, 276 
pncunuric, 271, 279, 262 
post-touroiquct syndrome, 277-278 

prevention of, 277-278 
precaurions "'hen using, 282-283 
prasurc in cuff, 273, 275-276, 279, 280 
record of use of, 279-280 
aitc for applicarion of, 272 
t ime limit for, 273, 274, 276, 280 

. va~-ular complicarions, 271, 274-275, 
276-278 

widrh of cuff, 272, 280, 283 
Tourniquet pauly1i1 syndrome, 276 
Tracuc, 2, 289 
Traer ion 

Agnes Hunr, 48-49 
Bohler-Braun frame, using, H-45 
Bryact'a, 41-43 
Bry1n1'1 modilicd, 43- H 
Buclt's, 27 
cervical apondylo1i1 and, 71, 7l 
chm compliarions and, 109 
corcb, 11, 18, 19, 21 , 28, 29, 30, 36, JS, 41 , 

· s2, s•. s11 66, 113 
counter, 11-12, 18, 19, 23, 26, 27, H, '47, 

54 
Dunlop, -49-SO 
duration of, for fractu ru, 116 
Fisk avlini. in, 37-38, 62 
lixcd,, 11, 18- 25 
'fixed', Thomu'1 1plln1, in, 40-41 
gallows, 41 
halc>-pclvic, 71, 83-90 
haller, 71 -72 
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Hamihon Russell, 30-31 
knee atiffncss and, 61 37 
lareral upper femoral, 45-48 
managemc!ll of paticnu in, 105-1 17 
metacarpal pin, 53-54 
nine1y/ninety, 33-37 
ok cranon, 50-53 
pel vic, 49 
Fcric:iOJ, 28-30 
physio<herapy and, 114-116 
prolap'°d in1ervcrtcbr2I disc and, 49 
radiographic examinarion and, 114 
removal of, I 16-1 17 
Rog<r A.1dcuon wcll·lcg, 2 3-25 
skcktal, 4- 11, 73- 90 
'kin, 1- 4 
ikull, 73- 81 
.!iding, 12, 26-SS 
apinal, 71 -9 1 
subtalar joint stiffa1<u and, 9 
Thomu's spli111, in, 18-2 1, 38-41, 49, 59, 

63-68 
rime in, 2nd differc nl fractures, 117 
1raction·suspcnsion sysrcm, cue of, 111-114 
traction unit, in, 21-23 
Tulloch Bruwn, 31-33, 61 
uni1, 21-23, 61, 64 
urinary complicati:>ns i nd, I 09 
when 10 discard splint, 116-1 17 
with U-loop ribial pin, 31-33, 61 

T raction l it 
ElaSloplast skiA, 2, 291 
Scion skin, 2, 29 l 

Tracrion screw 
olecranon, 51 , 52 
pelvic, 46, 47, 292 

Traaion-suspcnsion system, care of, 111-114 
Traction unit, 21-23, 61 
adv~niages of, 22- 23 . 
application of, 22 
fixed traction in, 21-23 
auspcnsion of, 6-1 

Traction weight, 2, 3, 18, 22, 27, 29, :IO, 31, 
36, .C 1, 45, 47, 71, 73, 80, 114, 115 

B6hler·Braun frame, 45 
Buck'a uaciion, 27 
Dunlop traction, SO 
facion inOucncing choice of, 27 
' fixed' Thomas'a aplini, -41 
Hamilton Russell traction , 31 
hud halter, 71 
inirial and fcmoul fucturc, 27 
larcral upper femoral, 47 
m<1acarpaJ-pin tract ioo, 54 
nincryliiincty uac1ion, )6 

olccranon traction, 52 
Perkins cracrion, 29, lO 
skin uac1 ion 

ai.lhcaivc, maximum, 2 
nof!adhuive, maximum, 3 

skull traction, 73, 80 
10 reduce: groin pressure, 18, 22 
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. Tr~llD\alic rctpintory Ln,ufficicncy, 109 
Tripod walling aid, 256-257 

1djw1mcnl of, 257 
Trophic \llccn1ion and footwear 177 
Tn.it discrepancy Ln limb lcn11h, 186-187 
T·strapi, 165-16~ . 
Tulloch Brown tnction, 31-l) 

•Pplicition of, 32-ll 
sutpe:ruion of, 33, 61 

Tulloch Brown U·loop, 90/90 Utetlon and, 
J.fi-15 .... 

T "'°1>0iot crutch gil1, 263 

Ulnar nerve paby, 6, 52, 110 
Undcrum crutches, 2)() 
Union of fraaurcs 

dcla)·cd, UI, 2)9 
funciional bracing: and, 215-217 
non.union, 215, 239 
proccuu occurring in1 216-2171 238-239 
wtdging· o( plaster casts and, 21'2 

UniYctu.I Diy (1amc, 240, ~I, 2a9 
Uppu {of 1hcc), 172-173 
UrinJry lraC1, paticnh in tnction :ai1d, 109 

Vacuum for:ncd footwear .. 177-178 
Valgus in~ks, 1S1-182 
~iltnp {of shoe), 172, 176, 185 

ilC\Jlu complications 
B::,-1m'1 tr;;iction a;id, 4'2-4.l 
coox,enilllll disl0cation of tht hip 1.nd, 96-97 
Dun,op tr1ction and, SO 
rcm~ra! lh2fl fr2CllHCS and, 21, ~2-4) 
Ln prc~cncc of JiHal peripheral pu4cs, 205, 

206 
p:i.in io;j, ~05 
pl;utcr C.;i;.11 •nd, 205-206 
Prcvcmion of, 205-206 

, tourniquers and, 27], 274-275, 276-278 
\~mfoam sl:.in tfdction b<11ndage, 3, 27, 292 
Vtdal fr•me, 2)6, 2·12 -. 

Votk..rmnn's isch<11emic contnctutc 50 
'·dn Res.en splim, 96, 99-101 ' 

lpplio,tio:i of, 99-100 
managcmenc in, 100-101 

w.in (of 1hoc), 173 
Wll'F.ing I.ids, 246-258 

crutcho, 2S0-255 
energy u~ndi1urc •nd, 2~ 
frlmes, 241-25-0 
handtrips, 258 
muscles~ with, 246 
parallel ban, 247 
rubtx:r tiP'> 258 
selection of, facton m, 246 
3cidu, 255-256., 267 
u;pcd and quadruped, 256-257 · 
wal~og uk:b .. 255-256, 257 

W3t .. ing ftlDl~ 247-250 
pulpih 249 
reciprocal, 249 
10Uator, 249-250 
nanJar1, 247-2-48 

Walking stick"1 255-256, 267 
adj\lstmt~C of, 2 S6 
,dcction or, 255 

W3lJJng with cnuchcs, 259-267 . 
Water ac1iv1tcd Polymcrha1ion cf ::uting 

maierials, 196, I 99, Z02 
Wedging of plasccr casts, 212-21.\ 

complicaiioru of, 214 
Wtight·rtlic\;ng caliper, J 51 

}'.ow co check, 151-152 
WeighlS 

1-uspcnsion, 60-61, 62, 65, 69, 114 • 
iraction, 2, 3, 18, 22, 27, 29, JJ, JI, 36, 41, 

45, 47, 71, 73, 80, 11~. 115 
Welt (of 1hoc). 1 ·14 
Wind\au, 18, 19 
Wine.low, culling, in plaster CH~, 21 l 
Wing trlction icrcw, 51, 52, Z91 

X-ray dui1y o'fclLSting mRtcri.;:S., 19B-201, 
20) 

X-rays and traC1ion, 114 
Xyloc-ainc, 284, 287 

Yampl, 177, 292 

Zoroe, 197, 198, 289 

.. 
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