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PREFACE

It were happy i we studred noture more in
natural things and octed according to nature
whose rules are few plan and most reasonable

WILLIAM PENN

IN RECENT YEARS, 1n the ficld of the healing art, few developments have been more
remarkable than the range and variety of the accessions that have been made to
the armamentanium of the surgeon  New sutures and ligatures the immense
possibilities openied up by the non toxic chemically produced resins, the intro-
duction of new metal alloys and the ever improving auto-grafting, homo-grafung
and hetero-grafting techmques—all are enlisted 1n the ard of human tissues damaged
by disease or inyury beyond repair which have to be replaced by aruificial means
AlL however 15 not gain  These synthetic implants no less than the natural pose
their own problems and difficulties.  No surgeon can penctrate the arcana of
human Iife without a deep sense of the individuality of the organism  As Carrel
has smd * Human beings are not found anywhere in nature  There are only
imdrviduals ™ and as well as diosyncratic reactions the surgeon 1s too often faced
with a lack of exact scientific assessment of the materals he 1s called upon to use
Perhaps the most valuable feature of the present work 1s the attempt made 1n the
vanous departments of surgery with winch it deals to bring these matenals 1o the
test of exacting scientific methods It 13 a counsel of perfection to say that the
surgeon should know the physical chemrcal and biological reaction of any material
which he proposes to use, and that it should be adequately tested by the manu
facturers before 1t is relensed for general use  The truth of the matter 1s that there
is an ever increasing number of new devices which are inadequately designed and
tested and since the manufacturers of surgical matenals furrush Little or no
specification dats there 15 thrown upon the surgeon a heavy moral—and legal—
responsibility which he should not be called upon to assume Even as 1s shown 1n
the chapter on ~ Natural Materials ” 10 old, tried and tested a matenal as graded
catgut 13 suspect, seeing that its carefully labelled rate of absorption in muscular
tissue 15 so far an approximation as to be  totally unrelable
Or who would have thought at the present time there was much to be said about so
stereotyped a technique as sterilzation yet the reader will find 1n the chapter on
ths subject much that 13 new surpnsing, informative and of practical value
Consider again the question of metal ymplants from the point of view of their
use a5 a surgical material. Only a very small proportion of the metals known to
technology have been tested in the Lving tissue and while the rapidly developing
science of metallurgy 1s continually presenting the surgeon with new and apparently
better alloys, he has little means of assessing their value The only specifications
goverming the manufacture of metal implants at the present time are still those of
the 1945 report of the Fracture Commuttee of the Amerncan College of Surgeons
133



PREFACE

The reader ss referred 1o the following pages to the outstanding contributions
which deal with the use of metals in surgery the metallurgical problems m surgery
and the biological and mechanical factors in prosthetic surgery The writers of
these have assembled & wealth of detail on & subject of pnme importance to every
surgeon called upon to undertake the internal fixation of fractures,

Metals and plastics form the basis of arthroplasty and by the use of these mater
ials the surgeon s business is to repaur the effects of disease or imjury His concern
s to know the most surtable materuls to employ and what the reactions of the
ussues will be to those matenals. Always to be kept in mind, as has been sad, 13
the uniqueness of the individual. In dealing wath the Iiving organism 1t is always
drfficult to predict with certainty the outcome of any surgical procedure no matter
what care, skill and good judgment are employed What 15 essential 15 that the
surgeon should know the chemtcal, physical and reactive properties of any matenial
which he proposes to use  Unfortunately such matenal 1s not always adequately
tested by the manufacturers before it 13 released for general use, and the whole 1dea
of the symposium which comprises the present volume 15 to afford some guidance
m the choice of matermls.

New ground 1s broken in the article on Biomechanxcs. It can be defined 2s a
branch of saience which spplies the methods and techniques of mechanics to an
analysts of the effects of external and nternal forces on the human body at rest and
in motion under normal and pathological conditions. The study of these strains
and stresses adds up to what may be called human engineering. Obviously ft 13 of
no great assistance to the amputee to be equipped with the most up-to-date arti-
fiem! mb if the ressrdual blomechanical power 1s not capable of operating 1t
efficiently Biomechanics comes to the aid of the surgeon 1n forecasting what
material will be best suited over a period of years to withstand the attrition of
constant use, and the stresses q upon the repl of abnormal
portions of a tissue

Fipally therc are the grafis—the preservation and transplantation of inte-
gument, blood vessels and of whole organs, Here opens out an immense new field
of which no man can drscern the Lumts or gauge the possibilities. To encourage in
the lrving organism that stimulus to repair regeneration and replacement which 1
part of the natural process must always be the ideal of the surgeon

During the Inst decade the surgical treatment of aneurysms and permanently
occluded blood vessels by diseases such as athero-sclerosss, atheroma or thrombo-
angertis obliterans has been marked by great advances. At the present time these
dseased sections of the blood vessels can be excised and replaced by venous or
autogenous grafis or even by plastic tubes.

The ability to store homografis and the use of plastic prostheses, has cnabled
surgeons with the ard of hypothermia and the advances in anaesthetic techmque to
carry out such feats of surgical skill as operations on the heart and on the arch of
the aorta.

Since the proneer work of Carrel, over 40 years ago great strides have been
made 1n the replacement of cells by cells tissues by tissues and organ by organ

Whatever bencfits are described 1n favour of metallic or plastic implants there 18
always one formidable disadvantage—they can never become part of the body
structure because actual fusion 1 impossible  On the other hand, the ideal ymplant
13 that which 15 absorbed by the body a condition which only a graft can fulfill.
x




There 1s Little doubt that in future years artificial matenals wall be replaced by
natural stored prafts (cye banks arc already a commonplace) or fresh grafts
though many problems, complex and far reaching, even into the penetralia of the
mystery of life itself remain to be solved  Even when tissues are compatible their
union often does no more than to form not a junction but a scaffolding upon which
natural regeneration buikds up on the donor trssue

Perhaps nowhere is the intense indviduahity of the human body displayed to
clearer purpose than 1n a homogralt reaction in which grafts transplanted from one
body to another are rejected  The reaction would seem to be Immunological 1n
character—the resistance of the orgamism not perhaps so much to a foragn body
as to alien tissue substance The antigens which provoke 1t lave not yet been
defined though recent evidence suggests that they may be akin to the blood group
substances.

Durning the past two_years a new mode of immunologkeal response has been dis-
covered the reaction of grafied cells against their host and by taking advantage of
the pnnciple of immunological tolerance 1t has become postible to prevent the
homograft reaction [mmunologreal tolerance 13 a state of specific non-reactivity
nduced by the introduction of donor cells 1nto an ammal when it is immuno-~
logxally rmmature, for example the new born The study of the formation of these
auto-antibodies 15 and will be most rewarding, for the establishment of the whole
principle of tolerance may result 1n its prowiding a general mechanism that will
prevent auto-immune reactions  The phenomenon of tolerance shows that the
* homografi problem ™ as a surgcal problem 18 soluble 1n princaple The solution
n practice 1s znother matter The grafung of part of an organ whole organs,
tissues or imbs scems theoretically possible but is still tantaliningly remote

There remains for me to thank all the dstinguished authors who have con
tributed to this work In particular 1am indebted to Mr A Lee McGregor my
ol teacher and chief who has honoured me with hus contribution on Abdommal
Surgery I venture to say that the authors have opened up wide vistas 1 their
vanous fields which will well repay exploration. In fact, the whole subject em
braced by this book 15 novel enough to invite research and sofficrently large in its
scope 1o enlist, as here, a further combination of scientific technological and
surgical mavestigation. It could not but result in a great addition to our knowledge
of some of the obscurer aspects of surgical practice My thanks are also due to the
medscal editonal staff of Butterworths the publishers. They have been most
patent and understanding especially 1 regard to the delays and alterations 1n
scparable from the compilation of a composite work of this nature, * Give us the
tools,” cried a great man * and we will fitsh the job  Give us the nght tools
1ays this book in effect, and we will make a bcttcrjnbofwhat\wmdomg.

LEON GILLIS
1958



THE METALLURGICAL PROBLEMS IN SURGERY

consumption of electrons occurs at the other the cathode, then a steady flow of cur
rent will be maintained in thcwue and n the :lcctrolytc The energy required todrrve
the current will be supplied by the ct occurmng at the hiquid metal
boundaries A co. current created in thu way will continue indefimitely
until the anodic metal’is completely dissolved or until the reaction 1s stifled by
some polanzation process. A comprehensive account of the various phenomena
which occur when metals corrode has been given by Evans (1946).

Corrosion currents can equally well be caused by differences 1n the chemical
compositions of the hqueds wetting different parts of the same metal (provided
that the two hquds are in electrolytic contact) An example of this aspect of
corrosion which 1 particulardly mportant 1o surgery 1s the cianges 1n the redox
potential caused by dufferences in the oxygen content of the blood. The supply of
oxygen bearing blood often vanes considerably over different parts of the same
metal implant. In extreme cases this may itself cause small corrosion currents.

When a surgeon inserts a prece of metal into human tissue he often requires 1t
to withstand the corrosive attack of the body fluds for several decades wrthout
further attention, It 1s extremely important therefore that due attention should
be paid to the factors which can influence the resistance of the metal to corrosion.
In particular 1t should be remembered that the behaviour of a surgical implant
depends not only on the metal of which it 5 made, but also on 1ts environment
and the manper 1in which it 1s handled. The ch 1 posttion must be selected
50 that 1t s inert or passive in body tissues  and then the mplant must be used
and handled 1n such 2 manner that the corrosion resistance of the metal is not
impeaired in any way

M. THE CHOICE OF METALS
E. G C. CLARKE AND J HIcKMAN

When selecting a metal for surgical mmplantation & number of points mnst be
conudered. The metal must be one that will remarn inert and free from corroston
1t should be of low toxicity for tissue cells 1t must have mechanical properties
suited to the purpose for which 1t is intended  and finally 1t should be readily
available and comparatively inexpensive.  From a consideration of all these factors
1t 13 clear that the wdeal metal for mplantation has yet to be found  Of the metals
1n surgical use today tantalum, ttamum Co-Cr Mo alloys such as Vitalium, and
stainless steels of the 18/8/Mo type all have their advocates, None of these
however can be said to be perfect they are cither too scarce too unworkable, or
too prone to cause tissue reaction

Inertness and freedom from corrosfon

Only a very small proportion of the metals known to technology have been
tested n hiving tissue  From the large number of metallic elements available the
metallurgist has produced an almost infinite vanety of alloys to meet the exactng
needs of ipdustry It s thus concervable that the 1deal metal for implantation 1s
on¢ that has already been produced to serve some specific industral purpose and
of whose existence the surgeon 3 as yet unaware Moreover s inertncss 1n
tissue would have to be established by an extensive series of animal expenments
before 1t could be put to clmscal trial  Such animal expenmentation is laborious

2



THL CHOICE OF MLTALS

swe and although essential as a prehiminary to surgical use Is clearly
?::c:y’sl;’lcynlo be used asa miihod of testing the hundreds of alloys available  Some
simpler techmigue 1 therefore needed to establish the switability of a given metal
The work of Venable and Stuck (1938) and others showed that there was a
correlation between the electrochemical propertics of a metal and sts behaviour in
biological flurds  Since most of this work has been qualitative rather than quanti
tative Clarke and Hichman (1951 1953) undertook an investigation into the
relation between the clectneal potentials of metals and their known behaviour i
tissue  Starting with the premuse that certain metals (for example tantalum
platinum) were inert m tissue while others (mild steel copper) underwent gross
corroston they attempted to find a single reproducible value readily measurable
in vitro that would indicate the behaviour that the metal in question might be
expected to show when mmplanted in living tissue  This they believed would
enable the more likely metals to be sclected {rom scores of others and submitted
to the final test of ammal experiment

Anodic back e f

It was found that if a current was passed through an electrolytic cell contalning
serum 1n which the anode and the cathode were a piece of the test metal and a
calome! half cell respectively and if the cakculated potentinl difference due to the
IR drop across this cell were subtracted from the observed potential difference as
measured by a valve potentiometer a figure was obtained which was independent
of current over & wide range  This value known as the anodic back em f
(ABE) was characteristic for the metal and closcly proportional to 1ts observed
nertness 1o tissue,

Thrs anodic back e.m { has been fourd for a large number of metals (Table I)
It will be noted that inert metals such as tantalum (+ I 650 mV) and platinum
(+ 1450 mVY) have high poutive potentals whike those that corrode readity
such as wron (— 500 mV) and magnesium (— 1,500 mV) show large negative
values  In the case of stainless stecls in Table 11 the relation between ABE and
composition 5s clearly shown the addition of 2-3 per cent of molybdenum increas- ¥
g the potential by over 100 mV  This figure should serve to emphasize the
dangers attendant on fastening a plate of one type of steel with screws of another

That tius ABE 15 indeeda-measure of ineriness in tissue was hikewise confirmed
when small rods of a number of metals were wnserted 1nto the long bones of dogs
The amumals were destroyed and the implants examined at intervals ranging from
3 months to 1 year after mplantation The metals used were tantalum, vitallium
(Vinerta) (Cr-Co-Mo) alloy S (Cr-Co-Ni) alloy C (Cr Ni Mo} FMB steel
(I8Cr 8N1 2 75Mo} FST steel (18Cr 8Ni) silver and mild steel, a senes ranging
from the completely inert (4 1 650 mV) to the very reactive (— 400 mV) The
inertness of the metal was judged by notmg the loss 1n weight of the wmplant, and
by assessing the reactlon of the surrounding thsue by histological and radiclogical
examunation (Hickman 1953 Hickman Clarke and Jennings, 1957 unpublished
data) It was thus possible to divade the metals into two maln groups  The first
group wcluded tantalum (+ 1 650 mV) alloy C (+ 830 mV) alloy S (4 750 mV)
Vitallium (Vinertin) (+ 650 mV) and FMB steel (+480 mV) With these even
lﬁﬂcr e year the metallic implant was as bnght and clean as when inserted and still

tied tightly in its hole  No measurabie l;m of wesght had occurred Hustological
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THE METALLURGICAL PROBLEMS IN SURGERY

examination revealed the presence of varying amounts of necrotic bone  In every
case the mmplant was partially encapsulated with a bony sheath. Radological
exammation showed an increase 10 the density of the surrounding bone and a
thickerung of the cortex  With FST steel (+ 300 mV) the finding was smular
except that there was still some reactive tissue and a number of free metallic
deposits  The second group which included sitver (+ 110 mV) and mild steel
(— 480 mV) gave very different results Here the implants were loose the silver
being dulled and the mild stee! gromly corroded  There was an appreciable loss in
weight 1n both cases. Considerable bone destruction had taken place and there
were deposits of metal in the bone space and in the phagocytic cells

These results confirm the suggestion that the behaviour of a metal in tissue
may be predicted from a knowledge of 1ts anodic back EMF  If this 1s over

/4300 mV the metal comes 1n the first of the groups mentioned above 1t will
cause mimmal tissue reaction and ceteris paribus 13 probably suitable for clinrcal
use Ifits ABE is below + 300 mV 1t comes in the second group it will probably
cause considernble bone destruction and should not be used 1n any circumstances.
Staimless steels of the 18/8 type such as FST occupy an intermediate posttion and
are probably better avorded.

Thus the fint cnterion that must be applied to a metal Is that 1t must have an
ABE of over + 300 mV and preferably well over this figure Theoretically 1t
will then remain completely fpert None of 1ts ions will pass into solution and 1t
will exert no 1nfluence beyond the monolayer where 1t mects iis environment. In
practice none of the metals in use today 13 perfect.  Under certam conditions,
to be discussed later even the best of them may corrode and give rise to tessue
reaction.

Cytotoxielty

The extent of this reaction will depend not only on the weight of metal passing
mto solution but alto on its cytotoxicity This phenomenon has been studied in
several ways  The cytotoxicity of varous metallie chlorrdes has been found by
Verne (1954) who divided them into four groups non toxic (for example, Na
Ca) slightly toxic (Fe Al) toxic (Ni, Au) and very toxrc (Cd Hg) Ménégaux
and Odette (1936) on ihe other hand studied the cytotoxiaty of tho metals
themselves by noting the rate of growth of chick embryo fibroblasts and osteo-
blasts placed n contact with discs of vaclous metals They found that certain
metals (for example copper iron) were very toxuc, others (unc slver for instance)
showed some toxicaty while others, such as gold platinum and certain stainless
steels were quite mert. It should be noted that these are only the  apparent
cytotoxicities of the metals, as only the 1ons that pass into solation exert any
effect. It 1snteresting to compare these results with those of Verne for * absolute ™
toxmcties cited above Thus ron (which corrodes readily) has a large apparent
toxkaty though the son itself 13 only slightly toxic, whereas gold is devoid of
* apparent ” toxicity although its 10ns are much more toxic than those of iron
Thus suggests that the first of the two factors mentioned above 13 the more 1mpor
tant /& toxsc metal that remains inert will do less damage than & non toxxc one
that corrodes readily

Care must be taken however 1n comparing the results of tissue culture exper]
ments with conditions noted in the clinical use of metals  For example, although
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there 15 abundant cvidence that the usc of dustrmlar metais fn surgery causcs
severe tissue damage (Rey 1946 Cater and Hichs, 1956) Ménégnux and Odiette
(1935) found that if they placed  couples * of dusimular metals in tissue cultures
the toxre effect was no preater than would have been caused by each metal singly
This apparent duscrepancy is probably due to the tine factor mvolved Ménégaux
and Odiette recorded the results of their tissue culture experiments afier 48 hours
while corrosion 1 surgical mmplants may not become apparent until after a lapse
of years

Carelnogenkeity

Another long term effect that must be considered 1s that of carcinogenicity
Few cases 1n which surgical implants have given risc to cancer seem to have been
recorded ajthough McDougall (1956) recorded a case in which a sarcoma appeared
to have been caused by a plate and screws of dissimilar steels when used to repair
a fracture 30 years previously  Exper | worl. in {e b suggests
that under ceriatn conditions most of the metals used n surgery can be carcino-
genie.  Thus Oppenheimer and his colleagues (1956) have caused sarcomas
rats by imbedding tantalum Vitalblum and stainless steel foil while Nothdurft
(1955) obtained similar results with gold silver and platnum It 15 noteworthy
that the usual constituents of the nlloys i common surgical use have themselves
been shown to be carcinogenic.  Thus Schinz and Uechlinger (1942) produced
tumours with chromwm Heath (1954) with cobalt and Hueper (1952) with nickel
Jt spite of these laboratory findings there 13 as yet insufficient evidence to suggest
that the use of any particular metal entails a definite carcinogenic risk

Mechanteal properties

The mech | properties required for @ metal will depend on the form in which
1t 13 1o be used and the purpose for which it is intended A foil must be soft and
pliable, a plate must be hard and ngwl a wire needs considerable tensile strength
Tendency to snap under stress and liabudity to fatigue are also points to be con
sidered  In this connexion key (1941) has shown that although there 1s little to
choose between Vitalium and 18/8/Mo steel from the point of view of mertness
the latter 1s defimitely supenior in its ability to withstand shock and vibration

Another property to be considered 15 the ease with which the metal can be
worked  Vitalbum (Vinerta) for example, 18 difficult to machwne and specral
toals arc needed  Most of the stainless steels can be bent or machined with ease
Thus pomnt 11 of imporiance if 1t is necessary to modify an appliance 1n an ortho-
pacdic workshop  but attention must be paid to the warning given in the next
scction about the treatment of metals

The physical properties of a number of metals are given 1n tabular form on
pages 4 and 5 These tables should also serve to emphasize the fact that the
words “ stainiess stee} ™ by themselves mean practically nothing  If steel 13 the
;crt;‘lnof t:hcgcc the u;rgcondshould nsist on a steel contamning some 18 parts of

wm parts of nickel and 2-3 parts of
properties surted to the task in hand o molybdenum wth mechamcal

As the pnce and availability of metals are governed b
y unpredictable economic
and indusinal factors, & dmscuss

oo e ton of these aspects hardly lies within the scope of

7
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THE METALLURGICAL PROBLEMS IN SURGERY
II. TREATMENT OF METALS
F P BowpeN AND J B P WiLLIAMSON

In the previous sections of this chapter it has been pointed out that human body
fluids are electrolytes and therefors exert a corrosive action on metals immersed 1n
them It has been shown that extremely careful selection of the metals used in
surgery 13 essentual if the undesirable consequences of corrosion are to be avorded
In almost all cases however the corrosion reustance of a metal depends on its
surroundings and on the treatment 1t has recerved. It 18 clear therefore, that 1t 1s
not sufficient to sefecs the right metal it is pecessary also to wse 1t 1n a manner
which will preserve its passivity Thus section gives a brief account of some of the
physical phenomena which are relevant to the handling and treatment of metals
in orthopaedic surgery

It has been pomted out that if two dusimilar metals are immersed 1n an elec
trolyte so as to form a cell corrosion will occur very much more rapidly than of
either metal had been present alone  The surgreal rmportance of this phenomenon
was demonstrated by Venable Stuck and Beach in 1937 and discussrons of the
dangers accompanying the insertion of mixed metals ™ have been published
pentodically throughout the last two decades (see for example Venable and Stuck,
1947) Although this work is well known to many surgeons the recent paper by
Cater and Hicks (1956) has revealed that 1n many hospitals Lttle attentron has
been pard to this aspect of surgery Until the bamc principles put forward by
Venable and Stuck twenty years ago are clearly understood and accepted (and ff
necessary protected by an official standardization of the materials used for rmplants)
there 1s ittle pornt in taking precautions to avoid the secondary causes of corroston
and the possible tissue reactions which can result from them It cannot be
emphasized too strongly that the first step 1n overcoming the problem of metallic
corroston m surgery must be the use of a single passive metal only

However 1t would be dangerous to believe that such a standardization will
provide a solution for all the problems created by the use of metals in orthopaedic
surgery The imnsertion of “ mixed metals Is by far the most important cause
of corrosion, but 1t 1s by no means the only one  There 15 clear evidence that even
in those hosprtals where the precaution of using a single passivated metal rs routine,
tissue reaction 1s occasionally observed 1n the regon surrounding the mmplant

Recently the occurrence of very mild corrosion in cases where there 18 no obvious
deterioration of the implant has been studied by Bowden, Willmmson and Laing
(1955)  Samples of the tusues surroundmg buned metal were obtained during
operntions for the removal of internal fixation applances which had fulfilled their
purpose. Great care was taken not to in¢lude any samples from cases in which the
metal showed any sign whatsoever of corrosion or tarnish. Cascs with complica
tions such as sepsis or Paget s disease were also rejected  Microtome sections were
made of these samples and some were prepared with haemotoxylin and cosin to
show cellular detail whule others were treated to demonstrate iron infiltrétion by
the Prussian blue reaction

It was found that many of the sampks contained unusually high concentrations
of iron even though the buned metsl showed no evidence of having been attacked
by the body fluids A close correlatron was observed between the level of fron in the
tissues and the degree of cellular reaction which occurred.  Heavy 1ron nflltration
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nied by scverc tissue reaction while no reaction was
2[::::2?5:11::5:5"?:'& shm{cd no abnormal concentration of iron  The survey
also showed that the behaviour varied considerably from place to place over the
surface of the same implant i{was found that severe cellular reaction occurred in
(hose tissues near the parts of the metal surface which had been handled by surgical
tools when the apphance had been inserted  This was marked conteast to the
almost complete absence of reaction tn the trssues adjacent to those parts of the
plates and nails which had not been in contact with tools
Even when the bunied metals are chosen so that no visible corrosion occurs 1t
15 still possible for them to dissolve into the body flurds to an extent sufficient to
cause an adverse reaction 1n the surrounding tissues  1t1s, therefore very Important
that the surgeon shoul give due attention to the causes of this mild corrosion and
that 1t should if possible be avoided until the influence 1t has on the physiological
processes occurning 1n the healing tissues 1s more completely understood Some
of the factors which can mfluence the corrosion resistance of metal buried in the
body cannat readily be controlled by the surgcon but scvernl result from the
manger 1o which the implants are stored and handled and their effects could eastly
be avorded.

Damage and metal tramsfer from tools

It has been pomnted out 1n Section I of this chapter that stainkess steels denve
their passivity from the impervious coating of owide which protects them from the
swrounding liqud  Under normal arcumstances this barrer 1s self sealing
But 1f it is damaged extensively the sealing process may not be sufficiently rapid to
re form the protective film  The chemucal attack woukd then continue and bulk
corrosion would occur It is clear therefore, that great care should be taken at
all imes to avoxd damage to the surface of surgical implants  This precaution 1s
especially important duning the preliminary sterilization and when the applances
are being inserted  Mechankcal processes which damage the oxide layer will
probably alse cause deformation of the underlying metal This an itself may
promote corrosion  Evans (1946) has shown that the clectrode potential 1n the ,
deformed region can differ from that of the unworked metal Differences in
potential of thus type ought if possible to be avorded and in particular the practice
of bending plates to fit bones ought to be recbnsidered with thus  mind

Recent investigations have shown that the tools used duning an orthopaedic
operation can also affect the behaviour of the buried metal. Experments using
radioactive tracers have demonstrated that whenever two metals are brought mto
contact and then separated, small particles of one are plucked out and remain
adhering to the surface of the other It 1s almost impossible to touch two metals
together without causing some transfer of this kind  These fragments of metal are
very firmly attached to the other surface there 1s evidence that with most metals
they penetrate the oxxde layer and adhere to the underlying metal In general the
Jharder metal receives more contamunation than the softer  but experniments have
sbown that even when the difference n hardness is as much as twenty times,
some fragments of the hard metal can become transferred to the softer surface
A general account of the behaviour of metals In contact has been given by Bowden
and Tabor (1950)

In a recent study several of the mechanical procedures common in erthopaedic
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surgety were performed under conditions as close as possible to those of an actoal
operation using surgical tools whrch had previously been made radicactive. The
amount of metal which was plucked out from the tool and became adherent to
the screws bolts, or plates was measured by counting the radiation emtted from
the transferred fragments It was found that in every procedure studred many
micrograms of the tool became welded to the appliance  The amount of transfer
increased markedly if any ship occurred and was 1n general larger m those opera

tlons 1n which great force was apphed by the tool. For example thoe transfer to &
screw ranged from 20 to 40 mrcrograms, depending on the degree of slip which was
permutted between the screwdriver and the screwhead while that from a box
spanner to a bolt was between 40 micrograms and 0 I mulligram

It 13 ususal to prepare plot holes in the bone to recerve the screws which secure
an orthopaedic plate. A countersunk hole already exusts in the plate, since this is
prepeared during its manufacture. Both engineers twist-drills and spectal stainless
steel ones are commonly used for dnlling the bone  Frequently these holes are
drilled after a plate has already been fixed in place by two or more screws  the
remaning holes of the plate are used to guide the twist-dnll  Owing to the convex
and wet surface of the bone it sometimes happens that the twist-drill comes into
contact with the edges of the plate hole and considerable friction may occur
between them  Often it s desirable to insert & screw obliquely into the bone 1f
the pllot hole in the bone 1s drilled through a plate-hole the resulting friction may
be severe. Experiments show that when a plate hole i3 ground away In this manner
by a twist-drill the amount of transferred metal can rue to several miligrams

Although the amount of contamination which becomes attached to the surgreal
implant and 13 buried with it in the body 15 very smaii 1t may nevertheless exertan
mmportant 1nfl on the sub: behavionr of the passive metal. The
foreign metal can provide a second “electrode and thus create an electrnc cell  The
dissolution of the particle (if 1t is anodic) will leave 2 large pore in the protective
oxide layer Microscopic examination of fragments of transferred metal indicates
that they can be several thousandths of an inch across. Pores of this size in the
oxide layer would not readily be sealed by the msoluble corrosion products  Thus
the dssolution of the tiny particles of foreign metal may lead to the onset of &
continuing corrosion of the mmplant. If the adherent fragments are cathodic
continuing corrosion may again result.

Whenever the protective layer surrounding stamnless steel 18 impaired, whether
by mechanical deformation or by the dusolution of an embedded foreign partrele,
the probability that bulk corrosion will be blrshed before the damage can be
repaired depends on the supply of oxygen to the damaged surface In general, if
Iittle oxygen is available the precipitation process will be retarded and continwung
corrosion 13 more probable. A low oxygen potental can result from the physio-
logrcal changes occurning in the tissues surrounding the implant duning the healing
process, or can be caused simply by the geometry of the appliances  For example,
the surface of the countersink around the holes in a plate has a very poor oxygen
supply when a screw head has been driven down on to it. This increases the
possibility that damage done to the platc when the pilot holes are being drilled for
the screws will lead to senous corroston  also 1t emphasizes the importance of the
large amounts of foreign metal which can be transferred to the plate dunng the
drilling process
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DISCUSSION

The amount of metallic transfer depends on the specific nature of the «
tacting surfaces. There are scvernl ways in which its control may be attemp
Expeniments show that of the tools used are very much harder than the appli
the amaunt of transfer is reduced It 13 possible however that the mechar
deformation caused by the tool wall be greater Further experiments are neces
to determine the relative importance of these two factors  Metallic transfer e
be reduced apprecisbly 1f o switable wert lubricant were used between the t
and the orthopaedic components  This might provide a simple solution to
problem and could be especnlly effective n reducing transfer 1f used
conjunction with non shp serewdnvers  This approach is worthy of cl
investigation

The use of tools made of metal identical to that of the apphance i an interes
possibility  The amount of metal transferred would probably be greater 1
from conventional tools, but the difference m the electrode potential betv
bulk metal and the transferred fragments would be greatly reduced

Amlytical evidence of corroslon

Biopsy samples of flesh surrounding metal implants have been analysed spe
scopically and the concentration of metal 1ons found was compared with
normally present in human tissues.  All the samples were taken from reg
adjacent to metal which had been buned in the body for 34 months Two p1
of tissue were taken from the same patient  one from near a screw head and
other from the surface of an unhandied part of the plate. The concentratior
chromium mickel, and manganese were very much greater near the metal w
had betn handled with tools 1t was six times normal for manganese  tw
umes for nickel and over thurty times normal for chromum  No other ¢lem
were observed to be present in abnormal concentrations The correspon
concentrations near the unhandled part of the plate although high, were
significantly outude the normal range  The analysis of a sample of tissue adja
to a Vitallium serew head revealed over twenty times the normal concentratia
both cobalt and chromium the two main constituents of Vitallum  These re
are

There 13 a clowe correlation between the region of maximum cofcentratio
metal in the tissues and the site of transferred particles, but there is also «
evidence that the corrosion 1s not restricted to the foreign fragments alone
high concentration of cabalt observed surrounding the heads of Vitalhum e
could not be caused by the corrosion of transferred steel particles but must be
to the dusolution of the Vitallium itselfl

DISCUSSION

The phynological bebaviour of the body dunng trauma and the subseq
healing processes create the environment within which the metal implant 1
fulfil sts purpose  The pH value and the redox potential wll vary with time
elto from place to place on the surface of the metal  These variations =]
readily be controfled but their cffect could be minimized bry the careful selec
of the particufar metal best swited to withstand these electrochemical condiy
The use of two different metals in & region with such a complex electrochen
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nature 1s an mvitation to disaster Most metal mplants are sobgected to
mechan:cal stress when fixed 1n the body 1n many cases fretting between different
components of the applmnce may also occur  Both these phenomena can mfluence
the corrosion of metal and they too should be borne in mmd w hen sclectmg the
most suitable metal for use 1n orthopaedic surgery

It 1s rmportant however that the problem of selecting the metal should not
obscure the complemnentary aspect that of the proper care and usc of the apph
ances  Any treatment which mereases the chance of a breakdown 1n the passivity
of the metal ought to be avoided whenever possible  Care ought to be taken to
ensure that the protective surface layer 13 not damaged unnecessarily at any time,
and especrlly during the operation. The mportance of the correct chorce of tools
ought also to be apprecrated  There 1s evidence that fragments of the metal of the
tools become bunied with the applmnce 1n the body and it 1s clear that these
fragments can 1mitiate a reaction which can result 1n the corrosion of the buned
metal.  Analyucal evidence supports this view  the concentration of metal rons
1n the tissues surrounding parts of the rmplant which have to be handled by tools
s many trmes higher than normal even when there 1 no visible sign of corrosion
or tarmshing, while the tissues adjacent to unhandled parts of the same applmnce
are normal.

In general the mild corrosion caused by the factors discussed in this chapter
would not damage the appliance seriously but st can be sufficent to cause a reaction
mn the surrounding nssues. It ought, therefore to receive due attention and if
possible to be avoided until the effect 1t has on the healing processes 15 more fully
understood
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CHAPTER 2
THE USE OF METAL IN SURGERY
Patrich G LaiNg

SINCE EARLY mistORY when the Bronze Age succeeded the Stone Ape and man
exchanped his fiint knife for one of bronze the surgeon has been to n Jarge extent
dependent on the metallutgsst for the tools of his craft

This 15 no less true today as new metals and alloys are developed and presented
for our approval and use by the manufacturers in what has been called the Steel
Age. To assess the relative nd: ges and disad ges of the available pro-
ducts requires considerable knowledge of the recent advances in the study of the
corrosion and, strength of metals, let alone the enmineering principles governing
the design and strength of the finished article

In discussing the use of metal in surgery three main applications must be con
sidered  The first and undoubtedly the carliest of these uses was to make the
kmives and instruments used by the surgeon duning the operation  Secondly
we have thetr use for the construction of 1rons  braces, and sphnts for the
njured and deformed.  Thirdly there 15 the use of metals for the construction of
mternal splints and mmplants to be bunied 1n the living tissues of the body

The first and second of these uses wall be dealt with quute briefly except 1n 5o
far as instruments affect the performance of the buried metal implants  Metal
implants themselves, however will be considered in some detail 1n an effort to
armive at an understanding of their uses and misuses  As the physician must
know the chemustry the available forms, the actions of and the reactions to a new
drug before giving 1t to his patients so must the surgeon know all about the metal
he proposes to bury 1n his patients.

AVAILABLE METALS

The rapidly developing sctence of metallurgy 18 continually presenting surgeons
wrth new and apparently better metals whose values they rmust be able, at least
partially to assess  With a background of the fundamentals of the various types
of steels and alioys and of each one s own peculianities will come sounder judgment
1o dealing with the claims of various products.

The steels

Steel 15 essentially a solution of a small amount of carbon 1n & base of Iron, and
43 such has been known wince 1he days of Anstotle  Thus carbon greatly increases
the hardness and uscfulness of iron It 1s only however aince the development of
the Bessemer and open hearth processes of making steel n the last century that
it has become readily avalable at s reasonable pnce The addition of other
alloying clements 1nto the steel has greatly increased its performance. The most
waportant of these clements are chropuum and mickel, and the addition of one or
both of these to the alloy produces the stainless steels (see Table on p 14)
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TABLE
TYPICAL ANALYSES OF ALLOYS USED IN SURGERY
Tools Imphomets
Mertew- | U.S vs | us
| g | gy |t 8, e
steel stoinlexs

B o™ ensec| — | ewsep |Ensea| — |ewss| —
Carbon 019 05 03 015 005015 008 | Trace
Chromum | 136 — | sz4 Jusaas 21 |10 | 30
Nickel [ — — — 11 | 1014 | —
Mangaoese 02 04 047 | 10 12 2 | Trace
Stlicon 024 | 10 10 10 10 | 075 | Tac
Molybdenom | — 0s — — — f11s25] 3
Phosphorus — — 004 — | oo4 | oo | —
Sulphur — — 003 — oo | 003 | —
Cobalt - | - — — (wen| - | e
Tunpten 1 — — — — (ns | — | —
Iron | Rexidoe | Reakdue | Rendue | Reslduce | 3max. |Residue| | max

Nare-—The Agarss mmmdmmm ALS L stanch for Americen
- Irom and Steal Lostriote pec

Certain other alloying elements are used to increase the strength and inertness
of the steel  Molybdenum s one of the most important of these from the surgeon s
pomt of view but small amounts of manganese vanadium, titanium and other
rare metals are all used at tmnes.

The cnormous advantages of the iron-chromium nrckel-molybdenum and the
chromum-cobelt molybdenum alloyx for the manufacture of metal implants has
led to their displacing the vanadium stecls used by Sherman (1912)

Stainless steel
The develop of the stainless steels, d in 1913 by Harry Breadey

has transformed the face of the world, and 1t 3 with this form of steel that we are
mainly concerned. Basically a stamless steel is one rendered corrosion resistant
by the addition of chromium, or chromium and nickel to the iron and carbon base
The proportions of these and the addition of other metals vanes from type to
type of steel with the requirements of the user

Though there are some 30 commonly used stainless steels, the actual number of
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alloys 15 almost hmitless.  Shght vanations in the method of manufacture, in the

number of alloying clements used and in their proportions may completely change

the properties of the resulting product  The term stainless steel s insufficiently
recise for surgical purposes

P There are t:\go rrufm types of stainless steel with widely diffening properties that

concern surgeons

(1) Martensitic steels Composed of iron chromium and some carbon  They
bave admirable physical properties but hitle corrosion resistance it is worth
noting that these steels are attracted by magnets whereas the next group are not
This provides a rough and ready means of distinguishing the two groups and may
be used in checking stock 1n the theatre cupboard as well as {or detecting change
from one group to the other induced by msults to the metal

(2) Austenitic stainless steels  These stecls contain about 18 per cent
chromium and 8 per cent nichel and combine excellent corroston reststance with
great toughness  Other clements such as molybdenum can ruse their corrosion
resistance in cerfun media

As far as the surgeon 15 concerned the latter Is the most important class of steels
within s hich there are a large number of proprietary steels

The particular steels most commonly used for the manufacture of implants
contain 18 per cent chromium 810 per cent nickel and 2-4 per cent molybdenum
These steels are covered by the Amencan Iron and Steel Institute (AIS1)
specification numbers 316 and 317 and by the Bntish Standard 970—EN 58H and
EN 58] for the lower and higher molybdenum values respectively

All these steels fall in the austenitic range and are prepared with & fine grain
strocture

It 15 usually recommended that tmplants prepared from these steels should be
annealed to a hardness of 30-35 on the Rockwell C scale, but many are made
softer than this and the hardness may vary from part to part of the same applance

It 13 probable that the hardness of a metal 13 related to 1ts physical properties,
especaally 113 strength.  Apparently two pleces of the same alloy which have been
annealed to differing hardnesses when placed together in the body behave like
disumilar metals and set up corrosion at the points of contact.

Troplants made of these steels are usually turned forged or stamped from stock
bars or sbeets obtained from the steel mills, and are then electrolytically polished
by reverse plating, to remove all surface debns.  After this they arc often placed
n & bath of nitnic acid which, being a powerful oxidizing agent, 15 thought to

perfect and increase the protective surface layer of oxide on the metal, this being
known as * passivation

Non-ferrous alloys

The only important example of thrs type of metal in common use 15 Vitallium
though other such alloys, for example Vinertia and Zimalloy are entering the
field.  Vitalhum 15 an ailoy of cobalt, chromium and molybdenum aod wmplants
are prepared by casting 1 batches.  Vitallium has come to occupy a very special
place n the field of metal implants due to 1ts great inertness 1n the tissues combined
with excellent mechanical strength Improved methods of manufacture and
inspection have to a large extent el d earlier mec in the size of
screw threads and 30 on  As a cast metal 1t has a fairly large grain structure but
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its high corrosion resistance and stable gramn boundaries appear to make this
nsignificant.  Since Venable s enthusiastic champroning of thrs alloy in the 1930s
and 1940s 1t has attained wide populanty in many fields of surgery

Tts hardness averages Rockwell C 28 to 30 and although it develops quite
large crystals at the site of & deformuty 1t seems to remarn inert over & wide range
of crrcumstances. However it has been shown that the clements contaned in
Vitallium can be found in the tissues surrounding an implant and some corrosion
would sppear to be taking place Having sald this, 1t must be reiterated that
Vitallium 13 extremely 1nert under normal circumstances and a very close approach
to the 1deal metal

Recently 1t has proved possible to work & Vitalllum (Haynes 25) and instruments
made of this alloy have appeared on the market This may have an mportant
beaning on the reduction of what little reaction there is around implants of this
metal, by reducing the damage done to them duning their insertion.

Titaniom

The possibility that titanrum steels or trtanium itself mught prove mseful for
the making of metal implants was mentioned by Venable and Stuck (1948)
Recently it has proved possible to producc almost pure (commercually pure)
titaaum at an economic cost. The necessity to exclode nutrogen, and therefore
air from the melt by the use of a vacuum process has until recently made the cost
of mplants of titanium prohibitive.  Once manufkctured, however 1t appears that
the metal can be worked, for instance 1n & screw turmng machine, without loss of
1ts rernarkable resistance to corrosion

Experience to date suggests that the inertness of titanium in the trssues provides
2 metal rivalling Vitalllum for first consideration. However titamum 1s still
undergoing expenmentation, and although its physical and mechanscal properties
seem to be most encouraging, 1ts possible defects are not fully determined.

Tantalmn

For some time tantalum has been 1ncluded m most lists of favountes for the
1deal metal and 1t has been 1ncluded 1n many experments. It 1s widely used for the
making of wire sutures mstead of stainless steel, and also for skull plates. These
uses bring out 1ts great malleability and the ease with which, for instance, skull
plates can be cut to size on the operating table using only a pair of sassors.

There 15, however a quite marked trssoe reaction to thrs element as has been
shown by several workers. This fact combined with its expense and poor availe
ility have temporanly at any rate, displaced 1t from the ifacture of screws,
plates and similar apparatus.

Zirconlum

Zirconuum whrch 1s quite a plennful element, has excellent corrosion resistance
and good phymeal properties in the commercally pure state, has been used for
the manufacture of [mplants  Until recently however it has been in poor supply
and rather expensive. It has now been found that this metal 15 very difficult 1o
render radioactive and therefore it could be widely used in the field of atomx
reactors and other smilar projects. Thrs has led to the discovery of gheaper and
quicker ways of extracting zrcontum from uts plentiful ores. With the availahility
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of larger quantiics of reasonably priced commercially purc zirconium a
remvestigation of its place in the making of metal implants may have to be
undertaken

SURGICAL INSTRUMENTS

The type of metal used for the manufacture of a surgical instrument is to a large
extent determined by the job the instrument is expected to perform  Light alloys
contaming magnesium alumimum  and so on are often used for the handles of
instruments, while o harder more durable stecl 1s usually used at the operative
end.

The harder tool steels and some from the poorly corroston resistant steels are
used but the stanless steels are the more satisfactory owing to their being to all
intents and purposes rustproof  Other steels have to be electroplated and this
plating chips off after a hittle rough handling and the underlying metal corrodes
Stainless steels take a rather poor edge and their use for the making of kmives 13
not too satsfactory  The development of the discardable blade has solved thi
problem by removing the necessity for long-lasting edges

Tungsten steels are very hard and a substance called tungsten carbide Is second
tn hardoess only to diamond  Ttus latter substance 1s available with a  binder
of nicke] and makes very durable edges for tools  Naturally this extreme hardness
may cause more damage to the implant in the way of deformation of its surface
than would the softer steels and alloys At the moment it 18 mamly used for
cutting tools.

Surgical instruments are now being made of Vitallium and these may prove to
be the 1deal tools for handling Vitalhum 1mplants, both from the point of reducing
roctal transfer and also by causing less deformation.

Dnils and saw blades may be made of either hard and rather brttie tool steels
or of stainless steel which 13 more resilient and less liable to break if accidentally
bent duning dnlling. It appears that metal transfer from drills rapidly declines
after the first few operations so advantage may be taken of the properties of the
more springy stamnless steel dnlls. It must be emphasized however that frag
ments of stainless steel instruments that break off duning the operation should be

temoved 1f this 15 at all possible  If left they may cause trouble by starting a
reaction with an  inert ” metal implant

BRACES

The development of hight but exceedingly strong alloys for the aircraft industry
has yiclded a dividend to the wearers of braces and artificial imbs By using these
various metaly, which are often alloys of aluminium or magnesium, 1t has been
posuble 10 reduce the weight of braces and prostheses 1o a remarkable degree
without losing anything 1n the way of strength or durabiity The resulting
products are not only more aesthetically pleasing but have been an enormous aid

toi people with weakened muscles who could not manipulate the older heavy
*irons ™

Combined with this advance 1n materials has gone a recogaition of the import
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THE USE OF METAL IN SURGERY

ance of applying correct engincening principles to the devign of the brace or
artificial imb to give movements around the correct axis and in the right planes.

METAL IMPLANTS

The use of metallic implants for various reasons s now fully established in surgery
and many metals and alloys have been buned 1n the body at one time or another
Venable and Stuck (1948) have covered the early history of the failures of metal
to stand up to the corrostve environment of the tissues They showed how of
all the avaulable metals, only 18/8/Mo stainless steel and Vitalliom could be saxd
to be both inert enough and strong enough to make into plates nails screws
protheses and other forms of implants.

In general unplants are used to splint healing parts, that is fractured bones, to
guide the subsequent shaping of repaired parts such as moulds in jomts and
cannulas in vessels and ducts, end lastly to replace outworn or broken bony parts

The use of wire sutures for repainng tendons and 1n some cases for all layers of
& wound, and the use of metal plates to repair skull defects, form spectal cases
where malleability may be more important than strepgth.

The only specifications governing the facture of metal impl today are
still those of the 1945 report of the Fracture Committee of the Amencan College
of Surgeons and are largely the work of Venable, Murray and Fink Thus group
of workers exammed 18/8/Mo and 19/9 passivated stamnless steels and Vitallium
from the points of view both of their inertness and of their physical charactersties
They came to the conclusion that 18/8/Mo and Vitalhum were sultable for the
manufacture of metal implants, and as & result both these metals have been
adopted and extensively used

An understanding of the advantages and disadvantages of metal implants 13
imperative to their proper use. The best designed and most inert mplant must
fail if uvsed n the absence of sound thinking based on established phywologcal
and surgical pninciples  In particular the modern trend 1s away from mechanistic
thinking and towards an appreciation of the fact that bone is a lrving tissue and
a very labile one at tbat, formung a readlly available store of many elements No
metal be it 1deally mert or not, can rewst fatigue by continuously replacing iself
as bone apparently does, nerther can it meld ™ with bone to form a continuous
structure  The two must always remain just what they are, bone a labile living
tissue and meta! a dead support or mould

The response of the body to a metal fmplant

The beautiful piece of cabinet making by the surgeon at the opemting
table no longer deludes us into thinking that the patient s problems are solved.
Tightly mnserted screws are soon loosened as the bone melts away under pressure.
In fact 1t 8 probably true that only dead avascular bone will hold an implant
firmly duning the first two or three weeks after insertion for this dead bone cannot
resorb  Later when the fractured bone has united, the implant may he in a still
environment and then, If 1t 13 sufficently inert bono may grow in close proximity
to it and hold 1t 30 tightly that removal may be a problem

Metallic substitution prostheses, on the other hand, can never lie 1n a stil
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environment  Constant movements will be taking place in the reconstructed
thus rocking the implant in 1ts bed  Increasing complexity of geometric des
the stems of these prostheses 1n an cffort to hold the bone more firmly can:
expected to solve this problem  Bone wll always give way where it )s presse
this 15 a fundamental obstacle to the use of implants of any substance

An mmplant may hold bone ends in apposition while they unite 1t may gur
shape of the healing tissues 1n an arthroplasty it may keep open a vascu
biliary channel and guide the reforming intima and adventitia but if the ope
1s to be of lasting benefit, living tissucs must take over from the dead 1m
Only 1n the aged and the fatally ill 15 1t reasonable to use prosthetic implar
purely mechamcal reasons when for instance one wants to mobilize the ¢
without waiting for healing of the fracture

The infloence of the healing process on metal Implants

A metalire mplant 1 the tissnes s exposed to the changing environmer
accompamies the healing of the wound At finst 1t 15 surrounded by fresh |
then by the blood clot next bv granulation tssue and finally either by scar
or by osteoid and new bone, depending on the eircumstances

Fresh biood has a high oxygen tension and a pH of about 74 for a short
At once a clot forms and oxygen s lost and carbon diouide accumulated
to & fall in the pH which may reach §  These changes are accentuated 1f ¢l
erther does not take place or 1s succeeded by liquefaction 1n the absence of ¢
zuon  Usually this stage soon ends and the pH slowly returns to normal o
course of a few days. Infection of the wound may prolong the penod of th
tide of 1n the case of some bacteria may produce an alkaline tide which wi
pass off wath the end of the infection

The acid tde s & factor which may accentuate the action of any cen
corrosion already operaung on the metal surface thus making the effect of
mote stvere and more widespread

The natural history of the healing of a fracture in a vascular bone appl
to the bone traumatized dunng the tnsertion of a nail or screw

The loosening of the implant that takes place in the tecond and third
following the operation 15 due to the local vasculanty and resorption of bor
15 seen 2t any bone end  This process 1s succeeded by the reformation of b
close contact with the metal  The more inert the metal the tighter will it be g1
providing 1t 15 not rocked 1n its bed  Rocking of the implant for whatever
will cause further bone absorption 2nd loosening.

The Inertness of metal implants
This subect 13 contidered 1n detail 1 Chapter 1

The tSeal metal for Implantation

[t may be useful 10 consider the properties of the ideal metal for implat
into the tssues.  This metal must be completely ert 1n the ever changing er
ment of the tissues and must be able to maintain 1ts corrosion resistance
pretence of varying pH values changing oxygen tensions at various points
surface and constant movement of the parts about 1t. It must be capable ol
produced with a more or less constant composition from one batch to anot
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that one may safely mix screws bought at different imes wathout fear of introducing
“ mixed metals ” and thus causing corrosion.

The strength of the metal must be such that it can bear any reasonable strains
thrown on 1t while performing its task without brezking or bending. Even with
the use of adequate external splinting the implant may have to take breaking
stresses for many months, for instance in a fracture of the femoral neck with an
avascular head.

The metal must be 1n good supply and reasonably inexpensive. It must be
easily worked or cast without developing fauits or cracks.

There can be Irttle doubt that Vitalllum comes nearest to our conception of the
1denl metal. Some solution of this alloy doey, however occur in the body as has
been shown spectroscopically

At the moment titanium, which, unlike the chrome—cobalt-nickel alloys, can be

casily machined, 1s making a strong bid for favounte place, being wnert, hght and
tough.

Internsl fixatlon of fractures

The points already made can best be underlined by & consideration of surgical
matenals in the internal fixation of fractures. The development of the new steels
and alloys for the manufacture of the implants used 1n ths branch of surgery has
been well covered by Venable and Stuck (1947)

The last ten years has scen a growing awareness of the real causes of failure of
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matenal will absolutely prevent these unwarranted stresses bending or breaking
lant.
mi—llcl;n\ar')c?:r certain factors are being attended to with benefit  Welded junctions
between metal parts are being climimated in favour of the making of each appliance
iece of metal by formng or easting

w%“r?:?::%f coarse thn:nz;cd screws which take n decper bite of the bone is
practieally umversal  Even with some circumferential absorption of bone these
screws do not tear loose as easily as do the fine threaded ones.

The modern accentuation of the importance of shorteming of bone during the
early stages of fracture healing 1s reflected in the popularity of slotted plates such
as Eggens plates, and of vanous nails. Both types of implants ollow muscle pull to

maintain bone end apposition in spite of bone absorption at the fracture site. This
prnciple of allowing shortemng in shaft fractures Is by no means umversally
accepted yet, for some surgeons regard the bone end radiolucency as an indication
that normal healing processes are operative It cannot be dented that true dig
traction 1 very dangerous  There is a tendency to feel that true external splintage
1s more important to {racture healing than the use of shiding ” implants  Blade
plates for fractured necks of femur are now designed to allow shortening of the
neck to take place without forcing the nail into the hip

In general however there 18 a tendency to use stronger plates than those de
signed by Sherman (1912) and buttressing along the sides of the plates and absence
of parrowing between the screw holes can be indulged in with really inert metals
for the total mass of buned metal 15 less important from & corrosion standpoint
than it was earlier 1n the cen

Intrumedullary nails are widely used nowadays and solid rods and complex
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“clover leaf patterns vie for popularity Bending stresses on these nails are
trerpendous unless the limb Is adequately splinted following the operation and no
design can eliminate the danger of bending or breakage

The use of cross slotted and Philips headed screws with screw-holding screw
dnivers 1s a great help 1n eliminatmg tool implant shpping and thus kelps to elimin-
ate metal transfer between the two  Stainless steel screws are now made with
cross slots and Woodnuff slots, while Vitallium Philips headed screws are available

Care of implants

The care of metal implants at all times from their manufacture up to and includ
1ng the peniod they are buried 1n the body must be governed by the knowledge of
thetr susceptibility to corrosion once damaged, or contaminated by metal transfer
Thus is especially true in the case of the stamless steels, but also in the case of
Vitallium, titanum and other metals Damaged stainless steel1s no longer stainkess
and should not be buned in the tissues

No implant {s ever used twice 1 1ts life, especially 1f 1t has once been strained
to the bending point. In thr latter case it would not cven be used again on the
same patient for 1t will have been permanently weakened

Metal implants are stored separately 1n therr plastic contaners until ready to
be steriized. They are not allowed to rattle about 1n a cupboard drawer to
become scratched and contanunated by metal transfer from the drawer and other
implants Dunng sterilmation each 1mplant 1s protected from damage by bemng
wrapped 1n gaure or another soft matenial  Storage on metal screw and plate
racks may be dangerous for the umplants become scratched and pick up metal
from the rack, leading to loss of their mertness, If racks are to be nsed they shoukd
preferably be made of plastic

Each company’s products are kept separate and are never used together for
they are usually made from steel duffering in composition and are thus incom
patible m the tissues

Dunng the operation the implants are handled with the greatest care to avoid
damaging them and are gripped with the minimum of force. Picking up a screw
with & hacmostat may squash its threads badly unless great care is taken. Drills
should never be allowed to gnnd agamst plate edges or the plate may corrode
later Not only does thes contact damage the plate but considerable metrl transfer
takes place

The tools used to handle implants are being designed to lessen damage to metal
surfaces and decrease the amount of metal transfer Experiments are being under
taken to discover the 1deal properties of screw-dnivers and spanners both for type
of steel used and the hardness of the finished product.

Stainless steel wire 15 made out of many types of such steels and one must make
sure that the manufacturer s supplying 18/8/Mo wire, The straimng and knkmg
that ware undergoes during insertion accounts for the corromon and breakmges
seen even when the most inert wire 15 used  Its use with metal plates and screws
is probably not wise for this reason amce the two may easily corrode  No badly
kinked or damaged wire should be burred 1n the tissues if healing 13 to be freo of
avordable complications
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PRESENT LINES OF ADVANCE

The development of titanium and the newer methods of producing zirconium are
all of interest to the surgeon The properties of varous strong and corrosion
resistant stafnless steels are being Investigated with a view to finding the ideal
metal for implants The production of stecls in a vacuum may help to increase
their strength and incrtness by decreasing the amounts of drssolved gases and so
lead to 2 more inert metal  Recently Neutrilium, a stellite slloy with low 1ron
content, has been developed and 13 being fested 1113 known to be highly corrosion
resistant and very strong.

The metals used for the manufacture of the surgeon s tools are being reinvesti
gated with & view to reducing the amount of meta) transfer {o the implants during
their insertion without at the same time making the tools too hard and deforming
the screws. The avordance of cold rolling as a method of making screws and other
implants will ebminate much of the internal siresses in the finished article A
rolled product 13 squashed and deformed internally so making it highly susceptible
to corrosion

Better methods of manufacture with a much highter speaification of the metals
used will only follow the surgeon s demands for them. It s probably as much the
surgeon s responsibility to know the properties of anything he bunes :n the body
as 1t 15 to be aware of the full advantapes and disadvantages of the drug he
admumsters

The behaviour of Vitallium remains as near ideal as that of any alloy but there
13 no reason why 18/8/Mo stainless steel of a strictly controlled annlysis and
strength should not continue to be used by surgeons who prefer it

Research into the effects of small quantities of the elements contamed m 1m
plants on the enzyme systems operating 1n bont healing is urgently needed before
we can understand the meaning of inertness and so-called  electrolytic inflam
mation”  Work at present being done on the mechanism of ossification and on the
tissue respiration of bone may yield useful results, and help surgeons to make a
choice between the various metals available for the manufacture of implants

The need 15 now for a concerted effort on the part of steel manufacturer {nstru-
ment waker aud turgeon to ensure that metal implants shall be produced within a
tight specification as to analysis hardness and method of production. After that

it i the surgeon s job to take proper care of the implant before and durnng its
{nsertion tnto the tissues and to protect it from undue stress after insertion.
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CHAPTER 3
PATHOLOGICAL EFFECTS FROM SURGICAL METAL
J H Hicks

INTRODUCTION

ALL metals, even the noble metals, corrode to a greater or lesser extent 1n certain
conditions such as those met with in the tissues. By corrosion is meant that the
metal s attacked by the surrounding fluld, forming compounds that may be soluble
and chemically active  The effects of this upon the tissues depend upon (1) the
rate of corrosion and quantity of corrosion products present and (2) the toxicity
of these products. The commonest form of corrosion occurs diffusely over the
whole surface of the metal article without having any visible effect upon 1t.  With
the so-called non-corrodible metals used In surgery the magnitude is about one
tenth of 2 milligram to 1 milligram per square centimetre per year  The more
familar prttng corrosion 13 a form peculiar to the stainless steels (Fig. 10) Itis

v/

Fia. 10.—Stainlest steed (EMS) scrows thowing pitting corroston.

only of occasional occurrence, but when 1t does start the electrochemical action
occurs at a particulasly high rate in these pits  The quantities involved may be
le;’crn] m;]hgr:ms ub‘in manyfmontlu. One must not be misled because this type
of corrosion s wimble nto forgetung that surface corrosion 1s frequently and
pethaps always taking place whether or not pitting corrosion occu:q It i{con
venient to refer to these two forms of corrosion as macrocorrosion and micro-

corroston or visible and invisible corrosion (from th
e able 2nd iy (from the effect upon the metal rather
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PATHOLOGY

The effects upon the tissues are two namely 2 fibrotic reaction and an inflammatory
reaction. These represent fauly clear<cut phases in a graduated sertes of changes
starting from en almost zero reaction. Tables I and II gather together varous
observations and attempt to correlate tissue reaction with the common metals
used 1n surgery  (This mnformation 1n some 1nstances 15 very tenuous and must not
be accepted as final)

TABLE 1
SUMMARY OF EFFECTS OF METALS USED IN SURGERY
Taridir
I;f'niff of corrosion Kmown effects
prodwcts

Irom Moderate Fibrosh of prgment nfy i

Chromium Highly toxic 7 cellular death. ? lher pecrosis  Local or

peneratized eczema.

Nickel Not very toxe Chemical nflapmmatory reaction.  * eczema.

Colaht Moderately toxc Lysts of bone.

h{;‘x‘:’a;\me ;ﬂ;h}ywuc ;scwbon:f don,

N ormal

\ anadlom Hrghly toxic M

TABLE J1
|
Allrs* | Inckdemce of corrsion Dareof Gemeral effect
Stect High !Sm-n | High incldencs severr of
modeately severe hﬂ.mnmlul’!’
. rexction.
Vanadmm | High Severe As for steel.
steel l
Chrome Moderate incxdence of pitting Moderately | Moderate incidence of severe of
steel coooswen.  Moderate inc- | severe moderately severe inflammatory
Smll  propoction
only | show reaction.

FSL Small mcidence prtting corro- | Shght Low mcidence of mild or moderate
won (* oply when moxed | mfammstory Largr
with EMS).  Aficrocorro- | minkmal re-
sion only in the majorrty of | acton only

EMS \od 1 0 per | M v | Moderat, ik of moderate or
cent) of pittmg e i severe  inflammatory  reaction.
- moed with FSL. Moderate  proportion  show
\ | ! reaction.

18 8 M\ \fmmﬂmﬂhﬂdmo(ﬁnm Very low of mild

o Ny oceolpiubg Sigv Voo low e of lld iy
Mxrocorrosion probably as show mbnimal ooly

Vialmm  Piag corrosion askoosa. KT Low focidence of mid bfamma-

Pitung corrodon 3-% ol mid

Thégp\ﬂnxm;hwmum wl b:[\.ucddn’und:out Ambighty B
remos defimuons gnen m the Appendix at the end of the chapter
llhpo-nﬂ:klhnﬂ:cum are doe to metalfic transfer from screw drh ers and difls and that
o VitalHum applunces conld wim-fm‘mmmtmhtbae‘ouubcnormmnnﬂ.

30



PATHOLOGY
The fibrotic reaction

This gives no clinical symptoms  The fibrosis 1s scen as an unmgmented laver of
trssue up to | or 2 mullimetres thick covering the metal on every side On the sur
face 1t 15 encountered as a layer smooth shining and non adherent to the metal
that has to be turned aside when a plate is being removed  In the substance of the
bone it lines the nail or screw track forming a complete layer of soft tissue between
metal and bone It 15 the immediate cause for the slight fooseness of nail or screw
that 13 found fairly commonly Sometimes this layer of fibrous tussue is reduced
almost or quite to zero and the screw hies then in direct contact with the bone and
is not loose. This of course Is always the casc when the bone 1s dead since no
reaction of any kind occurs for months or years but it also occurs quite frequently
with normat Iving bone and n fact o screw may become gripped more tghily
than when 1t was inserted  Such a case provided the specimen for Fig. 11 the
tcrew and the bone having to be removed en bloc by a trephine

Thtf&cnhnnhlsmmuinamodvmcpm ruon of cases sy,
reaction 1s the true response to the chemmallyp:]ncrt foraign bodgygcnsnl-:! !?l:lttut;;
fibrotic reaction 1 the responsc to varving degrees of microcorroston  The fibrotic
reaction occurs usually with metal that 1s showing no visible corrosion and appears
only 1 the peripheral parts well away from the source of corrosion when the metal
1s undergoing macrocorrosion and this also suggests that fibrosis 1 the respo
to the more minor degrees of cortouon. e
Charactensuc appearances of the oderate degree
1o Fig. 12 The tussue is a ngm;r:;ug;:ﬂﬁmtc are shown
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Fio. 12—The

fibrotic reaction.
overlylng xn 1B 8 Mo
scew (% 125)

The mftammatory rexction

The gross mflammatory reaction to be described always accompanes visible
corrosion, although mild and intermediate reactions sometimes occur near to metal
that is not showing visible corrosion.  The chnscal, pathologrral and radiologreal
features are speafic.  The following ongmal descrmption 15 besed upon a detailed
study of over 40 cases arrung from screws of the type illustrated above (Fig- 10)-

Clinfcal feasures

One or two weeks after platng, corrosion may present with all the appearances
of a cellufitis  The skin becomes red, shiny hot, tender and ocdematons. This
may subside or may become worse. If 1t subsides 1t passes through a subacute
stage m which redness warmth and tenderness become locahzed to the site of the
corroding screw  This may persist so that many months afier the platmg the
examming hand passed over the mb can detect a patch of warmth m the skm.
This, at & site other than the fracture site, 15 almost diagnostic of a corroding
screw even when there are no other signs at all. It must be emphasized that the
perfect platmg, by contrast, is completely symptomless and sign-free from the
second or third day onwards,

If the nfl y reaction b worse the wound next begms to ooze
serosanguineous flmd. It then may burst away from the hold of the sutures and
gape to reveal profuse wet granulanons (Fig. 13), sometmnes exposing the under
Iying bone or plate. This state persists for several weeks. Then the granulations
begin to lose their oedematous appearance  Epithelium spreads in from the
penphery buot ceases before covermg the whole area, leaving one or TR0 sINOCS
of button granulatsons wnch lexd down to the corrodmg spot on the metal. These
resemble the sinuses or button granulations assocated with a sequestrum or & non-
absorbable suture and, like these, continne to discharge for months or ater
mittently for years unless the source of the trouble 11 removed.
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m

F10. 13.—The breaking down operation wound

Another form 1n which the corroston reaction presents 1s as the so-called “ in-
fected haematoma ™ This 1s & collection of dark red fluid which forms under the
skin and either bursts through or has to be inased like an abscess. Bactena are
not always present.

The most chronic form of the corrosion reaction remains after incomplete sub-
sidence of the acute or subacute forms or may anse de novo 20 to 35 weeks after
insertion of the metal It 1s a red induration extending widely around the wound
and 15 later followed by an eczematous scaling of the skin (Fig. 14) This is quite
often seen but 1s mistakenly attributed to the effects of plaster or one of the natural
stages in healing of a fracture and 1ts significance 15 not appreciated

Fio 14 —The ecrematons reaction.
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PATHOLOGICAL EFFFCTS FROM SURGICAL METAL
Macroscoplc appearances
Fig. 15 shows the pathological appearances 1n o moderately severe case The
tissues are pign d and oed sus  the pen is thickened and strips
easlly the bone 18 soft and hyperaemic and there is a region of destruction around
the focus of corrosion  granulation nssue and necrotic debris surround the metal

Fa. 15 —Pathological appesrances in gros cocroaton.

a collection of purnlent flald may be present some or sll of the screws, non-
corroding 1n addition to correding ones, are loose, the screw holes being large and
filled with granulation tissue  patches of dead bone and ocessionally ring sequestra
may occur

Microscopical appearances

A dense cellular infiltration extends for several mullimetres In the connective
tusue around a focus of corronon  Fig. 16 shows the edgo of such an area. The
majonty of the cells are macrophages and thers are lesser numbers of small round
cells. The macrophages are Joaded with plgment granules which on appropnate
stauning prove to be iron  Elsewhere 10 the section can be found foregn-body
gunt cells and free deposits of 1ron and other pigments. Thero are simost 8o
fibrillar elements 1n the central zone, but more peripherally fibres become pre-
dominant and the appearances become those of the fibrotic reaction already
described.

Although this pscture must have been seen many tumes only very few workers
have described 1t and associated 1t specifically with corroslon.  Others have smply
called 1t a scvere mflammatory reaction  However 1f it 13 compased with the
inflammation of sepsis (Fig. 17) completely different pictores are found. The
cellular infiltration 1n sepuic osteitis consists entirely of polymorphonuclear leuco-
cytes and plasma cells It seems that the distinct pature of the cellular reaction in
corroston 13 not fully recogmzed
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PATHOLOGICAL EFFECTS FROM SURGICAL METAL

Bacteriology

If cultures are made on first reopening a corrosion wound only a small proportion
reveal pathogenic organisms (and these are present only in small numbers quite
distinct from the heavy growth of a septic osteitis) A faurly large proportion
reveal non pathogens such as micrococa or diphtheroids.  Some show no organisms
at all. The mportant fact that these wounds can on occasion be stenle 1 easily
overlooked because secondary infection 1s 30 ubiquitous. The conclusions to be
drawn from this are () that the typscal corrosion reaction can and sometimes does
occur in the absence of infection, but (b) that corrosion does 1n some way seem to
predispose to the persistence of organisms as saprophytes long after they would
ordinanly have disappeared.

Radiological signs

In addition to the generalized decalcification which occurs when a fracture 13
doing badly from any cause whatever the radiological signs m corrosion are (1)
peripheral nen bone at a site other than a fracture site, for example around the head
or pomt of an offending screw (Fig. 18) and (2) ¢ylindrical rarefaction, best seen
1n almost end on views of the screw (Fig. 184) or as an eroded area of the cortrcal
bone around the screw hole seen on profile views (Fig. 185) The perrpheral new
bone, which histologically appears as 1slands of woven bone free from pigment in
the cellular fibrous tissue at some distance from the focus of corrosion, has no
connexion with the fracture site and 18 useless for union  The cylindncal rarefac
tion around a corroding screw represents the region of bone destruction and such
2 screw 18 found to be quite loose and surrounded by granulation tusue in & wide
hole. These signs are to be seen repeatedly in the published radiographs of animal
experiments whenever corrosion 13 occurmng.

Fio 1L Peripheral new booe, cytindrical rarcfaction
(b)Puwbcnlncwbom,u—mm (l.nln)mlmu-lcm:h‘;:pnomn-rmhhddcd
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AETIOLOGY OF THE CORROSION REACTION
Eczema as & complication of corrosion

Both nickel and chromium arc known to cause eczema when in contact with the
surface of the skin and cobalt is consldered to be quite capable of doing so  Two
of these three metals will be relensed 1nto the tissucs when exther stainless steel or
Vitalllum undergoes corrosion 1t therefore scems that the localized eczema of
skin which 18 fairly common over a stainless steel plate (Fig 14) and occasionally
over a Vitathum plate may be due to the products of corrosion Although cezema
1s often attributed to the plaster of Paris this cannot be the explanation 1n the cases
1n which plaster 15 not used Two cases are known in which generalized eczema
developed  1n one this occurred afier the disturbance caused by the removal of
the corroding metal which had until then only caused Jocal eczema  In the other
1t arose about 4 months after a Smuth Peterson nailing in a patient who had com
plamed of minor pamns and whose radiograph showed cylindrical rurefaction
around the nail  Patch tests on unaffected skin wath pleces of gauze soaked in
5 per cent solutions of a mickel salt and a chromium salt gave a positive result for
chromium  When the nail was finally removed, although it did not show pitting
corrosion 1t was found to have been manufactured of two different metals molyb-
denum steel for the head and FSL for the shaft When a generalized eczema is
seen some months after an internal fixation the possibility that it may be a symptom
of corrosion should therefore be borne 1n mind and the patch test as used by
dermatologists might prove a useful adjunct.

AETIOLOGY OF THE CORROSION REACTION

The argument as to whether the tissue changes are caused by an electric current
or by a toxic effect of the metallic salts still continues after 20 years  As regards
the corroson of the metal itself physicists leave us in no doubt that this 18 an electro-
chemucal phenomenon It is impossible for the one to exust without the other or
as has sometimes been claimed, for the one to precede the other  The argument
anses ovet the question as to which part of this phenomenon, the electrical or the
chemical, causes the effects 1n the nssues  Venable and Stuck (1937 1947) have
propounded the theory that electrolysis and not toxic action 1s responsible
However one experiment has been musinterpreted. To demonstrate the pas
s2ge of an clectric current between screws of dissimilar metals 1 a bone they
connected them to an ammeter (Fig. 194) and—quite correctly—showed that a
current flowed. What they 1gnored was the fact that 1q thewr other expenments—
the ones m which they showed corrosion changes around

pairs of screws 1n the bones of dogy—and 1n clinical practce

the metals are not connected to en ammeter (Fig. 195)

No one demues—and several workers have repeated—the

experiment which shows that a current flows when the (@)
cureut is completed but the expenments certainly do not

prove that a carrent 1s flowing when no cirewt 1s completed

Of course 1f the two dusimular metals are 1n contact as 1n

Fig. 20 the circut is completed and the it become m(m
the same as those set up 10 the ammeter expeniment but

the inference that clectrolyms ia the cause of the tissue F* 19 —Tho misater

reaction whether or not the metals are 1n contact 13 E’unbbmdsnr_\:. of
T B M,
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PATHOLOGICAL EFFECTS FROM SURGICAL METAL
Fa. 20—Dimimilar metah fn clectrical contect.  Circumstances In
»  which “electrolysis™ could occur  {a) Screw of onc metal in
contact with plate of another  (5) Screw of one metal plated with
another metal. (c) Screw of one metal with & chip or scraping of
(a) ® @
£,

mncorrect All that can be clumed for electrolyss 1 that 1t causes dussimular
metals to undergo focal corrosion more readily and determines the spot where
this corroston wll start

Bothe Beaton and Davenport (1940) and Bothe and Davenport (1942), In
supporting the toxic chemical theory are on firmer ground. They placed metals
in paurs (bot not 1n contact) 1n the bones of animals and observed that the effect
on the bone was specific to the individual metal  For instance manganese prodoced
the same severe reaction whether it was palred with Vitallium, titanium or stainless
steel or was 1n isolation, whereas titantum produced no reaction whether in isolation
or paired with platmmum Vitallivm or silver and to on

The chemical toxic theory is supported by the tssue culture expernnents of
Ménégaux, Moyse and Odette (1934) and Ménégaux and Odiette (1935) They
showed that fragments of copper mild steel and similar metals in a culture of
fibroblasts or osteoblasts slowed growth or stopped 1t altogether  Silver tantalum
and nickel had a moderately inhibitory effect. Gold and stainless steel bad no
detectable inhibitory action at all. Smece they were using single metals there could
be no electric current pasung through the tissue but they went further to show that
the effect of metals m pairs whether separated or in actual electrical contact was no
different from that produced by the individual metals alone. A further nseful resaft
from this work is the recognition of three groups of metals, the highly toxic, the
slightly toxic and the non-toxic. Campbell, Meirowsky aad Hyde (1941) add
vanadium to the lughly toxic group and Vitallinm to the non-toxic group

Clinical expenience also lends support to the toxin theory If m an established
case of corrosion only the metal is removed and the surrounding prgment-contain
ing tissue is left, healing takes weeks or months  If the pathological frssue rs excised
the wound heals promptly The slow healing in the former case cannot be explained
electrically once the metal has been removed, but if the toxin theory be accepted
1t 13 easy to explain 1t as due to the persistence of the products of corrosion. This
1 one occasion on which differentiation between the electrical and the chemcal
parts of the corrosion reaction, which might seem to be only of academic interest,
18 of practical importance.

CORROSION AND SEPSIS

The clinical, pathological and radiologteal charactenstics described do not appear
previously to have been attnbuted specifically to corroston. This presumably is
because they so closely resemble wound 1nfection that no distnction has beea
made Both conditions can on occaston present as cellulitis, abscesses, 4
wounds and sinuses, while radiologically the peripheral new bone of ostertss differs
only m being more widespread  The cructal distinction namely that the corrosion
reaction can occur in the absence of becteria, is obscured by secondary Infection
frequently enough to have been mussed. Cretin and Pouyanne (1933) are the only
workers to refer expliatly to an aseptic inflammatory reaction due to chemical
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CORROSION AND SEPSIS

imtation The condition whilst being accepted as an inflammation should be
consmdered as one cssentially of chemucal and not of bacterial ongin - This is sup-
ported by the fact that antibiotics fafl to produce any definlte improvement whereas
removal of the corroding metal and excision of the pathological tissues docs
Further evidence is provided by the sudden drop 1n the incldence of wound in
flammation that follows the elimination of corrodible metal from the stock of the
operating theatre even though the opportunities for wound Infection remain as
great as before (Cameron 1940 Cater and Hicks, 1956)

Since the physical signs of the two conditions are so similar it scems eertmn that
cases of corrosion have often been misdiagnosed as sepsis  This mistake was
certainly made in the early stages of an outbreak in the author s experience and 1t
brought the conwviction that the two have been and still are being, confused
What could be a typleal case 13 illustrated 1n the Watson Jones textbook, cited as
sepsis due to plating a compound fracture  The rdea of corrosion is so foreign
that the diagnosis 18 not even mentioned and yet at least two different patterns of

Fra. 21 —Plates, recently
reman ed from the femur
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PATHOLOGICAL EFFECTS FROM SURGICAL METAL

screws, probably of differing alloys, are visible in the radiograph It 1s interesting
to speculate upon the extent to which current beliefs may have been influenced by
confusion of the two condiions  Teaching handed down from Lane s day empha

nizes the hugh nsk of infection in bone surgery but the metal used then was
vanadium steel or some other form of non stainless steel which had a high rate of
corrosion (Fig. 21)  Corrodible metal has been on the market continuously except
for two breaks, one of 9 years and one of 3 years, from that day to this, It scems
probable, thercfore that it was all the time corrosion misdiagnosed as sepus,
that gave rse to bebef 1 the high suscepubiity of bone to infection. Modern
experience 15 that bone 13 nof particularly susceptible and 1t has been discovered

once corrosion 18 excluded, how resistant it 1s even 1n theatre conditions that give
a hugh wound contamination rate and 1n the routine plating of gross compound
fractures This is not to be taken as an excuse for relaxation of oligoseptic ntual
(since the effects of sepsis when established 1n bone are so serlous), but it 1s intended
to show that there need be no fear of metal provided it 15 non-corrodible.

EFFECT OF CORROSION UPON BONE UNION

The question as Yo whether the corromon reaction can have any effect upon the
uniting fracture has not been adequately dealt with writers on the subsect having
scldom progressed beyond observations on local changes These are not very
helpful however because recogmzable effects die away within 1 centimetre of the
focus of corrosion whereas the fracture line 15 usually at a greater distance than this
The occasional production of callus around a corroston focus (page 36) has been
put forward as an advantageous feature likely to promote umon, but no cne has
shown that this callus has in fact any tendency to bridge the fracture line  Clinical
expenience reveals differing effects.  Time to union 18 normal 1n about half the cases
of corrosion  In the other half it is prolonged. It seems, therefore that some in-
direct and sporadic factor 13 at work.

A probeble explanation s suggested by the fact that when corrosion occurt,
many of the screws, 1acluding non-corroding ones, become loose  Screws can
of course become loose as a result of purely mechanscal imitation  For example,
a plating that 15 iniually mechanically imperfect can become progressively more
imperfect as a result of alight movement, the movement cauung intation and the
irrtation giving rse to decalafication and further loosening, whereas & plating
that 13 mrtially mechanically perfect tends to stay so If however corrosion
occurs, loosenung of screws will result from the chemical inflammation. The firm
hold of the plate will thus be lost. Thus is no place to enter into a discusmon on
the merits of ngd fixation but it can be argued that if the fixation conferred by 2
plating has any beneflcial effect whatsoever on the process of unlon corrasion will,
1n some cases cause that advantage 10 be loat. It is suspected that these arc the
cases that show a prolonged trme to umon.

MICROCORROSION
If “ micro  methods are used, corrosion effects can be detected around metallic
implants 1n 100 per ceat of cases. These minimal changes are (1) fibrosis, (2) 2
few areas where granules of pigment are depouted, (3) a posltive Prusuan-blue
reaction (iron) in the fibrous tissue generally or n local arcas and in most of the
granuks, (4) local collections of round cells limited to penvascular zones, (5) the
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persistence of organisms (often non pathogenic) after they would normally have
disappearcd These effects are found in nssociation with the safe” metals 18/8/Mo
and Vitalllum and include the larpe majonty of cases which have progressed per

fectly satisfactonly and in which the metal has been removed for other reasons

(One pecuiar feature 18 that Vitallium implants are assocated with Prussian bluc

positive pigment. Vitalbum contains as an impunty less than 2 per cent of iron
and this may indicate that the iron 15 coming by metalhe transfer from the tools
used for insertion of the implant Bowden Willimson and Laing, 19552 and b)
A small proportion of cases (smaller with Vitallum than with 18/8/Mo) do nsc
above the threshold of chmeal sigmificance and produce signs and symptoms that
occasionally necessitate removal of the metal before the wounds will heal properly

The only significance otherwise 13 that modern surgical metals (or perhaps the
method of putting them 1n) are only just satisfactory and that further work 1s still
necessary  One promising new metal titanium, 1s already bemng tried  Meanwhile
one can continue 10 use present metals with the knowledge that they will mve no
trouble 1n over 90 per cent of cases

THE FUTURE

Macrocorrosion will scon disappear  Nearly every case in the past few years has
probably been caused either by chrome steel (used for trifin nails) or by one parts

cular pair of stalnless steels in bination—namely EMS screws with FSL plates
(Cater and Hicks 1956) Chrome steel nails have not been sold for 15 years and
EMS was only used for one pattern of screw (the fine thread Sherman) and in
any case went off the market in March, 1954 Thus in those hospitals where all
the chrome steel has been used and where screws of the particular pattern were
not used corrosion 13 even now unknown  (This explains the sporadic occurrence
of the reaction and the fact that some surgeons are unfamiliar with the preture
presented in this chapter) In 1956 complete standardization by every manu

facturer in England for the type of stamless steel to be used n orthopaedic surgery
was reached and it 15 now 1mpossible to buy anything but 18/8/Mo It follows that
theatre stocks are gradually becoming clean  either as old metal 15 used up or
as a result of deliberate efforts to eradicate 1t.  As this occurs the problem of corro-
sion will a2lmost disappear  All that will remain will be the misleading effect it has
had upon our conception of bone nfection

APPENDIX
NOMENCLATURE AND HISTORY OF SURGICAL METALS
Thase mentioned in the text are printed in ltalic type

Steel includes carbon steel and muld steel. S

plated with cad
nickel or silver  Introduced about the beginnm E
steeh sold until 1935 B of the century and {as sfiver-plated

Vanadium steel covers a group of steels containing 0
together with small hrarak ybdeny ;rwmhoals.w cent vnmdhr:m

y They have
m};:ugﬁ%ofmyh and surface hardness.  Introduced to surgery about 1912
above two steels were the only ones available until the introd

steel, of the stainl
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Cironrneelcomlhcsroupof martensitic ** staintess steels containing 12 per cent

to 16 per cent chromium dﬁanfotherelancnhhnnonmlﬂamlmmml
of nickel (‘Brhuh S(nndud tions En.56C, En56CM En.56D and EnS7).
Chrome st was Introdoced for trifin nails In 1931 * Some plates were aho

madehlchromcnec] It continued on the market until about 1941

FSL (BS Specification En38E) fs ono of the group of “ austenitic ™ stafnless steeh.
Thcymnmh\nickd 8 per cent to 12 per cent in addition to chromiom, 18 per cent, hence
“ 18/8 % i3 a name loosely used for any member of the group Other members of the

but 1ale almost until the present day EMS contains a larger
u.n-;;mtof and hay free- hining properties. It was sold between 1950 and
19

18[8[)\{9 um bur[uxxteel containy, in addition to the chromuom and nicke!
mlnfeu 2 per cent to 4 per cent of molybdenum. In thk group are
Lhn ncds known as 18/3 SMo (Ametican) and FMB (En58J) Introduced to Britlsh
surgery only since World War 1T and now standard.
Vitallhern (syn. Vinettia) These arc American and British trade pames for the ame
alloy P;otnncelntnlL The bulk metal is cobalt. Introdoced to surgery at some time
after 1937

Sir Wiliam McEwan was baving plates mado in 13/8 and screws of chrome ateel for his own
use as carly as 1924
1 10 1934 the last manufacturer to corne {nto line for plates end screws chui over to 18/8/Mo.
Some Kuntscher nails continued to be made in FSL until 1956—as far a3 can be ascertained with-
out harmful results.
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CHAPTER 4
PLASTICS
A KENNAWAY

GENERAL INTRODUCTION

PLASTICS FORM a group of materials which is occasionally to be found in
for example shellac (Midvani 1954) and gum but most commonly (1
obtained by synthesis of one or more chemicals to form a polymer A pol
a substance each of whose molecules is composed of a farge number of linked
molecules. This definition con be narrowed further to cover only those pt
which flow plastically at one stage or another of their fabricatlon

For the most part plastics are organse substances—that Is to say they an
on carbon compounds. It is not easy to isolate them rigorously by def
particalarly from the rubbers In fact in recent years, the distinction t
the rubbers which are also polymers and the plastics has become more t
Not only have many varieties of synthetic rubber been made but their cons:
have become components of many plastics which 1n turn can be used as ad
to rubber itself Geuerally however rubbers are clastic materinls, that
will change their shape under load and tend to recover thelr onginal shap
theload isremoved  (Thus s because their molecular configuration is such tk
tend to return to the condition of maximum entropy, that 18 to take up the ¢
of maumum miernal disorder ) This tendency Increases with nse in temp
and 10 the elashcity of rubber increases with it plastics, on the other h:
not bebave m thus manner  They hike metals, deform elastically under init
to the vield point and then deform plastically undergoing s permanent de
tion.  With mcreasing temperature the tramition from elastic to plasde de
tion wll occur at lower loads. With plastics this change occurs at muc
loads than with metals at much lower temperatures. At temperatures «
100° C. plastics yield frreversibly under moderate loads This property
plastrcs to be formed into shapes at moderate temperatures and with it
using simple processes and equipment. These same mechanical conside
of course, render plastics weaker than metals although they are compar
strength wath many other matenals, as can be seen in Fig. 22.

Plastics 1n gencral have interesting physwcal and chemieal properties.
pure contmmng no fllers, remnforcements or pigments, they are naturaily
speafic gravity (between 09 and 1-6), transparent, easily coloured, ¢
1nsulatort bath clectrical and thermal and they are inert chemically to
range of conditions and reageats It 13 not sucprinng, therefore that o
of many components have found it worthwhils 10 seek methods of over
their lunitations in order to use this class of materials

Dcugmnglnpla.maunnmnndaldcmnmllntthclmg:whcm,m
case of many other matenals such as rubber glass, and the new metals t
end zirconiim, the best results are to be obtamed by considenng the app
of the article as a fete problem demanding the full collzboration
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PLASTICS

product user designer and raw ratenal specalist.  This 1s partly because most
industnal designers and engineers have not yet acquired the feel ™ of plastics
technology to the extent that the  feel ” of metal working has soaked 1tself mto
therr technical subconscious. It 1s also partly because information about the
propertics of plastics cannot yet be 5o accurately and usefully formalized as to
publish 1t 1n tables and general data books, for use 1n all cases without forther
consultation. This will sometimes be posuible but the expert advice of raw
matenal manufacturers can be used to advantage particularly where the product
must operate under conditions near the lmut 10 any direction.

M‘.lﬂ‘!nbbﬂ‘
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In the context of the present book It is important to remember that plasbes
were not concerved specifically for surgical nse  Whilst the list of properties of a
gven basic matenal may suggest that 1t may be perfectly safe to place the plastic
m the human body 1t may m fact be unwise to pick any commercially available
embodiment of the basic formulation. There may be hazards present 1n the
material  minute additions such as the remnants of catalysts and surfacs active
agents—essental for the manufacturing process, which might be harmful or others
such as lubricants, anti-oxidants, plasticizers or pigments which are added to give
certain properuies demrable to the sndustnal fabncator of the raw matermal of
possibly free d molecules of the p of the plastics themselves
All these things will have been carefully checked by reputable manufacturers to sc¢
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that their product is not toxic or generally hazardous in fts usual range of industreal
duties (Harns, 1953) However the materfals may well be harmful especially if
inserted into the body for long periods  The responsibllity for checking this clearly
lies with the potentral user It 18 not passible to indicate all the danger points
becnuse each substance in detail is part of the manufacturer s recipe which is not
normally required to be disclosed Tt follows that materials which may lie in the
same competitive group may have diferent trace additives present which will have
to be checked indivndually ~ Finally it 15 important to be certain of the identity
of a particular matenal

The purpose of the foregoing is to point out the possible dangers, particularly
of using plastics from casua) sources of supply  But whilst the punty of plastics
may not atways be quoted quite to pharmaceutical standards, they are at least as
free from impunty as such natural materials as leather and fibres  Whatever elso
may be sakd of these plastic products of the chemical industry at least the analyses
have been carmied out wath so much care that trace elements are measurable down
to a few parts per millon  Furthermore, their composition can be fully defined
and maintained reasonably constant

Plastics are usually classified into two types. The thermosetting types set hard
on polymenzation, which normally takes place by heating, and are then allowed
to cool. They do not soften agmin on reheating, but only degrade and char
Such plastics are sold as incompletely reacted liquids or powders and are finally
polymerized and moulded into therr final shape in a combined operation, although
of course, they can be further machined.

The thermosetting liquid resing are also used to impregnate matenals like
paper cotton and other fibrous textiles, vegetable waste like wood pulp and
glasy fibre. The resn 18 used to bond the impregnated matenals together and
when set hard the whole becomes ngid  These matenals are usually called re-
inforeed plastics and denve their strength largely from the strength and arrange-
ment of the filler withun the mass and also from the shape of the structure,

The thermoplastics, on the other hand, soften on reheating without loss of
quality and are therefore sold as polymeric hquids or solids  Their fabrication is
A teparate operation

In these matenals the long, chain like molecules hie nide by side, albert couled
randomly bike caterpillars In the thermosets cross-linking takes place between
atoms of the molecules at nght angles to the maun axis of the molecules, as 1f the
arms and legs of the caterpillars grasp each other  Thus a thermosetting matenal
bas internally fewer * degreet of freedom ™ and 13 therefore more rigid than a
thermoplastic It 1s also less elastic and, although generally it can support greater
stresses, 1f deformed too far 1t will break its molecular and atomic bonds irre-
tnievably rather than yield plastically and thus 1t will be hable to shatter under
thock  Thermoplasixes can be strained further under load without fracture and
will recover better when the load 15 removed.

Some materials lic between the two types, and their mo
2 few mde-chains and wll be only partially cross-linked ﬂﬁﬂ;tncﬁhh:htm?ﬁ];
still largely exhibit the heat sensitive properties of the thermoplastic matenials

The properties of plastis, a3 of every other substance, stem from their atorme
and molecular structures A knowledge of their basic structure was required 1n
order o make plastis, except by accident.  More 18 probably known of therr
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structure and of the link between structure and properties of plastics than of most
other matenzals  Plastics are available with many different chemical structures and
offer different combinations of properties, which must be considered when selectmg
the right plastic for a particular doty To some degree certam modifications can
be designed in order to change the behaviour of the material.

Modifications taking place today in plastics have many forms Polymers of
more than ono monomer are called copolymers or interpolymers and give new
materials with properties different and possibly supenor to those obtained by poly
merizing the constituents by themselves Other non polymenc, matenals are
added and frequently mmprove the physical and fabrication propertles. The
polymers themselves may be subjected to frradiation by nuclear bombardment,
which has the effect of cross hnking thermoplastic materials and making them
stiffer and increasing their tempemtuore resistance and mechanical properties By
stretching the plastic the mechanical properties of randomly oriented polymers
may be improved The increaungly famuliar synthetic fibres like nylon and
Terylene are obtained by this means. The atoms situated on the branches 1n the
molecular chain may be designed by the chermust to be more regularly situated
producing polymers which are named 1sotactic  and which can be
By companson with the polymers 1 their amorphous state their tensile strengths
and other properties are improved and it i also possible to make film and fibres
from these matenials By all these processes the propertics of plastics are being
continually widened and improved.

Therr unique properties or combination of attmbutes have widened the uses
of plastics 10 surgery in the past few years The best applications require that the
materials are only selected after full consultation between the surgeon, the engmeer
and the material speczalist

As will be clear from thus and later chapters, plastics, in spite of the chemycal
inertaess of many are not suitable for making components which are to be sub-
fected to abrasion or to stresses which are high for plastics but which may be quite
moderate by the enteria of normal metal design. Internal prostheses such as the
Judet type have, not unexpectedly from an engineering standpomt, often falled for
such reasons (Scales and Zarek, 1954)

THERMOSETTING PLASTICS

These are amongst the earhest plastics available, and form about half of the total
plastics production of Great Britain. In the Umited States of Amerca thermo-
plastics predomunate  Thelr ability to be moukded rapidly and cheaply parti
cularly with metal preces Inserted, allowed the mass production of many items
vital to the electncal, teleph and radioc jon industrres. These
developed rapidly 1n the 19308 end without the wilespread use of the thermo-
setting plastics progress would have been retarded  Therr chuef surgreal uses have
so far lain in the manufacture of prostheses for the lower imbs

Medical applications include the use of cold setting resins for encapsulating
preservation of anatomical specimens and for ascertaning the shape of varous
organs 1n pathology by filhng them with liqurds, whch then set solid 1n pontion
(Scales, 1950) They are also useful for casting into simple moulds. As reinforcing
matenals with fabrcs they are usefu! for making shapes by machining from block
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or by dipping cloth 1 tesin solutons and shaping after the manner of plaster of
Paris bandages

Thev are avalable as powders consisting of a polymerized resin and a filler such
as wood flour Jn roughly equal proportions  These powders are used to make
mouldings  The familiar Bakelite a phenolic tesin (Whitchouse and Pritchett
1955) named after Dr Backeland {tsinventor belongs to this class and is amongst
the oldest established of the commercially used plastics It consists of cross linked
long-chmin molecules which give o three-dimenstonal interlocking structure which
15 responsible for 1its npndity nfusible and insoluble properties

The thermosets are aiso nvailable without fillers ns pure resins which can be
used as a paint lacquer adhesive or as a bonding agent to form laminated
structures contmmng textiles paper or glass as reinforcement  Lamunation and
impregnation are extremely important as they mve rigid structures of complex
shapes with very simple technigues and equipment  Some can also be blown to
give expanded ightwesght matenals

Types
‘Thermosetting powders and ressns can be subdivided into six main groups

Groups Applkcations

Phenolica Phepo! formaldeh Powder and retin
Retorcinol formal Adhetives
Phenot furfural Powder
Awminos Urea formaldetyde Adhctives
Melamine formaldehyde | Wide cobour and
good dcctﬂ“;f PO~
Thermosetiing
plastcs Anilines Powder
Polyester Laminating (with fabric
Teinforcement)
R For monldp
L Furancs Coating
Structure
‘When completely cured, phenol formaldehyde and urea formald
of chains of oot
bcclhow;o molecules which are cross-linked to form a ngid structure which may
H
H ~N—C~—
i |
Cm(Q
|
il ]
Phenct Ure. "
farmaidenyde Iormlld:hydo
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Manufacture of resin

Phenol or urea or melamine are respectively combined wath formaldehyde m a
condensation process, & viscous liquid resulung. Moulding powders are formed
by muxing and grinding of fillers and pigments

THE THERMOPLASTICS

RECONSTITUTED PLASTICS

These are not fully synthetic matenials since their molecular structure is that of
natural but modified raw matenals The two maimn groups are based on ceflulose
and casein (Collins, 1952) Thesg plastics are mostly used for decorative purposes
since their mechamcal and chemical properties are mostly poor In the early
days, with little else available, cellulose plastics were used for prostheses because
of the ease of fabncation and colouring to resemble fieah tones  (Soft polyvinyl
chlonde 1s now used a great deal for this purpose.) Solutions of celluloncs are
still valuable for film formmg and impregnation Whilst they appear to be losing
ground to other thermoplastics, the stumulus of technical competition may lead
to useful improvements 1n properties and uses

CeLLULOSE PrasTics

Cellulose can be modifled to give severnl plastics, of which the most familiar
are cellulose nitrate (celluloid) invented by Parkes in Great Bntain 1n 1869 and
regenerated celinlose (viscose) and the acetates which are also the bases for so-
called artificial silks (rayon)

Nature of polymer

General physical properties
These matenals are transparent unless coloured In the solid state they are
ecastly machined and fabricated  Adbesives contalning solvents for cellul can

be used to give strong joints  Their strength depends on the degree of substitutron
of the original cellulose molecules and largely on the amount of plasticizer present.

Cellulose rutrate has a very high impact strength, however and all of the cellu
losics have good elongation at fracture

Vartonts

Each of the polymers may vary in proportion, depending on the condition of the
cellulose, the kind and relative amount of the ingredients and on the time tem-
perature and agitstion of the reaction  For mstance, varying degrees of nitration
and acctation are possible Thus is important since some nitrate grades arc
explosive  Plasticizers can be added  their types are numerons. Camphor is the
usual one for the mtrate matenal Colourmg and plasticizer are wually incor
porated on mixing rolls or by kneading.

Avallable forms

These materials are usually available 1n block, sheet, film or moulding powder
form Most can be easily fabricated further by machining, powdering or heat
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shaping.  Cellulose nutrate is mixed with a solvent before processing on account
of 1ts heat sensitivity which also permits it to be moulded

Some types, particularly acetate and mitrate are available 1 solution form
which allows them to form films /n situ and to impregnate fibrous matenals to
form reinforced flexible structures  Metal articles may be dipped to give protective
coatings  The solvents are usually highly inflammable

The cellulosics can be extruded to give film sheet tubes or sections. Filament
yarns which are the basis of the rayon and viscose industries are also made from
acetate  Apart from regencrated cellulose and nitrate all can be moulded

POLYTHENE

Polythene 15 obtamned by polymenzing the gas ethylene  The polymer is available
1n a range of densities of which the lowest density is the onginal matenal and
available 1n quantity The remainder are of recent development and supplies are
at the moment more limited  Work on higher density matenals 1s progressing
rapidly and the poution at the tume of writing may soon be outdated Broadly
speaking, higher density polythenes give some improved properties such as high
stiffness and softening pornt, taking the matenal closer to nylon in performance
but occasionally with some loss of property 1n other directions such as an increased
tendency to degrade by oxxdation

Polythene is a particularly interesting substance to the surgical worker because

of 1ts relative inertness and its ease of fabncation which make it available in many
forms.

Nature of polymer
General deseription

Polythene has a slight waxy fecl and 13 warm to the touch 1t 15 not well
wetted by water 1t 1s transparent in thin films and, when molten transiucent in
thicker sections and white like pure paraffin wax in really thick sections liquid
levels can generally be seen through most tube thicknesses. It is generally odour
less and 1s tasteless  In the tolid state it can be machined, cut, welded, and heat
sealed. It s difficult to stick things to 1t, but pressure sensitive adhesives based on
polyisobutylene can be used, although they remain tacky Deposits do not form
readily on it thus tubes do not block easily It 1s referred to 1n Great Brtain as
polythenc  in the United States of Amenica 1t 1s called polyethylene

Structure

Polythene has the simplest of all structures and is cc d of linear molecul,
made up of repeating methylene units  the molecules contain many branches but
are usually depicted as (— CHy) The molecular weight vanes but 15 usually
between 15000 and 45000 in low densty and up to 1000000 in high denmty
:ot normalt;etr;wpcntum the material contains both amorphous end crystalline

mponen o increasing with the t
norphons at e e g cmperature untul the matenal is fully
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AManyfacture

The gas cthylene 15 polymerized 1n the presence of catalysts to give polythene
The step may be depicted thus

H H HHH
| e | L

H HHH "
Ethylene Polythene

With the standard hugh pressure process the matenal comes down as pure poly
thene, a molten viscous material which 1 soldified and granulated :nto small
units roughly § 1nch mide. In genceral no harmful eatalyst remains, but eertam
polymer vanants will contan, particularly for use as cable, pipe and splints, a
very small proportion of anti-oxidant  This 1s necessary to prevent the degradation
whnch will occur if unprotected matenial 1s held at elevated temperatures m sub-
sequent processing.  The new high density polymers can also be made by alterna
tives to the normal high pressure process. In one such, ethylene gas 13 bubbled
through a2 liquid contahning catalysts. Polythene now comes down as finely
divided powder from which the catalyst and other elements have to be washed.
It 13 too early to say whether the powder which 13 subsequently remeited and
granulated, contains harmful residues or not, snce exhaustrve tests remaln to be
done. Yet another however leaves no catalyst rendue  this process 1 operated
1n the United States of America

Vartants

Polymers in general use have melt index numbers attached which correspond
only to their molecnlar wesght, the numbers generally available berng 02,2, 7 20
the lowest number having the highest molecular weight and stiffness.  Further
more, by varying the process condstrons, materials with a slightly different balance
of properties may be obtaned These may be chosen to give a balance suitable for
particular fabncation methods, and thus there may be a type for general use
film use, bottle blowing, and s0 an. Plasticizers are not normally added to poly
thene, so that there 15 no problem due to side effects from this canse.

Avaflable forms

Polythene may be processed in many ways. It can be extruded to give filaments
or tubes, or solid sechions of complex shapes. It may be used to insulate wires ot
cables.

It can be moulded to give blocks, sheets and small articles such as bottles. It
can be extruded to gve thin films which Are available m vanous thrcknesses and
other materials and films can be coated or laminated wath it. It can be sprayed
over metal articles, which can akso be dipped into it to give chemical protection.
Thus it 13 a matenal of great versatility Examples of fts medical uses are

Fllaments—woven Into fabrics and may be drawn to threads with about a

quarter of the strength of nylon
Tubes—for drainage of the body
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W ires—for insulating clectric leads to instruments

Mouldings—<an be shaped to gwve supports used in plastic surgery
bottles for holding fluids squecze bottles for dispensing.

Films—may be used for packaging medical supplies and for internaf
repar work

Sheet—splints

A type contmmng fincly divided earbon black, up to 2§ per cent s sold for
tube and pipe manufocture This is to protect the product from uitra violet
attack  but this matenal would not normally be conudered for internal medcal
spplication 1t ss also available n many colours  the pigments used will have to
be cheched indmidually for internal use  There is no detectable free cthylene in
polythene in any fabricated form.

PoLyVINYL CHLORIDE (PV C)

Viny!l chlonde was fist polymerized in the laboratory 1n 1838 but remained an
academic cunosty until the 19305, when 1t attracted attention in Germany Pve.
to which 1t 13 commonly abbreviated, vies with polythene as the world s most
abundantly used plastic,
Nature of polymer

1t fs most commonly known when softened with the addition of a plasticizer thus
rendering the matenal rubber hike at room temperature  In this form it performs
duties smilar to leather rubber and rubbenzed matenials  Without the addition
of & plastreizer 1t is a hard, horn like material at room temperature, of relatively
high speafic gravity for a plastic (1 35-1 55) shightly yellow and translucent  Like
polythene 1t can be machined but 15 more difficult to process m other directions
such as welding and moulding and can only be heat sealed by the use of radio
frequency heaters It has excellent mechanical properties and can be cemented
1o ractals. Its resistance to attack from morgamc environments 18 simulat to that
of polythene but 1t resists organics rather better  Ita upper hmut of working
temperature fs about 60° C. and it is self-extinguishing when set on fire and is there
fore generally regarded as non inflammable
Structure

P vc. normally has an amorphous structure composed of hnear molecules of
the form (—~CH, ~CHCl ~CH, —CHCI~) and has n molecular weight of about
30000 which can be varied aver & wide range by the degree of polymerization
Manufacture

Vinyl chlonde monomer CH, == CHCl is a gas and is polymerized by heating
1n presence of a catalyst in a liquid which s usually water There are two normal
types of polymerization, granular and emulsion Both types yreld & powder
the former consisting of small hollow i plete spheres (. pheres) made up of
tiny powder gramns and the latter gving a powder of the nze roughly equal to the
smallest grain making up the xenospheres of the former The granular s shghtly
more difficult to process but yields the purest polymer emulsion polymers generally

contaiung some catalyst and other residues which survive the washi
stages which follow polymenzation ¢ g pad drying
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Variants

Polymers are available with different molecular welghts which are given 1n
terms of a K value K50 corresponding to 2 molecular weight of 45 000 and K65
equivalent to 60000 The higher the molecular weight the better the mechanical
properties and chermical resistance but the harder they are to process. Com
promuse is usvally sought and matenals of K value lower than 65 are normally
used

Further case of processing 15 also obtained by Interpolymerization with other
matenals such as vinyl acetate to give copolymers which are also becoming avail
able 1n quantity  Other copolymers are of the butadiene/acrylomtrle/styrene
type, commonly used in synthetic rubber Such interpolymers are easier to
process because of their lower softenming point, but the matenal hecomes more
rubbery Methacrylate polymers are also beng added to pve. to give new
matenals with interesting properties such as high transparency snd strength.
Other additives arc lubnicants and stabuizers to prevent the degradation under the
action of heat to which p v c. is 50 prone during fabneation operations Many
of thesc stabilizers are taxic and prevent the use of these matenals in the food
industry These additrves may also appear in plasticized p v ¢, which has markedly
reduced mechantcal properties and chemical stability but is very easy to fabmeate.

Plasticized p v c. 13 available with & wide choice of formulation suited to par
ticular duties and, as has been said above, a particular formulation is often selected
because of some particular advantage which 1t possesses over rubber for the duty

In addition to plasticizers, fillers such as cork, silica, chalk and clay may be
edded to certain specific grades. These are added chiefly on grounds of economy
and to improve abrasion resistance or resilence for floonng. By adding wetting and
dispersing agents the matenial can be obtained in the form of pastes which are used
to make simple mouldings Foamed or expanded matermal 1 bling sponge of
small separate regular cellular construction can be obtained  These have excellent
insulating and cushiomung properties

Avaflable forms
Rigd p v c. 15 normally available as a powder In blocks for further machining,
or in sheet form which can be shaped at relatively low temperatures (100° C.) by
vacuum or slight pressure. Some film is available with excellent mechanical
propertics, and some flexible clear sheet
Mouldings can be obtained by compression  and p v ¢. can be extruded, given
care, nto a large variety of shapes. Pigments can be added to give a wide range
of colours.
Plasucized p v c 1s available 1n the following forms
Paste—which can be moulded by hand or by smple methods and is
used to make flesh-like prostheses
Sheet (flexible and sometimes translucent) for protective clothing.
Surgical uses reported mclude that of repair work.
Coated fabrics of great vanety—a wide use in upholstery and decorative
and protective duties
Filamenis—for weaving mto textiles, which arc classed as oon
wnflammable
Tubes and wire covering

<
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Other vinyls

There are several other plastics of similar structure 1o polyvinyl chloride Of
these polyvinyl alcohol is sometimes reported in medicine as an aqueous solution
in pharmacology  Polywinyl acetate yiclds a sohid plastic of some value it is
occasionally used 1 the form of film or tube and 1s water soluble Interpolymers
of polyvinyl acetate and polyvinyl chlonde are commonly used They are far
casier to process than pure p v ¢. and yield quite ductile and tough plastics, although
their mechanical propertics are much lower than thosc of pve

Polyrimy1 pyrrolldone

This material has been briefly described by Fishburn (1955) It s used as a
plasma substitute in an aqueous solution of material fractionated to yicld a closely
controlled molecular weight and also ns o complex with fodine It has been
claimed that the combination may be used safely even internally

Nyvron
Nylon 15 the result of many yeary of rescarch into the principles of polymenzation
by one of the greatest polymer chemists—W A Carothers. It is a name given
genenally to a polyamide group of thermoplastics obtalned by & polycondensa
tion, usuaily of two radicals, ratber than by the usual additional polymenzanon

Nature of polymer

1t is certainly the strongest of all plastics available at the present time and can
be obtamed 1n granule form for monlding as well as the familiar ynrns, textiles and
monofilaments which are large diameter single fibres.

ts natural colour 18 yellow and shightly translucent—the yarns are normally
made white and opaque by the addition of titanium dioxide pigment. A full
range of colours is possible It has & high melting point—over 250° C —and
retains suffisent strength for the working temperature to reach 120° C. It has
excellent mechanical properties and can be very easily machined and fabricated
Its chemucal resistance to alkalis and to mast organic liquids 15 good, but 1t 1s
attacked by acids. Nylon, bike all plastics with OH COOH or NH groups Is
hygroscopic and thus its electrical msulating propertics are slightly reduced 1ts
moisture absorption 13 far lower than that of many natural materials. Cementing

13 possible with special adhenves and nylon can be solvent bonded to 1tself using
formic acd

Structure
Many types of nylon can be made they are usually classified by the number
g}‘ﬂmrb&n att;nm which are dustnbuted on either side of the NH group Thus
on po thylene adipamide 13 the most comm {
fton rormulamm: on of the nylons and
(NH ~ (CHy)¢ — NH ~ CO — (CH,), — CO ~ ),

and the molecule 13 proten ke 1n structure with amorphous and crystalline

phases whose ratio varies wath temperature and
o < pern and mechanical treatment and affects
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Manyfacture
Nylon 13 made by combinng a diamme nnd a dibask nod to forma m]t which
is then polymenzed. Nylon 66 13 ob d by cond hylene d

with adipic acrd.  After polymerixation the nylon forms 2 very viscous liquid and
15 cvacuated from the vesse] quenched and chipped 1nto moulding matenal or
processed into yarn form.

Yarn and monofilaments are made by pumplng molten polymer through a
mulutude of holes 1n a spinneret plate, which 13 then quenched and drawn  The
drawing process simply means pulling the yarn or monofilament so that its dia
meter 15 reduced by ratios extendingto 5 lor6 1 After thermal conditionmg,
the changes in the fibre, such a5 increamng the crystalline-amarphous ratio,
straightenmg the molecules along the axis of drawing—onentmg as 1t 15 called—
becorme irreversible and the fibre can now withstand extremely high tensile stresses
in the direction of draw—up to 25 tons/in* as good as some alloy steels. This
drawing process has to be done below the melting temperature of the polymer for
these effects to occur  The draw can be varied cyclicly to grve tapered thread
mstead of one of constant dismeter

Variants

By varying the imitial components, nylons of different properties are obtaned.
For example, by taking the next of the dibasic acids—sebasic—together with the
same diamine as Nylon 66 another nylon, 6-10, is obtrned, generally sumilar
but wath shghtly mproved resihience and moulding properties  Single component
nylons are made by condensing ammo aclds such as caproic acid forming Nylon 6,
sometimes known as caprolactam, which 15 1 vogue 1n Europe

Plastrcizers can be, but are nsually not, incorporated.  Mixtures of the scparate
nylons and copolymers are becorung available for special purposes.

Avaflable forms

Nylons can be extruded and moulded and most plastics processmg methods
can be applicd to them. Thus they are available as

(a) Yarn cloth,

(5) Monofilament for sutures, known as Sutron and avaflable m a range of
diameters.

(¢) Films which can be made by extrusion of the melt or by evaporating solvent
from a solution of polymer These films are generally transparent and tough,
particularly when drawn, and some have other mterestng properties such as hugh
moisture vapour permeatality

(d) Nylon solutions m which articles can be dipped to grve protection against
abrasion or chemical attack

(¢) Moulded sheet and blocks which can be machined shapng 1s difficult
because of the high softening pomt and mouldmg by injection or compression
under heat 15 normally better

(/) Moulded arucles such as bottles and hypodermic synnge cyhinders having
high strength and which can be sterilized,

Nylon has excellent wear properties and can be run almost dry 1n contact with
itselfl and makes excellent silent moving parts.
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TERYLENE

Terylene 15 the familiar name for the fibre-forming polymer polyethylene tere
phthalate, discovered in 1941 by Whinfield & Dickson in Great Britain in the
laboratones of the Calico Printers Assoclation It 1s complementary to nylon
and 33 becoming widely used as a textile and as a yarn It is also available 1n
film form, which has certawn uselu) properties

Nature of polymer

It 13 a thermoplastic polyester formed by the combmnation of ethylene glycol
end terephthalic sad  Only the film known as Mehnex in Great Britain and as
Mylar 1n the United States of Amenca will be described here It is available as a
pure matenal, and also with additives to increase 1ts sipperiness this latter form
18 less transparent and will probably be less interesting for surgical purposes  The
film is of interest 1n that 1t 1s extremely strong, relatively inert and can be sterilized
1t has been used 1n making dressings as a finely perforated thun fllm whuch largely
eliminates adhesion between the wound and the dressing.

Maonufacture

The polymer 1s melted and extruded from a dic and the molten film 1s quenched
rapidly This gives an amorphous matertal which 1s falrly strong but 1s unstable
The film 18 then heated above 80° C  drawn 1n two directions when the brittleness
drsappears, and the film becomes very much stronger In the third stage the
drawn film 15 heated to about 20° C while 1t 19 geometrically restrained from
contracting. It then becomes far more crystalline and substantially stable dimen
sionally up to 200° C.

Melinex 1s normally supplied after passing through all three stages as a plane
onented crystallized film which 13 extremely strong, some types being capable of
reusting stresses 1n the range of 7-20 tonsfin.?  For expenmental purposes, how
ever film from the first and second stages may be useful. Afier the firat stage
heated amorphous film 15 useful for blowmg 1nto shape and after the second 1t will
contract considerably unless restrained. Ths property 15 useful for packaging

artscles where exclusion of air 13 necessary
Available forms

Standard film contams no additives such as plasticizers It 1s available m a
range of thickness from }-5 thousandths of an inch. It 1s dufficult to make strong
scals with stself but the film can be stuck to many other materials

POLYMETHYLMETHACRYLATR

Thus polymer 13 the best known of the scrylic group It 1s most familuar as flat
sheet (for example Perspex, Plexiglas Lucite) but is also available as motulding

It has been much used In bone surgery with particular success
not subjected to high stresses or abrasion where it s
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Natare of polymer

The special features of this matenal in all its forms lie 1n its superb optical
qualitics combined with relatively high strength flexibilty and its ease of handling
and manufacture which are typical of & thermoplastic In many European langu
ages it s aptly known as  organic glass It 13 alto chemically inert 1n presence
of strong alkalis and weak acids but 1s attacked to a varymg degree by a number of
organic materials and strong sads.  As regards plastics, 1ts renstance to shatter
is fairly good and its softenmg point hugh at 105*-120° C. It is not classed as non
inflammable.
Structure

Structurally the polymer 13 composed of linear molecules of the form

e

—CHx—C—C‘H—i— ete
=0 -0

bo b
Polymethyl methacrylate

Perspex has a relatively high molecular weight of 250,000 whereas the mouldmg
powder has a somewhat lower one 1n order to permut easy flow in moulding
processes,

Manufacture

Drstilled monomer 1s thickened and poured into glass cells and polymerized
by heat. A catalyst 15 normally added The resulting shects are stripped from
the glass, papered and edge tdmmed  Sheet 15 avmlable in a wide range of solid
and translucent colours, made by adding colours to the thickened monomer
The moulding powder 13 made by heating & mixture of monomer granulsting and
stabilizing agents 1n water within & jacketed vessel. It comes down as 8 powder
which has to be washed and dried  In this form it is often used as a base material
to make pants, lacquers and for coating and impregnating paper and fabrics.
Colours may be added and the powder converted to rather larger granules roughly
{ inch 10 diameter for moulding.

Variants

Both sheet and moulding materials are available with some plastczer added—
usually dibutylphthalate—in order to improve the flow properties in later pro-
cesung, but at some sacrifice in heat resistance.

Special tinted powders are available for dental purposes. Copolymers of
methyl methacrylate with ethyl acrylate are also manufactured.

Since methyl methacrylate s a most reactive monomer 1t 13 hardly surprisnng
to find 1t 1n association with numerous other materials such as butadsene, when
it ctases 10 become an organw glass, but acquires radically different properties.
It may play the part of & synthetic leather or rubber with interesting propertics
or as a paint base or paper coating material when in latex form.

It can also be reacted mith pve onwhichitmayhavanwflcnmgr.ﬂ'uﬂlnd
gve increased transparency  One vaniety of such copolymers fs the novel  block
copolymer  1n which long chains of p v . molecules are broken by mechanical
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working and Jong chalns of methyl methacrylate molecules aro polymerized
alongside the p ve chain

Thus instead of the random arrangement of copolymerized molecules of two
components AABABAABBAA we have A-A-A-A-A-B-B-B-B-B-A-A~A-A-A
with very different physical and chemical properties This new type of materal
1s made by 2 mechaniealchemical process invelving the wmechanical rupture of
the molecular bonds  This pnnaiple af macromolecular formation is not Timited
10 the two components deseribed above and will probably be widely applied to

polymers generally

Avallatie forms

The polymer 1s normally available as a theet or block for subsequent shaping
of mechuning. Mouldings can be made in large variety and cndless sections can
be extruded. This wncludes rod tube and flexible stretched Toil

Slmilar materisls

Most of the zbove applies also to polystyrene, which 13 the only other plastic
with the brilliant, transparent optical properties of methacrylate  Styrene, which
at the ime of wniting 1s slightly cheaper by comparison, has wnferior properties in
several directions, notably chemical resistance, and resistance to shock leadmg
and wohght It has 2 different refractive index from methacrylate As with
methacrylate, styrene 15 also A component of rubber and paint synthesis

FLUOROCARBONS

All the plastics which have been reviewed so far have been hydrocarbons  The
carbon atoms which are linked together by polymerimtion or condensatron to
form the main molecalar cham have hydrogen as well as other atoms attacked to
thear other branches 1In the fluorocarbons fluorme replaces hydrogen ercker
parily or completely This new group opens a whale new field. Tno marerals
1n the ciass have been synthesized and are available in factory quantities  The first
13 one 10 which four carbon atoms are all linked to a fluonne atom snd 1 affed
polytetraftuorocthykene (P TF E.) and the sccond has one fluonne atom 1 fou

replaced by 2 chlonne (KEL-F) our

Nature of polymer

The chuef attributes of PT F E. are its chemical inertness eaceliorr electpen
insulating properties, high fusion and workmg temperatures, and s prest,
adhesve and sclf-lubricating qualites  These unique properties heoe oo
not been obtamed withont tribute to Nature m this case taking (he « .
expensive route and difficult processing conditions, thus Lumiting (h_ g = of an
m:ﬁ::ulkmh‘l}mpmm D:l th}zﬂfuﬂy fluorinated PTFE, loge o Ec}q,:a:;:

monochloro maten: L bu processin, ©
shightly casier ( ) bt the 8 condhrzt become

Remarks below will be confined to PT FE, ka
Amensca a3 Teflon and in Great Batain as Flu}cz;r‘x. o 1 e Urs? States of
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Structure
The structure can be represented by

n

and the polymer 1s crystalline. It is thought to contain submicroscopic crystallites
1n an amorphous matrix, the amorphous—crystallme ratio belng capableof vanation
by mechanical and thermal action.

Manyfacture

An ntermed gase product—difluoromonochloromethane—is prepared
from chloroform and hydrofluonc acid and 1s pyrolized 1n tobes at hugh tempera
tures to give the monomenc gas tetrafluoroethylene  This 18 punfied by scrubbing
and fractionation. Polymenzaton 1s carmed out m an autoclave In an aqueous
solution with a peroxy catalyst. Solid P T F E. now results as a flocculent ponder
which has to be reduced to 2 more uniform particle size about that of granalated
sugar and drred

The resulting polymer contains no free fluonne or catalyst resues. The
powder docs not melt on heating like the other thermoplastics and cannot there-
fore be moulded in the same way The powder has to be smtered and handled 10
the manner of powdered metal technology The powder must first be compressed
m a mould, to give a preform which has nearly all air excluded from 1t and which
15 strong enough to be handled It is then placed in an oven and heated at 360° C.
for about 1§ hours, when contraction takes place The oven must be well vented
to the atmosphere, since poisonous fumes are evolved. The moulds may be made
to the desired shape or into blocks which can then be machined further or from
which a contmuous thm ribbon can be shaved. It 15 almost impossible to make the
matenal adhere to anythmg else, though recently 2 promusing method has been
evolved

Variants

A choico of molecular weight 1s not possible. Fillers can be incorporated,
chiefly in order to lower the cost but at considerable loss of the basic propertics
Polymer can be pressed 1nto porous metal and smtered to give protection and
good beanng properties. The main variant is obtamned by varying the polymenza
tion to give a suspension of small Fluon particles mn water  This solution can be
sprayed on to articles, which can alternatively be dipped m the solution. They
are then baked 1n an oven at 360° C_, when a smooth unbroken film is formed with
a fair adhesion force  Such articles now enjoy the full protective and non-stik
properties of Fluon and find many applications for electrical food and other
purposes where high temperature duty or cleanliness 1s particularly required.

Avallable forms

From the two basic materials described above, the powder and the dispersion
a multitude of forms can be made.
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The ponder can be sintered to form a mynad of mouldings mostly used in the
chemical and electncal industnes, such as gaskets stop valve seats and packings
and electronic components It may also be extruded by a sort of continuous
sintering process to form rod tubet, wire covenngs and 50 on

The moaterial has poor recovery and this loss of elasticity coupled with its
tendency to creep under load particularly at high temperature Jimits some of
its applications. In these cases the less fully substituted type KEL-F 13 preferable
uince 1t has o greater degree of recovery

SILICONES

In the bst of thermoplastics 15 10 be found another remarkable proup in which
the main molecular chain 15 composed, not of carbon atoms, but of alternate
silicone and oxygen atoms  Organic atormic groups are attached to the nide chains
of the silicon atoms, and variations in composition of these groups can be made,
with consequent changes 1n properties.

This group of plastics owes much to F § Kipping, Professor of Chemutry at
Nottingham University  These matenals are made 1n Great Britain under licence.

Nature of polymer
General description

A large variety of products s based on the silicon—oxygen system, such as fluds
resins, greases and efastomers.  Certain properties are held 1n common by them
all the most mnteresting being their extremely good stability to heat, cold and
chemrcal attack. Only the elastomers are solids and should really be considered
as synthetic rubbers with remarkable working temperatures—ranging from 130 C
to —90 C. and being 1nett 1o many media attacking normal rubbers.

The hquids are also interesting in that they are water repellant and have a low
surface tension, and are frequently used for waterproofing.  Their uses 1n rmedical
work have been well covered elsewhere (Hopkin and Williams, 1954) Compounds
arc made by adding finely divided silica  Lubricants and greases are made by
::;Téspcual soaps or carbon black to the iquid  Silicones are odourless and

el

Structure
Silicones may be represented by the general formuls
R

{ ] |
S5i—~0—Si—0—5t
R

where R represents an organic group normally pheny] or methyl.
Manufacturing method

A full account is contaned 1n a book (McGregor 1954) by o
workers on these matertals, and from which the following ub{ak:: of the ongnal
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Sand is treated wath chiorine at 1,000 C to grve silicon tetrachloride, which Is &
Liquid. This is reacted in several ways so that one or more of the chlormes is replaced
by a carbon group such as methyl, ethyl or a phenyl. Thus we may have two replaced

j
Cl——Sll—Cl
R
as the carbon-silicon bond i not affected by water if the compound s drnipped fnto

water silica will not be regenerated. In fact 2 siliconc anses.
R

a—l—a + m,o——no—%l—on—zm

R

The OH groups continue to split with water and long chain silicone molecules resolt,
grving a liquid which 15 the starting point for other forms of silicone,

Avallable forms

Medical apphcations for these new materials are probably numerous and
clmical tests are still proceeding. Amongst uses reported are  barrier creams
alternative excipients to parafiin and vegetable oils in omtments‘and lintments
as antr-frothing agents and as acrosols.

The silicone rubbers resemble other rubbers except for their wide temperature
working range and thear hugher degree of Inertness.

ISOCYANATE-BASED POLYMERS

A relatively new class of polymers based on isocyanates can be made by reacting
them with compounds such as hydroxy ammno- and carboxyl (Dombrow 1957
Simonds, Weith and Bigelow 1948) They are structurally simular to nylons.

Most expenience has been gamed m Germany and the most commonly available
of the three types, polyurethanes, polyammdes and polyureas, is the first. The
most dramatic of 1ts uses 15 as a foamed matenal with a wide mnge of flexibility
and density  The flexible foams normally have an open, inter-connecting cellular
structure and m the suffer matenals the cells arc discrete. These foams find
surgcal applications as cushiommng materials. These interestmg plastes will
undoubtedly find wider applications as experience and supphes mcrease.

1t is difficult to describe concisely the type of product in this group since they
are becoming mprdly more numerous, together with a widening range of appli-
cations.

Nature of polymer
Strcture
Polyurethanes are formed by reacting polyhydroxy compounds with poly
socyanates  Thermoplastics are obtamned with the di-isocyanates and cross-
linked types by the higher compounds, for example meta-toluene di-isocyanates
and cthylene glycol
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Polyureas arc obtained from the reaction between polyamino compounds with
polvisocvanates—for cxample meta tolucne di isocvanate and ethylene diamine

Polynmides are prepared by reacting polycarboxyl acads such s adipie aod
with the same 150cyanate as above

Available forms

The urethapes and other 1socyanates are available as adhesive resins, coatings
and rubber-like matenals, as well as in the familiar foam form The foam 18
available in block form, which Is also offered as sliced sheet 1t can also be foamed
in situ 1o become part of o structure

The components of these polymers when mixed together can only be kept for
2 short time and they are toxic in some cases at processing temperatures above
60° C Consequently the tendency 15 for these matenals to be made by specalists,
rather than by the users.

PROPERTIES OF PLASTICS
Mechankeal properties

The designer can confidently expect plastics to compare 1n strength with such
materials as natural fibres and textiles, leather wood, plaster and rubber and
mdeed to show superior performance under certain conditions.

They are, however nowhere near as strong as steels (see Fig. 22) 1 spite of over
eager attempts to prove the contrary by mathematical manipulation of quantities
and presenting them as strength-weight ratios and the ke It may well be 1n
margmal cases that a given degree of support can be achieved with less weight,
which will be useful to the wearer but, in general, plastics must be 1gnored n
applications which require the tolerance of huigh stresses by the component.

It wall be clear from the previous pages of this chapter that strength Is not an
mvanable property Safe workmg stresses capnot be stated baldly without
qualification (Fig. 23) Thus ix the same practice as with metals but with these the
normal environment conditions often do not canse large vanations, and large
safety factors are possible. Strength varies smultancously with such properties
as temperature (Fig. 24), chermical environment,* molecular weight (Fig. 25)
structure and condition of the polymer (Fig. 26), ume and type of loading (Figs
27 and 28) and, in the case of hygroscopic polymers, with humidity

For these and other reasons the data 1n Table I must be treated with caution
It 15 agam suggested that plastics manufacturers should have an opportumty to
crzgmcnl on particuler designs, espeaially when hinuting conditions are thought to

The modulus of elastiaity of plasties 1s low compared with that of metals 1n
other words 11 a grven loading condition plasticy will deflect (elastically) more—
for example about ten tumes more than steel, but about the tame amount as wood.
Physical properties

These are afso shown in Table I and 1t must be
with conditions particulacly if fillers are used.

Chemical attack will tend to weaken phastics which

e gl 10 1oad by cuwning cracka,
or tson of the surface, This form
mtmhmmmmﬁmmﬁﬁ:mmmw
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PLASTICS

It will be noticed that the coefficient of thermal expansion 18 much larger
18 the case with melals and this difference will have to be accommodated whe
two are used 1n conjunction

Chemlcal properties

Plastics are, as a class, extremely resistant to morganic media, but are sen:
to attack in particular cases by organic materials to a greater degree than 51
with metals

They are normally far more resustant to attack than most natural fib
materials and rubber but like them they suffer weakening by the photocher
action of strong sunlight, unless protected by dense pigments or other such me
Water has some cffect on plastics, although relatively hittle

It must be emphasized that plastncs may slowly absorb chemical compo
if stored for long periods in antseptics (Fishburn, 1955) and thrs hazard will
to be checked individually although Table IT will provide a rough guide in 1
cases.

WORKING WITH PLASTICS

The plastics fabrication industry may rather like the metal working indust
be thought of as operating I two successive stages. Sometrmes cormbined *
polymenzation, as with Perspex, the first stage delivers seml finished mate
such a3 Jarge thick blocks, thinner shest flm or bar snd rod stock Thes
turn form the raw stock of the finlshing stages. The three main processes are clo
paralicled in metal working, to which in fact they owe their origms

Plastfes Metal working
Moulding Dio casting
Extrusion Extrusion
Calendering Rolling

Moatding

It is usual 1n plastics moulding to produce completely fimshed goods m
opcration, which 13 rarely possible with metals which usually cannot be fon
with the necessary precision and need to be machined to size or have screw thre
made.

In plastic mouldmg operations the matenal can be placed in the mould, wt
is then heated and the material compressed, the more usual system for then
setting types Thermoplastics can also be fed to a heating chamber and for
into the mould under pressure, giving a faster operation  this s called inject
moulding.

All types of moulding mactune used by the specaalists in this work are becom
Iarger and more complex as the search continues for precision cconomy !
increasing size of article  These machines are pot required by those who neet
rake only & few mouldings very simple and cheap machines are avalable
band operation Moukdings can also be made from the cokd-sctting therr
setting resms and from others by using special hardeners and catalysts 1n sum
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or wood moulds without mechanical equipment  Finished shapes can
E}::cl:c r:mdc by these means with fabric reinforced resins and the necessary
techniques are not too difficult 10 acquire

Extrosion

Extruston simply means forcing material m o molten state through suitable
ortfices to puve the required shape.  Copper stec! and other metal tubes arc made
this way 1n plastics extrusion forms a basw for making 0 myrad of sections
from sheet to small diameter tubing. This process is versatile because plastics
are easily melted and made to take up the final shape, whereas the amount of
deformation metal will stand in forming 18 much more linited Here again
standard machines are quite complex although some simple extrusions may be
got by forcing hot matenial through o die by a hand-operated ram  Adequate
results will normally be better obtained by a specialist fabricator

Calendering
A calender comsists of accurntely made rolfs which can be heated, and between
which heated plastic 18 forced to give sheet or film of very accurate thickness

Ttus sheet 12 drawn off allowed to cool and esther cut to length or rolled of thin
enough,

Subsidiary operations

Subndiary operations are numerous amongst the most interesting is the
shaping of thermoplastics. This 13 done by heating to softening point—which
usually [es [ow enough to allow heating in boiling water or 1n very timple ovens.
Rod for ie, can be pulated to shape or sheet may be transferred to
a prepared mould  This may consist of two simple wooden parts which squeeze
the plastic between them, or the sheet may be clamped and either blown by mir
pressure or sucked by vacuum against the mould. The matenial 1s then allowed to
cool when 1t will retain 1ts shape unless it is again heated to 1ts softening pont,
when 1t will revert to 1ts oniginal shape.  Plastics technicians call this phenomenon
“plastic” or molecular " memory

Thermoplasucs can usualfy be welded by heating the two mating surfaces and
pressing them together tilt cold.  Thus 15 frequently done with films and tubing and
13 called heat sealing.  Another method 15 to fill the space between them by melung
a welding rod made from the snme matenal  Thus 15 exactly akm to metal welding
with a gas flame

Special electnic methods are also used for heat sealing. Special glues and aolvents
are available for sticking both thermoplastics and thermostats to themselves and
to other matenials such as metal and glass

Some thermoplastics can be dissolved 1n & solvent and used to make film or for
coating articles by dipping them 1a the solution This i frequently done wnth
polythene and nylon to give cherucal

protection  Foams pastes and gels can be
made by adding switable agents to the polymer and moulded to xhlpege
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SUMMARY

This chapter presents a general review of plastics and contains Information
normally available in Literature confined to plastics, to which the reader 18 referred
for a more detailed and exhaostive treatment.

The intention has been to paint sumply and on a relatively small canvas, a con
temporary picture of a rapidly developing scene which 13 not confined to plastics
1n surgical use today and to discuss the nature of the materials in this group with
their advantages and limitations and some of the hazards likely to be met in their
employment The physiological compatibility of plastics has dehiberately not been
discussed, partly because the author considers this subyect to lie outside his com
petence and partly because the expenimental evidence in the hiterature appears too
scanty for useful comment. Indeed some of the work appeans to have suffered
from inadequate control and 18 misleadmg.
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CHAPTER 5

BIOLOGICAL AND MECHANICAL FACTORS IN
PROSTHETIC SURGERY

Joan T Scares

InN THE last 20 years there has become available a number of plastics and metals
with widely differing phymcal properties The apparent chemical inertness of a
number of them has suggested their use for varous purposes in surgery A
matenal which fs to be implanted in the body mast
/(1) be chemically inert,
(2) not be physically modified by tissue fluds
(3) not excite an inflammatory or forelgn body cell response 10 tho trssues
(4) be non-caranogenic
(5) not produce a state of aliergy or hypersensitivity
(6) be capable of standing up to mechanical strains 1mposed upon 1t, as
for example fiction when placed i a joint
(7) be capable of being fabricated 1n the form requred with reasonable
case and at relatrvely low cost
(8) be capable of being sterilized.

Before using a matenal for a particalar application a number of factors reqmre
conslderation 1n more detail than 1s apparent from the above list of properties
Fig. 29 15 an attempt to correlate these mterrelated factors, the relative importance
of each depending on the purpose of the implant. It 1s often said that tissues will
not tolerate a foreign body and that 1n the course of tume it s always expelled.
There 15 now ample evidence available 1n the various branches of surgery to dis
prove thiy belief

Materials med for Implants
Two broad groups of materials are used for implants

Metals

Long experience with metals has demonstrated that the cobalt-chrome alloys,
known 1n America as Vitallum * and 1 Great Britain as Vinertia 1 and stainless
steel to BS Specfication En 58 J (A.IS1 316) have proved most satufactory
providing certain precautions are taken 1 the manufacture and use of the wmplants.
More recently a commercially pure element—titanium j—has become avalable
and experiments suggest that it may be suitable for implant surgery

Plastics synthetic organic materials
Many plastic matenals have been used for a vanety of purposes, often with
unfortunate consequences  Although several companies may produce a plastc
N-;rmau:cdbyAm-Juu Inc. (Surg Divitioa), 224 East 39th Street, New York 16,
USA

1 Manufacrured by Deloro Steflite Lid, Birmingham,
3 Mmurwmcdgyylm'pu-ulcrmhkmdknownuﬂ 0.
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with the same genenc name, its composition may differ with each manufacturer
A vaniety of chemical agents or additives are used 1n the course of manufacture
of a synthetic matenal, for example catalysts plasticizers, dyes pigments, fillers
and stabilizers  These matenals are added to ald manufacture, to modify physical
properties, to tint or colour the material, to lower the cost or to retard degradation
of the polymer Many commerdially avallable plastics are therefore of an exceed
ingly complex nature and if possible a qualitative analysis should be obtaired
from the manufacturer before they are used in the animal or in man. Sometimes
the manufacturer is reluctant to give the complete formulation of the products,
but without this information expenmental work 1s of little value To use, for
example a synthetic fabric whrch has been purchased from a draper s shop or cut
from the tail of a shirt for a vascular prosthems is wholly indefensible—reports
of work with matenal which has been procured 1n this way have appeared 1n the
hterature There 13 often consudernble doubt as to the composition of the fabric
and the fact that nearly all fabrics are contaminated with a vanety of spinning and
weaving agents is ignored.

Animplant 15 a therapeutic agent and should not be used 1n man until laboratory
investigation end animal experiments establish that the final expeniment 1n man
has a reasonable chance of success

IMPLANT DESIGN

Stabilimtion of prosthests

Many implants are intended to remain in the tissues for the remainder of the
patient s life  They are requured to restore function for example, the conduction
of fluids as in the replacement of a portion af & vessel, to replace part of a bone or
joint surface or to occupy space following the removal of fissue as ln pulmonary
plombage Whatever therr purpose these implants must be stabilized and in
corporated in the tissues. Imtially the implant may be attached to the tissues by
mechanical means—by sutures in vascular grafts, by pins or nuts and bolts as with
orthopaedic prostheses—or be placed free in & cavity and be supported by the
tissues as Is the case with 2 plomb None of these procedures Is likely to socceed,
however unless the tissues are able to invade the structare of the implant.

In vascular surgery the primary function of the mmplant is to conduct fluld
its secondary function 1s to act a3 & temporary scaffolding to enablo vascular fibrous
ussue to form a new tube On this foundation endotheliom 13 ablo to migrate
from the normal vessel at erther end of the implant. A non porous implant will
usnally fail at its junction with the vessel or clotting will occur within the lumen of
the tube

The replacement of portions of the bony skekton necessitates the union of the
implant with the remaming bone by means of nuts, plates and bolts or intra
medullary pins. All bones transmit forces of considerable magmtude and perms
nent stabihration of the implant by theso means is likely to fail in the course of
ume as a result of elther matersal fatlure of the connectng links or fallure of the
patient s bone owing to high stress concentrations at the points of contact with
the implant.

If & pellet or block of an mert plastic or metal, 2 millumetres by 5 milimetres B
implanted 1n muscle 1t becomes surrounded by a thin, non-adherent fibrons tissue
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Fig 30 —Tissoe resction Induced by implantation of & Fellct of 18/8/1 stainless
steel 730 days previously in the anterior abdominal wall of neaplg.
Capsule Compact fibrous tisue not adherent to Implant, Inflammatory and
gant cels—nil.  Vascular reaction—nil, thon _chromium

10
Tickel 8%, carbon O-1 [ o6 100
courtesy of the O s Wb e e & the Ropal et af My

hay between filaments
of the thread, There 13 Do thuue fluld Iuﬂ.u:mm.c.-yl.\:dlhc celbh—
nll. Vascolar resction—nil (X ﬂ)(ycanrryoflhcﬂml\gym}:mm
Proceedings of the Royal Society of Medicine )
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envelope (Fig. 30) There 1s no increased vasculanty in the surrounding trsues.
Foreign body giant cells and chronic inflammatory cells are not found The
fibrous tissue capsule in the course of time becomes hyaline in nature the cells
being flattened and arranged parallel to the surface of the implant. With non-
weitable materials or those which have a very low fluid uptake such as polymethyl
methacrylate or polythene the capsule 15 separated from the Implant by & small
tissue flnd space  In bone the implant 1s surrounded by a layer of fibrons tissue
(one to three cells in thickness) without an apparent tissue fluid space  1f movement

©®)
Fra. 32~Mud-shaft replacement io the rmnnn[npalbyn%:}-(mrm

61 C) distance Umioa of the upper and lower portiom femur by
means plates and nuts and bolts. (a) Twenty-two days after operation.
(5) three years afier operation. dekﬂ:mmhomﬂmdbymwm
Contirmuty of the fermur bas been re-cstab

of the implant occurs, this fibrous tissue Iayer becomes increased in thickness
When filamentous or porous matenals are implanted 1n muscle they become sur
rounded by a somewhat thicker fibrouy tissue capsule which penctrates the inter
stices of the implant and makes 1ts removal from the tissues exceedingly difficult
if not impossible (Fig. 31) Thus ingrowth of fibrous tissue anchors the implant.
In contrast & smooth implant may be moved around and even extruded by
muscle action

Grindlay and Clagett (1949) reported on the use of = sponge of formalmmzed
polyvinyl alcohol (Ivalon) in the pleural cavity of dogs following pneumonectomy
They found that both the mediastinal and diaphragmatic surfaces of the sponge
were covered by a layer of avascular collagenots fibrous tissue and plevral
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membrane  The sponge was not adherent to the wall of the thorax, The open
spaces within the sponge were lined by a single layer of cells which resembicd
vascular endothelium Grindlay and Waugh (1951) carned out further expenments
with the same matenial implanted in vanous situations i the dog for up to 2 years

There was no evidence of mflammatory reaction the capsule consisting of bundies
of collagen fibres which merged with similar tusue in the interstices of the sponge

In the course of tume the sponge lost 1ts resilience and had the properties of a block

~ ———

(@) (O]

F16. 33 —Replacement of halfl of fernur of the goat by an acrylic prosthesh Eighi
maonths afier operation. ramnuuulbm.mmbzmhcmmdﬂnﬂ(gdzb;
after o-pemio: Bano mf\.ln;: dbl{warlt}gnund e &) Elgheen
ve
e thete s & well-formed hvotucrum

of fibrous trssue  Polyvinyl alcohol is a water wettable material and 1t may be that
the close assoqation of the fibrous tissue with the sponge is dependent on this
property  Gnindlay has also reported on the use of polyvinyl akcohol sponge to
m;fom;;l:c(gx;lé) of nn:ubdmms,hwnh apparent success.
trut TepO! on the use of pol 1 aleohol spon,

with autogenous bone implanted in the pcny:nmcyal bed oI’rl;lgs g:n:in;ml];xtm::rom?
abdomins muscle. From his experiments he arnved at the following conclusions

(1) Polyvinyl alcohol sponge alone or with transplants of autogenouns bone was
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tolerated by skeletal tissues for at least 20 weeks without macroscopic or mucro-
scopic evidence of a foreign body reaction.

(2) New bone will grow sround and within polyvinyl alcohol sponge from
skeletal tissues within 4 weeks but does not completely infiltrate the sponge up
to 20 weeks The ingrowth of bone occurred manly from adjacent cancellous
bone surfaces but was increased by the addition of chips or smaller particles of
autogenous bone to the sponge.

When a segment of the femur of the goat 1s replaced by a distance plece made
of a switable plastic material, new bone will form in closo apposition to bridge
across and surround the implant, restoring the contnuity of the bone (Fig. 32¢
and b} If the upper half of the femur of the goat 1s replaced by an acrylic pros-
thesis  with bone grafts around the implant an involucrum s formed (Fig. 31a
and b)

As a result of this work and that reported with polyvmyl alcohol sponge mplants,
expenments are in progress using hollow perforated cobalt-chrome implants

Fx3 M —Perforated tubular cobalt-chrome (Vinertia) prosthests.

(Fig 34) around and within which homogeneous bone i3 packed It may be that
stability of the implant can be achieved by the formation of new bone within
and around the implant, the plates joining the implant to the bone acting only as
temporary stabilinng members. Even if bone 15 not formed fibrous tissuo formz
tron should allow the muscles to gain & mechanical attachment to the unplant.

Mechanies of Implant s part of the thsoes

Implants arc requred either to restore physiological function or for cosmetic
reasons Whatever their purpose, they will be affected by forces developed within
the body by muscle achon and by external forces, for example gravity The
magmitude and distnibution of the principal forces acting 1n the tissucs m which
the implant 13 to be used must be established both at rest and i motion. The
operative procedure 1n {tself may slter the normal function of the tissues to such 2n
extent that the implant will be subject to the action of forces of a higher order
than normally The umplant may be required to withstand the action of inter
mttent or continuous forces for periods varymg from hours to years. The distr
butlon of the forces within the rmplant has also to be considered.  Analysis of
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these forces and their cfects on the implant are a facet of tromechanics (Chapter
6) which 15 * that science that investigates the effect of internaland cxternal forces
on human and ammal bodies m movement and at rest ¥’ (Contint and Dnlles,
1954) Forces acting on the body while it is at rest relative to its immediate sur

roundings are known os static forces  When relative movement takes place dyna

mue forces of acceleration and retardation have also to be considered  Static and
dynamic forces cun be resolved 1nto three simple components

(1) Tenslle forces which tend to pull the tissues or implant apart.

(2) Compression forces which tend to push the tissues or implant together

(3) Shearmg forces which tend to make one part of the tissues or implant
slide over the other

The application of a force to an implant can both (a) stress the fmplant that is
cause an intermolecular resistance wathin the matenal to the force

It {s measured as the forcejunit area and is expressed in grammesfsq cm ot
1bfsiq m (3) strain the implant causing o temporary or permanent change in ats
linear measurements that 13 a change 1n Jength per unit of length.

Some implants are required to withstand a complex system of forces, as for
instance when a part of the skeleton 1s replaced  The design of the implant should
be such that hugh local stress concentrations are not produced ether 1n the
implant or 1n the tissues.

E. J Haboush (1952) has shown that the pressures developed locally in the
bone of the lateral cortex of the femur around a nall or pin used 1n the treatment
of a fracture of the neck of the femur can be 60000 1b /sg 1. With such high
local pressures necross absorption or fracture of the bone may occur The
ighest compressive strength for the femur quoted by Evans (1957) 13 30150
b /sq 1n (Calabris and Smuth, 1951)

When an implant 1s to form part of a jomt the articulating surfaces should be
compl ry with the r portion of the joint  If this1a not actueved then
the load per umt area to which the tissue surface of the joint is exposed will be
conuderably greater than that which 1t has been carrying previomsly This can
only result 1n considerable damage to the articular cartilage The lubrication of
the two surfaces also presents a problem whilst synovial fluid is a satisfactory
lubricant for & resihient cartilage to cartilage bearing, it 15 most nlikely to be a
swtable lubnicant for a metal or plastic to cartilage bearing. There 13 no doubt
that future progress m arthroplasty lies 1n the replacement of both joint surfaces
by umplants  Bane will withstand forces of considerable magmtude prowding
that their direction of application and distribution approximates closely to normal.
Many failures of prostheses in the past can be attnbuted to a lack of appreciation
of the magmtude of the forees to which the prosthesis 1 ultimately exposed

;ih: mx'])lonty ol'rthc work on forces developed in the tussues has been concermned
with problems of locomotion 1957 S
Wilson 3958 (Evans, tewndler 1955 Klopsteg and

Schenk (1957) has pointed out that the haemodynamue alteratio
the replacement of blood vessels by prostheses has 1§nrgely been ]po;\:dfullowmg

It has been found that the pulse pressure in the dog and man increases from
thewmcuchtothesmnummmalchnnnclnndthntthhmcrensecunbcu
much 23 100 per cent  This 15, of course, the converse of what has been taught
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up til now It has also been found that cloth prostheses interfere with the normal
pulse progression while homografts have little effect up to 1 year after implanta
tion. Whether the elastiaty of the prosthesis can be adjusted to overcome this
disadventage poses an interesting problem  As with plombs, the pore size of the
structure will determine to some extent the long term mechanical propertes of
the 1mplant, since massive 1nvasion of the implant by non-elastic fibrous tissue
will result 1n a loss of elasticaty of the artificial vessel If clasticity of the vessel is
achieved the problem of fatigue faflure of the implant will anse (see below)

Surgleal feasibility

Before proceeding with the manufacture of implants, 1t 18 advisable to make a
rough model and see whether it can be 1nserted in the tissues of a cadaver and if
50 whether the incision can be closed with the mplant fn sity without undue
tension of the surrounding trssues A complex design is often difficult to insert
and necessitates a more extensive operative procedure than would be necessary
for the insertion of a simpler type of prosthesis. The number of components of
an mmplant should be kept to a minimum. Ths applres particularly to some of the
larger orthopaedic implants What may seem a highly desirable method of
fixation of the prosthess to the tissues may be found to be technically exceedingly
difficult becanse of lack of space in which to work or because special tools are
required.

The skin over subcutancous implants is always likely to break down as a result
of interference with its blood supply Skull plates, for example, should be liberally
provided with § inch or & inch holes to allow vessels to grow through and supply
the tissues over the plate, Subc Jolnt repl should always be
made smaller than the joint they are replacing. To prevent necrosis of the sub-
cutaneous tissue and skin ail edges should have as great a radius as possible since
thrs minumizes local stretching of the sk and pressure occlusion of the blood
vessels dunng movement If breakdown of the skin occurs over an rmplant, 1t 18
almost ipossible to close the defect with a skm graft. When implants are
deeply 10 the ussues relatively sharp edges appear to produce no undesirable
effects The attach of ks and tend. to an implant 13 often difficult
to achieve There should be suffizent holes provided in the implant, without
unduly drmmishing 1its strength, to allow the muscle groups and tendons to be
brought mto apposttion with the implant so that they can gam attachment to the
fibrous tissue capsule which always forms around implants. The holes provided
must if possible be large enough to pull portions of muscle through which can
then be sewn back on themselves The muscle tusuc may in time be replaced by
fibrous tissue or it may necrose nevertheless fibrous tissue attachment to the
capsule results Itis not advisable to devise a surgical technique which necessitates
a two-stage operation, mince the risk of infection is greatly increased. Implants
should be made to the correct dimenstons or require only minor alteration at
operation Plastic materials are, of course, very much eauer to mampulate than
metals

When the mplant 15 ready for clinrcal trial, 1t is worthwhile to carty out the
“ operation on a cadaver A * tnal run ” enables the steps of the operation to
be worked out and wntten down The detailing of individual stcps proves of
inestimable benefit to (1) the surgeon and his asuistants  (2) the anacsthetist, who
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Lnows what to anticipate  (3) the nursing staff  (4) the photographer who knows
what he is to photograph  and (5) for record purposes.

IMPLANT MATERIAL
Mechanical properties
Deformation under load
Since many implants are used as load beanng members the same factors asobtain
1n other cntrcally designed structures must be considered  The most important
of these factors ts the stress whnch 1 developed in the material as @ result of the
applied load  In all structural engineening applications jt fs essential to ensure
that the working stresses in an active component fall within the elastic range, that
15 m that range of stress in which permanent deformation 13 not produced as 2
result of applying and removing the load  In some matenals when the working
stresses exceed the upper himit of this range—the elastic imit—the matenal wilf
be permanently or plastically deformed and repeated applrcations of thrs foad
will cause progressive deformation, which will result finally in failure
In other mateials thus plasticity does not oceur to the same extent and the point
at which the matenal breaks approumates to the elastic imit. Thus 1s characteristic
of brittleness
In the ample esumation of stress 1n a structure the load which 1s supported 13
divided by the area of cross-section considered, the quotient being expressed
usually in pounds per square inch. In practice, however this may not be the actual
magmitude of the stress primanly responsible for failure  If the structural member
has some form of surface irregulanty such ns a notch or scratch the streas in the
immediate vicimity of the defect can be considerably incrensed  These * stress-
rasers ” as they are sometimes called, can be responsible for the propagation of
cracks and the precipitation of structural fatigue  This effect 1 particularlv signs-
flcant 1 brittle materials and 13 employed usefully for cleanly breaking a prism of
glass afong a diamond scratch. If the scratch were not there, the application of
the same load would not develop locat stresses sufficient to break the glass.
Although it 1s difficult to obtain accurate knowledge of the stresses which would
be developed 1n a load beanng implant 1t can be stated with certainty that the load,
and therefore the stress, would vary with time and, on occasions this vanation
could be markedly abrupt  An abrupt change of load would constitute an impact
and under these conditons the stretses can increate momentanly to very high
values  Stresses of this kind will be developed when bodity motion 18 suddenly
arrested a3 for example when stepping “heavily” from a ketb  Clearly the more
resllient the material of the implant, the lower will be the stress developed m a gJven
tmpact condition, but taken to an absurd himit this prescribes the use of & material
which would be 100 flexible for the more normal loadmg conditions  The difficulty
of dengming for shock loading 1 further increased by the complexities introduced
by the method of fiing an implant. In some cases this factor may be more mpor
tant from the structural point of view than the relevant physical properties of the
material used
It 15 evident even from thus short discussion that the structural design of surgical
implants presents an intractable theoretieal problem  Since a solution must be
found 1t 1s necessacy to savoke A more practical approach, mided where possible
9
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by an appreciation of the significance of each of the relevant physical propertres.
To thus end it is essential to obtain more basic information on the matenals used
1n surgery and to study in more detail the structural performance of implants.

The ultimate experiment will always consist of observation of the performance
of implants in their appropriate environment, but physcal laboratory techniqoes
can undoubtedly reduce both the margin of error and the time consumed 1n relying
only on this method of expeniment.

Crazing

Polymethyl methacrylate, polystyrene, cellulose acetate ccllulose mnitrate,
polyvinyl chloride, phenolic resins and polythene are liable to crazing. This has
been defined by Simonds, Ellis and Bigelow (1943) as fine cracks which may
extend in a network over or under the surface of or throughout the pluma/
Crazing appears to be due to the action of solvents, to the presence of monomer

DIRECTION OF APPLIED STRESS

Fio 35 —(a) Polymethyl methscrylato crazing umder strem  (5) early HIE;‘
sotvent f t.

crazing 1 nxilnc;}hm. Viewed by trapemitted
{ 35) (B}'rugﬂy% MS0)
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which Is itself a solvent for the polymer o to mechanical stressing  The action
of solventa nnd mechameal stressing together wall bring about crazing more
rapldly Russell (1948) has studied the phenomenon m polymethyl methacrylate
He hat shown that when tensile stresses are applied to polymethyl methacrylate a
charactenstic pattern of crazing 18 seen (Fig. 35a) The cracks arc onentated at
nght angles to the direction of the applied stress  When solvents are the cause of
crazng, a crazy pavement pattern 1s produced (Fig. 35b) In transparent
plastics the cracks can usually
be seen 1f the structure is
viewed by transmitted hght \} —

mmadent  uitra violet  hight \ -
shows up the cracks as fine
Lc' “ N\\...._

white ines.  The small cracks
produced in the materal can
~

result 1 a reduction of the
mechanical properties of the
implant, since they are areas of

potential weakness. Manyof [+

the fallures of the acrylic Judet ) \ '

hip prosthesis have been found i \\ h
to be due to crazing brought 3 {
about by solvents used in ther i
manufacture and the forced

fitung of metal runforclng

members  Stress cranng has

been seen on the acctabular | f s
surface of Judet hp pros- 4 1
theses. Asx a result of the com 18
plexity of forces acting on the  Fra 36.—Crzing of the artxcular surface of an scrylic
hemuspherical implant the {80 ) Vo ooty of the Ao etk e
pattern resembles tolvent craz lwmz)

ing. A further cause of crazing

1 gh energy readiation. The dosages vaed to stenhze plastic implants do not
however seem to produce this effect

Abrasion and indentation

All matenals arc subject to sbrasion to a greater or lesser degres. Abrasion
reststance to & large extent depends on the hardness of theunafenal, The hard
ness of a matenial 15 an indication of its resistance to deformation and is related
to 18 tensile strength.  The hardness is measured by determining the resistance
to indentation by a standard form of mdentor using a standard load appled
for a constant me  The Brinell, the Rockwell and the Vickers Diamond Pyramud
methods of test are the most usual ones employed. The valoes of hardness obtaned
by these different methods are to some extent related and comparable tables
are available*  With plastic matenals the measurement of hardness Ppresents
certain difficulties because of ther resilience.  Plastic materials i contact with

Commuﬁgt;n;:ow Tables Imid Research Senice Page 501 Publsbed by O T
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bone arc particularly hiable to wear Impaction of irregulanties of & bony surface
nto the plastic may occur and with movement fragments are gouged from the
surface of the umplant. Even stainless steel with a Vickers Diamond hardness
number 136 which 1s considerably higher than that of plastic materials used for
implants, can wear when used as a femoral prosthesis in hip arthroplasty Surface
wear has not been detected with cobalt-chrome alloys in contact with bone The
hardness of these alloys used 1n surgery lies between 310 and 410 (Vickers hardness
number) It 15 possible to increase tho hardness of some materials by varous
treatments as for example the cold working of stainless steels. However by
increasing the bardness above a certan value, there 1s an mereasing tendency for
the matenal to become battle. Brittleness 1s the tendency for fracture of 2 materal
to occur without appreciable deformationand at a low stress value Besides hardness,
the rate of movement of one surface on another the lubrication condrtrons and the
nature of the opposing surface influence the rate and extent of abrasion.

Creep or cold flow

Plastics possess the property of creep or cold flow Thus 18 the relaxation of the
stressed member resulting 1o a permanent deformation. It 15 a ime dependent
phenomenon and occurs particularly with thermoplastic materiais. Ths prob-
lemn is met 1n the case of implants which are continuously subgect to pressure by
the tissues, such as, for example hollow acrylic plomba and hip cups made of
thermoplastic matenals.

Fatigue

A material which ls Jong subjected to server straining action or to often repeated
moderate straning action deteniorates in strength and will break under loads
which 1t previously sustained with safety This 1s known as fatigue failure. It
appears to be due to molecular change in the material,

An implant such as a nylon cord used for replaccment of a tendon or ligament
13 subject to fatigue, ather initally before flbrous tissue has formed around and
within the cord or for an indefinite pertod if the funchion of the implant Is ot
taken over by new fibrous tusue Laboratory tests suggest that a nylon cord Is
unswtable for major tendon and Ligament replacements

A knotted loop of nylon cord was found to have a tensile strength of 11000
grammes A similar loop of nylon whrch had not been implanted m the tissies
was arranged in such a manner that st could be alternately stretched and relaxed
37 times a munute in air at room temperature. By varying the Joadings used to
stretch the cord the following data were obtamed

Load applied Fr Nuomber of load
Tensthe | TOTNREY appiications
B weile | of s | S
0 37min 10
0 " M4
&@ - 353
50 " 3179
o " 85410
30 - infinite (extrapolated)
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These results suggest that where a knotted nylon loop 1s to be used under conditions
of alternating load its working strength 15 probably less than 30 per cent of its
ultimate strength 10 allowance {s then made for the loss of tensile strenpth resulting
from degradation of the polymer in the body the impracticability of replacing
higaments with nylon cords becomes apparent, since the required size of the rope,
formed by the cords, to function indefinitely would be such that it could not be
used Clinical expenence has sut iated these exper tal findings Fatigue
must be considered 1n the design of any implant that will be subjected to stress
Without considering biological influences for a matenal to withitand o mifhion
or more loadings 1ts working tensile strength can be taken as approximately 25
per cent of its uftimate tensile strength

Sterilization
1mplants can be stenlized by either physical or chemicnl means.

Phyxical methods of sterilization

Hear —Botling is the most satisfectory method of stenhzation 1t 13 simple,
quick and no special apparatus is required. 1f the sofiening temperature of the
matenal 15 below 100° C  deformanon of the implant will occur  Even though
the moulding temperature of a resin 13 above 100° C. an implant moulded from
sheet matenal may tend to distort if st s borled. If it has been injection moulded
or polymerrzed into the desired form and 1s strain free it will retasn its shape

Implants should be wrapped in gauze and suspended 1n a contmner of cold
water whrch 1s then brought to the boil They should not be sterilized together
with istruments, otherwise the weight of the mstruments may deform the implant

Vascular replacements made from monofilament, for example polythene, which
has been stretched dunng its manufacture, will shonk unless special precautions
are taken. The implant must be stenlized on a former from which it should not be
removed until it has reached room temperature. Repeated boiling reduces the
flexbdliy of polythene and sppears to embrittle 1t. Small bore polythene tubes
which are used for various catheterization procedures should only be sterlized
and used once  An implant made from a plastic material should be allowed to
cool slowly otherwise connderable residual stress may result on sudden chilling,
which will unduly weaken the structure.

Nylon and polyfluorotetracthylene can be autoclaved  Some degradation of the
nylon polymer doet, however occur

Rodlgtion —Two methods are now available (a) clectron bombardment by
means of an electrostatic generator or hnear accelerator and (5) gamma radiation
using a cobalt 60 source

With the electrostauc generator or hinear accelerator the thickness of the 1.
plant that can be sterilized can be calculated from its density making allowance
for any packaging materials The depth of penetration by the electron 15 dependent
on the energy of the electron Assuming that the matenal hasa density of | gramme/
cm. cube a thickness of § inch can be penctrated far every mullion electron volts
energy (meV) Using 2 meV & § inch thick cross-section can be sterilized, but
with increasing density there must be a proportionate reduction in cross-section
1f the packaged material is tucned over and passed through the beam a second ume
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the thickness that can be sterilized may be increased to § inch. The temperature
nise 1n the materral dunng steriization 18 not more than 5° C.  Expenments have
shown that a dosage of two million rads is required for sterilization  While this
dosage produces mumimal degradation of the polymer which 135 believed to be of
no mgmnificance increasing the dosage very much above this level may affect the
polymer  Slight changes in colour sometimes occur but these usually disappear
within 48 hours

The implant should be double packed in heat sealed polythene bags of 1} to
2 thousandths of an inch n thickness Great care should be exercised m heat
sealing and the seals should be examined to make sure there are no pin holes
or defects The outer bag should be somewhat larger than the inner one At
operation the outer bag 13 opened and the nner bag contaning the implant is
removed with stenile foreeps

With gamma radiation there 15 no himit to the sizo of the implant that may be
sterilized The mize of the gamma source determuines the kength of ttme required
for sterilization.

Nether method results in any residual radioactivity 1n the mmplant. The ad
vantage of gamma radiation 1s that metal or glass containers can be used. Radiation
methods of stenlization are relatively new and further work on the tissue reaction
to matenials sterilized by these means is requoired.

Ultra-violet light —Thrs method is not recommended, although it has been used
for polythene and certamn polyvinyl chloride films The depth of penctration of
the matenal by the bactericaidal part of the ultra viokt spectrum Is about 1/1000
inch. Changes n the chemical strocture of polymers can result.

Chemical methods of sterilization

A number of agents 15 availahle It 13 most important to ensure that the one
chosen {a) Is not absorbed by the plastic and then released at a later date in the
tissue with resulting cell damage (5) does not attack the matenal and (c) is
removed from the Implant, particularly if the implant is hydrophylic or of a
porous structure It 18 often exceedingly difficult to wash soch mplants free of
sterilizing agents.

With acrylic implants, immersion for one hour 1n a 02 per cent solutton of
mercuric oxycyande followed by several rinsings in stenle dustilled water has been
found satisfactory Alcohol should not be used. Recently Ridley (1957) bas
doveloped a method of steriinng intrrocnlar acrylic prostheses using 0 1 per cent
caustic soda. Before use the lenses are washed mn excess 0 5 per cent sodium
bicarbonate, The implants are stored 1n the caustic sodz 1n a sealed polytheno
container to prevent absorption of carbon dioxide from the atmosphere, A Iin
1000 aqueous solution of Zephiran (benzalkomum chlonde) or Ceepnin (cetyl
pyndinum chloride) for 24 hours has been widely used for polythene implants.
The mplant shonld be weighted down in the solation, s the density of polythene
18 093 Formalin vapour sterilzation is not recommended for implants
from synthetic matenals.

In stenlinng stainless steel mnplants, no agent should be used which hiberates
free chlonne bromune, lodine or fluorine 10ms, These tmplants should never come
into contact wath solutions of {odine. All the halogens are corrosive to stainkess
steels 1o a greater or lesser degree.
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Physieal properthes
Dimensions and surface

Plastics such as nylon * polythene + and polymethyl methacrylate} when 1m
planted erther i block or pellet form provoke a minimal fibrous tissuc response
1n man and 1n the guinea pig. When abraded 83 can oceur when a prosthesis
made of these matenals is used 1n a joint a different tissue reaction occurs. It
appears that the degree and type of cellular response is partly dependent on the
surface area of the matenal A one inch cube has o surface area of 6 square inches.
1f the cube 13 divided so that the sides of the smaller cubes become 1/1000 inch
the surface area exposed amounts to 41{ square feet

Leveen and Barbeno (1949) implanted finely divided FM 1 nylon Celluloid
Lucite and Teflon, all of which were claimed to be free of plasticizers and colour
into the pentoneal cavity of dogs  They found the following

Reoct
3 days 70 dayy
Cellulod | Intense fibrinoplastic reactlon. The perl-

The acute
toncal cavity contained some scrosan- | glant celhy
guinconn cxudate.  Capillaries  were

§

_—
|

K } | Sabstantialy the same as Cellulokd, | Same a3 Cellulokd.

Teflon No acute Inflammatory changes no | Chipt surrounded omenturn.
won evidence of tissue reaction. ﬁbtob;%‘k n:nclkx\.bySomc lcoond.uyNu

With the exception of Teflon fibroplasia appeared to be progressive. The authors
suggested that the phymco-chemical nature of the surface is important and they
found that with Teflon nelther protem nor water was adsorbed by the surface of
the matenal They behieved that the wettabahity of 2 surface may deterrmne the

tissue stimulating properties  of 8 material The authors did not state the nize
or shape of the particles which they used and it would be difficult to prepare com-
parable particles from these matenals. No tumours developed 1n the dogs

If & polymer 15 abraded 1n the body then any degradation products from the
powdered matenal in & given period of time will be very much greater 1n amount
than from a block of the same matenial  The movement of the particles within the
tissues may also have a beaning on the degree of reaction Nylon, polythene and
non plasticized polymethyl methacrylate have been uted for vanous recon
structive procedures of the hip joint in man  Nykon and polythene are crystalline,
while polymethyl methacrylate 1s smorphous ¢ shape, size and quantity of the
patticles produced by abrasion differ Polythene, being the softest material
;E;';d“ mnto relatively large particles, uregular in outline the majonty being

300 1n size. In the case of nylon the particles are about 1-104, relatively few
Nylon, grade A.100. Manufactured by Impertal Chernkal Industries

¢ Lud,
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being up to 2004 1n size  Both these materials are refractile and the particles can
be seen if the histological preparations are examined by polarized light. Polymethy!
methacrylate 1s non refractile and its detection 1s exceedingly difficult, since it does
not take up the normal histological stains

The histological picture of tsue removed from patients 1n which nylon grade
A.100 Judet prostheses or hip cups have been inserted is charactenized by zones
of fibrous tissue, histiocytic proliferation and amorphous necrotic material
(Fig. 37) The compact fibrous tissuc 1s relatively avascular being penetrated by

only a few capillanes, and does not contan any particulate nylon In between
the zones of fibrous tiysue and amorphons matenial ars vascular septa of loose
fibrous tissue concentrations of histiocytes loaded with birefringent materal
which displaces the nucleus of the cell are seen around and in relation to the
vesscls (Fig 38) Some of these cells contain lpold material. Away from the
vessels 1n these areas the histiocytes have poorly staining nucler and are separated
from the fibroblasts by an increasing amount of collagen. As the distance from
the vessels increases nuclear matenal duappears, leaving only aggregates of
particulate nylon which shadow the shape and posftion of the hisnocytes (Fig- 39)-
Finally there 1s dussolution of the collagen and the cell membrane with dispersion
of particulate mylon 16 ap amorphous debns (Fig. 40) In the histiocytic and fibrous
tissue zones foreign body grant cells are sometimes scen, particularly in relation
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to larger fragments of nylon. Heck and Chandler (1954) and Levy, Lipscomb and
McDonald (1954) have reported similar tissue reactions to nylon hip prostheses.
The greater number of piant cells reported by them may be due to the fact that
their ymplants were made from Amerwan nylon. It is posible that this polymer
differs slightly 1n chemical and physical properties from the British polymer and
therefore the mze end shape of particle produced by abrasion may not be
comparable

When polythene 1s abraded in a jornt (Newman and Scales 1951), larger

Fia 41 —Condition 114 days after polythene cup arthro-
npl:sty Amjo(n:d:c‘!bulnmb‘mrmo{

irregular shaped cles are produced. A female patient aged 53 years suffenng
from balateral osmhrhh had a right sided polythene cup arthroplasty Nme
weeks after operation the hip was painful and after a further 7 weeks there was
fncreased pain with restriction of movement and a mdiograph suggested the cup
had worn through There was erosion of the acctabular roof (Fig. 41) At
operation 1t was found that the cup was perforated 1n the weight bearing area and
there was a moderate amount of straw-coloured fluld in the joint as well as fibrous
tissus about half a centimetre thick inmg and invading the roof of the acetabulum.
Hustological examination of the tissue showed that it contamed a considerable
number of refractile particles of polythene which were both frec i the tissues and
contaned within giant cells (Fig. 420 and 5) There was a moderate fibroblastic
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Fia 42—(a) Glant cells with pol

lythene inclinlons. There b5 a comiderable fibrous tisue
reacuon. From the case illustrated in Fig. 41 {b) the same field as that of (a), viewed under
potarized Light, {By courtexy of the Editor Jowrnal of Bome and Jolat Surgery
»
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IMPLANT MATERIAL

respanse, the fibrous tssue having some sinusoldal like spaces containing blood
cells. No lymphocytes were seen

Hmologfmlpc::{n‘lmuon of tissue removed from patients in whom wear of
acrylic hap prostheses had occurred has shown that the tissuc response 11 essentially
one of active fibroblastic prohferation with a few glant cells. The particles of
acrylic resin are plate-like and more regular in outline Lymphocytes are not
found. Radiographs of jomnts in which wear of prostheses has occurred show
crosion of subchondral bone with loss of jomnt outline (Fig. 432 and b)

The occurrence of malignant tumours 1n relation to implants of metals and
plastics 1n the rat and mouse has been reported  These tumours have in most
cases been fibrosarcomas  In man no malignant tumours have been reported inl
relation 1o rmplants made of plastic matenals. Malignant tumours have developed
at the site of corroded metallic implants after many years  Siddons and MacArthur
(1952) reported 2 cases in which malignant changes occurred around metallic
foreign bodies after 32 and 35 years respectively Penn and Epstein (1953) reported
on 2 case of carcinoma of the skin between the eye and the nose which developed
over a shell splinter embedded 1n the tissues 32 years previously  McDougall
(1956) described @ case 1n which a malignant tumour developed in relation to a
corroded plate and screws used about 30 years previously for a fracture of the
nght humerus  He reported that the composition of the plate was 74 per cent iron
18 per cent chromium, 8 per cent nickel and of the screws was 88 per cent tron
and 12 per cent chromuum. Schinz and Uehlmger (1942) produced sarcomas 1n
tabbits with chromium, cobalt and arsenic implants. Some tumours developed
at the nte of the implant and others 1n the lung. The yield was 65 per cent 1n the
rabbits surviving for more than 3 yeart. Hueper (1952) reported sarcomeas in
relation to muplants of nickel in rats. Heath (1956) found that pure cobalt metal
in powdered form produced malignant tumours (sarcomas) in the muscle of the
rat. Tamner (1942) found that a fibroscarcoma developed at the nite of unplanta
tion of a phenol formaldehyde (Rakelite) disc 18 milimetres 1n diameter 15
millmetres in thickness, mmplanted subcutaneously 1n the Wistar rat. Discs of
the renn were implanted subcutancously into 13 rats, 9 of which lived to 20 months
or more Tumours developed 1n 4 rats, the first at 18 months  Other workers had
established that the constituents of the resin had no carcinogemic actvty  Turner
f{ound no tumours when squares of 1he samt renn 10 milirmetres by 10 mullmetres
by 1 5 millimetres were implanted subcutaneously into the abdominal wall of 10
male D.B A. strmin mice Oppenbetmer Oppenheimer and Stout (1948) reported
that sarcomas occurred In relation to regenenated ceflulose film (Cellophane)
wrapped around the udneys of Sherman strain rats to produce hypertension,
They followed up this observation by umplanting regenerated cellulose film
(Visking 5 HS—cellulose sausage casing) into two groups of 55 mats. In one

mnpthelcﬁld.dneyofw:hmtmwnppcdmththcﬁlm,[uthcothugmupn
prece of the film 2 to 3 centimetres tquare was embedded subcutancously in the
anterior abdominal wall, the film being kept flat by catgut sutures passed through
the corners of the film. Of the rats, 23 with wrapped kidneys and 42 wath sub-
cutancous yuplants survived more than {1 months and of these 35 per cent In
each group developed sarcomas In some cases the tumours were transplanted
to the fifth gencration. Laskin Robinson and Weinmann (1954) Druckrey and
Schmahl (1952) Oppenheimer and his colleagues (1955) and Northdurft (1956)
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have found that 1n the rat or mouse or both malignant changes occur in the capsule
surrounding both metallic and polymeric mplants. It cannot be too strongly

ph d that no neoplastic changes have been reported 1n relation to 18/8/Mo
(18 per cent chrome, 8 per cent mickel 2 per cent molybdenum) stainless steels,
cobalt-chrome mplants, or polymeric implants 1n man

In the Oppenheimers expenments malignant tumours were induced 1n Wistar
and Sherman stram rats and in mice of the Longacre, Pans and C.57 strains by the
subcutancous mplantation of small squares or arcles of fllm, approximately 15
mullimetres 1 width, of Cellophane, Dacron, polyethylene, polyvinyl chlonde,
Celastre, Pliofilm, nylon, polymethyl methacrylate, polystyrene, Saran lvalon,
KEL F Teflon and silk  Some of these materials were commercial products and

Fro. 4 —Radlograph of rat showing & allver discs 0 5 millimeire in thickness,
17 millimetres jo thlSmmth![xtvb\ﬂ A tumour has
arisen in relation to the tight anterjor disc. (By cowrresy of Dr H Nothdwft )

their chemical compontion is not stated. The thickness of the film varied from
0-01 millimetre to 0-4 millmmetre. They investigated the possibility of breskdown
of the polymers by including 1n certain materials 1/C It was found that 1C coukd
be recovered In the unine of rats with labelled polythene afier 26 weeks and with
labelled polymethyl methacrylate after 54 weeks. When the films were removed
unnary radioactivity disappeared

Nothdurft (1956) implanted u variety of matenals subcutaneously mn the
following forms

(1) Non perforated discs, 17 mullmetres in diameter (group 1 see Table)
(Fig. 44)

(2) Perforated discs, 17 millimetres in diameter (group 2, see Table), the
perforations being carmied ont by means of & hand-sewing machine

(3) Powders (group 3 see Table)

(4) Miscellaneous—rods, balls and bristles

The source of supply and exact chemucal composition of the materials used have
not been grven.  The Table shows the icidence of sarcomatous change  Only those
animals which were ahve at the tme of development of the fint tumour in each
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group have been considered 1n the analysis  Wistar rats were used; but it is not
stated whether they were pure line strain

TABLE

nn T | o
N forcted Disex fc3
8 inplonts per animal |8 amiy per amimal | 10 {mglants per animal

Material Zofnrzuﬁf Twmownrs Tumowrs
i R =
Silver 1 6 J_ — —
Tvary 69 s2 — -
Platmum k] —
47

Total for all materiah

Refers to the tom! number of rats alive at the time of development of the firat sarcoma.

A number of theones have been advanced in an endeavour to explam the
neoplastic actrvities of these matersals  Nothdurft believes that 1t is the physical
form of the implant which is the decrding factor and that the chemical natire of
the 1mplant 13 largely unimportant It 11 mmposuble to find a common chemical
agent 1n all the different matenals which have been cited in the vanious published
reports  Thus for chemical agents in implants to be the cause of tumours 1t muss
be accepted that there are very many which are carcinogens  Therr rate of libera
tion will depend on the dimension of the implant and the solubility of the matenal
‘With powdered materials it might have been thought that if a chemucal carcinogen
were 10volved the tumour incidence would have been Increased, but this 1s not the
case. The * cell dosage rate,” that 1s the quantity of the carcinogen being taken
up by the cell per umt time may be critical for the development of neoplasia

Both Oppenhermer (Figs. 45 46 and 47a and ) and Nothdurft (Fig. 48q and &)
have found that the tumours develop 1n the layer of cells immediately adjacent to
the implant  Malignant changes are not usually apparent 1n the capsule for at
feast & year and in many cuses contiderably longer (Fig. 49)

With polymer implants the highest incidence of tumours 1 found in relation to
non-perforated dies bétween 12 and 20 milimetres 1n diameter Nothdurft
(personal communieation) believes that with a non perforated disc & relatively
avascular capsule develops and that in the course of tume metabolic changes occur
wn the cells adjacent to the umplant. Powdered implants have a good blood supply
and the hyalne changes seen 1 the fibrocytes adjacent to the non-perforated discs
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Fia 47 Polyatyrene D 400 (309 days) Fibrosarcoma on one wall of pocket with
e —{‘:)ul.llmcm'e. mmf:rxmui’huecmummwﬂhmehrﬂwpanoftbe
pocket wall (upper end) (5) Polyatyrene D 400 (309 days) Same a2 (@) (X 225)
courtery of Mrs E T Oppenheimer)

do not occur m the fibrocytes adjacent to the particles. Goldblatt and Cameron
(1953) have found that a reduced oxygen tension was a common factor 1n the
production of malignancy in tissue culture expenments in vitro Leaghton, Klme
and Orr (1956) have found that normal human fibroblasts from a 4-day-old infant s
foreskan implanted into cellulose sponge matrix tissue culture and subcultured
at regular intervals showed malignant changes after 23 months They were not
able to confirm their findings by transplantation into man It 13 suggested that
“* anacrobiosis could have contnmbuted to the formaton of a morphologically
malignant vanant.” The facts here recorded are very mystifying and any explan-
ation of them must be highly speculative.
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Fio 48.—(«) Silicon rubber buttons, 17 millmetres In diameter  (R20
;dlmn,rmhcuh:wdthlmﬂn Manufactured by Wacker
Company, Monich). Elrlymno(-a;n‘ubn:tum tumonr
(5) Section from the tumnoar

nodule formatron i the cepeule. (X 4.5)
Spindle-celled tarcoma, (x 300) (By cowtery of Dr H Nothdrfl)

If 2 non perforated duc of a biologically nert matenal 15 implanted jn the
tissues of the rat, a fibrous tissue capsule develops. If the implant 15 of 2 cntical
size cells 1n a certain part of the capsuke particularly 1o the layer adjzcent to
the implant, may have a reduced blood supply  Possibly over a prolonged penod
ccllular metobolc processes are dusturbed which leads to tumour formation  The
implant might thus be termed a phystcal carcinogen stnee in itself 1t does not pro-
vide a chemical earcinogen  The concept that dimension in relation to blood
supply 13 & eritical factor mught xplain why such a variety of morganic and o |
implants can result in tumour formation Some matenals however such as
cobalt are primary chemrcal caranogens 1n that they are soluble mn tissue finds,
pass into the cell and interfere with metabolic processes  The “ cell dosage rate 7
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will be dependent on the d ons of the implant and thus powdered mplants
of chemical carcinogens rmight be expected to be more active than discs of the
matenal.  Animplant could be both a physical and chemical carcinogen 1n a part:
cular species of anmal if the implant was of the correct dimension and also
contained a surtable ch 1 agent. There 15 one important aspect of this whole
problem, the majonty of the work has been confined to the rat although some
expenments have been carried out using other species of rodents It may well be
that the reaction of rodents has Iittle bearing on what mught occur 1n other animals,
mcleding man although thus can be decided 1n the course of time.

Whether the expenmental findings 1n the mouse and rat are applicable to man
can be decrded only sn the course of tme. Plastic matenals have been nsed 1n
man only duning the last 18 years and 1t may be that 30 to 40 years will have to'
elapse before any tumours developy The few tumours that have been reported in
relation to metallic implants which are alloys and not pure elements 1ndicate the
Becemity for prolonged observation of patients 1n whom prostheses have been used,

97




BIOLOGICAL AND MECHANICAL FACTORS IN PROSTHETIC SURGERY

Structure

Muny implants need to be of a porous structure to allow the ingrowth of tussues.
However certain arcas of the implaat, for example an articular surface, may have
to be non-porous  The most Important consideration 15 that the mplant should
have adequate mechanical properties to withstand the stresses and strams imposed
upon 1t for prolonged periods  Essentially there aro two types of porosity in
one the cells are closed and in the other they are open  For implants the open cell
structure 13 required.  Thus type of porosity has so far not been achieved with
cobalt-chrome or stainless steel implants  Plastic matermals can be rendered porons
by incorporating up to 80 per cent by weight of a switable water soluble filler
The techmique of makmng such materals is complex, sirce the particies of the
filler may become encapsulated by the plastic matenal. With flexible plastics the
septa between the cells can be ruptured by passing the material through calender
rolls. The size of pore requred between the cells depends on the type of implant
but 1n any case it should not be less than 1004, 1t may be an advantage to construct
an ymplant from more than one material in order to employ the properties of each
to their beat adventage Pangman and Wallace (1955) found that in the treatment
of under-developed breasts by “ breastplasty it was preferable to use a two-part
mmplant. The outer coat was of a porous polyviny! alcohol (Ivalon) while the mam
mass of the implant was a water impervious sponge. With this type of implant
the number of cases in which complications occurred was less than when Ivalon
was used on its own. The resilience of the implant was maintained and in the post
operative period dead space was smaller and the nsk of mfection less

Chesmical properties
Corrosion

Some elements and alloya, for example cobalt<chrome molybdennm alloys, do
not appear to be subject to corroston under any conditons n the body These
materials do not depend for their corrosion reustance on a coherent film of
chromrum oxide on the surface of the alloy whereas thus {s cssential for resistance
in ferrous alloys. In the absence of oxygen the film on ferrous alloys cannot be
maintained and the metal it exposed to attack by electrolytes in the environment
The most corrosion resistant stainless steel currently available 13 onc that con
forms to Bntish Standards specification En 58 J Corrosion of this alioy has been
found to occur most ca ly where two p are in contact. In thes
areas the protective chromium oxide film fs disrupted.  Corrosion may aiso result
at the site of inclusions of oxide scale. Welding of implants fs inadvisable since
local changes m the structure of the alloy are very lisble to occur  Stamless steel
reinforeing rods embedded i polymethyl methacrylate hip prostheses have
corroded.  High local stress concentration, relative movement between metal and
plastic, and posibly lack of oxygen are the probable causes. When an implant
corrodes 1n the tissucs metallic ons are liberated and an inflammatory reaction
ensues.  Corrosion of metals is dealt with in more detail in Chapter 6

Constineents and degradation
The metaliic elements, alloys and plastic materfals used in surgery are chosen
for thuir apparent chemical inertness  The constituent elements of an alloy or the
98
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stmpler units from which a polymer has been formed may however by themseives
be chemcally reactive  Under certain circumstances these reactive constituents
may be hberated and cause hissue reactions

The applrcation of methyl methacrylate to the skin of the rabbit or man causes
an erythematous reaction  Dentures which have been relined with acryhic dough
and then placed in the patient s mouth before the resin has cured have provoked
an acute inflammatory reaction with the formation of blnters I methyl metha
crylate 1 mstilled nto the rabbit ¢ eye conjunctivitis results which only slowly
disappears. Spealman and his colleagues (1545) found that about a third of the
animals studied by the patch test method developed a mild erythema at the site
of application of the monomer 10 days later 20 per cent of the animals gave a
positive senmtaty reaction  However the polymer has been used extenswvely
in the body and no sensitization phenomena have been reported In fact, Blane
and Oliver (1952) and Henncksen Jansen and Krogh Poulson (1952) have used
cold-cunng polymethyl methacrylate resins in the replacement of bone defects.
Their results suggested that the free monomer which was present in the acrylic
dough did not produce any permanent tissue damage. Nevertheless, they did not
patch test their patients at a later date  Henncksen and others found that of
the articular cartilages of the femoral heads of young pigs were removed and
replaced by acrylic caps sttached to the bone by a cold polymenzing cement,
at post mortem 2 months later they were firmly fixed to the bone, Woringer (1952)
used & cold polymenzing acrylc resin for the repair of cranial defects in animals
and found that after 2 years no harmful effects were produced by free monomer
or the catalyst used to bring about the cure of the resin. Kramer and McLean
(1952) reported that with certmn cold-curing acrylic dental filing matenals used
inunlined cavities 1n teeth there was an acute inflammatory reaction. They believed,
however that the damage caused to the pulp was not of a permanent nature,
Nothmng 15 known about the long term effects of traces of monomer which may
be liberated by the slow breakdown of an implant due, for example, to abrasion

In an aqueous environment a polymer may degrade. For example when nylon
A.100 moulding granules arc soaked for a few munutes 1n distilled water a shift
1 the pH from 6 510 7-0 both by indicator and pH meter methods, has been noted.
After 5 hours refluxng in pyrogen free water a brownish crystalline deposit was
obtamed. No end pomnt was reached after refluning with internuttent removal of
the extract for a further 40 days. It was found that a cyclic dramide and a dimer of
the diamide were being formed.  Short term experiments i mice, gunea pigs and
man did not demonstrate that these sumple compounds had any physiological action
(Scales, 1957) However such degradation can result 1 a lowenng of the
mechanical properties of the polymer

Soluble or migratory additives

As has been menuoned earher plastic matenals are liable to contan vanous
sdditives  Some of these chemucal substances may be water soluble or may
migrate from the matenal over 2 period of months or years Plastics may pick
up vanous agents {tom apparatus with which they come into contact during their
manufacture. Dutcan and Goodwin (1949), following the work of Page (1939)
Graef and Page (1940) and Poppe and Oliverra (1946), used a combination of
regenerated cellulose film (Dupont Cellophane 300 P U T 71) and polythene film
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(Dupont N V 7/14) to produce fibrous obstruction of the ureters and urethrs in
dogs Ammals which had not died for one reason or another withn 8 months
were sacrificed  Duncan and Goodwin found that a marked fibrous tissue resctson
had occurred in relation to the materials  These results conflicted with the findings
of Ingraham Eben and Matson (1947) who had found that polythene produced
very httle fibrous tissus reaction when implanted in the bran of dogs, whike
Dupont Cellophane PT which Poppe had found comparatively inert, did in
fact, produce a fibrous tissue reaction, as had been found to occur by Duncan and
Goodwinn 1949 Yeager and Cowley (1948) realized that there was complete con-
fusfon regarding the terminology of the different films which had loosely been
called polythene-Cellophane by some authors There also appeared to be a lack
of knowledge regarding the methods of manufacture of the films and 1t was not
realized that differences m manufacturing technique might be responsible for the
conflicting findings of the different authors. At that time Dupont were using a
solvent casting process to manofacture a type of polythene film They were treat
ing the surface on which the film was cast with a stnpping agent—drcetyl phosphate
—to facilitate the removal of the polythene film from the casting surface 1t was
found that the dicetyl phosphate which had been prcked up by the film was present
10 less than & 1 per cent concentration  Polythene can be prepared free from con
taminating agents by the “ melt extrusion  process Polythene and Celiophane
(regenerated cellulose) 2re not chemlcally related. Cellophane s water w:lr.ubk,‘
while polythens is not. Types of Cellophane are produced for packaging applt
cations which are coated with a variety of substances including ceflulose nitrate,
or even polythene, to reduce thelr water vapour permeability

Yeager and Cowley (1948) endeavoured to exciude the carcinogenic properties
of dicetyl phosphate treated polythene by mmplanting the film mnto 20 mice. Two
cancer susceptible and two cancer reastant strains were used. The ammals were
observed for 5 months. No tumours occurred, but the period of observation was
too short Further expenments were carnied out, lasting up to 3 months, with
1mplants in dogs, rabbits and guinea pigs. A marked inflammatory response with
fibroblastic proliferation was found. Control experiments with * melt extrusion ™
polythene film demonstrated that the dicetyl phosphate was the active agesl.
While for many purposes 8 non reactive film 13 useful for others, such as repair
of hernias or strengthemng the wall of an aneurysm, a materal that will produce
a fibroblastic response may be useful. Berman and Hull (1952) treated ancurysms
with & 2 per cent aqueous solution of sodium drcety! phosphate. They found that
those patients who did not have dmsecting ancurysms showed improvement
following thus treatment. The following description of the preparation of drcetyl
phosphate has been given by Dupont and quoted by Berman and Hull (1952) It
)

o [o]
3C,\HuOH + P40, (Q.H-OL‘!L—OH + C..HnO—kL(OH).

In a dry 5 litre four-necked flask equipped with & stirrer dropping funoel and
thermometer and closed with a cakerum chloride drying tube, 213 grammes (1 $ mokes)
of phosphorus xide Is ded in 1,500 millilitres of dry benzene, Over a period
of about 3 hours a solutlon of 1 094 grmmes (4 § mokes) of cetyl akeohol in 2,000
milllitres of dry benzene is added dropwise at room temperature, During the additton
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he temperature rises to about 40 degrees C and the reaction mivture becomes » homo-
‘gcncous pale brown solution  After stitring at room temperature for 3 hours the
solvent benzene is stripped under reduced pressure (water pump) until the temperature
of the product reachey 100 degrees C, The residual oil which solidilles to a tan
wax Iike s0lid on cooling, may be convenlently divided into five approxmately equal
portrons in tared 2,000 millitre Erlenmeyer flasks. The crude product Iy e-
cnstallzed with Nuchar C treatment using 455 millilitres of ethano! and 45 milli
litres of acctone for every 85 grammes of crude material in order to separate the
monocetyl pl hate from the dicetyl phosphate. The resulting off-white dicetyl
phosphate may further purifled by two recrystaliizations in the regular manner
from ethanol to yicld about 400 grammes of nnuliygcnlly pure dicetyl phosphate
melting point 72 to 72 5 degrees C., o3 white pearly lealiets,

Sodiumn dicetyl phosphate 1s spanngly soluble 1 water more soluble in alcohol
benzene toluene butyl ether and olive oil

Poppe (1954) gives the following methods of preparntion of reactive polythene

(1) Sprinkle dicetyl phosphate powder on the surface of the film and draw over
a hot plate regulated to approximately 90° C (the melting pomt of polythene 1s
at 120° C)

(2) The film may be dipped in molten drcetyl phosphate. Since dicetyl phosphate
11 water soluble, stenlization methods are hmited A satsfactory method 13 to
soak the film in 1 1000 Zepluran (Benzalkomum chlonde) for not more than
20 mmutes. The reports of falures using the reactive polythene film do not give
the method of preparation of the film and it may be that dunng sterilization the
active agent was removed.

No plastic matenals containing either simple plasticizers, such as dibuty
phthalate, or polymeric plastiazers for example polypropylene adipate :houldl}
be used 1 the tissues, since 1n the course of time they leach out from the material
with a resuiting change 1n the physical properties of the implant The long term
local and systemic effects on the tissues of such compounds liberated in low con
centrations 15 not known

IMPLANT MANUFACTURE
Technique

Ooe of the advantages of plastic matenals is that they can be more readily worked
than metals. Practical detasls of fabrication methods can be obtained from the
manufacturers.  Several points, however are worth emphasizing. Many of the
techniques employed 1n metal working are applicable, but excessive heat production
must be avorded. Cooling fluds should be used with care since they may be ab-
sotbed by some plastic matenals. Great care should be taken that no undue
stresses arc set up in the ymplant at any stage in its manufacture  all implants should
be annealed. The use of solvents and adhesives should be avoided. Welding of
plastic maternals, while sausfactory for industriel purposes should not be em
ployed as there 15 always the nisk of & defect which may not be detected  The
chafing with a knife 13 hable to produce a crack which may “ run " nto the implant
and at a fater date cause farlure It 1s advisable to fashion implants from a block
of materml. Any sudden changes in cross-section of the implant gving e (o
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notch effects should be avoided in order to reduce stress concentration to a mint
mum. Data concerning a wide mnge of matenals are available m 2n article pub-
lished by Sargent (1947) and in the Modern Plastles Encyclopedia and Engineers
Handbook published by Plastics Catalogue Corporation New York.

Acrylic resins can be polymertzed 1nto the form required, using plaster metal or
wood patterns and simple plaster moulds, or if the shape 18 complex, i moulds
made by the *lost wax ™ technique Techmques of polymenzmg acrylic reans
have been very widely developed by the dental profession by those who make
cobalt-chrome castings for orthopaedic surgery and by the aircraft mdustry
A wax which can be machined 1s available under the trade name of Okerin Wax
No 1691* Many waxes which are med in the “lost wax ™ techmique have
unswitable mechanrcal properties to pernut machming of thin crosstections.
Radiographs which are used for measurement m the design of an implant should
be taken using the scanogram technique A diaphragm with a 4 mch slit 1s placed
over the aperture of the x ray tube, The tube Is made to traverse the part with the
shit at right angles to the line of traverse  Since accurate measurement 13 possible
only along this hne separate radiographs have to be made of each dimension
The tube to film distance should not be less than 42 inches.

Castings made from stainless steel alloys should not be used for implants  The
casting of cobalt-chrome alloys 1s a highly specialized technique and should only
be undertaken by those who have long experience with the processes mvolved.
All cobaltchrome castings should be radiographed for casting defects and exam
ned by a penetrant ink method for surface defects

Specifications and tolerances

Once the implant has passed the experimental stage, specifications governing
the composition, the details of design the manufactunng processes, and the
mechamcal properties of the mmplant should be drawn up  In the absence of 2
standard some inferior products will be prodoced as has happened m the past.
A speaification safeguards the manufacturer the surgeon and the patent Its
preparation often stimulates further investigation which may result 1o an improve
ment 1 the performance of an implant, Failures will always occur with implants
since their use is part of the surgical expeiment However these failores can be
reduced to a mimmum by systematic 1vestigations carried out both in vitro and
in vivo before the 1mplant 15 used in man. The wholo question of standardization
of matenals and design of devices has been admirably dealt with by Bar (1954)
n his presidential address to the Nincteenth Annual Meetmg of the American
Academy of Orthopaedic Surgeons, and his suggestions demand the most careful
considerntion  In Great Britain the Briish Standards Institution has a commuttee
which 1 preparing specrfications for bone plates and screws.

SELECTION OF PATIENTS

The careful sclection of patients for implant surgery 18 important. This subject z
dealt with 1n detail in the chapters relating to speafic branches of surgery It

Mamdactured by Astor Borsseher and Lawrence Ltd., West Drayton Middx.
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usually unwisc to usc an implant in children or adolescents particularly in ortho-
pacdics  Thev should be used only when there 18 a reasonable prospect that the
use of heterogeneous matenals will pive o betier result than reconstretive surgery
employing autopenous or homogencous tissues  Implants should never be inserted
until all infection 1n the arca has been eradscated for at least 3 to 6 morths  Pre
operative Tadiotherapy may result in the formation of a considerable amount of
scar tissue and damage to the slin which may make the operative procedure
difficult, and predispose towards infection and post-operative wound disruption
Implants are often used after other surgical interventions have fmled  but their
use should be considered at an early stage 1n the treatment and not as a last resort
when the condition of the patient has detenorated and the disease has advanced
Exasion of tumours, particularly of the skeleton with repair of the defect by an
mmplant, even when metastases are present 1s justified providing there 1s a chance
that the termunal stages of the patient s Life will be made more tolerable

SURGICAL TECHNIQUE

The vanous subheadings in this section are fully dealt with in other chapters
The succest of implant surpery 13 dependent to a large extent on the surgieal
technique  Often in order to nsert an implant extensive dissections have to be
carried out  Mimimal damage to the tissue planes s essential iof differential move
ment between muscles 15 to be retained.  The extensive use of diathermy for dis~
section and cutting can only result 1n considerable fibrous tissue formationy While §
diathermy 15 useful for hacmostasts there 15 always the nisk that its indisenminate
use will result 10 haematoma formation 1n the post-operative period  The use of
high-speed tools, for example, in the cutting and drilling of bone, without adequate
coolmg with saline may cause death of the bone at the areas of contact with the
implant. One wonders whether the advantages of speed are not offset in many
cases by the lack of control of heat production and by the loss of “ feel and
preesion attainable with hand-operated instruments  Further with the use of
high-speed tools on bone there 13 an increased risk of transfernng metals to the
tistues (Shaw and Scales, 1954) Bowden Willamson and Laing (1954) have
shown that transfer of metal even with hand-operated tools can occur and that
cotrosion of stainless steel can be initiated i this way resulting in an infiammatory
reaction of the surrounding trssues.

We have the prospect of great and new opportunities for conservative surgery
but only a just appransal of the hazards and a judicious selection of both patients
and maternls coupled with an appreciation of the biologrcal and mechantcal
problems 1nvolved can prevent many disasters
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CHAPTER 6
BIOMECHANICS—ITS APPLICATION TO SURGERY
I M Zarx

INTRODUCTION

To Be ABLE to repair a machine the mechanical principles on which 1t works and
the behaviour of the materal of which the components of the machme are made
must be well understood Thus also applres to the homan body in the surgcal
process of repeinng what azcxdent or disease have destroyed 1n man or what
Nature simply did not provide. It is only recently that extensive surgreal treat
ments have been embarked on and, although with a varying degree of success,
the expenience gamed allows us to formulate more definite opimions in the systematre
approach to these procedures It 15 now recoguired that, mn the process of amputa
tion or mternal replacement of & faulty part of the skeleton, besrdes the surgcal
part the knowledge of mechanics stress analysis, mechanical and metallurgcal
properties of matenals used, and the mechanreal functioning, when performmg
normal phystcal activites, of the part of the skeleton to be repaired or replaced
must be considered. This, however is part of engineening science and outside the
ordinary knowledge of the surgeon As some of the surgical procedures are
becoming ncreasingly more complex, team work of representatives from several
branches of science appears to become essential  The object of this chapter 1
therefore not to teach the surgeon enginecring but merely to indrcate the possible
fields of work common to the surgeon and the engineer

What is blomechanics?

Biomechanics (see Fig 50) in 1ts general sense may be defined as the branch of
science which applies the methods and techniques of mechanks to the investiga
tions and anzlyses of the cffects of the external and internal forees on the human
body at rest and during movement under normal and pathological conditions.
It compnses three mam groups of activities (1) theoretical bromechanrcs
(2) applied bromechames  (3) human engineening.

Theoretical biomechanics 1s concerned with the study of movement of the
human body under normal healthy conditions. Jts findings arranged systemat:
cally have many direct applications n various sports activities and military snd
industrial flelds, although its greatest importance is 1n application to medicine
Here we have problems associated with the propagation of pressure waves, pro-
duced by the pumping action of the heart, in blood vessels or the flow of air i the
respiratory passages and analysis of forces during breathing—the knowledge of
which 13 very vital for the design of respirators for poliomyelitis cases

In the ficld of aviation, to provide for the safety of the flying personnel, besides
the design and working of safety equipment 1ts effect on the human body when 10
operation must be considered  As an example the pilot ejection seat may be
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BIOMECHANICS—ITS APPLICATION TO SURGERY

mentioned end with it such probjems as the acceleration effects on the skeleton of
the prlot.

However 1is greatest importance hies m application to orthopaedic surgery m
the process of vanous reconstructive procedures of the skeleton  Here the opera
tion may be sn amputation or an internsl replacement of part of a bone or 2
repair of a fractured bone It 13 now being recognzed that these procedures
require a great deal of biomechamical knowledge which makes full use of con-
ventional engineering matenials and techmques 1n 2 specific manner which can be
defined as human engineening. Here the problem of the magmtude of forces
carned by a bone or transoutted through a joint, the behaviour of bone itself under
atress, the mechanwcal behaviour of matenials used for implants, the design of the
implant and its mechanical effect on the bone, and finally compatbilrty of the
raaterial must be considered as in ordinary engineening practice ' When the case
15 to be an amputation m addition to the above the degree of emputation must be
analysed in terms of what we shall call the “ remai or resrdual b b ”
of the limb conrcerned 1t 13 of no great assistance to the amputee to be equipped
with the most up-to-date artficial imb 1f the ressdual biomechanical power 15 not
capable of operating 1t effictently It 13 therefore tua] to d pirtatron
and fitting of the imb as a one-stage problem and to provide a replacement whrch
will simulate the potentialrties of the natural Irmb in a most exact manner

In thus chapter however we shall lumit ourselves to (@) the analysis of bone as an
engineening matenal and 1ts structure when subjected to the action of forees In
the process of repair or reconstruction and () the analysis of problems associated
with the behaviour of matenals used in these processes with special reference to
design of implants.

FUNCTIONAL SIGNIFICANCE OF FORMATION OF BONE

Every bome 1 the skeleton 1s at one time or another a Joad-carrying member
although 1t 13 the bones of the lower imb which are the greatest Joad bearers as
they are used mn transporting the whole body from one postion to another It
must be noted here that the movement of the human skeleton, although 1ts final
result may be translational comsists of a chain of rotary movements of the varrous
parts of the body The forces responsible for thrs movement usually produce 1n
the bone stresses which are tensile, compressive and shearing. They may be the
result of & bending movement, direct force or a torque. ./

The formation of bone under normal conditions has been the subject of past
investigations, in terms of the function 1t performs, with the purpose of deter
mumng whether stress has any effect on the natural growth of bone or not. In
recent years, because of the tendency 1 orthopaedic surgery to replace bone by
artfinal matermals like plastrcs or metals, the problem of the behaviour of bone
under various conditions of stress received s certam amount of attention.  How
ever under traumatc condiions, in the process of repair of a fractured bone or
i the case of a metallic replacement for a part of a bone the investigation into the
Iaw of growth of new bone at the bone rmplant junction is more complex.

Bone as an cngineering material is not homogencous and shows 2 marked
degree of anisotropy A materal 1s called amsotropre if its elastic propertics are §
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FUNCTIONAL SIGNIFICANCE OF FORMATION OF BONE

not the same 1n all directions 1t 15 the nmisotropy of bone that gave nse to the
study of the functional sigmificance of bone form in relation to stress

1n 1867 von Meyer demonsirated sections of the upper part of the femur and
discussed the significance of the trabecular onentation init - Culman an engineer
who was present at that meeting, became interested In the analysis of this mner
structure and concluded that the trabeculae of this bone as scen in the frontal
plane were arranged along the hines of principal stresses produced by a force
actmg on the head of the femur  He produced his famous diagram of a Falrbairn
crane 1n which he computed the lines of principal stresses or the so-called stress
trajectonies.®  He based his calculations upon is erane being made of a homo-
geneous sohid matenial resembling the femur in shape and loading. He concluded
that the femur was designed 3o that 1t could transmit 2 maximum Joad with a
minmum of matenial This analysis has become the basis for the * Trajectonal /
Theory ™ of bone form and gave nse to the investigation of the functional signifi
cance of the onentation of the trabeculne. However as the trajectones apply to
both compressive and tensile stresses, some nvestipators like von Meyer Roux
and Wolf held the view that tensile stresses are responsible for the growth of bon
while Jansen and Carey believed that the presence of compressive stresses stimu
lates the formanon of bone. Trepet completely rejected the vahidity of the tra
jectonnal orthogonality of the trabeculae in the bones Koch s analysis of the
functional significance of bone form supports the view that the trabeculae arrange
themselves along the hines of pnncipal stresses  He produced calculated results
of prmoipal stresses for the neck and the head of the fenur when the head carnes
a concentrated load of 100 pounds

However an examination of hus results suggests that they are not in agreement
with either the theory of stress analysis or the assumptions he made for his analytis,
He nghtly assumes an oblique Joad which n the neck of the femur gives nse to
bending, shear and direct compressive stresses (Fig. 51)  The assumed concentrated
load P (Fig. 51) may be resolved into two components—the direct compressive
force R and the transverse foree $ In any cross-section on the length 0-0, of
the neck foree R produces 2 uniformly distnbuted direct compressive stress; while
the transverse force S 15 responsible for shear and bending. The sheaning stress
distribution 15 parabolic—having a zero value of shear at the outer fibres m the
frontal plane and reaching a maximum value at the centroid of the cross-section
of the neck. The bending stress has & linear distribution and 15 of zero value st the
centroid of the neck, reaching a maximum compressive and tensie stress at the
outer fibres of the cross-section. Fig. 51 gives a graphical representation of stress
distribation 1n section A-A, where the bending moment 18 zero and section B-B
In section B-B the combined direct compressive stress due to the axial force R
and the direct tensile and compressive stresses due to bending displace the pentral

It can be shown that in & most state of t
il aiways be sy geoeral onmmlt‘;‘poh in an elastic

vanish and
&@mhwmﬂm(mﬂmmmminﬁrm)vﬂuu These mmmcﬂl}kﬁ
Bl s o etk e b oty PR ity b ool or 4
Ftremses will vanish and the direct streses will oyt h alux e o1

o have mininmm
Md-lrtclnrptmp:ﬂmmwg:l::hmnlpclmnrl;h(:n;\ulocndnmbcrmn]‘u
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axis* or the lin¢ of zero direct stress from the centroid of the cross-section to a
new positton as shown by C. The magmitude of this displacement obviomsly
changes from one cross~section to another as it depends upon the values of the
bending stress and the direct compressive or tensile stress acting in a cross-section
It appears that Koch in his analyss assumed the centrord of the cross-section as
the neutral ans, disregarding the displacement due to the direct compressive
stress  Also 1n his dragram (The American Journal of Anatemy Vol. 21 p 249) for
a point lying on the neutral axis Koch gives two different values far the principal

Fia. 51 —Diagrametk representation of forces and stremes In the peck of the feour

stresses.  One according to his cakculations, 15 145 potnds per square mch and 18
compressive while the other he gives 2s 13 pounds per square inch and tensile.
This of course is not correct 23 1n bendung due to transverse loading at the peutral
ax1$ 1n & cross-section the direct stresses are zero and only a shearing stress with &
complementary sheaning stress at nght angle 15 present.  Thus system of sitess 1
equivalent to one conssting of two direct stresses, one compresstve and one ten.dﬁ
both equal 1 magnitude to the shearing stresscs but acting at 45 degrees fo
directions of the sheanng stresses (Fig. 52). o
Also on a certain length along the neck of the femur gomng from poumnt 0 wk
(Fig. 51) the direct compressive stress will exceed the value of the raaxrmum tensi

eotral planc defines the fine or plane of zero direct strem, Only fn bendiog of &
Ntbmn:‘:‘;mﬂnu .mu:wmmrmm-hmgmmmmddu
cTons-section.
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stress due 1o bending, and therefore on that Iength of the neck there will be no
neutral axis.  With hoch s assumed loading the approximate outlines of the
neutral axis should follow the hine 3-3 in the right hand diagram of Fig. 51

1t 15 unfortunate that Culman s 1dea of the Trugectonal Theory has received so
much attention as 1t can be cnticized on the following points  In the analysts of
stress 1t 15 atways assumed that the matenal 15 homogencous, which 1s not true
about bone  The analysts as put forward by Culman 1s that of plane stress or two-
dmmensional although in fact 1t 15 a casc for a three-dimensional analysis  The
assumpttons n Culman s analysis refer to static conditions of loading m the
frontal plane whilke the load on the head of the femur 15 mostly of a dynamic
nature with its direction of action oscillating appreciably  This suggests that the
frontal cross sectional plane which Culman used for his analysis, need not
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necessarily be one of the pnncipal planes and the directions of the principal
stresses need not be parallel to the frontal plane Further the mtensity of stress
along each trajectory 1s greatest when 1t 1s parallel to the longitudinal axis of the
neck of the femur and diminshes to zero at the pomt where the trajectory cuts the
outer fibre of the bone at nght angle (Fig- 51) In view of this it 1s also difficult
to accept the idea of those who believe in the mechanical adaptation of bone,
that 13, that the trabeculae lLie along the paths of maximum stress withm the
bone and thus transmut & maximum load with & mnmum of materal

MECHANICAL ANALYSIS OF THE FEMUR

A]: 2 load beanng bone the femur 13 one of the most important bones of the human
skeleton and it 1 subjected continously to the action of mechanical forces which
are usually of » dynamic nature causing frequent fractures. It 1s therefore not
surprsing that the femur has been mvestigated more extensively than any other
b themd In recent years the surgical procedure of the Judet brothers with regard
mga;mnﬂmcuon of the upper part of this bone has stmulated further 1n
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dustributed 30 as not to grve nse to powts of high stress concentration on the bone,
as they act in directions which are not o line with the anatonical hine of action of
forces in that bone It may be noted here that the longer the mtramedultary
pail the smaller will be the reactive forces of the couples To avord any stress
concentration effects the changes in the cross-section of the prosthesis were made

— f prosthess &y Fra 53 —A ball and socket replsce-
e “m’#ﬁ"uf'k.cm forees ment of the bead of the femur

Hix
acting oa the booe,

dual. The described prosthesis was used it 2 patient in 1954 and s giving 2
'%::y satsfactory service showing & rapsd formation of new bone along the medial
and postertor part of the prosthess which coincides with the region in which a

compressive force acts on the bone (Fig. 56a and b)
Many clinical cases did not fall mechanically where the head of the femur only

replaced by & Judet type prosthesis  however pain in the joint and loss of
:osvcmcnl wr::yrecordcd. In cases where the whole neck of the femur 13 replaced

by an implaat this complication appeery not to be present.  Fig. 55 sbows a simple
118
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demgn of 2 ball and socket ” joint  The sochet is fixed into the acetabulum by
rmeans of screws and so provides free movement of the head of the hip-joint 1n a
metal to metal combination  Although the digram shows a design where the
bone implant junction takes place along the neck of the femur 1t appears that
better solution would be to use an implant which combines the ball and socket

arrangement with a method of fixation to the shaft shown 1 Fig 536 and thus
secure a more favourable distribution of forces  Fig. 55 was dmwn for the con

1

&) )
Fi0. $6.—Formation of bone can be seen In () the posterior part and (5) medtal shaft,
that 13 fn the paris where compression b present.  (By cowrtery of A Cﬂbnos‘g.ecs)

srderation of those surgeons who feel that if a [a of the

15 I:’m and should a cog;pllutmu occur an u.rthrr?d::tu still pr:;:?blncf the femur
y expenience extends only to cases where either the u of th

was replaced by a large metallic implant or the lower one ﬁ-ﬁrm o‘f-':h:nz;.}.l;l:
lgx:;[mml. It should, however be possble to replace a certain length of the
s of the femur by a metallic implant quite successfully Jeaving the two joints
e aun.rrbcdm Ir: ;‘m:h & case the lcng‘ﬂ} of the shaft to be removed could be made
of bcrt); r;s’ structure r ng in shape the removed bone Fixation
ends could be secured esther by a collar and an mtramedullary nail at each
119
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end or by means of three short side plates at each end, made as a part of the
metalirc msert, and screws  The design of the porous part of the implant should
be so arranged as to stimulate growth of bone into the implant and so form a
united structure

SUMMARY

The brief analysis of the up-to-date trends in the surgical replacement of bone by
tmplants shows that although a lot has been achieved, there still remains » multirude
of problems to be solved. However we are now at least in a position to clasnfy
them 1n & more orgamzed manner  On the anatomical side we have the problems
of (1) analyns of forces mn load-carrying bones (2) bone formation-stress
relationshrp  (3) anslyns of conditions at the injury and, for instance, the tmport
ance of the pH value of the body flwds 1n trauma (4) thsue reaction to the
material of the implant. The mmplant itself however carries the greatest number
of problems, Here we have the problem of (1) the design of the mplant (2) the
matenial to be used (3) the method of manufacture of the implant  (4) the final
treatment of the prosthess.

The chowee of the materal used is more cnitical m compound implants, that is
in cases where more than one part 15 required.  Stainless stec] when used for a
single 1mplant may prove to be satusfactory although the manufacturmg process
here may be of great importance For compound mplants this materml 1s con-
sidered unrehable  If stamless steel s used as a remnforcing matermal for a plasic
material the design must be so arranged that the steel part will not, for mnstarce,
be partially in the bone and partully in the plastre.  Such a situation would cause
a rapid corrosion of the steel part doe to conditfons of differential oxygenation
Normally 1n such cascs the part covered by plastic will lack oxygen when compared
with that part which will be say i the bone and will become anodac with regard to
the remaming part.

Fauolts caused by manufactere

Further 1t 1 not always appreciated that the processes of casting of steel and
welding carry a great number of precautionary steps which must be considered if
the matenal of the implant has to preserve its onginal mechanial propertres.
Fig. 57a and b may serve here 23 an iMlustration, 1t represents a micrograph of
cross-section of & part of 8 Moore s prosthests which was made of stanless steel
of the 18/8 FMB vanety Because of the complexity of the shape the lower part
was cast while the upper portion was machined Because of fauity casting and
lack of heat treatment the lower part no longer showed the same mechanical
propertics as the onginal FMB material and the prosthesis failed 1n the course of
a fow weeks after mscrtion  The sudden changes 1n the cross-sections of the
prosthesis at such points as A-B-C durmg casting cause mternal stresses due fo 2
non uniform lon dunng sobdification and cooling. These stresses in
castings should be removed by mnnealing at temperatures high enough to permit
plastic readyustment of the metal It must also be noted that the grain size of the
cast part is moch greater than that of the upper part of the head of the prosthess
which was machmned

The micrograph shows that the upper machined part and the cast part of the
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SUMMARY

prosthests were welded /Stainless steels, when heated 10 a temperature in the
range 500°-800° C, are subjected to structural changes which have effect on therr
tesistance to corroston although their mechanical properties may not be affected
appreciably  This condition when a portion of the metal 15 heated 1 the zone of
500°-800 C usually occurs during welding and the effect Is referred to as  weld
decay”™
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BIOMECHANICS~ITS APFLICATION TO SURGERY

In general stanless steel owes its resistance to corrosion to chrommum. How
ever 1t must be remembered 1t 15 not due to the mertoess of chromium as it com-
bines very readily with oxygen but 1s due to the axrde layer which forms a pro-
tective film for the metal.  Thes oxide film 1s subject to mechamical destruction and
4f the prosthesis under “ setvice ™ condrtions has its oude layer contmuously
drsturbed, corrosion will proceed.

The example 1n Fig. 57a and & ts used to illustrate some of the problems which
must be dered m the repl. of bone by a prosthesis. It shows clearly
that the problem of design, materal and method of manufacture of the prosthests
are inter-refated and must be considered jountly

Apart from stainkess steel, cobalt-chrome-molybdenum alioys are being used
with good chnreal results and it 1s felt that they will replace stamless steel 1n the
future. However these alloys are not trouble free and 2n rdeal material has not
s yet been found. Matenals like titanium, tantalum 2o0d Dreonium offer great
possibilities especully titanrum, which 15 becormng more plentzful at a reasonable
prce

Use of metals

As ths bool 13 concerned wath modern trends 10 surgreal matermals, outlines of
up-to-date thoaghts on the use of metals 1 the human body conclude flus chapter

Some people have come to condemn the large operative orthopaedic pro-
cedures of metallie replacement of bone without being analytical about them but

Just because therr results were not encournging.  Others felt that the problem
such procedures 15 connected with that of toxicty or 13 of electrochemucal nature.
The effect of the mechanreal state of these matenals on thewr behaviour m the
homan body has not received any attention as all the investgators were either
physiologists, chemists or amatormsts. It s, therefare, not surprming that the
problemn of sintable design of implants has been overlooked, although to & great
extent 1t determmes the method of ther manufacture where the problem of metal
lurgy and heat (reatment of the matenal psed must be carefally conudered.

It 13 true to say that expermental work on the behaviour of metals in body
fluds carmed ont 1n the past 1n every instance refers to matermls 1n anstressed
condition and the effect of stress on corrogon has been overlooked.  However
1t 18 recogrured that very often matenals although reuisting corromon quite well
when m uostressed conditions may behave differently when subjerted to the seton
of & corrosrve medium while bemng stressed.  The term * stress corroston ™ xmpbaf
smultaneous action of static stress and corrosive medium.  Under such conditions
1t 15 generally pted that the hanical properties show a greater degree of
detenoration than if the actions take place separately and then therr effects are
added.

Further 1n the maponty of cases the Implants are subjected to fuctuatmg
stresses, and the fatigue Irmit of the matenal defined as the maxmum value of the
amphtude of the stress cyck which may be apphed indefinutely wathout causg
failure, must be considered  Here agun corroston fatigue describing the simul-
1aneous action of corrosion and fatigue must be Accounted for as it has been
found that corrosion of 2 matensl without the presence of cyclic stressing 15 not $0
rapid as when corrosion and stress act togetber  Cydlic stresses cause break vp
of the protective oxide film and thus permit the corrosn® fuid to produce puts in
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the metal  These puts may take the form of small intercrystalline cracks causing a
considerable stress concentration at their roots and often are referred to as * stress
rasers® These stress rasers cause a more cificient destruction of the oxide
film and so the cyclc stresses and corrosion pits remforee continuously their
effect till the fatigue limit of the metal 15 exceeded and failure takes place

The above constderntions are quite satisfactory in ordinary engineeTing praciice
where strength 1s normally accepted as a measure of success. In the application to
the human body we must go further  We must arnive at a eniterion of compatibility
of the metal to the hving cell or 10 other words have an answer to the question
why 1n some cases the hiving cells will not only tolerate the mplant but will attach
themselves to it The view 13 expressed here that 1t 1s reasonable 10 assume that
the answer lies within the field of the theory of surface potentials of metals and the
clectrical propertres of living cells

Although betng concerned with the metal only 1t may be of interest to note
here that many problems in this field still await solution  We have found that the
problem of final surface treatment of mmplants 18 very crittcal Examination of

steel, t nr tantalum and cobalt-chrome molybdenum

alloys subjected to vanous types of mechanical polishing or electrolytic polishing
show very marked differences m the measured surface potentials when immersed
n physologreal fluds. To electrolytic polishung venous polishing solutrons and
different current densities used 1n this process can result in 2 difference of a surface
potential for one metal 1n & range of several hundred milivolts. Also local  cold
working  of one piece of metal may result in a local difference of potential.
Bending, say a plate, it was found that a marked difference of surface potential
will be measured between the tensile and the compressive side of that plate.

Concfuding this short review we sce that biomechanics does not Imut stself
to the application of mechanics to the human body but for the complex surgrcal
procedures of today 1t provides well-established engincering techniques for repro-
docing actual  service conditions  of the implants  Actual service conditions ™
mplics & situation where a number of chemical and electrochemucal reactions and
reaction products are 1nvolved at & pownt following trauma and dunng the healing
process  The pH value duning thit process may undergo changes rangmg from
74 ta about 54  However here biomechanscs leave and the surgeons come in.
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CHAPTER 7
ABDOMINAL SURGERY
A Lee McGREGOR

SURGICAL MATERIALS are of concern to the abdominal surgeon in the following
arcumstances  for application to the surface of the abdomen, for example,
colostomy and enterostomy appliances  for use in the abdomunal wall in the form
of suture matenals and mesh  and for use m the abdominal cavity for example,
sutures drainage tubes and bile doct tubes.

EXTERNAL APPLIANCES

Apparatus of some kind is needed 1n the management of fistulas which open on
the surface of the abdomen and which may occur as a complication of disease or
operation or may be made by design to serve a temporary purpose or as a per
manent medsure  Fistulas or sinuses openlng to the extenor from the upper small
mtestine or from the pancreas contain powerful digestrve julces which irntate the
skin and lead to ulceration. The aim 1n these cases is to endeavour to neutralize
the imtant effluent and to protect the skin  The Iatter object 18 obtmuned by
protecting the skin with a mineral non-digestible substance such as Vaseline which
15 applied thickly over the area reached by the discharge. Furthermore this dis-
charge is removed before it implnges on the skin by mserting an appropriate fube
or catheter Into the opening and applying contmuous suctior.

Tlcostomy opentngs

Ileostomy openings are often required to be permanent and thrs necesmtates the
application of a well-fittmg bag over the protruding end of bowel. The bag 1s
usually made of rubber and fixed to the skin by & cement substance. An example
is that of the Torbot ileostomy outfit which conststs of 2 rubber bag and & plasic
nng. The bag has two openings. The one below is for emptying and the upper
one 13 mamtained n place over the stoma and held open by a flange that encircles
the central opening of the plastic ring Metal fastenmgs on the nng connect it
with an clastic belt. The apparatus 1s provided with an adhesive compound to
maintan the position of the ring and to make the connexion of the ring and skin
both water and air tight. The adhesive is harmless if time is allowed after each
application for the solvent to evaporate.

Fox and Brush (1954) pointed out the desirable features m any devrce for use
with an tleostomy or & colostomy The apparatus should be easily applied, light
and odourless 1t should not distort body contonr or bulge clothmg it should
possess no irritatmg properties to macerate or imitate the skin around the stoma,
and it should be easy to empty or dispose of

Rubber does not have all these desiderata and sometimes extreme writation can
affect the skin when 1t s used. In order to avoid the allergic reaction of the skin
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EXTERNAL APPLIANCES

1o rubber plastic matertal was tned  To scal the bag to the skin a foam rubber
pad was used and this was found to be non irritating, clean, easily washable and
provided a satisfactory seal against leakage A Plexiglass cone with an incomplete
nm was developed to direct the drainage downward into a bag which is made of
odoutless, disposable plastic material held in place simply by a rubber com

pression iing  The apparatus comprises (1) A foam rubber pad  (2) Plexsglass
cone (3) Plexiglass beft frame  (4) plastic collecting bag and rubber ning which is
held in place by a waist belt that keeps the device snug and airtight. It requires
no cement and 1s easily put on or taken off  The following technique is advised

The skin is washed and dned and a little taleum powder dusted on.  The foam
rubber pad with the Plexiglass cone and frame, is then applied.  The belt 18 snapped
on to the frame and a plastic bag placed over the cone and a rubber compression nng
applied over the nm to hold the bag In place.

All this 15 done 1n a minute or less—much less time than the messy prolonged
procedure required with rubber adhesives  No odour escapes  The bag is readily
removed by stretching the rubber nng to allow the bag 10 escape from the cone
the bag 1s then discarded. The character of the contents is visible through the
plastic.  The bag can be applied 4 days after operation and s equally useful for
colostomy cnses *

Fnu—-Sa.AI}mp\eﬂconmrylpplhmr.
The a tus is called the Royal Lieost Appliance mnde Surgical
Applance go.. m“mmm&miﬁl Rg’;ﬂ Oak.mlf}:hlnn. ‘l;ysk Royat
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ADBDOMINAL SURGERY

Colostomy openings

There are dufferent types of apparatus used to dress colostomy stomas and to
act as reservorrs  They are well known and require no description.  The aothor
has found the most satisfactory and unobtrusive dressing to be a square of
Vaselined surgeon s lint laid over the stoma and covered by a sms!l square of
waterproof material such as batiste.  Thus is held 1n place by a narrow * two-
way stretch  which has been cut up one side.  The opening 19 made to close with
push buttons A light perineal band prevents the dressing from moving upwards
This apparatus was devised by a young doctor with a colostomy He carres ona
busy country practice and finds his plan works admirably Many surgeons advise
2 routine dadly colome wrigation to clear the bowel and encourage evacuation at &
convenlent time A douche can with 2 rubber tube and catheter attached is ail
that 13 necessary  The patient stands over the tolet wearing a rubber apron which
directs the effluent into the pan.

The Xaid Colostomy Set * faciiitates periodic colonic rmgations through an
artificial anus and so achieves a certain amount of continence. It consists of
(1) A circular shield mede of a transparent plastic which 18 firmly held to the
abdomen by an clastic belt. It has two propecting tubular parts—through the
smaller a rubber catheter is passed into the stoma  The larger tube has an internal
diameter of 45 millimetres and is connected by & thin-walled rubber tube of any
desured Jength to carry the effiuent to a receptacle such as a water closet. (2) An
unperforated plastic disc which is worn over the stoma when this 13 suitably
covered with disposable absorbents. It 1s worn m the intervals between imgations.

Fra 59 —A colostomy belt showing tubes for douching and [rigation. L
Xad Cobost Professioml Prodocts Co. 4100 Commonwealth Aveaus, Tolcoo
Ohlo.'ﬁd.i/L cﬂ%mdemwummmmﬁm
of the Amerxcan Medxal tion for mctuwon ln apparatis
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DRAINAGE THROUGH THE ABDOMINAL WALL

Blliary fistula

Bile drasnage for shorter or longer periods 18 2 common surgical procedure and
wath early ambulation there 15 the problem of the collection of bile Browne and
Locke (1953) stated that n bile-collecting receptacle should be light and sturdy
non-compressible, non-spillable comfortable to wear and admitting of drainage
without being removed and without disturbing the patient  They conceived the
1den from the hup pocket flask of prohibition days which conformed to the body
shape. The container is made of transparent rigid plastic and holds eight ounces
of flnd. It 15 attached to the patient by ndhesive strips which fasten into slots
built into the edges of the contamer  Three tubes are incorpornted in the latter
The bottom one 1 for draunage. A short rubber tube attached to it is clamped or
opened as required.  Of the two tubes at the top one connects with the tobe
comung from the patient To the other a finger stall 1s fixed with a rubber band
The finper stall 1s pncked with a good sized necdle to prevent air lock.

DRAINAGE THROUGH THE ABDOMINAL WALL

Tubes passing through the abdomunal wall may dran a part of the abdomnal
cavity or dran a viscus or a duct

Drulnsge of the ahdominal cavity

Dramage of the abdominal cavity 1s practrsed much less frequently than hereto-
fore because of the part played by antibiotics in overcoming infection.  However
this form of drainage 13 still necessary when a collection of flud or pus exists or
when a leak 13 expected, for example, after operations on or 1n the vianity of the
pancreas  For these purposes some form of rubber 13 in general use  This mey be
a tube or catheter corrugnted rubber or glove rubber The Penrose tubular thin
rubber drain with a wick of gauze passing through 1t s valuable and non wmitating.
A sump drain 1s used especially after operations where leakage of digestive fluids
may occur  This may be a rubber tube with a catheter (with a number of holes in
the dstal end) extending throughout its length  Suction 15 applled to the catheter
Cleland (1954) has devised a plastic sump dramn. It 13 made of a flexible plastic
mateniaf (Portex vinyl ether) which aliows the tube to move comfortably with
movement of the patient and 1t can lie 1n a deviows track.  The onter sump portion
has a dumeter of not more than 1 centunetre It has the shape of a test tube wath
multiple holes 1n the dustal blimd end.  An 1nner or suction tube passes nearly to
the end of the sump and 15 held 1n place by a collar the fit being tight enough to
prevent the inner tube from falling out and vet be removable for cleaming. There
15 & small hole 1 the collar to prevent the formation of a vacpum. The length
and diameter can be arranged at will The apparatus 15 useful for draimng

;nrg dead spaces abscess cavities, oonng areas, or pancreatic or intestinal
{=.}

TUBES PASSING FROM A HOLLOW VISCUS TO THE EXTERIOR

These tubes serve n vanety of purposes
feeding, and dranage or decompression
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ABDOMINAL SURGERY

The control of haemorrhage

In portal hypertension bleeding from oesophageal vances frequently constitutes
a surgical emergency Whereas the definitive treatment of the condition Is some
form of decomnpression (porto-caval or spleno-renal shunt) or a direct attack on
the bleeding area, the patient s condition often does not allow such severe measures.
It is here that the Blakemore Sengstaken tube 1s of value.

Sengstaken and Blakemore (1950) produced an apparatus for the control of
bleeding from oesophageal varices It has long been known that the pressure
necessary to collapse ocsophageal varices is very low and that if enough traction
is made on a naso-gastric tube bearing an inflated balloon which lies in the stomach
haemorrhage will cease because the balloon compresses the junction of the coronary
vewns of the stomach with the oesophagesl veins and shuts off the ascent of portal
blood The pull on stormach and oesophagus caused by the tractlon on the tube
scts up reflexes which ultimately lead to regurgitation of the tube. It is also known
that a balloon pulled up against the cardio-ocsophageal unction tends to bulge
into the oesophagus Likewise an oesophageal balloon will prolapse partly into
the stomach. To prevent over expansion of the lower part of the ocsophageal
balloon which projects 1nto the stomach Sengstaken designed s balloon in which
the lower third was reinforced with a double thickness of rubber The apparatos
consists of a tube with a generous lumen for gastnic suction or feeding. It has
attached an oesophageal and a gastric balloon each connecting with a fine tube let
mnto the wall of the gastric tube to allow inflation or deflation of the belloons.
The tube is passed to the 50 centimetre mark and the gastnic balloon inflated. Gentle
traction on the tube meets with resfstance, showing that the tube is in the cardia.
The oesophageal tube 13 then inflated to 20-25 millmmetres of mercury and this
pressure 1s maintained by clamping the related tube. The apparatus is a valuable
adjunct to surgery and is life saving but 1t requires meticulous observation of
several ponts to be successful. Sedation is necessary tho head of the bed must be
clevated, and to prevent displacement of the tube the patient must not swallow
even saliva. Full directions and & formula for gastric feeding are supplied with cach
tube.

Injury to the ocsophagus can follow the use of almost any tube but this does not
lessen the immense valoe of the apparatus. In 1954 the author was shown by
Blakemore a case of portal hypertenuon with oesophageal bleeding {n which
the tube with balloons had been 1n place for over 100 days. A good modufication
the wniter then saw was the use of a disc of sponge rubber about an inch m dia
meter and half that thickness with & hole 1n the middle through which the tubo
passed  This held the apparatus in place agamst the nose and no strapping was
meceysary on the face

Tubes for feeding or for dratoing the Intestinal camal
The Levin tube size 14 and 16 Fr gauge and 50 inches long 13 1n general use for
stomach drainage  Another tube Is Einhorn s, bilumen, indin rubber 16 Fr gauge,
48 inches long, with a lead rubber end 2} inches long which is wsed for yejunal
feedmg or dramage or for gastnc dramage.
The well known Muller Abbott tube is a 10-foot tube with a balloon at the end
which 15 inflated with aur once it has passed the pylorus. It has been invaloable
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In the treatment of intestinal obstruction It is Important that it should not pass
more than 4 feet beyond the pylorus as it may project from the anus. The gut
concertinas itself on the tube and if too much tube 15 swallowed it may pass the
entire length of the alimentary canal

The author s asmistants have found a smaller pereentage of fallures when wsing
Cantors (M O) ind-rubber 18 Fr gauge 10-foot-long tube with a mercury
batloon at the end. There are four holes at the balloon end 1 inch apart and a
further four holes 1 mch apart starting 8§ wches from the balloon  The tube 13
marked S (stomach) at 17 inches P (pylorus) 24 inches, D (duodenum) 30 inches
from the balloon. Itisalso marked with nnpsatd 5 6 7 8and 9 feet  Spillage
of the mercury has not produced any trouble

Tnmble and Noun (1955 have introduced a new technique combimng drainage
and feeding m gastnic surgery  Any such apparatus should be comfortable and
non-irntating to the patient, 1t should dran the stomach and the two jejunal
limbs, obviating any strain on the suture lines, and 1t should permut all fluids
and feedings to be given through the tube from the end of the operation  The
several types of double lumen tubes available do not fulfil all these requirements
‘The tube they have devised does do 5o The apparatus consists of two polyvinyl
tubes of small calibre (12 Fr) tied together and inserted before operation through
one nostril ' When the jejunum 1s anastomosed end to-side to the stomach, tubes
are drawn through the open gastric stump after the posterior sutunng s complete.
The three silk ties fixng the tubes together are cut fresing the catheter

The catheter dyed red at both ends and stamped  Suction 18 let down 20-25
centimetres mto the proximal hmb to drain duodensl, pancreatic and biliary
secretions.  There are additional holes in the catheter to drain the gastric stump
The catheter dyed blue at both ends and stamped * Feeding ™ 13 let mto the distal
imb for 20-25 centimetres 1t can also be used for soction if needed  Similar
arrangements can be made for o Billroth 1 hook up the suction tube bewg in the
stomach and the feedmg tube 1n the duodenum. The method avoids the dis-
advantapges and dangers of intravenous feeding.  All dretary requirements can be
grven through the feeding tube immediately after operation. Thuty four drops &
mmute (2 millilitres) grves 2,880 mullilitres 1n 24 hours. Forty-eight hours after
operation 2 tugh protein and igh carbohydrate diet 1s grven through the tube and
1s usually continued for 4-6 days. “Suction Is connected to gentle bedude
suction and can be clamped as pecessary leaving  Feeding ™ undisturbed. The

:_)ody electrolytes return rapidly to normal and the tube has given complete satis-
action

SUTURE MATERIALS

The general facts relating to suture materials are dealt wath

they are discussed 1n their appheation to the abdomen. Chapter 16 Here
Catput, silk, hinen, and nylon have all been used and continue to be popular

Catgut 15 an absorbable material which was its great asset 1n times when sepsls

W25 common 1n surgery  This makes 1t valuable today when there is fear of

sepsis such as that which occurs 10 cc d or infected ds or when

surgery 18 performed under conditions which are not ideal In general animal
protein suture matenial such as catgut or sik is more ntatng mg tssues than is
129




ABDOMINAL SURGERY

vegetable fibre such as cotton. Thus in intestmal anastomoses fine catgut produces
a mild local inflammatory reactfon which makes it the matenal of choics for
obtaining ramd Ieak proof pentoneal adhesion of opposing surfaces, Where,
however there is fear of digestion of catgut by mtestinal juces, a non absorbable
layer of sutures is mandatory such as in closure of the duodenal stump  In closure
of the peritoneum catgut has value for the same reason It should be fine (0),
mounted on atraumatic needles, and reinforced by an additional suture at distances
1mnch apart  The filaments of non-absorbable sutures such as cotton or silk may
be penctrated by bacteria whuich find harbourage between the fibres of the material
(Mu and Pas 1942) Infection results and persistent sinuses are thus formed.
These do not heal until the suture is extruded or removed  Hoback (1952), dis-
cussing the closure of abdominal wonnds, stated that the reguirements of an ideal
suture matenal are as follows (1) It should hold the wound edges together till
the wound 1s healed  (2) The suture should not be affecied by or take part in any
untoward reaction dunng healtng. (3) The sutore should be absorbed or become
nnocuous after healing.

Metal mrtures

The cardinal factor in the choxe of a suture material should be the response of
the tissues to 1t. Ligntures of gold were used by the ancient Greeks and metal
sutures have been used for centuries. Silver wire was used successfully in the
presence of tension or fnabilrty of the tissues. It 18 brttle, tarnishes, and has poor
tensile strength.

Steel wire
Steel wire was mtroduced wnto surgery by Babcock (1934)  He stated that
t of i3 1 to ch ] change, modern alloy steel has been called

the noble metal. The wire has marked tensile strength and will stretch s third
of its length withont breaking. It can remain bunied in the tissues for long perfods
without tarnishmg. Wire of 36 or 35 B & S gauge (0-0007 Inch) is liko a fine
hair and has a tensile strength of 2§ pounds It may be used for ligation purposes
or delicate suturing. Gavge 30 B & S has a tensile strength of 15 pounds and
may be used in the abdominal wall. Preston (1940) showed that wounds closed
with stee] wire produced less tissue reaction than any other suture materl. The
wire mamtains a passive role even m infected wounds and interferes in no way
with secondary wound healing even 1n the presence of complications,  Large (1943)
pointed out that the reaction of tssues to various sutures 1 infipenced by the
number and type of organisms present, the vasculanty of the tusues, the general
nutntion and the presence of foreign bodies other than sutures. One or other of
these factors is often blamed for mfection and disruption whea the techmgque or
the choice of the suture matertal is at fault. Metal, being a single filament, cannot
harbour bacteria and healing occurs even in the presence of pus.  Hoback (1957
does not advocate steel wire as a routine in abdomunal wound closure He advised
1t (@) when actual or potentia]l wound infection exists () when disruption is
feared  (c) in advanced age (d) 1 carcipomstosis or cachexla  (e) in jaundrce
when there 18 drainage of bile, pancreatrc or other digestive ferments.

Certam rules which must be observed in the use of steel wire sutures sre 28
follows (1) The tension to use 13 that which approximates tissues and does not
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consinet them  2) hhinks must be avolded as they dimuush the tensile strength
(3) hnots must be squared and the points turncd down carefully

haufman, Johnson and Lesser showed as far back as 1939 that patientsin whom
ware has been used may be exposed to diathermy or x rays without untoward
effects. Wire is valuable in perincorrhaphics and the repar of vesico-vaginal
fistulas

In a series of hernial repaira infection occurred in 24 per cent of cases 1n which
only catgut was used in 11 per cent of cases where catgut and wire were used but
there was no nfection where wire afone was used.

Madsen (1953) in expenments 1n ammals and man found that silk cotton linen
and staintess steel wire are the preferable matenals for use in the closure of wounds
in fascia,

Robuison (1952) showed that contmuous wire sutunng is preferable to inter
rupted and figure of eght sutures which produce pain tissue strangulaton and
sheaning forces which will cause breaking of the wire  Over 4 years, using wire in
abdominal surgery their results were excellent in 505 patients  There was wound
sepuis 1n 3 patients but no case of wound dusruption after [ year Hoxworth
Sollivan and Guiseffi (1954) set out to show that flexibility in suture material is in
some respects undesirable.  They propounded a new theory based on engineenng
principles, that the factor of shear® upon fascia by the flexibilty of suture
matenals produces cutung and teanng through fascia and 13 a factor 1n wound
disruption  The expenimental results showng the effects of flexibility and ngidity
upon the holding power of suture matenal were in accordance with the theory
showmg the supenionty of ngid wire 1n preventing wound dehiscence A ngd
wire suture 18 therefore still better than one of flexible wire  This 15 borne out by
the usefulness, rapidity and ease of the method in the closure of abdominal wounds
1n 161 patients. ‘The material 15 1ts own needle so that cotting into lengths thread
ing needles, tying knots and waste are elimmated.

Toone (1955) reported the unusual case of a female patient who developed what
appeared to be strangulation in a huge hernia resulting from a previous abdominal
operation. ‘The cause of the symptoms was found to be penitomtis in the sac due
to perforation of a oop of small gut from the ends of A steel suture which had
been wsed 1n closing the rectus sheath. Interrupted sutures had been used.

Summary

As suture matenal for the abdominal wall, catgut }s being used less and less in
favour of unabsorbable matenal such as cotton lIinen and monofilament steel
wire The Iatter is gaming 1n popularity and is the best substance yet found 1n the
prevention of post-operative wound disruption.

THE SURGERY OF HERNIA

Many different matenals are now used 1n the repair of various types of berma.

Whatever the quatines of the substances may be none in any way aliers the basic

{:hr;nuplu of repair  The am of the surgeon 18 to restore the status quo ante where

%13 possible not to tse tension, and not to deviate muscles from their lnes of

:cuon. The Batsing operation for inguinal hernia marked a great advanes in the

reament of this condition n that 1t separated the internal from the exterpal ring
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as far as poswible and renforced the posterior wall of the inguinal canal. The
deviation of the line of action of the conjoined tendon by epproxumation to the
inguinal ligament is, however an abrogation of surgreal and mechanscal principle,
The muscle straighteny out 1o 1ts pre-operative position when subject to any stress.
It 13 now appreciated that 1t 1s sounder to strengthen the wali of the canal by
Inserting a lattice work to act as a scaffolding for the growth of fibrous trssue, or
to insert a mesh of some foreign matenal to serve the same purpose  The newer
substances in use for this purpose are floss nylon, ateel wire, nylon mesh, tantalum
mesh, Fortisan, and polyvinyl

Floss mylon
Nylon thread has been used in surgery suce 1946, Monofilament nylon has
some ngidity and knots may slip  Braided nylon 13 better as 1t iv more pliable.
Floss nylon 1s composed of fibrils similar in size and number to those 1n floss
sill. It 13 soft ert smooth, pliable easy to work with and can be repeatedly
boiled (Monro 1952) Monro has nsed it in cloung abdominal incisions and
hernia and wound bealing has occurred without extruston.

Steel wire

Abel and Hunt (1948) advised the use of stanless steel alloy wire which was
introduced by Babcock (1934) For closure of abdominal incisions and large
scar hernias they use monofilament standard gaupe 31 or 32. For ingwnal or
femora] bernias 33 or 34 are used. In over 2,500 abdopunal incistons, 1 patients
mostly debilitated, there has been no wnstance of woond disruption or post
operative hernla,  In 300 hernins done over 2 period of 4 years there has been no
recurrence.  The tissues react to ifs presence by the formation of fibrous tissue
only over a narrow zone There Js no inflammation or foreign body response.
Stay sutures are never necessary  The wire can be used 1n the presence of infection
Qne of the most compelling factors 1 1ts use 1s the climmation of post-operative
wound dssruption. This occurs, when wire 1s not used, in abont 1 per cent of
Iaparotomies and the mortality is 40 per cent.

Abel and Hunt use the wire routinely in abdomunal closure, for large ncisional
hermuag, and for all hermas requinng reinforcement

The principles 1o be abserved in the use of wire are the avoidance of dustortion,
which implres tension and therefore necrosls, the avordance of kanking, and tywg
taut but pot ught.

In hernial defects a steel darn is used It i nof necessary to carry out an
extenuve dissection to define the layers formung the nng. If as rarely may
happen, the point of & broken wire causes discomfort, 1t s removed under local
analgena.

Ryan (1953), reporting from Shouldice Surgery Toronto stated that steel wire
was adopted as the routine for hernial repaic  In 369 patrents with recurrent
hernia there were no recurrences within 1 year

The writer can testify to the immente advantages of steel wire from hus expenence
1n large hospital and private practice, when used as defined above  There have
been no complications n 2 perod of § years from the usc of ware, no recurrence of
hernia, and the only case of abdomnal dusruption occarred 1n an old man where
wire had not been msed.
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Mesh

Several varictics of mesh have been and arc being used as reinforcing matenal
in the repair of incusonal or other types of hermia  The method 18 an old one for
silver filigrees were used many years ago It is interesting that ot reoperation many
years after their insertion such filigrees were found to be loose and hifted casily
from the tssues. hoontz and kamberley (1950) showed 1n amimal experiments
that steel mesh was not very resistant to infection and that fibrous tissue does not
nfiltrate the mesh which becomes surrounded by dense scar tissue producing &
tumour-like effect

Tantalum mesh

Tantalum was mtroduced into surgery by Burke (1940) Lam, Szlagy and
Pappendahl (1948) showed that fibrous trssue grows through the interstices of the
mesh and surrounds 1t they advised its use in the repair of herma 1t has been
used for repair of defects of the diaphragm and for full thickness defects of the
chest wall

Tantalum is a tolopcally inert, malieable, non-corronve, and non absorbable
pure metal of atomic weight 1814 and atomic number 73 It stimulates a cellular
tesponse when implanted 1n the tissues of the body and becomes covered by
adherent fibrous tissue. Its main uses 1n surgery are as plates, screws, or foil
The first products were grease coated and required scrubbing before use  The new
type does not need degreasing.  Flynn Brandt, and Nelson (1951) In 2 55 months
follow up after the use of tantalum mesh 1n 45 cases of ventral hernia reported
but one recurrence and this was not 1n refation to the mesh. They adwvised the
turning down of & §{ inch cuff at the edges of the mesh to anchor the sutures, The
mesh is fixed with 000 tantalom brawd atits edpges and in the centre.  Early ambula
tion 15 practised.  Fragmentation may however occur due to body movement.

Koontz (1951) advised the use of tantalum mesh to close large defects when the
edpes cannot be approumated or to remnforce weak areas  He pointed out that
recurrences are often * false  that 15 they occur beyond the area of the repeir
which should therefore extend wide of the defective area  Furthermore, relief
meisions may weaken the abdominal wall. The mesh can be placed next to bowel
Guly nuid adbesions form and the mesh becomes covered with peritoneum on its
nner surface

‘When mfection occurs 1n hernial reparr the result depends on the matenal used,
If fascia 15 used 1t sloughs out, and silk or cotton causes persistent sinuses, but of
tantalum 18 used the wound will heal perfectly providing catgut 1s used as ligatures
and the mesh is fixed with wire. The penitoncum should be cloted with braided
tantalum as the monofilament suture tends to cut out. The material may be nsed
in sheets for the repmir of large jumbar hermas. Latumore and Koontz (1954)
stated that serum often collects 1 unavoidable dead spaces on and under sheets
of mesh which may be as large a5 a foot square  To deal with ths, aspiration and
drams are messy 30 they now use two catheters on each side, with many holes in
them, one bemg attached to suction  The catbeters are shortened in 3 days and
removed on the fourth. Tantalum mesh may be used in the treatment of difficult
mgunal hernias, as a reinforoing lnyer  Burnell (1954) reported the case of a man
%ho died from an unrelated gasiric haemorrhage 12 days after the reparr of an
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ingwinal hernie. The mesh could only be removed foreibly and then in
‘because of the permeation of the mesh by tissue ingrowth  He cautioned ¢
the us¢ of a combumation of metals because of differences n electrical po
which may lead to a colliquative necrosis.

Tantalum fallures —Koontr. (1955) reported 139 large ventral hermas
were operated on m the previous 7 years and 1n which tantalum ganze was
He drew attention to “ false  hernuas occurnng at the edge of the mesh whi
13 too smell and advised that relief incisionts should not be made m arst
covered by muscle. He made the valuable suggestion that big hermias trew
gaure may be cured at a second stage procedure when, owing to impregnat
the mesh by fibrons a strong tissue has been produced for overiap

Nylon mesh

Ths substance has been used for the same purpose as tantalum. It can be
and prodnces no untoward effects. It 1s easy to work with.

Stock (1954) uses it in the repair of large hernias, The matenal is ch
because of its commercial use, than tantalum, which has no such use |
treatment of veptral hernia the matenal 1s placed between penitoneum and m
There is no sepsis or delayed healing. There 15 some Induration and tend:
round the wound for a week

Forthan fabric

Narat and Khedroo (1952) gave & detailed deseription of this materia
compared 1t to tantalum mesh. Of the latter 1t {s stated that after a year
mentation due to fatigue occurs. This causes no weakening but unpk
sensations may occur owing to the broken pieces. 1If 1t is very near the 1
cardboard effect may occur and lumps may be caused by bending of the
A xlough may develop if the skin 15 sutured directly over the mesh  The at
cited stated that Fortisan 13 a regenerated cellulose yarn produced by 1
orienting the internal filament structure of cellulose acetate or other celinjose
yarn and saponifying 1t, that 13 splitting of combined acrd rmdrcals. These ¢
tlons result i a fibre of great strength, resistance to stretch snd dimem:
stabality under the influence of humidity and wetness. Expenmentally Foi
is shown to be pliable, causes minimal tissue reaction, and possesses greater
strength than silk or cotton.

Fortisan fabric 5157 1s the maternal used. It 13 sutured 1n place with br
Fortssan thread size D Experiments on dogs, using different materials and
segments of the rectus muscle and its sheath had been removed, showed essen
simular results with Fortisan as with tantalum. Both matermals were well integ
into adjacent ussucs and were practically inseparsble from them. Using Fot
fabric the occasional unpleasant effects encountered when uing tantalum
avoided Koontz and Kimberley (1954) expressed their great sstufaction
tantalum mesh having used it for & years for large defects with poor surrour
tssues It is supenior to all other fabrics and cracks or breaks have no signific
as by then the fibrous tissue for which the mesh acts ag a scafTolding has taken
and the mesh hes fulfilled its purpose. In the search for & still better mal
they used Fortisan fabric exper tally m dogs. Tn mfected wounds this {i
lay rolled up in an abscess cavity or caused a buried granuloma or infected !
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track  They express doubts of what the results would be if Fortisan were used in
humans with large hernias and poor tissues

Polyimy | sponge

Gandlay and Clagett (1949) described a recently developed plastic aponge—
Ivalon It Js derived from formalinized polyvinyl alcohol It causes no inflam
manion and 1n canine experiments in which a lung had been removed the sponge
cut to the size of the pleurnl cavity was placed In the thorax. The post-operative
course was uneventful When 3 months later, the dogs were sacnficed the plastic
was fonnd to be covered by a layer of avascular collagenous fibrous tissuc and
pleural membrane, adherent to the chest wall Histologically there was a mintmal
inflammatory reaction 1n the sponge and its fibrous capsule  The 1nterstices of
the sponge were hned by a single lnyer of tissue resembling vaseular endothelium
Schofield (1955) discussing fabnes for hernal defect repair considered that
polyvinyl alcohol sponge comes even nearer the 1deal than does tantalum.  High
quality sponge 15 made in England * It is of umform texture white, with a cut
surface like that of a slice of bread.  When dry 1t 1 extremely light, hard and ngid.
When most it 1s soft and resilient, cuts easily and takes a needlereadily Physieally
1t has a preat affimty for water Temperatures up to 120° C have no effect on st
but after an honr at 160* C 1t turns brown It shninks shightly on the first boiling,
but not on any subsequent ones. If it 13 compressed while i water above 95 C
and 1f the compresyion 13 maintained while the sponge 15 cooled to a temperature
below 95° C, 1t retains the deformuty produced by the compression. If stored dry
1t keeps perfectly 11t 18 exposed 10 air when moust, fungus and rust may infect
the mterstices and cause dark stains. For use it 13 cut 1n slices 3 to 4 millimetres
thick and boiled for 20 mmutes 1n sterile water 1t should float frecly as contact
may deform at, It 18 either allowed 1o cool before nse or 1 put 1n cold stenle
water  Schofield, Hallenbeck, Grindlay and Baldes (1954) tested the tenmle
strength and obtained sound repairs n experimental defects in animals The
sponge s cut to size and sutured 1n position preferably between two layers of tissue
It Is sutured in place with sk or linen, There should be no movement at the
edges o3, 1f the sponge gets loose, 1t will become encapsulated rather than incor
porated 1n the tissues  Granulation tissue invades the interstices of the sponge
and provides a semu rigwd framework.  As the granulation tissue matures to fibrons
trssue the repaur becomes sohd but not ngid.  There 18 an almost complete absence
of foreign body reaction, Nevertheless, infection is a danger in the use of any
foreign matenal and must be guarded agamst. 'When the sponge was placed in
contact with the abdominal contents the surface was peritonealized within 8 few
days and there were no adhesions between small bowel and omentum and the
sponge  Skin of paper thickness over the sponge may slough and therefore fascin
zr otm\n 'I"!‘}::Duld bemterposed  Haemostasis should be absolute and drainage

no sponge stretches on movement. The patient rema
the stitches come out. pattent o in bed it

Polythene 1s a more imtant matenal and does not absorb tigsue fluids as does
Kﬂﬁddﬂwb&?ﬁ mm‘lf:md that, in the treatment of ingwinal hernua,

o use of form
hazards and corophieations oft:ybcir iy g0 materials does not offset the
Mamufactured by the Ramer Chernical Co., T9 Blackbeath Road, London, England.
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Sommary

In the treatment of hernia of any type where the canal or abdominal wall needs
sirengthening, stee! wire has given excellent results, and in cases where additional
reinforcement 13 necessary tantalum mesh holds pride of place  Polyvinyl may
well develop into an important andillary to strengthen defects 1n hernual areas or
in the abdominal wall

BILE DUCT PROSTHESES

Numerous materials have been used for prolonged drainage of the common hile
duct. The substanco most commonly used has been rubber  Cole, Ireneus, and
Reynolds (1955) agreed with the findings of Lary and Scheibe (1952) who showed
that when & prosthesis 1s Jeft in the common bile duct for a Jong time inflammation
and scarnng of the duct occurs Pearse (1955) has reviewed the matter and his
observations follow He quoted Cattell (1947) to the effect that “ the type of
material over which the reparr is performed 13 not as important as the way in which
the procedure 13 carried ont, and Walters (1953) who stated that “ no matter
whether the tube used as 2 splint is made of natural or synthetic rubber polyvnyl
matenal or vitallum, if 1t 1s left within the duct Jong enough bile pigment will
accumulate in its lumen and around 1ts sides and varying degrees of obstruction
and infection will be produced ”  Vitallum used as a bile duct prosthens has the
advantages of being smooth and lacking 1n tissue reactions it also has ¢ high
tensile strength and can be made with & large lumen and & very thin wall. Tantalum
reacts in much the same way but cannot be welded to attach a flange for anchorage.
Plastics have the disadvantages of causing local imitation and polythene, though
less irritating, cannot be made into the necessary shape in a mingle plece  The
hardness of Vitallium makes 1ts shape unalterable at operation, and its removal Is
only poasible by operation. The first Vitallum tube was inserted in February

1940 In December 1952, owng to common duct obstruction of a few months

standing, a further operation was undertaken. The Vitalium tube was found to
be blocked with black concretions and was lying free 1n & dilated duct.

In 1946 Pearse made a follow up study 5 years afier the method of use had been
published. Of the patients 11 3 per cent had experrenced difficulty with the tubes,
which were plugged with t:.holmtcnnJ calerom and bile pigment. In patients with
early obstruction symptoms were benefited by the use of sodium taurocholate or
dehydrocholate. These drugs were constdered to act by dissolving the cholesterol
fracton and releasmg the mnsoluble scdiment, thus re-establishing bile flow
Pearse belleved that a Vitallum bile duct tube has served 1ts purpose after a year
and shotld then be removed. This is 1n accord with the general opiuon that
foreign bodies when used In the bile duct should be removed at some time not
longer than a year after their insertion.
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CHAPTER 8
DENTAL SURGERY

G A Morrant

INTRODUCTION

IN DENTAL SURGERY the purely turgieal procedures have atways formed only a
proportion of the work of the dentist. Much of his time 18 spent in restoring the
function and aesthetzc form of the natural teeth and following surgery in replacing
lost tissues by artificral substitutes which must be compatible with the mtrcate
function of the masticatory apparatus. In these operations concerned with the
reparr or replacement of tooth structure the manspulation of materials plays a
most importent part. The ever-extending range of matenals resultng from
advancng mdustrial technology 13 leading to the development of speciatzed
denta! techniques, where the properties of these new materials can be utilized in
constructing more accurate and aesthetrc replacements of both the bard and soft
tissues  The object of this chapter 1s to outlme some of the matenals in common
use 1n dentistry together with recent developments, to grve a bref description of the
manipulation of these materials and their properties, and to windicate the type of
situation where they are applied It Is possible that some of the information may
be of use in solving problems in other fields of surgery

IMPRESSION MATERIALS

It 13 convemuent to start with this group of materials since frequently before any
treatment 13 commenced 1t may be necessary to take an mpression m order to
obtain a mode! of the mouth for study and the planning of treatment. A model1s
also an essentral prelmmary in the construction of any prosthetic or orthodontic
epplince  In the restarative field, too & model 15 often required of the prepared
tooth cavity or crown so that ap inlay or jacket crown may be made 10 the
Inboratory

Plaster of Parls

A materl still widely used in dentistry for impressions 18 plaster of Paris,
partcularly 1n the case of the edentulous mouth where there are no undercuts to
prevent the withdrawal of & rigid substance. Impression plaster normalfy bas
incorporated 1n 1t modifiers to regulate the setting tme and to control Ity other
wise hugh setting expansion.

A plaster impression 1s treated with a separatmg medinm before the model
materal 1s poured 1nto the mmpression. The model matenal is most often again
plaster of Pans, but if & harder and stronger model 15 requrred, an alternative form
called dental  stone ” 13 used.
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Dental impression compound

Another substance perhaps even more widely wsed than plaster for taking
mpressions is dental impression compound, which may be used alone or in con
junction with another impression matenal used as o wash over the compound
Plaster the elastic matenals (see below) and an impression paste consisting basically
of zinc oude and eugenol are frequently used in this way

One of the spectal uses of compound 1s the taking of an impression of a cavity
or a prepared stump of an individual tooth for whwch a gold 1nlay or some form
of crown is to be constructed A copper ring of correct size to fit over the tooth
is used to contun the compound Although this technique for nlays is being
supplanted by the use of plastic matenals 1t 15 still the usual method for jacket
crown impressions  The impression surface 1s now often copper plated and backed
by dental stone to form & model (Rosensticl, 1950) Ttus is extremely accurate
and has a very hard surface upon which the crown or inlay can be finished

Elastic impression materials

However none of these matermls has ever realfy satisfactonly sofved the
problem of taking a completely accurate 1mpresaion of the mouth in one prece
where the teeth are standing because where there are teeth there are almost
invanably undercuts  In the case of plaster the mass can be allowed to set around
the teeth and can then be removed from the undercuts by fractuning. The impres-
sion 13 re formed by subsequent piecing together of the various parts pnor to
pounng the model. The technique with impression compound is to remave the
material before it has completely hardened The compound will usually drag
away from the undercuts without too great a distortion but for real accuracy
an exacting secnonal method has to be employed The advent of the various
types of clastic impression materials during the last twenty years has Immeayurably
eased the lot of the dental surgeon and patent.

Agar hydrocolloids

A hydrocolloid based on agar agar was the first of these to be developed and
s still widely used for crown and bridge work, which requires precision and great
accuracy of reproduction The mgar 13 compounded with kaolin or other fillers,
wath the addition of glycenn and potassium sulphate. The properties of the
resuiting gel will depend largely on the type and proportion of the agar and the
precise method of making up the hydrocollowd Its use 1n dentistry depends on its
Lquefaction temperature being greater than its gelation temperature  In practice,
the material 13 boiled 1n a tube or special synnge until 1t hiquefies. This can then
bo stored 10 & water bath at 63 C. for the whole day where 1t will remam liqmd
ready for use. This materal is often injected directly mto the toath cavity from
a small synnge pnor to the placing of the full mpression tray of hydrocolloid.
The mass 1s then thoroughly chilled for 3 to 5 mmutes before removal. The
resultng impression is somewhat rubbery 1n conslstency but 1 liable to tear casily
The surface 55 smooth and reproduces fine detall well  The main disadvantage of
thus type of hydrocollowd impression matertal, apart from the spectal equipment
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required i its lack of dimensional stability owing to the exudate which rapudly
forms on the surface of the mpression after removal from the mouth, Even an
atmosphere of 100 per cent humidity does not entirely arrest the process, whilst
immersion 1n water results in a swelling of the mass. The model from a reversible
bydrocollord impression should therefore be poured within a few minutes for
MAVMUM 2CCUracy

Irreversible hydrocolloids

The agar hydrocollords are termed reversible n that the gel can be turned 1ato
30l by heat and back again to a gel by cooling.  With the advent of World War
10 supplies of agar for dental hydrocolloid ceased and this hastened the develop-
ment of an irreversible hydrocollord based on a soluble algiate. This forms a
viscous sol when dissolved in water but can be turned jnto an insoluble gel by o
chemical reaction  Thrs gel cannot be returned to the sol stage. In a typral
dental impression matenal, sodiunm alginate 1s compounded with calcum sulph
the main reactor and smtable filkers together with a retarding salt such as trisodiom
phosphate

In use, a carefully proportioned amount of alginate 18 added to the appro-
priate quantity of water in & mixing bowl and spatolated to a fairly stiff paste. During
ghpbmmdwlﬂclhcmteﬁll bemg loa intod)clmv‘l::ionmnndphc:d

onally
possible.  Recent work (Morrant and 1956) has shown that liquid paraffin
B.P appeass to be a medium In which e impressions may be stored for up t
24 hours with minimal dimensional change.

<

Synthelic elastomers

The problem of post impression dimensional stability and the possibility of
incomplete recovery of hydrocolloxd materials after withdrawal from severe
undercuts, especially m the field of restorative dentistry has led in the last 4 years
to the adaptation for dental techniques of two vl synthetc el ers,
the first being based on a polymerizable mercaptan commercaally known as
Thiokol, the more recent being a silicone rubber

The Thiokol base 15 marketed by a number of dental supply compames undc:
their own proprictary brand names and is generally referred to as “ rubber base
impression matenal (Skinner and Cooper 1955) It 13 dispensed as a paste 1 a
tube and requires a catalyst or accelerator to brang about polymerzation  The
principle ingredient of the aceelerator also made up into 2 paste s lead peroxde
and the two pastes are then mixed together on a glass slab in the same way a3 the
zinc oxude and eugenol pastes already described. The matenal js s extremely
sticky and more difficult to mix, especially in larger quantities. It ks, therefore
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normally used with ordinary dental impression compound as a lming impression
similar to the plaster wash or by itself i a small perforated tray or band for
taking impressions of individual teeth  The catalysed material normally sets in
the mouth in about S minutes but 1t appears unduly sensitive to environmental
temperature and hurmdity dunng mixing, an increase in either of these reducing
the scting ime  There appears to be no significant contraction on polymermzation
and with correct technique perfect accuracy of reproduction {s obtainable The
final smpression is very much tougher and more resillent then the hydrocolloid
matenals, bemng simular to true rubber It seems to remain completely stable in
every way over o penod of weeks and even months.  Unlike impression compound
1t does not copper plate easily The maun disadvantages of this substance would
seem 10 be its expense, unpleasant smell and difficulty of handling before sctting
due 10 1ts stickiness.  Smears of the matenal on skin and instruments are difficult
to remove

More recently * cold vulcanining  silcone rubbers have been introduced for
dental use Like rubber base ” matenals the basic substance is presented as a
paste 1n a tube, but the catalyst may be made up as a hiqud  The paste probably
conwsts of partially polymerized polydimethylsiloxane with zinc oxide for a filler
The catalyst 1s probably an ethyl silicate containmg an accelerator such as dibutyl
tn dilaurate  Mampulation and chsucal technique is similar to that for  rubber
base  but the mbcone matenal 13 not so stcky n handling and has a pleasant
smell  The silicone matenals polymenze rore rapidly and there s thus less time
for manmipulation Accuracy elastiaity and toughness of the resulting smpression
are probably greater than with Thioko! rubbers  There 15 a very shght shrinkage
which takes place in the impresnion probably due to continued slight polymeriza
tion However this1s not greatly significant, particularly if the matenal 1s retained

orated metaltray  The clinical results show equal accuracy to the  rubber

base ” matenals. The original mlcone rubbers formed hydrogen gat when 1n
contact with the moist plaster or stone poured into the impression and this resuited
in a porous model Recently moddication of the catalyst appears to have over
come this problem Unlbke the Thiokol synthetic rubber the silicone rubber
accepts a film of deponted copper fairly rapidly Tt 18 probable that 1n time the
silicone rubbers will replace the Thiokol type

DENTURE MATERJALS

In denture construction a rephica of the denture 1s made 1n wax with the artificial
teeth set 1n the correct position. Thus is then placed m plaster in one half of &
metal flask [eaving one of the surfaces exposed  After application of a separating
medium the second half of the flask 15 filled with plaster and the two parts placed
together  The flask 18 heated to melt the wax and is then scparated once more to
reveal a two-part mould cavity the shape of the wax denture with the teeth being
retained in position 1n the plaster

The commercial development of polymethyl methacrylate a clear resin com-
monly known as Perspex, has led to 1ts use in denture construction as seemingly
an almost ideal material. It 15 chemucally and colour stable Light 1n weight,
translucent and yet eanily unted reasonsbly hard and strong, and heat stable up
10125 C when it begins to soften. Inaddition 1t1s comparatively easy to process
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requiring no special apparatus The cessation of rubber supplies during World War
11 made 1te adoption wvirtually obligatory and universal.

Although a thermoplastic rewn it 13 not moulded 1n deatistry by this method
but, as with many other dental materialy, 13 presented as 8 liqurd and & powder
actually the monomer and polymer forms. The monomer i pure methyl metha
crylate usnally with & trace of hydroguinons whibitor to prevent polymenzation
during storage  The polymer powder conssty of fine granules of polymethyl
methacrylate but iy sometimes a co-polymer with some other resin. The polymer
granules carry the pigment A small quantity of a plasthazer such as butyt
phtbalate, is also ncorporated 1n the polymer together wath a trace of benroyl
peroxide

The function of the monomer s to form with the polymer & plastic mass suitable
for packing into the mould.  Since monomer on polymerization exhibits a contraction,

mass appears if apart, The mbxture gredually changes Into & smooth
dough, in which stage 1t 13 packed into the denture mould. If thes ks not the
mass o tough, rubbery and nrworkable, pr 1o

temperuture of the mixing vessel.
Prior to packing the acrylic the mould muost be lined in order to provent accen of
molsture to the resin durlng wmddu.ﬁoctamcobmamwmmﬁ

prevent
of the flaak wath separating sheets of it s finally closed and placed

a clamp under strong spring pressure.
The gmﬁndmmcﬁonhmlw:d lbeblﬂkduwno!ﬂwb;;my‘lpcmddaw

If the internal temperature is sufficiently monomer wilt boft hefare
mhuphoe,modudnspcrdtyln(hcﬂnhﬁd Much work has been daoe In
finding the best temperatore cyclo for curing thick and thin portions of the denture
and the tendency s now to grvo longer curing times, finishing off with 30 minuvtes in
boiling water

The monomer— polymer muxture contracts tn volume durmg processing and
this reay produce actual contraction away from the palate In the upper denture or
merely stresses i the thmner palatal portion predisposing to fracture in thus
area  Actybic resn dentures absorb water swelling slightly in the process. This
is complete in about one week 1t body temperature  However In practice the
ex does not p for curmg shrinkage The denture reans are

virtuatly insoluble 1n the oral flurds
Following the development of acrylc resin as a tooth-filhng materm] (see
below) & number of cold cure  “ self<curmg  or ™ auto-polymerizing  denfure

resins have been recently developed

activator is employed.  Thi {5 usually &

added to the monomer The curing takes about 30

mmuommpktunwﬂhhcal-amdm#m.mdthulwnrzqubaknbdm
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deflasking the better  They have not been widely adopted for routine use because they
show slightly less strength and exhibat greater shrinkage and distortion The material
has been found wseful for quick repalrs and ns special {mpression trays and bases in
certaln chinkenl techniques. 1t was at one time advocated that an impression could be
taken 1n the materlal and made an integral part of the subscquent denture.  However
burma of the oral mucosa from monomer and the cxothermic reaction were recorded
on lons and the technique has been abandoned

There has been considerable discussion as to so-called sensitivity or allergy to
acrylic resin dentures (Smith and Bains 1955) Some authorities think that, 1f
1t occurs, it is due to an waproperly processed denture  Others suggest that any
signs or symptoms nscnibed to this cause are usually due to errors of fit or
occlusion

Recently nylon has been introduced as a denture base matenal and has a
number of properties which would seem to make 1t an improvement over acrylic
resin  Its preat strength combined with its flexibity enables it to resist shock and
repeated stressing and also makes 1t possible to fabncate skeleton design partial
dentures in the material 1t 1s highter in weight than methyl methacrylate and also
extremely tough and resistant to abrasion  However the matenal has to be
mjection moulded at a relatively lugh temperature which should be carefully
controlted  This neccynitates more complicated equipment than 1s the case with
acrylc reun but small injection moulding presses suitable for the dental labora
tory, are avnilable Associated with this processing technique there 1s a hugh
mould shnnkage and reports so far available have commented on the warpage
and lack of dimensional stabihity resulting 1n a poorer mitial fit than 13 possible
with acrylic (Matthews and Smith 1955) Nylon s also more difficult to finish
and polish and does not tetan its surface as well as acrylic having also a ugher
water sorption (Watt 1955) Reports have mentioned that a natural colour 1s more
difficult to obtain than with acrylic resin and it also subject to deterjoration. In
processing there 1s, of course, no physical union with the teeth whether poreelain
or actylie, The flexitality and lack of ngidity of the material may be of help
certain designs of denture but a very distinct dusadvantage in othen.

The teeth on artificial dentures, until the advent of acrylic resmn were always
made of porcelaln  Although lifelike teeth in 2erylic are made more economically
they have by no means completely replaced poreclan  In spite of the use of co-
polymers and the advantages of industrmal processing methods the hardness of
scryhc tecth remains low compared wath natural or porcelain tecth and they often
show more abrasion

Metals In denture prosthesis

5tnce World War IT the populanty of chrome-cobalt alloys for al dentures
has been growing  These alloys were ongmally developed for dentilussc but now
bave applications from bone surgery to Jet engine components They are Lighter
mong:r and harder than gold alloys and more corronion resistant than the “ white
§olds ™ but they have much less ductility allowing of less adjustment in the
mouth and thus requinng a more sccurate cimial and laboratory technique
Tissuc tolerance 15 excellent The chief obstacle to their wider use has been the
complexity of the labomtory procedures and apparatus, virtually muting chrome
alfoy denture fabreation to large commercal or hospital laboratones  But the
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extended range of these alloys developed durnng the war has increased the dental
availability of the matenal and there are now a larger number of laboratones
undertakmg this type of work The same basic casting technrque 15 used as with
gold, but the high fusion temperatures of the alloys (about 1,300°C.) necesnitates
a8 stronger investment binder than plaster The investment may be mxed with
cthyl silicate, which forms & silica gel mitally fusing in the higher temperature
range. Then, too melung the alloy requires the use of an otyacetylene blow
torch or an electnic indoction casting apparatus and a furnace capable of pre-
heaung the mould to 1 100° C. The investroent adheres strongly to the casting
and a sand blasting unit 15 normally used for preliminary finishing. Owing to the
extreme hardness of the metal, high-speed eiectnnie motors or air turbine hand
preces are employed in smoothing and polshing the denture. To redoce the
amount of laborous finishing required 1nvesting 18 performed with prolonged
electneal vibration to ehimmnate air bubbles.

Implants

A recent application of the chrome cobalt casting has been 1 the construction
of subpertosteal dental implants (Mack, 1955) The stability of a full denture or
partial denture where one end is not resting on teeth s often a considerable
problem  The technique is beng tnied of fabricating a stump m metal arsing
from a framework made to fit the underlying bone, 1n order to provide 2 firm
rest for the denture. Briefly the procedure is to it a flap of mucosa and perio-
steum and take an impression of the bone surface. After construction of the
tmplant on the resultmg model the wound 15 reopencd and the implant fitted to the
bone. The soft trssue 13 then replaced over the base and sutured around the neck
of the stump which 13 ellowed to protrude through the mucosa. There remains,
of course, in theory a passage for nfection straight through to the underying
bone. However the implant seems to become firmly held in place by fibrous
tssue and 5o tight is the adaptation around the neck of the stump that 1a practxce
Tailure from infection does not seem to occur  The difficulty of adapting and
opposing the flaps over the bulk of the implant seems to be the greater problem,
and the technique is still m an expenmental stage

TOOTH RESTORATIVE MATERIALS

Since the problem of combming strength and good appearance 1n the repar of
tooth structure s one that has not been completely solved, restorative materials
tend to fall nto two groups. The metallic materials are unaesthetic and are usually
confined to the posterior teeth, whilst antenor crowns and filings tend to consist
of ceramic or plastic substances.

Amalgam and goid

In spite of recent experiments with gallium alloy (Smuth Caul and Sweency
1956) amalgam shows no sign of being replaced as the most frequently "
restorative material, Alloys continue to 1mprove 1n compositton and rnantpu
trve qualities, whilst recently developed mds such as mechanscal mixers and packery,
are becomung more widely adopted.

Advancey Km gold 1nlay technique and brdgework have centred around the
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development of elastic impression materials and improvements 1n investing and
casting methods rather than in the gold alloys themsclves  Investing wax nlay
patterns under vacuum has ehimmated surface imperfections and improved the
fit of gold castings.

Materials for anterior teeth
Silicate cement

Siltcate cement sometimes called synthetic poreclain can produce, under
favournble conditions restorations which are very pleasing mitially but un
fortunately they deteniorate 1n ime owing to the slight solubihity of the cement
The filling also wears away and becomes staned  Another disadvantage is its
bnttleness, which makes it unsatisfactory for restoring the incisal edges of tecth
In spite of these disadvantages there appears little prospect of improvement in the
actual matenal
Fused poreclain

Porcelan itself has srmilarly been in use for many years for the construction of
Jacket crowns and inlays which are excellent aesthetic matches of the natural teeth,
although the inlays always show a cement junction ine  The disadvantages of the
materiel hie 1 the difficulties of its technique and its bnttleness, which renders
porcelain crowns rather hable to fracture  However recent improvements in low
fusing porcelan powders and electric furnaces with base metal elements have
chiminated the need for the expensive platinum-wire furnace

The firing of porcelain under vacuum has been introduced, both for factory made
denture teeth and for individual crowns fabricated 1n dental laboratortes  The

P‘mculiﬂ 1 speeded up and porosity 13 reduced, leading to a more aesthetic final
res

Acrylle resin

The advent of acrylw resin was hauled as the matenal to solve all the problems
1m the restorative field, since Lifelike crowns and 30 on could so easily be fabricated
1 the dental surgeon s own laboratory However 1t was soon found that some
tooth shades were hard to reproduce and match consistently and that 1n some cases
the shades were not colour stable. The material as mentioned previously also
exhublts a cunng shrinkage which 15 of considerable sigmificance in the finer liuts
of restorative work  But 1ts mam disadvantage lies 1n the water sorption and high
gocﬂhcnt of thermal expanston which, with the resihency of the matenal, tends to

reak the cementing medium secuning the crown or nlay 1n place  Add to this the
poor abrasive resistance and it will be seen that heat-cured scrylic resins have
severe limitations in thewr use for tooth restoration. Correct processing may
:Tnu:;mlze the defects and the matenal has advantages 1n certain situations but the

€NCy 13 to return to greater use of porcelain where possible.
C‘;zlchﬂr actirated acrylic resing
development of self-cuning or chemically activated acrylic resins
n\‘}atmah has been one of the biggest advances 1n n:norc:tyxw dcntm;l;'ﬂri]fcg
orld War 11 Two problems have had to be solved the speeding up of the
polymenzation time without the application of heat and the compensation for
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polymerization contraction without employing heavy pressure. The acryle
polymers have had to be carefully modified for the polymer structure closely
affects manipulation chamctenstres, including the time of the reaction  Three
systems of chemical activation are 1n current use and have been developed largely
in the quest for colour stability (Morraut, 1956) The original system of a tertiary
amine 1n the monomer reacting with benzoyl peroxide on the polymer produced
severe amber discolomation and, although this system s still the basis of & number
of brands of the matenal, it has been improved by the use of purer activators and
the mclusion of stabilizers. p-Toluene sulplunic acid 11 the activator used n one
brand of acrylic resin and has been found able to inihate polymenzation without
the aid of other substances  Thus resin has discoloured under certain circumstances
and another system of activation based on laury! mercaptan and benzoyl peroxde
has been the latest development. It is to date proving satisfactorily stable.

The compensation for polymerization contraction has been obtained by the
use of & vanety of techmques, all attempting to direct the mevitable shnnkage
townrds the walls of the cavity and has included the use of vanous bonding agents.
However the lugh coefficient of thermal expansion of acrylic (seven times that of
tooth structure) tends to break any adhesion to the tooth cavity after a while and
percolation around the filling js possible Jeading to stalming at the edge and
posubly to recurrent dental canes. While not as brttle m incsal restorations a3
ulicate cement, nevertheless it exiubiis wear and aithough 1t has a number of
advantages over sulicate, it Is clear that the 1deal fillhing material has not yet been
produced.

Epoxy restxs

Experniments which have been undertaken with epoxy resins (Bowen 1956)
indrcate that they can be formulated with nuitable fillers to provide & matenial
ehminating some of the undesirable properties of methyl methacrylate

Apart from the possitelity of a better filling matenal, the development of an
adhenve plastic forming a permanent bond to tooth structure could have great
possibilities as & caries preventive Many carious lesions begin w the coamel
fissures on the bitmg surfaces of the posterior teeth. The occluding of these fissoret
without operative wterference would be & very significant advance.

Carity linings

O{reccutymnthcmhubccnmuud:nb}cdfsmmmnoftbecﬂ'cctont.hc
dental pulp of the vanous filling matenals. To prevent paia due to thermal
stmulus it has fong been correct practice to place & hining of dental cement under
the larger amalgam restorations But a greater problem is the toxc cffect of
ulicate cement and self-cuning resins.  Silicate cement, a gel structure, oppears
able under certam arcumstances to kill pulps over a period of time without pain
particularly 1 the young person (Zander 1946) The monomer of self<curing
acrylk. reuns has @ mrmdar although slightly Iess acute, mfammatory effect
(Kramer 1956) and 1t 1s now coondered that cavities for both these matenals
should be lined

The cement normally used for this purpese and for cementing crowmo:ﬁd
inlays 15 supplicd again as a powder and Liquid Thapowdcrulusﬁ)’zinchc e
aod the qusd i uimilar to that used with slieate cement powder phosphorte
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aad In this case the final product o ninc phosphate 152 crystalline structure
but is also capable of producing some inflammatory reaction in the pulp probably
due to acid present before the cement sets  However this is not usually of any
very great climeal sigmificance

Zme oxde and eugenol has long been used as a temporary cement or bland
dressing for an inflamed pulp A number of brands of accelerated zine oxkle and
cugenol cement are now available for cavity ining based probably on the use of
zne acetate or acetic acid as an accelerator  These cements are not so smooth
and easy to handle as the zinc phosphate type, nor are they as strong. Unfortun-
ately they cannot be used directly under acrylic resin restorations owing to
plasticization of the acrylic by the eugenol

Bref mention may be made of the technique of root canal therapy the advisa
bility of which has in the past, been hotly debated It Is now generally recognized
that, properly executed 1t has its place in the preservation of the teeth and that a
perfectly normal pen apical rdiographic appearance may be re-established in
successful cases A factor 1n such success is the proper mechanical enlarging and
rendering sterile of the pulp canal in the root. The use of antibiotic pastes has
been of great assistance in attaiming this. Root canals are then subsequently
filled 10 prevent reinfection and allow healmg at the apex. The usual method 13
to occlude the canal with a tapered gutta percha point. These are now made mn
graduated smes 1o correspond to the size of the enlarging instrument but an wnert
sealer 1$ employed 1n addition  Thus 13 usually zinc phosphate or & cement based
on zinc oxide and eugenol

INSTRUMENTATION

The process of cutting hard dental tissues cven if pamn 15 climinated by local
anaesthesia {1 trying for both operator and patient trying for the operator
becanse of the comparative slowness of cutting very hard thsues m an often
obscured fleld with the danger of overheating the dentsl pulp  tryang to the patient
sgam because of the slowness of the operation but perhaps even more becanse of
vibration and bone conducted noise.

The mtroduction of dental burs with tungsten carbide heads, which are now
widely used, has resulted in quicker and more cfficient cutting of enamel and
dentine compared with the ordmary steel bur but more care has to be exerced
with them owing to their brttleness (Lammue, 1953) Dental chisels and scalers
als0 are now being supplied with tungsten carbide tips

An attempt to eliminate the noise and vibration of drilling was the development
of the “ mirbrasive ™ technique 1 which tooth structure was  sand blasted
away by particles of alumimium omde carned on a propeliant of carbon dioxsde
(Myers 1954)  The method way aiso tned for cleaning testh using a less abrasive
matenal.  Although very well tolerated by the patient, the technique has not been
widely adopted awing to the many operative difficulties  These include lack of the
usual tactike sense while cutting, the need for exceptional visibility the necessity
for protecting other teeth and probiems concerned with the dust control,
tnaAlnimhu method employing an abrasive which 13 at present the subject of clinieal
. s the adaptation of the commerclal ultrasonic dnling process (Oman and

Pplebaum 1955) Here an abmasive slurry is interposed between the tooth and a
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tool vibrating at ultrasonic frequencies  This method like the wirbrasive technique,
13 well tolerated by patients 1t being reported that pamn Is considerably redueed.
However the techruque s comparatively slow and there are & number of other
difficulties to be overcome by the operator 1 particular the obscuring of the
operating field by the abrasive slurry during actual cutting. It 15 doubtful whether
the use of this method of cavity preparation will ever become widespread.

With the more conventional operating methods the trend has been towards
the employment of higher speeds combined with greater use of diamond fmpres-
nated pomts for cutting dental enamel These requure 2 cooling jet of air or
water or atonmized combmation, which wdeally 18 discharged from a tube fixed to
the dental handpiece and is directed on to the cutting point. Engines and trans-
nussion systems are now being made to operate handpicces up to 30000 rp m.
Thus has necesutated the development of dental handpieces with improved beanogs
such as sapphire or ball bearings. Most of the new stanless steel handpleces can
very quickly be dismantled completely for steriization  Turbine handprcces have
now passed the experimental stage and are available  One type 13 driven by water
which is pumped down a flexible tube to the handpicce Here it drives a rotor
surrounding the bur chuck at 45000 r p.m Special diamond points are used with
this instrument. A compressed air turbme handprece has been produced with
manual spring control on the handpiece itself giving speeds up to 50 000 r p m.
This uses standard dental cutting points and works through a smail turbine motor
attached to one end rotating at 140000 rp.m  The handpiece stself is daven
through a reduction gearmg to obtwn greater power A new specialized belt
transmsston system, whrch 13 taken down into the handpiece where it Is taken
round the bur chuck itself produces speeds up to 200000 rpm (Kilpatrick,
1956) but requires special carbide burs and diamond points. The latest develop-
ment 1n the realm of lugh-speed cuttung is the use of an air turbine handplece
smmilar in construction to the water turbine type with the rotor i the head of the
handplece. This works normally 1n the speed range of 250 000 1 p m. but has very
low power However at these high speeds very Little pressure 13 required to cut
tooth structure  The development of higher speeds was based onginally on the
greater efficiency of diamond abrasive tools when cutting at a high peripheral
speed but it 15 now found that small carbide burs are also very effective in the
tughest speed range  Coarse vibrations tend to be smoothed out at ugh speed #nd
the vibration frequency may become above patient perception. Al this provides
speedier and more comfortable operating for both patent and dental surgeon
Numerous varations on the theme of hugh speed are being developed, with the
result that the epproach to cavity preparation methods 15 undergoing rapid change-

MISCELLANEOUS MATERIALS

There remain a number of appliances and techniques, notably 1n the specit
hzcdhnnchuohir:muy of which space does not permut a description B“hxliuy
they involve the matenials and procedures already described  However men D:
may be made of the large range of stainless steel wire, tube and tape used ;
constructing orthodontic applances and which occasionally has apphamunu::\
other special dental techniques The vanous components of the orthodon
apphance are normally jowned together by spot welding.
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Physical haemostatic agents

There 1s one other class of matenals which it may be of interest to note_although
they might be considered to fall within the realm of pharmacology The use of
phvaical agents for haemostass and for better healing after dental extractions has
been a comparatively new development and aithough they are not yet very widely
employed a fair amount of research has been undertaken into their properties
Three materials are 1n common use

Oxiized cellalose

The first 15 oxidized cellulose, formed by controlled oxidation of cellulose by
NO, This preserves the physical form of the gauze or wool although it remains
somewhat fnable The materinl 18 sterilized by chemical means  The hacmostatic
effect 15 probably due to 1s slightly acidic natore to the swelling which oceurs
when 1t i3 introduced mto the wound and possibly to the formation of coagula
consisting of salts of oxidized cellulose and haemoglobin  The material 1s slowly
absorbed as 1t becomes incorporated into the organizing blood clot

Gelatin sponge

A similar type of matenal 15 pelatin sponge, prepared by converting gelatin
usually soluble, 1nto an insoluble but absorbable matenal Gelaun sponge is
less luble to disintegrate wn application than oxidized cellulose  Although gelatin
is often combined with thrombin this 13 not necessary for most oral surgery pro-
cedures, the sponge having sufiient haemostatic properties of its own It probably
acts by forming a matrix to support the blood clot. 1t 15 compatible with
penxillin

Sodium and calcium alginate gauze

The third type of matenal 1n common use as a haemostatic agent 15 wool or
gaure composed of sodium and calaium alginate Sodiom alginate dissolves in water
which, whea acted upon by 10nic calcium, undergoes instantansous coagulation
Clinrcally 1t 13 found that sodum alginate in contact with blood and tissue
exudates forms an artiflcial clot because of the reaction of the calcium fons
present.  However the haemostatic effect 15 slow and unrelable and the sodium
alpmate 18 usually bined with the insoluble cal gy which probably
adds to the haemostatic effect by giving physical support to the clot. The material
exfubits no wnhibitory effect on penicilin streptomyain or the sulphonamides and
15 easily absorbed

A comparative study (Kruger 1954) of these three matenals has shown that
oxidized cellulose and gelatin sponge are effective hacmostatic agents, reducing
post-operative pain and not retarding healing.  Calcum-sodium alginate wool,
on the contrary was not found effective for haemostass and tended to merense
post-operative pun with delay in healing,

In dental operations involving resection of gingival utsue a haemostatic and
protective pack 13 usually placed over the raw areas and kept in place by attach-
ment to the teeth A zinc oxide-eugenol type of materml 1s usually employed with
::cul‘morpomuon of asbestos wool or sumilar substance to give body and cohesion

¢ mass
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CONCLUSION

This chapter hag been an attempt to describe the present position 1a e field where
materials and therr assocuated techniques play & particularly lacge pert in the
treatment of the patient, and where like other branches of surgery the past few
years have seen many developments  Sorae will turn out to be merely experiments
in the long quest for better treatment  Others will no doubt be meorporated into
the pattern and practice of everyday dentistry as 1t advances from being

as an occasional evil necesuty to being thought of as an essental factor in the
maintenance of general health
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CHAPTER 9
NEUROSURGERY

HARVEY JACKSON

CHOICE OF MATERIALS

IN THE cHotcE of materials a number of important factors have to be considered
These include the nature of the substance, the condition of the patient the expede
ency of the procedure and the circumstances of the undertaking

Where the replacement of structures is necessary not only should stress be put
on the use of human tissue whenever posmible but that the source should be
autogenous. Unfortunately it 1s never possible to be certain of the permanency of
the result where extraneous materials are introduced even though years may
clapse before the falure is apparcnt. Nevertheless, these materlals must of
necessity be used from tume to time. Any substance that has to be buned or
retained or both, must be readily sterflizable, non imtant, and thould not pre
judice subsequent treatment. In refernng to the absence of imtant properties
both the chemical and the physical charactenistics have to be considered  Where
a supportive function 13 ymphed the matenal must be strong durable and readily
retainable in situ Should a metallic preparation be contemplated the questions
of heat conduction and penctrability or othetwise to x rays must be kept in mind
The available supply 15 a further consideration more especially when donor human
tissues are used

CONTROL OF HAEMORRHAGE

In neurosurgery special considerations in the control of haemorrhage anse from
the anatomical sites involved, and from the vital functions of the structures
adjacent to the source of the bleeding.

Blood coagulation

The normal coagulation of blood involves chemical, physical and thermal
sgents.  The coagulant, thrombin and the formaton of an expansive surface
as produced by the fibnn network, are of importance

First heat encourages coagulation both by expediting the chemical changes
nvolved 1 both thrombin production and fibnn formation  In greater intensity
heat causes direct coagulation of proteins  From the early days of surgery heat
has been applied, at one time as hot pitch and at the present time a3 a hot pack
The actual cautery 15 a time-honoured means of controlling harmorrhage though
the manner of its application has become more refined and technically more
intncate @ the form of electncal datheemy By a searmng action diathermy can
control a steady coze where coagulation of tissue 1s no disadvantage for example
over areas of dura mater as when infiltrated by menngioma-en plaque
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However even though 10 the majonty of cases bleeding wathin the skull s of an
oouing nature, 1118 not always possible to apply heat after any fashion, owing to the
delicate structures that may be harmed  Under these conditions the chemical
and physical agents concerned 1n the coagulation of blood may be employed
Posubly the most convenient method 15 the application of crushed muscle, caddly
available from the temporal or nuchal musculsture  In thi way thrombokinase
and prothrombin as well as the expanse of bare area conducive to coagulation
are provided These sources of supply are Iimited and therefore some supple
mentary source may be needed and it is redsonable for an assistant to colfect
muscle from the patient s thigh should thys larger quantity prove necessary

Duning World War 11 quantities of blood became available for the extraction of
fibnn because of unsuitability of the blood for transfusfon Thin shices of thus
fibrin could be employed natead of muscle for application to oozing surfaces,
As a refinement of this technique the Medical Research Council introduced a
sponge [1ke preparation of fibrin known as fibnn foam  Thiy sponge, on steeping
10 a solution of thrombin proved a potent ard to the control of bleeding. Before
application 1t was soaked 1n a freshly prepared solution of thrombin excess of
fluld beng then removed by expression.

Fibrin foam 13 no lopger available but commercally prepared substitutes have
been tntroduced The sobstitutes are prepamtions of gelatin - Unfortunately
they are by no means as effective 23 the ongtnal preparation although there were
some qualms about the intense power of coagulation of the latter 30 potent was
1t that occasionally the possibility of extending venous thromboss as a result of
1ts application was sutpected

Where blood vessels of larger calibre are responsible for the bleeding some
means of compression and/or sealing are necessary for control  Coagulation by
diathermy will suffice in dealing with many of these sources  the duthermy is
applied erther to the points of haemorrhage or to the vessels 1n continuity

Ligation

Laigation of the bleeding vessel may prove most satisfactory wath certain cercbral
vessels  The difficulty of approach, however makes ligstion of more decply
placed cerebral vessels impoaubie ot impracticable even though various specially
dengned ligature conveying struments are available  Silk, thread and plastc
Iigature materials are to be apphed 1n swiable crcumstances.

Metal olips

The difficuities of approach and mampulation Jed Cushing to introduce metal
chps for application to such vessels The chips are made of silver or tanmlum
wire they can be purchased as clips or fashioned as required by pliers specrally

constructed for the purpose

Subarachnold haemorrhage ¢ the other
The actual aneurysmal cavity can be packed with muscle or one of the o
b already d d, although the scope for this procedure iy Jimited.
As an altemative when ligation obliteration or chpping 1s vowns of smpossible
the attenuated arteral wall can be resnforced and for this purpose efther muscle
or a fibrin foam substitute can be appled 1 support. It may cven be possible to
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strengthen the ancurysmal wall by other means, such as spraying with a solution
of wir;n‘e substance that on drying reinforces the wall  Whilst procedures of this
nature are being investigated no really satisfactory preparation has so far been
produced

OPERATIVE TECHNIQUES

There are occasions when the neurosurgeon 13 faced with immediate closure of a
wound owing to unforeseen events, or to the requisite operative intervention
proving so extensiie 8 venture, o3 8 One slage affalr that undue strain would be
put on the patient  These circumstances necessitate closure of the wound without
completion of the mternal requirements

Reopening of the wound at a subsequent stage may prove difficult owing to the
reaction 1n the apposed surfaces, especially 1f the initial procedure necessitated
opemng the dura mater

It 1s possible by interponng a sheet of metal foil or plastic matenal at the
primary closure to prevent adhesion between the deeper extensions of the wound
and thereby facilitate the process of reentry  Cellophance polythene or tantalum
foil will fulfil the requirements  Under the circumstances they are retained on a
purely temporary basis  Permanent embedding of such materals nevertheless
1s by no means detnmental, although the use of something capable of being
absorbed or organized mio the body structure 13 to be preferred

Various preparationt of an absorbable nature have been introduced but they
have been constituted of a fibrin base. These fibrino-plastic matenals have not

proved satisf y for their poor adaptability and poor resilience do
not permit of easy mampulation
Cranio-stenosis

Another indication for interposing something between raw surfaces is the
separation of bony marging as a means of preventing reunion  In casss of cramo~
stenosts when reseparation of the sutures 18 undertaken it 13 & wise precaution to
wrap the bonc edges with polythene film

HYDRCOCEPHALUS

Both the open and closed ™ types of hydrocephalus call for measures to
chiminate the excessive accumulation of cerebrospinal fluid, and thercby avoid
cither gross enlargement of the head or gross distension of the ventricular system
For the purpose some form of fistulous e tion must be fash d between
cavities or surfaces or the secretion of cerebrospinal finld curtarted
Internal hydrocephalus ¢ ds that a tion between the ventncular
system and the subarachnod space should be established where as 1n external or
communicating hydrocephalus the fistulous track must form a communication
between the subarachnord space and a channel of escape beyond the cranium

Internal or obstructive hydrocephalms

Cerebrospinal fiwid fistulas are
formation of a fistula as a method

an infrequent occurrence and the dehberate
of correction or overcoming an obstruction can
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4
prove most frustrating and disappointing It would appear that tusues exposed to
contact with cercbrospinal flurd react 1n such a manner a5 to discourage the
continued escape of flud  Certamnly post-operative fistulas would be of more
frequent occurrence in the absence of this reaction  Anyway such is the tisue
response that i order to gusrantee the permstence of a fistula it 15 advisabk
whenever possible to itroduce some agent as a barrer to occlusion

What ought be considered an easy and poutive way of forming & fistulous
commumcation between the ventricular system and the subarachnord space where
a block develops caudal to the antenor end of the thuird ventricle (as, for example,
by the development of a pineal tumour) would be by perforzting the lamuns
termuinalis A perforation at this aste brings into communtcation the snterior end
of the third ventricle and the cisterna chiasmatis However the permanence of
such a passage cannot be guaranteed, for the margins are apt to adhere to adjacent
arachnord thereby sealing the opening.  The close proumty of the optic chiasma
bardly permuts the retention of some foregn material as a fundrance to this
occurTence.

Attempts have been made to overcome adhemon of the margins of 2n opening
mto the ventnculer system  One idea way to form a fistula at some other site
such as through the corpus callosum or the paretal cortex, where scaling off is
less hikely to take place  Supposedly the continued escape of fluld would keep the
margins of the fistula apart and the concomitant tendency for the cortex to shrink
away as the hydrocephalic ventricle diminishes in mze wonld lessen the risk of
adhestons.  Walter Dandy recommended an {ncsion into the side of the dilated
third ventricle exposure being attained thraugh the middle fossa by retraction of
the temporal lobe However no really satisfactory means of guarantesing pef
manency of any fistula has resulted.

The disappointing outcome of many cases resulted 1n the use of tubes of rubber
ot plastic not #0 lable to sealing off Torkildsen of Oslo introduced the operation
of cisterno-ventnculostomy whereby & communcation 11 made between the
lateral ventrick and the cisterna magne  One end of 2 rubber or plastic (polythent)
tube 13 introduced into the lateral ventricle through a perforation of the skult
the postertor parietal regron the tube 18 placed either under the scalp or extra
durally and tracks down to the posterior fossa, where the other end js fixed 1nto
the ensterna magna  One or two tubes will be needed accordlug to whether or not
free communication exists between the lateral ventricles Thus for 2 tumour
obstructing the foramina of Monro (for example a suprasellar tumour) the extent
of the operation would depend on the presence or otherwise of perforation of the
septum lucdem I order to deal with obstruction at the posterior end of tho
third ventricle as from a pmeal tumour or stenoss of the aqueduct dminsge via
one latera ventrcle only s required

Congenital hydrocephalus

An obstructive type of hydrocephalus 1s dealt with aloog the lines already dus-
cussed, except 10 those cases wherein there occurs an Arnold-Chian malformation
of the medulla and the cervical cord

Externs] or communicating hydrocephatns .
In hydrocephalus of the external or tmg type an exisis
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between cerebrospinal fluid secretion and absorption guving fise o progressive
enlargement of the head

In order that control may be established either the secrction of fluld must be
reduced or some permanent means of dminage instituted  To diminish the secre
tion of fimd the chorord plexus must be destroyed or removed  For the purpose
of drainage some {orm of fistula must be made to connect the subarachnoid
space to some channel of escape.

There are various means of connecting the subarachnoid space to certain body
cawities, to far or to other ct {s. Direct drainage has been toed through
2 perforntion of the tegmen tympani whereby drainage into the middle ear has
been brought about  Plastic tubes have been mserted between the subarachnoid
space and the external jugular vein wath or without a wick of silk or pimited
plasnc in the lumen of the tube. The renal pelvis has been joined to an opening
1n the sptnal mennges in order to introduce drinage via the ureter A tube has
been mtroduced running between the spinal subarachnoid space and the peri-
toneurn and even a perforated tantalum screw has been inserted with the head of
the screw 1n the spinal subarechnoid space and the serew itself In the body of &
vertebra with the intention of permttmg the escape of the fluid into the diploe
from where absorption occurs.

DRAINAGE OF CYSTS
AND OTHER ACCUMULATIONS OF FLUID

Accumulations of fluid are not unusual features 1n either the brain or the spinal
cord and they anse from a number of different pathological states  Two such
pathological conditions are cystic cavities of ghomatous ornigin and cavitauon of
the spmal cord 1n the form of synngomyeha

Ghoraatous cysts may contain tumour masses, mural nodules, or actually
represent the cawity of a degenerating tumour of which the wall is the growth and
the cystic content hiquefied tumour tissue, or exudate, A collection of fuid may be
dealt with by aspiration but 1t is often necetsary to ensure that there 13 o re
accumulation  One means of preventing this 13 to create permanent dranage of
the cysuc cavity by opening 1t freely into the lateral ventricke or even sometumes
into the fourth ventnicle

Synngomyelm i not a disorder that responds to surgical intervention as a
general rule. However expansion of the spunal cord can induce a state of spinal
compression that calls for rehef  Agmin there may be the need to avoid further
flud collection  In attempting to ensure ready communscation of the cavity and
the subarachnoid space 1t is sometimes possible to mtroduce tantalum foil as a
precaution against reunion of the split cord tissue

PREVENTION OF EPILEPSY

Reference has been made already to the introduction of van

ous materials for th
'[_:urpmcs of sepamting the brmin from other tissues, especially with regard f\: :b:
orrrmuon of adhesions  The comments however were related more to facthtation
of surgreal technique than fo sequefae such as epikeptiform states
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Scar formation i3 to be expected but it must be reduced to a4 mimmum. Any
damage 1o the head resulting in laceration of the investing membranes of the
brain 15 hable to produce epilepsy as a sequel  Equally important 13 haematoma
formation for the amount of resrdual scar will be proportional to the size of the
haematoma Without doubt, the extent of cicatnzation and gliosis plays a part
1n the inadence of epilepsy ariung as a result of head 1njury

The arex of raw surfaces of surgical origin must be reduced especnlly where
adhesions may result  To this end it has been advocated that brain shoukd not be
allowed to remain in direct contact with bone and furthermore surgeons should
apply some form of protection to cut surfaces of the brain as for example, follow
ing lobectomy The object 15 to apply a pon irritant protective surface a3 a
protection ageinst adhestons

Coatings of amnion and of celiophane or polythene film have been advocated
for application to raw surfaces of brain, but there is no evidence of any advantage
to be ganed from therr use  What does seem to be mportant 1s the extent of
adhesion of the brain to overlylng structures, and steps taken to restrict this
would appesr to be of value  Certamly release of adherent scars does appesr to
reduce the incadence of epileptiform manifestations 1n some patients but on the
whole release of adherent brain 1s more effective in relief of headache

OBLITERATION OF CRANIAL DEFECTS

Dura mater

Dural deficrencres are best restored by insertion of fascal grafts obtained from
the temporal fascia or from the fascia lata of the thigh  Should the reconstruction
involve restoration of more than one plane of tissue 1t is wiser to carry out the
replacements 1n stages  The cerebral part of the repair and nsertion of & dural
graft may be nnderiaken first. The restoration of the cramual vault Is carried out
later

Cranfal vault

There s little doubt that any large deficsency in the cranial vanlt 1s beiter cor
rected  Just how large a defect must be to give rse to symptoms is uncertam
for a good deal depends on the individual concerned  From experience of a large
number of cases with cranmal defects the impression 13 gained that any defect
larger than one nch in d can cause p There 18 always the con
viction that the nearer the patient s condition approaches normality the better
for that patient

In a child there 13 not the same need for restoration as many defects become
much smaller with the passing of time Durning school, as well as for games a
plastic or leather prostheus can be worn to avowd undoe risk  The author prefers
to defer reconstruction unti! a child has developed fully

The situation of a deficiency also influences n some measure the need for
treatment Where there 13 & good covering of muscle over the defect that protects
the bruin adequately reconstruction 1 not essential  Nevertheless the awarencss
of a patient that damage has been sustained may cause hum apprehension and
embarrastment  Still more apprehension arises when evidence of injury 1s apparent
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are of course these unfortunate people whase absessional
ﬁl::lcmmn\gs‘;:Unduc concern where the defect is only shght  For instance
there are persons who have been submutted to levcotomy who express uncertainty
and displeasure at dimpling of the scalp over the sites of the skull performations
Indecd some of these prople demand that the defects be obliternted  For the
purpose plastic buttons are obtainable as inserts into bony opeuings  The author
has svorded any chance of concern on the part of hus patients by performing the
opertion through a trephuine opeming and replacing the disc of bone before closure
of the wound.

Autogencns bone

The author s experience of cranal defects, extending over a large number of
cases anung out of two wars leads to the corclusion that final reconstruction 1s
best effected by the use of autogenous bone  The choice of bane rests between
the mace spongy and mouldable bone of the ihiac crest and the firmer contoured
but more bnttle bone denived from nbs  The majority of defects are suitable for
iliac bone but larger defects are bndged more easily with nbs  Retention of the
bore can be effected by vanous means, according to the individual preference of
the surgeon  The author prefers to retan the bone in plice by envelopment
betwcen the dura and reflected pericramum It 1s thereby possible to retan 1t
without screws or wire and to maintain good contour during heahing

Metalllc sud plastic plates

However for one reason or another some form of plate may be adwvisable,
consisting either of tantalum or of plastic matenal  As far as the contour of a
plate 1s concerned the result s satssfactory and aesthetic but there 13 a considerable
s\ that sooner or later a plate may be extruded or hove to be removed  Should
2 plate hie subjacent to the border of a muscle insettion the conttnued action of the
muscle can cause the plate to move even to fracture  One of the greatest risks rs
that at some time or another the patient will receive o blow 1n the region of the
scar as a result of which the scar splits, thereby exposing the margin of the plate
In these circumstances the tissue response to the presence of a plate can be seen
Usuzlly a smooth liming 10 a kind of sac 13 found or occasionally there may be
an uregular surfoce of pake granulations subyacent to the plate

Duning and subsequent to World War 1 Celluloid plates were commonly used
As 2 means of retention the prostheses were perfornted. The fibrous reactions
around the plate penctrated the holes and acted as an anchorage Unfortunately
the majority of these plates had to be removed  Owmg to the degree of fixation
removal of the plate proved most difficult and often necessitated excision  In
fectron was a more senous matter 1n those davs but nowadays with antibiotics,
wfection no longer holds the same grave outlook

Whatever benefits are described in favour of metallic or plastic plates they can
never become part of the body structure, for actual fusion cannot take place
Yet other obpections are to be rassed agamst metaf plates where any delayed
complication anses  Anvthing that presents sytifactory radiographic examima
tion may cause serous difficulty should a cerebral abscess develop

World War Il saw the introduction of plastic plates of acrylic nature  There
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Scar formation 15 to be expected but it must be reduced to a mmimum  Any
damage to the head resulting 1 laceration of the investing membranes of the
brain 15 hable to produce epilepsy as a sequel  Equally important 1s haematom
formation for the amount of residual scar will be proportional to the size of the
haematoma  Without doubt, the extent of creatrization and glous plays a part
in the inaidence of epllepsy ansing as a result of head mjury

The area of raw surfaces of surgical origin must be reduced especially where
adhesions may result To thus end 1t has been advocated that brain should not be
aliowed to remain in direct contact with bone and, furthermore surgeons should
apply some form of protection to cut surfaces of the bruin as for example, follow
mg lobectomy  The object 1s to apply & non rmtant protectrve surface as &
protection sgamst adhesions.

Coatings of amnion and of cellophane or polythene film have been advocated
for application to raw surfeces of bramn but there is no evidence of any advantage
ta be gained from their use What does seem to be important 13 the extent of
adhesion of the brain to overlying structures and steps taken to restrict this
would appear to be of value Certasnly release of adherent scars does appear to
reduce the mmadence of epiieptiform manifestations i some patrents, but on the
whole release of adherent brain 13 more effective in relief of beadache

OBLITERATION OF CRANIAL DEFECTS

Dora mater

Dural deficrencies are best restored by insertion of fascial grafts obtaed from
the temporal fasciz or from the fascia lata of the thigh Should the reconstruction
mvolve restoration of more than one plane of tissue 1t is wiser o carry out the
replaceruents 1n stages The cerebral part of the repair and Inserton of & dural
graft may be undertaken first. The restoration of the cramal vault is carred out
later

Crazial vaalt

There 1 Little doubt that any large defictency in the crumal vanlt 15 better cor
rected  Just how large a defect must be to give nise to symptoms fs uncertain
for & good deal depends on the individual concerned  From experience of a large
number of cases with cranml defects the impression is gained that any defect

larger than one inch 1n d. can cause symp There 15 ahways the con-
viction that the nearer the petient s condition approaches normality the better
for that patient.

In a child there 13 not the same need for restoration as many defects become
much smaller with the pasung of tme  During school as well as for games 3
plastrc or leather prostheis can be worn to avol undue rsk. The author prefers
to defer reconstruction until & child has developed fully

The ion of & defictency also mfl in some the need for
treatment  Where there 15 a good covering of musche over the defeet that protects
the bram adequately reconstruction is not essential - Nevertheless the nwnre:::
of a patient that damage has been sustained may cause fum apprekeasion
embartassment  Stll mare apprehension arizes when evidence of injury s apparent
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to others. There are of course those unfortunate people whase absessional
natures may give undue concern where the defect is only shght  For instance
there are persons who have been submitted to leucotomy who express uncertainty
and displeasure at dmpling of the scalp over the sites of the skult performations
Indeed some of these people demand that the defects be obliterated  For the
purpose plastc buttons are obtawable as inserts nto bony openings  The author
has avorded any chance of concern on the part of his patients by performing the
operation through a trephune opening and replacing the disc of bone before closure
of the wound

Actogenous bone

The author s expenence of cranial defects extending over a large number of
cases ansing out of two wars leads to the conclusion that final reconstruction 1s
best effected by the use of autogenous bone  The chowe of bone rests between
the more spongy and mouldable bone of the thac crest and the firmer contoured
but more brittle bone derived from nbs  The majonty of defects are switable for
ilac bone but larger defects are bndged more easily with ribs ~ Retention of the
bone can be effected by various means according to the individua! preference of
the surgeon  The author prefers to retan the bone n place by envelopment
between the dura and reflected pericramum It 15 thereby possible to retam 1t
without screws or wire and to maintain good contour duning healing.

Metallic and plastic plates

However for one reason or another some form of plate may be advisable
consisting either of tantalum or of plasic matenal  As far as the contour of a
plate 15 concerned the result 1s satisfactory and aesthetic but there 1s a considerable
nisk that sooner or later a plate may be extruded or have 10 be removed  Should
a plate lie subjacent to the border of a muscle insertion the continued action of the
muscfe can cause the plate to move even to fracture  One of the greatest nisks 1s
that at some time or another the patient will receive a blow 1n the region of the
scar as a result of which the scar sphits, thereby exposing the margin of the plate
In these circumstances the tistue response (o the presence of a plate can be seen
Usually & smooth hmng to & %ind of sac 13 found or occasionally there may be
an irregular surface of pale granulations subjacent to the plate

Duning and subsequent 1o World War 1 Cellulord plates were commonly used
As & means of retention the prostheses were perforated The fibrous reactions
around the plate penctrated the holes and acted as an anchorage Unfortunately
the majonity of these plates had to be removed  Owing to the degree of fixation
removal of the plate proved most difficult and often necessitated excision  In
fectian was a more scrious matter 1n those days but nowadays, with antibiotscs,
nfection no longer holds the same grave outlook

Whatever benefits arc deseribed 1n favour of metalle or plastic plates they can
never become part of the body structure, for sctusl fusion cannot take place
Yet other objections are (o be raised against metal plates where any delayed
complication arises  Anything that prevents satisfactory radiographic examina
tien may cause senous difficulty should a cercbral abscess develop

World War If saw the introduction of plastic plates of acrylic nature.  There
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are still those who advocate the use of plastss 1 the restoration of defects,
slthough the author fecls obhiged to produce guarantees of permanency of results.

As he has had to remove many plastic plates from time to time confidence in
their campicte adoption must be discounted

Al skull defects are not of traumatic ongin ~ Congenital structural abnorms
TIitees may sometimes also need obliteration
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CHAPTER 10
PLASTIC SURGERY
T P hintR AND J S CALNAN

SURGEONS WILL CONTINUE to bury foreign substances in the human body m their
attempts to replace parts which have been lost or damaged by injury or disease
and to construct parts which are ii-developed or have failed to develop  All this
18 very laudable since 1t should save patients time and discomfort for there are
many occastons when autograft homograft or even heterograft material ts absent
or 13 not available 1n sufficient quantity or in the desired condition

In spite of all the good results which have been obtained by such means 1t 1s
the wniters opinion that sooner or later the body attempts to reject such foreign
material and 1t therefore can never be considered the 1deal substance for the pur
pose. Ifthis 1s borne in mind, then there are to be found many situations in plastic
surgrcal work where foreign substances may provide pleasing and sometimes long
lastmg results. The whole question 1s so much alive that a special journal (7rans
plantation Bulletin) 1s now devoted to work 1n thus field

At the beginning of this century beef bone chicken bone and 1vory were often
removed from patients on account of inflammatory reaction In those days
plastic surgeons were imbuoed with the idea of replacement 1n kind—skin for skin
bone for bone cartilage for cartilage—and also with the conviction that these
materials should come if possible from the patient hrmself although cartilage
with its absence of blood vessels was found to be suitable for homo-transplantetion
and occasional successful results were clmmed from similar transplantation of
bone The recent swing of the pendulum 1n favour of foreign substances 15 due
to the discovery of synthetic or metallic matenals which are biologically inert,
producing little or no reaction 1n the tissues in which they are burted There can
be little doubt that the relative immunty to infection given by antibiotics 1 the
mmedrate post-operation period has played its part i this increased popularity

The matenials employed fall naturally into two groups—heterografts and foreign
substances proper

HETEROGRAFTS

Thefhcterogram which have been used are ivory animal bone bovine cartilage and
ox fascin

Tvory and bone

Ivory was at one time very popular more particularly n continental clinics for
building out the depressed nasal bridge line or the receding chin Many such
mplants were extruded as the result of infection within a few days of operation
but some became encapsuled n firm fibrous tssue and exhibited immunity to infec
tion and extrusion for many years, They sometimes shifted their position and so
save nse fo somewhat grotesque deformuties ofien worse than the oniginal
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conditions Beef bone implants followed & similar course sometrmes being extrnded
soon after operation sometimes undergoing resorption but rarely persisting perman-
ently The writers have never had an opportunity for testing the Swedish bone
grafung material  os purum  which would seem to provide a sound scaffolding
for bone growth.

Borine cartilage

Puot on the market 1n stenle condition bovine cartilege promised an enormons
field of usefulness for restoration of contour in nose cheek and chin It scemed the
ideal matenal for giving the desired stiffening to reconstructed ears {n small
chuldren for whom autografing was impracticable or undesicable  With & few
notable exceptions these implants have undergone slow aseptic necrous and have
ultimately disappeared (Glillies and Knstensen 1951 North 1953  Gibson
1954  Gibson and Davies 1955) The few exceptions still under observation,
make one wonder whether there may be a certain type or source of such cartilage
which will supply more permanent results In the meantime, so long as it is
realized that resorption will take place within two years, this matenal has a useful
place 1n reconstructive surgery n childhood 1t can be replaced later by something
of a more permanent pature,

Frecia lata

An adequate quantity of fascia lata can usually be obtained from the indrvidual
young or old, and has proved more suitable for singmg up the paralysed face than
has preserved ox fascia which although it persists, has given nse so the writers
expertence to an alarming titial reaction

FOREIGN SUBSTANCES

Not-metallic
Nylon

Monoftiament nylon runming in a polythene tube has been suggested as replace-
ment material for a lost flexar tendon 1 the hand (Sarkin 1956) Braided nylon
has been used, as the peneral surgeon uses it, for hernia repair for darning the
defect left m the abdommel wall after burying the bladder muscle 1n cases of
ectopta vesieae.  Terylene in sheet form has been recently used for the same
purpose (Wostenholme Lotman and Malament, 1957)

Sponge polythene

In foam " form it has been used for breast contour and for reconstruction work
in thus regron (Rubin 1951 Moore and Brown 1952 Rubin and Walden 1955)
The wniters have never employed 1t in this way and know of many dissstrous results
Even if accepted withont mfection such materal changes in consistency and may
become unnaturmlly hard (“ marble breasts™) for this regon Polythene
tube bas been employed for suffening of the helix margin in ear reconstruction
(McCash 1957) Polythene as a solrd block can be carved with @ knifc when warm
and has been implanted 1n the nose chin and car to define confour {Heanley
1954) Polythene tubes and moulds are also used as forms on which to lm
frec skin grafts in reconsteuction of the pharynx and larynx after exerston of t
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organs for neoplasm (Negus 1953 Moore and Faulkner 1933) and in con-
structing a vagina 1n cases of congenital absence Polythene used in this way 13
extracorporeal and 1s removed once it has sered its purpose

Acrvlic

Acryhe 15 hard matenal and has been used (o restore contour in cases where
bone is required 1n defects of the skull malar cheek regions nose and chin
(Dencer 1955) The acrylic1s prepared as o moulded plate made to pattern on a
plaster cast of the defect it is required to restore and when inserted subcutancously
requires fixation to the adjacent bone by stainfess steel sutures or screws

Celluloid
In thin sheets, celfuloid has occasionally been used as suffening matenal to
support a lower cyeld or a reconstructed ear margin

Metals
Stainless steel wire

For many years stainless stecl wire has been used for suturing skin or buried
to umite decp tisue and has been found sansfactory although it fractures afler
some vears and may demand removal 1113 commonly used for the fixation of bone
grafts to hold the bones in apposition in fractures of the mandible or fingers and
has even been used to stiffen a reconstructed ear margin  Its use for {nterdental
winng 15 well estabiished  Stainiess steel wire of thicker calibre has been used
between the ends of the cut mandible asa  bone spacer ™ in cases where resection
of bone has been carned out and replacement 1n kind is not contermplated immedi-
ately It here serves the valuable function of holding the bony parts in their
anatomically correct posiuons and 30 preventing secondary deformity

Tantalum

Tantalum wire has been used 1n a similar way m the fixation of bone grafts in
the skull.  As a perforated sheet, swaged to exact size and shape on 2 stone cast
tantalum has been implanted to restore contour to the cheek nose and skull In
& large number of cases the tantalum implant has shifted 1ts position over the years
and quetly perforated the skin or mucous membrane 1n other cases recurrent
attacks of aseptic mflammation at long intervals have been noted. It has thus
come about that nearly all tantalum implants have had to be removed.

Vitallium
More recently Vitallium has been introduced and 1s used 1n much the same way
as tantalum A modern usc 1s as an orbital implant around which the cone of

ocular muscles can be sutured and into which an artificial cye may be inserted to
give & “ moving ™ prosthews (Karakashian 1957)

EXTRA-CORPOREAL PROSTHESES

Many of these foreign substances plastic and metallic have been employed in the

?.:s:;m:)n or‘extcrnal (extracorporeal) prostheses to camouflage faclal dis
€Nt as a temporary or permanent measure where reconstruct “

and blood  has been delayed or has proved undesirable. onn = feah
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CHAPTER 11
TENDON REPAIRS

RoNALD FURLONG

INTRODUCTION

Goop FuncTioN ofter dvision or rupture of a tendon depends on successful
coaptation of the ends followed after healing by adequate ghding of the tendon
asa whole Treatment 1s a dual problem and usually st 1s the second component
which cauges the surgeon more trouble  Certain controlling factors have to be
considered

1t is not possible, purely by tension to rupture a normal tendon  The inference
1o be drawn from thus fact 1s that if a tendon does rupture 1t must have been
abnormal at the time the force was applied 10 rupture it. This 1s a chinical expen
ence and it has been proved experimentally Itis also known that the abnormality
1s a degenerative process probably of vascular denvation It 15 reasonable to
suppose that the prognosis following repair of a degenerate tendon 18 not as good
as that following suture of a freshly cut normal tendon.

Furthermore the bed in which the tendon lies at the point of diviston can have a
profound effect on the prognosis of reparr A tendon 1n order to unite has to
call on the surrounding tissue for & blood supply The adhesions through which
these new blood vessels pass are likely to be more dense if they are denived from
a fibrous tendon sheath than if they anse from loose long fibred areolar tissue.
These and other factors have been responmble for all sorts of vanations in surgical
technique armed at sccuning tendon union unaccompamed by permanent adherence
Since surgery has ceased to be complicated by suppuration many different concepts
embodying the use of foreign materials have been applied to this dual problem

THE PROBLEM OF TENDON COAPTATION
Tendon Rupture

Examples of tendon rupture comprisc & special problem that 18 considered
scparately

Tendo achills

If a ruptured tendo achilhs is exposed immediately after the injury it 1s found
that both ends of the tendon are profoundly degenerate  This change extends for
at least an inch on either ude of the sepamtion  The opportumity for observing
this 13 not very frequent because the early diagnosis of a ruptured tendo achilhis
15 not as casy u|m|ght be suppesed  The degenemate tissue which 15 friable
fr and blood d, accepts sutures badly 10 that sometimes local end
to-end apposition 18 not attempted It was Bunnell who suggested that coaptation
of the tendon ends could be achicved by short-circwiting the normal insertion of the
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calf muscles 1nto the o3 calcis using o starnless steel wire of appropnate strength,
The short-circuit is achieved by passing the wire transversely across the Junction
of the calf muscles mnto the conjoined tendon  the wires then pass distally parallel
to the tendon and on each side of it as far as the os calers  Here the wire may be
tied together over a suitable pad to protect the skin and n sufficrent tension to
approximate the ruptured surfaces of the tendo achilis  This is & kmd of suture
“at g distance ™ which 1s more effective 1n holding accurate coaptation than local
sutures through the degenerate tendon could ever be  In order to protect the wire
from undue stram the foot is held in plantar flelon by an external plaster splint
which supplements the spurtous temporary msertion of the calf group into the os
calcis by strinless steel waire

Other examples of tendon rupture

The notable examples of rupture in this group are the tendons of the supra
spmatus and the extensor pollicis longus muscles In the past attempts have
been made to suture the ruptured suprespinatus tendon but these have been
frrgely given up because of disapportment.  The stitches do not hold and an un-
satisfying suture 35 obtmned The short-circunting or swinre  at a distance ”
prnciple has been trred. To use a wire temporerily as an insertion for this muscle s
attractive i theory but difficult to apply 1n pracuce  The final discouragement was
the fact that the outcome of rupture of the supraspinatus tendon, 1n al! but masnve
or complete tears was equally good whether or not the patient was operated on

Attempts have been made to restore continuity of the extensor pollicis longus
tendon by direct end to-end suture It 15 quite possible to make the stitches hold
0 the degencrnte tendon ends but the cupture always takes place withm & fibrous
sheath at Lister’s tubercle Adherence between the degenemte tendon ends and
the fibrous sheath always proves too resustant to permut subsequent function
Restoration of function following this episode 1s normally achreved by a tendon
transpoution which employs a totally different concept,

Temdon division
Without foss of tendon substance

Tn thrs example of tendon diviston and with no loss of substence, suture presents
no great difficuity provided that mterval between division and suture is less than
8 weeks  The suture matenal needs to be strong enough to withstand tenslon due
15 norma} muscle tone ,Much of the dustracting force can be neutralied by
appropriate jomnt pox:ure" Until recently there was controversy as to the best
suture materul for the purpose

Absarbahle sutures that 1s to say catgut, are no longer used on account of the
scarnng that nevitably follows the snflammatory reaction of absorption.  Silk,
linen thread, or stainks steel are the present day favountes. Each of them has
1ts devotees and there 15 not a great deal to choose between them  Stainless stee!
1, hawever conudered by many to be the best all-purpose suture. It 1s thinin
companson with its strength and it 13 easy to prepare and use - Clinical observation
reverls that no inflammatory reaction is provoked by stainkess stee] Re-explor
tion of a suture finc reveals steel sutures lying dormant 1n physiological tivsue 7
Thert scems no posnt in using uik or thread neitber of which has any advantage
over steel wire
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Bunnell (1956) developed a technique of suture in which the matenal can be with
drawn when tendon henling 1s complete  The method was used to implement the
aphorsm that  the suture provoking the least reaction 1s the suturc that s
sbsent  Before stamless steel wire was available for surgery Bunnell used silk
and he developed the withdrawable technique 1o enable lum to remove it at a pre
determined time thereby imiting to the minimurm the reaction of the tissue  Since
stainiess steel wire has come into more general use the method has been largely
ahandoned and 1s now only used on occasions where there 15 considerable tension
such as 18 likely to be met with when suture has been much delayed  The with
drawable wire does not now fulfil its ongwnal purpose of reducing adherence
1t 1s used as a tension wire to relieve a suture line from too much distraction

Mckhee in 1945 reported a novel method of tendon suture that was a by product
of a method he was using to prevent adhesions from forming at a conventional
suture hine  The device conssts of a sphit tube of stalnless steel the diameter of
the tendon and about 1} inches long It 13 furnished with barbs sticking out of its
internal aspect. The tendon ends are mobilized and brought into apponition and
the tube 15 chipped Into place about them The bacbs plunge nto the tendon and
prevent the ends from pulling apart  After an nterval of 5 weeks the tube 1s
removed The method ensures correct end to-end apposition without unsatisfied
surfaces rematning.  The disadvantage however of a second exposure ts obvious
and the method doet not commend itself to general use  If the contraption hes
in the finger the joints are held in a constrained attitude that helps to produce
stffeung.  Furthermore, 1t 1s wrong n conception  The surrounding tissue should
participate 1n the umon of the tendon ends, they themselves being relatively
avascular  This device sequesters the suture line and union 15 slow  In practice
it 15 found that the tendon ends are apt to pull apart even at 6 weeks following
removal of the anastomotic tube  This fact reduces the enthusiasm and purpose
of carly acuve treatment

In normal circumstances the conventional methods of suture are almost always
used  Sumilarfy stainfess steel wire 1s the suture material of chowe There are
two varieties  The wingle strand of stainless steel wire of gauge 36 38 or 40 is
extremely useful but the wire must be soft and malleable and not springy The
alternative suture to this 1t even more malleable It consists of three fine strands
of wire, twisted together  Beeause of 1ts make-up the wire 1s almost mpossible to
kink, A lnk 15 fataf in a single-strand ware since a fracture at this point 1s in
evitable even with the most tnivial tension. On examining & suture hine some months
or years after the suture has been performed 1t is often found that the single strand
wire has become fragmented. This 13 probably of no disadvantage but it does not
happen if the twisted three strand ware has been used  All n all therefore it is
probable that the twisted wire 1s supenior to the single-strand wire not only 1n jts
behaviour within the body but also 1n 1ts adaptability and ease of use

8 ith losx of tendon substance

If the 1njury has resulted n a loss of tendon substance causing deficiency between
the ends that cannot be made gooad by apposition some method must bccyfound to
bridge the gap  Such a gap 13 most often produced because a portion of tendon has
10 be sacnficed after 1t has been damaged beyond reasanabke hope of functional
recovery  Thu state of affairs in the tendon can be produced either by 1t adherence
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surrounded by long fibred areolar tissue which in itselfl 13 capable of a good deal
of movement  In the case of the fiexor tendons of the fingers the situation {s quite
different  here the tendons are lving closely enclosed in a fibrous tunnel adherence
to which 1 notoriously constant

The difficulty of obtamng and maintaing tendon movement falis into two
parts First how to prevent adherence 1 2 normal or undamaged sheath and
secondly how to make a new sheath shoukd this be necessary A definition 13
“called for A tendon which follows a straight course without deflection 15 usually
surrounded by paratendon that 1s to say loose long fibred arcolar tissue Move-
ment of the tendon 18 absorbed by the elasticity of the tissue there being no single
plane of glding movement  The exception to this is the tendo achilhs which
although 1t follows a straight course is not surrounded by paratendon Bt lies,
in fact within o synovial sheath or tube there being o defimte plane of glding
between the tendinous synovial layer and the parietal synovial layer  This arrange-
ment 18 necessary because of the great excursion of the tendon

Where tendons pass over joints they normally follow a curved course because
defiection 18 necessary to accommodate joint movement Here they lie in a
synovial sheath between the layers of which the actual gliding takes place  Out
side the panetal layer however there 1s always a fibrous tube which controls the
position of the tendon thereby maintaining its cortect course. In the case of the
fingers where the flexor tendons have to reverse their direction of pull by 180
degrees the fibrous tissue sheath 1 allimportant to hold the tendon n close
apposition to the phalanges. If a suture line by reason of the site of tendon injury
comes to Lie within a fibrous sheath, adherence s very likely to occur in spite of the
fact that the damage to the panetal synovial layer s mmmal  Where therefore
a tendon 15 divided within & fibrous sheath, 1t 15 usual to take special precautions
by dividing the sheath at the point of suture and leaving it wide open  This
procedure allows for swelling at the suture line and has been found to dimmish the
density and the degree of adhesions which follow  Suture 1s not ordwmarily per
formed 1 the fibrous digital sheath because of almost invanable adherence  Con
unuity of tendon 1s usually restored by means of a tendon graft whereby the
suture line can be transferred from the finger into the palm where adherence 18
less likely  Generally the results of tendon suture in a synovial sheath are good
because the adherence necessary to atsist the union of the tendon ends 15 lighter
i1 texture and capable of more excursion than the adherence which forms physio-
togscally when a tendon suture lies within a fibrous sheath.

Use of materhl to replace damaged surroundings

When the surroundings of the tendon, including the ovial layer are much
damaged, the chance of adherence of the tendons 1s oomndc;y;bly gn:nfcr Surgeons
have attempted for a generation or more to prepare & new gliding mechansm to
seplace the normal anatormy that has been destroyed by infection or wjury
Gonzalez, who reported tus expenimental work 1n 1949 has done a great deal of
work on the subject by trying to introduce, successfully a smooth sheath of foreign
matertal  He found that gelatine sheet was qurte useless on account of the intensge
foreign body reaction induced  He next used cellulose acetate-phthualate which 1s
& subsiance sometimes used for coating enterc capsules This matenal 13 broken
down 1n the body and leaves formuidable scarrmg.  Absorbable plastics proving
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to be unusable Gonmlez turned to polythene This as far as the tissues are con
cemned Is aninnocuous plast with encouraging expenmental properties. Gonzalez,
in the experimental amimal divided & normal tendon and then repaired 1t by s
conventional suture fine  This he surrounded by a polythene tube, thereby
sequestering it from the surrounding tissue  Thuk is an unphysiologacal procedure
which 15 bound to retard healing of the suture line. It was found that no tendon
was healed before 29 days, and on an average 1t was necessary to protect the
suture line from force for 40 days or longer fo prevent separation during normal
activity  Similar sesults relating to the slowed rate of tendon hesling had pre-
viously been reported by McKee as a result of hus expenence with metal anasto-
motsc tubes.  Up 1o date, no results of a suffieent number of operations have
been published from which to draw conclusions as to the late results  The method
could be put to valuable use The encasement of a tendon freed from adhesions
by tenolyss 15 an oby {lary to sur ding a suture line to prevent post

optrative adhestons  The idea Is good but the polythene tube has ta be split to
get it round the tendon after tenolysn and granubation tsue s apt to wander
through thi spht, pernutting adhesions to form Thete are divided when the
polythene tube 15 removed one month later and 1t 13 reported that they do hitle to
hinder movement.

In 1937 Lloyd Davis and Arnes published the results of animal expenments
they had made with the same xdea of preventing adhesions after nerve and tendon
suture  They used varians matenaly, but in their hands the matenal which con-
sistently gave reasonable results was allantoin It was found that the excursion of
the tendon was quite good during the second month after insertion but st a lster
date the range of movement was apt to become slightly restricted, presumably due
to adhesion formation  The loss of smovement was not sertous.

Use of tissnes to repals damaged sorrommdings

The difficultres and disappontments atiendant on the msertion of artdficial
material either as a barner aganst adhesions duning suture healing or as a per
manent smooth-lined tunnel led to investigation along another ine  Mayer and
Ransohofl’ had the sdea that perhaps the tissues themselves could be induced (o
farm a smoath hning to a tunne! artifteally constructed

In 1936 they described the method whereby they used rods of celloidin lard
1nto the trsue along the course of 8 previously destroyed tendon  The old scarmg
was removed and the cellordin was sutured to the stump of the profundus tendon
i the finger At some time between 4 and 6 weeks the second stage was perfi
n which the celloidin rod was removed and a flexor sublum tendon with its syno-
viel layer was passed through the tunnel and sutured at either end in the conven-
tonal way Good results were reported, partrcularly regerding the munor nature of
the adherence of the graft aganst the constructed tunnel This method of con-
structing a tunnel and allowing the patent to furnish it with & smooth hamg @
which 2 tendon wall not become adherent 15 1n use today Silcone s used astend
of cellosdin but the technrque used is almost the seme as that described twenty (W0

ago by Mayer and Ransohofl

yc:l;! 1g§5 %"hntc{scr was experimenting with the use of steel rods Jying m the
course of the diptal sheath. The purpose was the fame namely to fashion 2n
endothelialdsned tunnel into which a tendon could be placed with some prospect
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of function  Clearly the disadvantage of n rigid steel rod could be great in that
stiffness of the interphalangeal and metacarpo-phalangeal joints would almost
certamnly result from immobilization for the six weeks that 13 necessary for an
endothehal hinmng to form

This disadvantage 1s overcome by using o fleuble and inert rod as a space
occupant, afong and around which an endothefn! lining can grow The popular
contemporary maternal 15 silicone which can fulfl both requirements A rod
1 1nch 1n diameter 15 used At the time of insertion the remains of the doomed
tendon are removed and the silicone rod is lald along the phalanges so that st
extends from the distal phalanx to the middle of the palm  When the wound 1s
soundly heated passive flexion of the finger is encouraged At the end of twelve
weeks the uilicone rod 1s removed through an appropriate incision In the palm
A free tendon gmft is threaded through the endothelial ined space attached to
the terminal phalanx and sutured to the motor tendon in the palm  The prospect
of ghding and function 15 good

At the present time 1t 13 possible to construct a smooth endothelial lined tunnel
into which subsequently a tendon can be placed  This, unfortunately 1s not the
tremendous step forward that 1t would seem to be because by using a tendon
mhabiting paratendon preferably the paimans longus, as a free graft, it 13 un
necessary to create a smooth ined tunnel since a tendon graft of this nature carnes
its own ghding mechamism wath 1t and so can be transferred anywhere  There
are however examples and circumstances i which 1t is advantageous to create
a 1mooth lned tunnel within the finger as a preliminary to tendon repair

SUMMARY

The use of extrancous surgical matenals i & repar of tendon can be summarized
asfollows  Axa suture matera! stainless steel1s now the favournite largely because
1t1s totally inert and 1ts strength to diameter rauio 1s high  Furthermore 1t 15 easy
1o use and 13 readily available. Of the two types of suture available the twisted
three-strand vanety 18 the better

There 13 now no cause or occaslon to attempt to span a gap 1n a tendon by some
foreign matenal  This gap 1s now adequately closed by an autogenous free
tendon graft using a standardized technique.

Foreign material when implanted particularly in a finger or at the wrist, can be
used to persuade the body to line the tunnel so formed with a smooth endothelia]
layer comparable 1n 1ts slipperiness with synovial membrane. This techmaque has
now been modermzed and 1s here to stay 1t has certain advantages on occasions
Probably with greater experrence n the use of inert plastics, the method can be
developed and will have applications 1n other sltes to correct other disabilities
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CHAPTER 12
THORACIC SURGERY
T Houmrs StLioks

APART FROM THE USE of synthetic fabrics in cardiovascular surgery there s not a
great need for formgn materal n thoracie work  Most of the operations on the
long are concerned with excision and repamtive operations on such structures as
the bronchus and trachea are not ofien demanded  On the other hand the use of
plastic and non-absorbable lipatures and sutures is widespread  There is no
particular objection to the use of catgut but hinen silk and plastic thread have the
advantage of greater tensile strength and easy handhing of the long lengths that are
required within the depths of the thorax. Black ligature or suture material has
the ment of being more readily seen mside the chest than a white one stained
with blood The hgation of great vessels such as the main pulmonary artery or
pulmonary vemns can be carried out by one or more stout single threads and a
useful method 15 to use a double strand Ballance knot to close these channels 1t
ts essential that the divided cuff of the vessel that has been tied should be large
enough to prevent it from slipping through the ligature.

BRONCHUS

The suture of a bronchus that has been divided requires a considerable amount of
care  Unul recent years there was a high inesdence of bronchual fistula following
{ung excasion and when this occurs the broncho-pleural communication leads to
mfection of the pleural cavity It 18 important when dividing a bronchus 1n the
course of lobectomy or pneumonectomy to ensure that no stump which might act
2% a potental pocket of infection s left behind.  There 13 conniderable vanety in
the methods of bronchus closure and 1n the chowe of suture material A seres of
fine interrupted or mattress stitches of linen or silk 13 satisfactory and stainless
steel1s also used.  Once an airtight closure has been achieved the stump 1s covered
by adjacent tissue which helps to reduce the nisk of a keak if the stitches cut ont. A
mnor complication of bronchual suture sometimes anses from the foreign matenal
ulcerating 1nto the bronchus and causing an imtating cough which persists until
tbe suture 13 removed through a bronchoscope or 1s coughed up

Plastic work on the bronchnl tree 1s virtuaily confined to resection of short
fengths of & bronchus with restoration of continuity by end-to-end suture Owing
to the ng:dity of the broncht an everting suture cannot be used and the junction

has to be carrned out carefully with interrupted non-absorbable sutures which do
not narrow the [umen.

TRACHEA
Excision of trachea 13 sometimes required 1f a tumour 1s present.  Carcipoma of
the trachea is rare but so-called adenoma 13 comparatively common  After
m
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removal of the tumour the defictency has to be closed 1n such a way that the
lumen of the tube 15 not obstructed and this precludes the use of any soft or koose
patch or graft  Consequently some form of framework has to be used as s pre
Irmmary A winding or spiral of starnless stee! makes a satrsfactory brdge in
cases where the full arcumference of the trachea has not been excised  Over this
steel frame a graft of skin or fascra lata 1s stuiched and suction drainage of the
pleura] cavity 18 used 50 a3 to ensure early and complete expansion of the img.
which then adheres to the traches and graft and prevents arr leak

Excision of the full circumference of the trachea that leaves an appreciabie
gap between the two ends constitutes a problem that has not been fully solved.
The movement of the trachea between the cricoid cartilage and the lung root s
considerable and any prosthesis must be capeble of lengtheming and shortening
without reduction of lumen A simple sprral covered by a loose graft mught
appear to be a satisfactory solution but the loose tissue frequently falls into the
spaces between the spirals and partly obstructs the lumen  We have attempted
to use geodesically wound spirals of stainless steel with the free ends of the ware
spot welded on to a small ring which 18 sutured to the cut ends of the trachea The
framework 1s then covered by skin or fascia Inta graft,

In the course of any tracheal reconstruction there are a number of anaesthetc
problems to be considered and the endotracheal tube conveying the anaesthetic
gasses will have to be mserted through the chest into the lower divaded end of the
trachea until the prosthesns 18 n place

DEAD SPACES IN THE CHEST

The bony cage of the thorax provides a ngid framework which cannot normatly
collapse or shrink on to any dead space that is produced by excistonal surgery

Prtumonectomy

The problem of the dead space 1s best sllustrated in pneumonectomy  The
hemithorax 13 left as an empty space which 1n the course of six months 1o & year
fills 1n wath flued and fibrin aided by displacement of the medfastinum and elevation
of the duaphragm and some flattening of the chest wall  If st were necessary to
close this dead space without producing medsastinal displacement 2n extensive
thoracoplasty could be performed but this would Jead to some external deformuty
It has been suggested that to mamtan a central medmstinum a prosthess should
be mnserted (nto the dead space. This cau take the form of a polythene sponge
shaped roughly into the form of the chest cavity Theoreucally thus type of
procedure has many advanteges but n practice 1n Great Britan the ordmary
natural method of healing has not been found to give rise to significant trouble

Pnemmolyuds for palmonary tuberculosks

In the operation of p fysss for pul y tuberculosis the lung s stripped
from the inside of the chest wall and depressed to a level that provides adequate
collapse  In many instances the dead space 1s probably closed by nb resection n
the fosm of thoracopiasty but where it 13 felt necessary to setain the ribs the space
produced by the p lysis has to be d by retils of afr at 2 high
pressure or by the insertion of some form of filling material Twenty or thurty
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DEAD SPACES IN THE CHLST

years ago paraffin wax was considered to be a satisfactory medium It was soft
and moukded 1tself to the shape of the space and so long as (t did not become
fected or extruded 1t mamtamed the fung 1 s collapsed position  More
recently plastic matenals have been used  These take the form of hollow spheres
of solid balls which are loosely pached into the space  Polythene sponge has also
beenwied  This operationof  plombage  has the great attraction of not needing
an extensive removal of nib, but the nisks are those of mfection not so much by
pyogetuc ofganismis as by tuberculous tnfection of the dead space There 11 also
a danger of pressure ukcerntion if the lung has any teadency to re-cxpand

Plombage * operatons have been fashionable from time to ime  but at present
the trend towards excision hag reduced the need for this form of surgery

DEFICIENCIES IN THE CHEST WALL

Deficrenctes 1 the chest wall may result from njury or more usually from the
wide excison of a tumour of the chest wall  In the majonty of cases division of
ribs beyond the area of excision has enabled the surgeon to strut or bridge most
of the gap which can then be satisfactonly covered by muscle and skin fiaps
There are however occasions when a gap n the chest wall 1s feft and 1f 1t 13 not
supported considerable hermation of the lung will result.  Thrs 13 most likely to
occur 1n the region of the stermum and antenor nbs and 1f 1t 1s certain that the
tumour has been adequately excised support may be given to the deficiency by
the suture of tantafum or wire mesh across the exposed nbs  This provides some
form of support, but for mechanical reasons there may still be a certain amount
of give or weakness, and m such cases it 1s probably wiser to conseder the use of an
acrylic or polythene plate which has been previously moulded to the shape of the
chest This plate can be cut to the nght size at the time of operatron and can be
drilked to take supporting and fixing sutures  The plate 1s then covered by muscle
and skin and on the occasions on which 1t has been used 1t has rematned secure for
a number of years  There 1s quite a considerable field for this type of prosthesis
10 cases of breast cancer where the r1bs are involved aither by durect spread or ax
the result of post-operative radiation A wide clearance of necrotic nib and the
preparation of flaps that have not been subjected to radiation may save the panent
a great deal of disability and pan

OESOPHAGUS

In cases of abstruction of the oesophagus which usually result from carcinoma

the wleal 1s to excise the tumour and to restore continuity by anastomostng the
stomach or small gut to the dvided otsophagus. Even if the fumour cannot be
excied 2 pallutive anastomosis allows the patient to swallow 1n comfort and
prevents the discomfort and musery of a gastrostomy whach is the only altermative
to starvation  The seventy of major surgery on the oesophagus is such that in 2
debilitated patient the operative nsk 1s high and there are cases 1n which mobiliza

ton of the stomach or small bowe! by resection 15 more than the patient cap be
cxpected to stand  In these cases the alternative possibility 1s to resect the tumour
locally of possible and to brdge the gap with a polythene tube as was advocated
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CHAPTER 13
VASCULAR SURGERY
Cuarues Ron

THE REPLACEMENT of a portion of a blood vessel by etther another blood vessel
or a prosthesis of foreign material has been practised both experimentally and
chascally since the early years of this century but many of the methods proved to
e erther wefllective ot the success rate was so small that they were abandoned soon
after ther introduction  Amongst these may be included glasg tubes (Abbé,
1894 Tuffier 1915) extravascular tubes of wory (Nitze [897) or magnesum
(Payr 1900) tubes of aluminium or gokd (Carrel 1912) Vitallumutubes either with
or without a covenng vewn praft (Blakemore Lord and Stefko 1942) and absorb-
able prostheses of fibrin (Svenson and Gross 1947)  The only matenals which
have sunvived 1n climeal use until today are blood vessel grafis and transplants
first used successfully by Hopfaer (1903) in expenmmental animals and by Lexer
(1913) m patients, ngd plastic tubes (Hufnagel 1947) and prostheses of pliable
plastc materuals (Voorhiees Jaretski and Blakemore, 1952) The subject of the
reconstruction of human blood vesscls has recently been reviewed by Rob Eastcott
and Owen (1956) and the scope and indreations for this type of surgery discussed

BLOOD VESSEL GRAFTS AND TRANSPLANTS

In 1912 Carrel was awarded the Nobel pnize m medicine for his work on the
preservation and tmnsplantation of blood vessels and organs and today he 1s
considered to be the father of this branch of vascular surgery  Blood vessels may
be repasred by grafis or transpiants of autogenous homologous or heterologous
matenal  Autogenous grafts are best because they survive transplantation and
form a permanent living union with the host. Ideally an artery should be used to
replace an artery and a vem a vein but man has no spare large artenes and so
vems have to be used to replace arteries  These work well for vessels such as the
femoral artery which are supported by the tissues of the host but frequently
rupture 1f used for the replacement of artenes within the body cavities. Homo-
logous arterial transplants have been used widely in chinreal practice either fregh
or preserved 1n a vanety of ways of which the best appears to be freeze-drying
but they do not survive and merely act as a framework which 15 slowly replaced
by the tssues of the host. Heterologous artenal transplants have not proved to
be satufectory and they are no longer used

PLASTIC PROSTHESES

Because homologous artenal transplants, either fresh or preserved do not survive
but merely act as mert tubes any swtable matenal should serve as well Today
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PLASTIC PROSTHESES

Fra 60 —A prosthesh of Oron cloth sutured into the thorack: sorta of & peuent follow-
ing the excision of an ancurysm and an associated proximal coarctation.  The patient
s well and symptom-free

success 1n the femoral artery of the dog and ts failure in the larger femoral artery
of man A simular fate has followed the use of the cnmped nylon tube and the
seamless cloth tubes when used to replace a vesse! of the size of the human femoral
artery or smaller  The early results are good but the longer term results show that
nearly all these prostheses have thrombosed by the end of 1 year

Fig 61 1llustrates one of the reasons why these prostheses thrombose when used
to replace the vessels of a hmb  This patient had a popliteal aneurysm with
gangrenous toes  The ancurysm was resected and a plastc prosthears inserted
(Fig. 61a) The d result was llent and the toes healed  Subsequent
artenograms with the knee straight (Fig. 615) and in 90 degrees of flexion (Fig. 61¢)
showed a most interesting state of affairs  With the knee straight the artenal flow
1s apparently normal 1n 90 degrees of flexion the prosthesis is straight and the
host artery has been foreed 1nto irregular waves, so much so that some inches
proximal to the prosthesis the appearances are asif a clamp has been placed across
theartery  Probably this 15 due to & kink of about 300 degrees photographed head
on  Some months later this prosthesis thrombosed but by then the foot was
healed and gangrene has not recurred

Search for ideal plastic

The wdeal plastee for vascular reconstruction has yet to be discovered but
severnl materials approach the ideal  First 1t should be non wettable on the
inside so that the blood will not clot, and wettable on the outside so that it may
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VASCULAR SURGERY

4
Fa, 61 —(a) A cnmp:d dlicone-coated mylon tube In poal
(b) 0 po-l-opa'nuvc a

dentax
artery  Ono kink gives the
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PLASTIC PROSTHESES

become incorporated in the tissues and not surrounded by u capsule  §t should
be porous so that the host tissues can grow nght into the whole implant and it
should be tuologically inert and not carcinogenic It should be flexible clastic and
not hiable to fragmentation or other physical changes s a resuit of the continued
movements of arteral pulsation 1t should not leak excessively and should be
easy 10 make 1nto the required shape without irregularities snd easy to suture into
the blood vessels of the host  Finally it should be cheap casily sterihzed readily
available and manufactured in such o way that the product has umform char
actenstics

Perhaps the best plastic for the replacement of the aorta or ity large branches
such as the common iliac arteries 15 Terylene (Dacron) cloth with a taffeta weave
the threads being 161 for the warp and 94 for the weft per inch the nterspace
size being as near 5 x 50 microns as poswible and the mr porosity of the materal
being about 4 cubic feet per tquare foot per minute

As stated there is as yet no plastic prosthesis which on a long-term follow up in man
provides a patent implant for a vessel of the size of the femoral artery or smaller
However there 1s a smal! place for such a prosthesis to replace such an artery
when a vein graft 13 not possible and an arstersal transplant is not available The
flow will be restored for a vanable penod often 6 months, and the gradual throm

bosis which then occurs will give time for the development of a satisfactory
collateral circulation

The fate of a plastic prosthesls inserted into an arterisl defect

Soon after insertion probably n less than 12 hours, the mner surface of the
prosthesis becomes covered wath a layer of fibnn or a fibnn like substance which
over a pentod of days, weeks and months becomes invaded by cells which may
closely resemble true endothelium  The true endothelium however only grows
out from the ends of the host vessels for a distance of about 2 centimetres  This
means that the liing of a prosthens more than 4 centimetres long canmsts of true
endothelum at each end and 1n the centre a layer of fibnn and cells resembling
endothelium and probably denived from the blood stream  Outside the prosthesrs
becomes surrounded by fibrous tissue which 1n the case of suitably permeable

plastic materals grows 1nto the prosthesis and incorporates 1t into the tissues of
the patrent

Technique of making a prosthests of plastic cloth

The Terylene Qrlon o nylon cloth 1s bought from a drapers shop and ewt
with pinking shears to the required shape 1t 13 then sewn with thread of similar
matenal mto a tube and stenlized by autoclaving before use A steaight pros-
theas a3 used 1n the thoracie aorta (Fig 60) 1s made by cutting a rectangle of the
cloth of the appropriate size sewing it along one edge using a double seam (French
seam) and then turming back the ends to form a cuff It should be made longer
than 15 necessary and the keugth ac the time of nsertion can be vaned by altenng
the length of the cuffs A fine needle should be used to make the seam and it
can be sewn either by hand or on a slow sewing machine  The prosthes should
be thoroughly washed with a detergent and then 1n water dried and sterilized
by autoclaving. 1t 1 sewn nto the patrent with a continuous suture of fine silk
or the epproptiate plastic thread  The actual sutunng is more difficult with a
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ARTFRY BANKING

Fra 62.—Dlagramtoshow
how » {reeze hay
been modi 10 make / 74
a froren arttery bank Bank
-70 ¢
7, / Motor
1 T

which contains the dry ice (Fig. 63) berng keptat — 79 C It1s this need to replenish
the dry 1ce which makes such an artery bank expensive and it 1s one of the reasons
why frecze-drying 1s preferred

Process of freeze-dryIng

Freeze-drying or dryng by sublimation consists of n very simple process and
the necessary apparatus 13 not costly The grafts are placed in stenie glass tubes
and frozen to — 79 C  They are then subjected to a high vacuum for a full

x — -

F10. 63 —The interior of & frozen antery bank  Note the blocks of dry ke.

working day this removes about 97 per cent of the water and & further 2 per
cent 13 removed by drying them under vacuum with phosphorus pentoxide
after which the tubes are capped evacuated and sealed

Fig. 64 15 a picture of a home made freeze-dryer A good commercial mod |15
made by Edwards & Co Lid  As will be seen the grafts are first frozen and
are then subjected to a high vacuum  This removes the water from the artery by
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VASCULAR SURGERY

F10. ¢4 ~(a) The freere-diyer
et St. M; Hospital,
Londoa, Aln:uuYP'jJ (3]
dlagram of (ho apparzur

P3 08

®)

sublimation & process which does not damage 13 structure  During the first

part of the drying process the artery remains frozen because of the loss of Istent

heat dunng evaporation  As an extra precantion the contriner with the grafts
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THE TECHNIQUE OF ARTERIAL SUTURE

2 n a thermos jar containing alcohol and dry lce at —~ 79 C
?‘h‘c‘ \c\:;?crbckﬁlrc;cdk;\cs the nrtcrjy 1s condensed as ice on the akohol and sofid
carbon dioxide condenser just above 1t and any which passes thrs is trapped tn the
phosphorus pentoxide before the pump {s reached
After secondary drying in an evacuated condenser over phosphorus pentoxide
for 2 or 3 days. the tubes are capped evacuated and sealed with picien wax  The
arteries can now be hept ot room temperatures for an indefinite peniod and trans-
parted ns easily as any other glass tube.

Reconstltution

First the wax 1s removed from the tube  then the rubber cap is cieaned with
sprit  The twbe 1s now completely filed with stenle fsotome saline or distilled
water ond left for 20 minutes  during this time the artery rehydrmates and becomes
ready for use, It 1s then removed from the tube, the branches are tied and 1t is
ready to be inserted snto the patient

THE TECHNIQUE QF ARTERIAL SUTURE

This takes a vanety of forms but in general the end to-end and end to-sde tech
miques are the most usual

After stnpping the adventitm from the vessel on each mde of the proposed
suture ine the surgeon 1nserts two stay sutures of No 0000 silk for the aoria and
No 00000 silk for penipheral vessels.  An atraumatic needic 1s best unless a plastic
cloth prosthesis 1 bermg inserted, when 1t 15 wise to use an eyed needle because the
atraumatic needle tends to bend and break as 1t goes through the cloth  An over
and-over suture 15 preferred becanse this suture does not narrow the anastomosis
as an everting mattress suture does. When inserting an srtery transplant con
sdermble tension 18 required, otherwise redundant loops form when blood at
artenal pressure 15 admitted mto it

THE PRESENT POSITION OF THE VALUE OF THE
DIFFERENT ARTERIAL SUBSTITUTES

The accompanying Table gives the results obtained up to March 1957 21 St Mary s
Hosputal wath the vacous artenal reconstruction procedures and whilst these
results depend to a great extent upon the reason for domg the operation they
give & good general 1dea of the value of these procedures, particularly as many
of the patients have been followed for as long as 7 years since their operation

264 ARTERIAL RECONSTRUCTION OPERATIONS

Number of | Deod {inchuding | Thromboged Par
Operation J partknts” | eperotiom decths) | eorly and jate rai:ym'

Durect pure ‘ 2 1 3 1 o)

B | 1 6 37

?iw veln 30 s 1 1

artery | 1;3 12 33 &

0
Polys my l-akeohol sponge | 7 P 12 zg
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VASCULAR SURGERY

The best results have followed the operation of thrombo-codarterectomy but
this 13 reaily a matter of selecion only the most favourable cases being treated
by thus operation  Of the arterial substitutes homologous arterul transplants are
the best, even though they have a higher fadure rate than plastc cloth in thys
series The reason for the apparently better cesults wath plastic cloth fs that oaly
this matenal has been used for the reconstruction of the aorta and thac asteries
whese the mortality 1s ligher but the thrombaosis rate very much lower than with
penpheral arteries, into which many homologous artenal transplantt bave been
mterted  As will be seen the good results with polyvinylaleobol sponge tubes in
experimental ammals have not beea reproduced n man

To summarize

The best arterral substitute 15 a homologous artery  When this 15 not avarable
a prosthesn of plastic cloth 15 satisfactory for the reconstruction of the aorta and
sliac artenes  Plastics have not worked well in the peripheral artenies  here the
best substitute when a homologous artery 1s not available 13 an autogenous vein

OTHER USES FOR MATERIALS IN VASCULAR
SURGERY

So far the replacement of segments of blood wvesselt has boen drscussed, but
materials have been put to other uses in the management of patients with abnorma
bitses of therr blood vessels. Ancurysms have been treated by the troduction of
steel wire into the sac (Blakemore 1947 Linton 1951) in order to encourage
clotting and reduce the chances of rupture  Fine stainfess stee! wire i introduced
through a cannuia or a needle and 1t fills up the sac leaving a chanael w the
centre surrounded by a mass of clot which has formed sround the coils of wire
As much as 700 feet has been introduced into 8 large ancurysm  This method,
although simple has not gven really good results m clinwcal practce and today
1t 13 only used for a large ancurysm which for enatomical or other reasons canpot
be excised

Another method remforcing an aneurysm 1s to wrap It in polythene cellophane
(Poppe 1949) This substance bas the property of producing an intense fibrous
tussue reaction when introduced 1nto the tissues of the human body It s important
to seahize that the degree of reaction produced by ccllophane depends upon the
plastizer which was used 1n its manufacture In the case of polythene ceilophane
thus 1s dicetyl phosphate. As an alternative to wrapming an aortic aneurysm
polvthene cellophane Berman and Hull (1952) have inpected dicetyl phosphste
mixed with ohve oil around the aneurysm wn order to produce the same result
Again these methods, although attractive 1n theory have not proved satufactory
i pracuce and most surgeons with expenence of this method have abandoaed
thetr use although good results have recently been reported after the enclosure of
intracranial ancurysms in plastic

PLASTIC BLOOD TRANSFUSION EQUIPMENT

11 15 probable that all plastrc equip of the type designed by Car! Walter for the
collection storage and nfusion of whole blood will become standard equipment
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{n all countres with & blood transfusion service  The equipment 15 made of
polyvinyl chlonide and other plastica and consists of a plastic bag in which the blood
15 stored a plasic dnp chamber and plastic connecting tubes and adaptors it
can be connected 10 a needle or a plastic cannula which is introduced mto a blood
vessel  The advantages of such cquipment include safety and freedom from
reactions, easy storage and satisfactory performance n clinical practice  Plastic
cannulas and tubes have been used for many years for intravenous infusions when
1t 15 anticipated that they will have to run for several days

Lastly a vanety of plastic valves and baflles have been used for the correction
of cardiac valvular and septat defects.  With the introduction of open heart surgery
these are rapdly being superseded by direct surgical correction but they are still
used tn certain mtuations Fot example it is usually Impossible to close an
ostimium pnmwum defect i the atnal septum by direct suture  Under these
arcumstances closure may be nchieved by the insertion of & patch of polyviny)
aleohol sponge
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CHAPTER 14
HEAD AND NECK
MaxweLL ErLis

THE DEVELOPMENT of surgically Inert plastic materials has led to a wider use of
foreign matertal in and on the living tissues  There 15 2 call for external and visible
prostheses to remedy deformity as well as for functional Internal prostheses.

EXTERNAL PROSTHESES

Temporary prostheses

A temporary prosthesis can be worn while & factal defect Is beng repaired 1n
stages, and may spare the patient a great deal of embarrassment and possibly
psychologreal damage This situation occasionally anses after injunes, dunng
the period of plastic reconstruction, and after a mutilating resection for cancer
A temporary prosthesis can be fashioned from rubber latex, which 1s & soft and
pliable material and can easily be tinted to a natural shade The flesh colour
darkens gradually especially when exposed to the sun, but the Jightaess of the
matertal and the ease with which 1t can be attached by glue or gum make it
especially useful as a temporary fitting.

Permanent prostheses

The value of permanent prostheses Is to some extent a matter of opinion. The
techniques of reparative surgery ere extending, and many exponents of these skills
would doubthess deny the need for a permapent facial prosthesis. Neverthekess
the reconstruction of a whole ear or the complete nose 1s never & particularly
successful procedure and the organ rarely Jooks at all natural A prosthesis Isa
more aesthetically satisfying mode of repair and 1 spite of 1ts disadvantages In
having to be fixed in place, removed and cleaned, it s probably the more practreal
compromise The matenals vary Vuleamte, with or without wax gelatine
glycerin and a bight aluminium alloy have all been used. A nosc or an ear i best
made of rubber latex (Fig. 65), and can be stuck to the skin firmly enough to eke
2 parr of spectacles  Other facial defects are best remedied by acryltc resin pros
theses They are durable Ight, of good texture and easy to tint they do not
corrode on contact with nasal or oral secretions and are easy to clean  The type
of defect for which an scrylic prosthesis 1s 1deal is Mustrated in Fig. 66 1T this
defect 15 later closed (by & lined tube pedicle graft from the forchead or chest),
1 flat expanse of skin will replace the gap, and can be concealed by s smaller but
similar type of prosthesis.

Palatal defects y
An opening 1n the hard palate is usually closed by the obtorator of an ordinary
denture The Larger problem, after excision of the whole maxilla, is solved In the
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EXTCRNAL PROSTHESES

Fra. 65 —(a) Pinna with external table of bone excised and defect covered with skm graft
(b) prosthests of rubber latex secured by gum.

-/ &

T 66.—(a) Defect follow Ing wide excriton of maxilla and orbit (5) prostbeshs of actylic resin
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INTERNAL PROSTHESES

way but in teo sta The immediate operative defect is scaled off with s
;ar:\m-mmlyy prepared lcmpf:?nry denture the upper surface of which carries several
wires protruding vertically for about 1 centimetre. The defect behind the cheek
18 filled with gutta percha moulded to the shape of the cavity fixed to the upper
surface of the denture by impalement on the wires Thrs prosthesis is fitted at the
end of the operation The gutta percha undergoes a further slight moulding to
shape by body heat. After 2 months or so this temporary prosthes:s is replaced
by a hollow acrylic one made in a single prece with the denture (Fig. 67)

Facial palsy

1n cases of facia) palsy it was customary to support the angle of the mouth by
an external splint composed of silver wire hooks into the mouth and over the ear
fastened together by elastic. A more elegant method 15 to attach a small hook of
acrylic resin to an upper denture or to a cap over a tooth so that the end of the
hook just holds the corner of the mouth upwards and outwards.

INTERNAL PROSTHESES

Internal splints are occasionally necessary to maintam soft tissue alignment
or to support grafts. Polythene has been mentioned in Chapter 10 It 1s & valuable
material as an inlay in fashioming a depressed nasal bridge, and 1s particularly
useful 1n a growing child, as 1t can easily be removed and replaced by a larger
mlay every 2 or 3 years untl growth ceases and & permsnent repair i1s possible

Lining of denaded cavities

Polythene tubes have been used to carry skin grafts for the liming of denuded
cavities. However as the matenal is very mert, it was found that normal growth
takes place around it. Thns ducovery simplified several somewhat unsatsfactory
procedures. In operations on the frontal sinus & polythene tube is Ieft 1n the naso-
frontal area (Fig. 68), and mucosa (or fibrous fissue) grows along end lines the
channel in contact with the tube (Ells, 1954)

T of laryogeal {

The same method (a development of Schmiegelow s procedure) has been em
ployed in the larynx, instead of skin grafting, for the treatment of stenosis. After
thyrotomy and excision of the scar tissue a large polythene tube 1s left 1 the
larynx, anchored by a Kirschner wire passing through 1t and through the neck
from nde 10 side, transfixing and anchored on corks at each end. The tube is
removed through the mounth after 3 or 4 months, and a smooth surface of
regenerated mucosa, or of healthy scar tissue femarns.

Mandibular replacement

The same principle has again been used after resection of the mandible The
bone 15 immediately replaced by a polythene or acrylic mould, or a plate of
Vialfium, around which the tissues grow apparently unaffected by the mert
foreign substance, which may eventually come to be bunted tn them. A denture

an be supported on this hiving tissue covered nla
‘Ward and Sikes, 1950) ¢ Y (Kezntgan 1939 Bdgerion.

189






\

N
HEARING AIDS

thene tube will resist the continuing growtly of the tumour 15 not certain but the
matenal is tough and will stand a great dcn! of pressure

X
HF_ARINCE‘*AIDS

All the modern operations on the car fenestration stapes mobilization and
tympanoplasty utiize magmification stimulating an enormous advance in the
construction of and materials used 1n the manufacture of optical apparatus  There
has also been a preat advance i methods of burring away bone (Chapter 8)
But the development of heanng mds has been almost more remarkable The
combnation of the tr with hght and strong plastic cases and plastic
clectrical connexions and cables has resulted in struments of minute size and

] S

F'“-N—E"dbhmdn;ulgﬂlhclhlnpomhutmbc;mo%mcrmcmm-mlntnt.hcmutal

Eﬁ'&“'““wm latex tnsert arm of a pair of spectacies and its placo of msertion

Fra.
7 —Hludrphmrh:.aid,lhwin(whaclh:mm:\nybauay b inserted polythene tubo
ber latex insert,
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HEAD AND NECK

high acoustic eficiency The ear chp aid (Fig. 70) is an Indtcation of what 13
being achieved. The injection moulded plastic casc Ites behind the ear its position
and comfort adjusted by the length of polythene tube entering the meatal cenal,
or 1t can be held more firmly by a small piece of cellotape, or fitted to the arm of &
pair of spectacies The electrical portion of the earpiece 18 1n the instrument itsell
2nd the nsert in the meatus s of soft rubber latex  Haur sitde a1ds have been known
for some time and & recent type 1s illustrated 1n Fig. 71 The case is fabrcated of
perspex, tortomseshell cellulose acetate and 13 extremely hight. 1t 15 clipped in &
lock of hair in the depths of the coiffure 1n which the polythene tube and rubber
latex insert are also mdden Again the acoustic portion of the carprece 13 in-
corporated in the instrument its¢}lf The minute mercury battery has & life of 70
hours and costs two shillings  These types of ard have an gmplification of 3545
dectbels, a high fidelity reproduction, and are eminently switable for all forms of
conduction deafness, for certain cases of perceptive deafness, and for many cases
of # mixture of the two

Hearing a1ds incorporated in the expanded arms of spectacle frames are already
well known and newer designs are constantly appearing, combinng the virtucs
of greater lightness and less bulk with improving acoustic fidelity

CONCLUSION

Surgical operntions in the head and neck region may cause external disfigurement
and also disruption of the food and air pastages Repair of the finst type of defect
13 often best achieved by prostheses of vartous matengls rather than by recon-
structive surgery Repair of the second type has utilized the prnncipio that the
growth of hving tissue 1s apparently untundered by the presence in bulk of certamn
materials. This 1s not a new principle, but its possibilities have only recently been
successfully explored. It is easy to see that the further development of strong.
1nert, but more malieable matenals, together with infection suppresuing drugs of
wider application wiil develop still more the surgery of this reglon
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CHAPTER 15
PRESERVATION OF TISSULS
Liox Gius

ALTHOUGH THIS BOOM sets out 10 describe matenals which are employed in surgery
the fact 18 that today preservation of natura! tissues for subsequent grafung 15
becoming increasingly common and 1s essential for the advancement of modern
surgery  These preserved tissues are superior to artificial structures in the cases
mstanced below

METHODS OF PRESERVATION

The principle on w hich the methods of tissue preservation now rest was established
by Carrel (1908 1912) He demonstrated that a vanety of tissues, including skin
and artery stored under hquid paraffin (Petrolatum) at ice box temperatures
(between —1 C and +7 C) os a preservative medium * took  as well as fresh
tissues when subsequently grafted A vanety of minor modifications in this basic
technique have subsequently been introduced  Mare recently some authorities
on the basis of the results of trssue culture tests of explants of stored tissues have
advocated the use of nutnent storage media such as dilute serum, in the presence
of air (Perce and his colleagues, 1949 Allgdwer and Blocker 1952) However
for many tissues, and particularly shin the transplantation test of survival after
storage 1s much supenor to that of after tissue culture (Bulingham 1954) Culture
in vitro of small explants can only establish whether the cells remain alive if any of
them grow out from the margins of the explants The transplantation test
however will establish the survival of the tissue as a functional entity  As Medawar
(1954) has pointed out, 1t 15 possible to visualize a storage system whrch gives
superlative results when the stored tissue 1s tested by tissue culture but which for
some reason perhaps swelling and  waterlogging  of the ground substance may
result in failure of & graft to * take  Such a storage system would be chnically
worthless  stornge systems must be apprmised according to their success to make
transplantation possible
tmﬂw sgreat drawback of all methods of storing tissues at ordinary  refngerator
b;:’atum—(hat 15, a few degrees above 0° C— 13 the progressive decline in the
viability of the cells  For skin the maximum storage hife under these conditions
s %‘:‘bly 6-8 weeks (Billingham  1954) and 1t 15 cven less for other tissues
betow tfl:ﬂ that mammalian tissues will withstand freezing at temperatures far
nd Mor: cutectic point of normal saline was cstabhished by the work of Mider
hughly on (1939) and Briggs and Jund (1944) on skin—probably one of the most
A ob;t;;nant tissues to thermal and other stresses 1n the body The cornea also
m"; ) y highly resistant on account of its exposed position in the body For
mmf_'t;vlzm:luom evaporation from the perpetually moust surface of the cornea
ant Ctnplncall dcmpcmlure considerably without apparentill effects The mmport
1scovery by Polge Smuth and Parkes (1949) that pretreatment of
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SKIN STORAGLE

odour This did not appear 1o be due to necroys and on bacteriological examina
tion the samples proved to be grossly contaminaicd  This observation became
the basis for routine cultunng of skin grafts  The cultures arc taken from both
“surgeally ckean  and *surgrally dinty cases and a culture follow up Is
done on all the samples 1t should be noted that it Is practically impossible to make
sk even hair free skin on the palms and soles absolutely sterile

Methods of study

Duning a 2 year period without special selection cases in which skin grafung
wat required were utilized 1n this study  In both surgically clean and surgically
dirty cases, samples of skin were taken in the operating room at the time of the
defimtive surmeal procedure  All the donor areas were washed with soap and
water then cleaned wath ethyl alcohol (70 per cent) and phemerol  Skin grafts
were taken with o Padgett Hood dermatome and two samples of skin were imme
dately cut off One was placed 1n a sterile petri-dish for culture the other was
wrapped in a saline molstened sponge, placed in a glass tube plugged with cotton
or a cork and sealed with iquid paraffin  The tubes were labelled with the
patient s name and the date and were stored in an ordinary refrigerator (3 -5° C)
Twice at 3-week intervals these samples were opened under sterile conditions
and specimens were again taken for culture  In some cases 9 week cultures were
made, but these yielded no further information

The samples used for culture were minced with sterile saline solution and the
mixture was then used to inoculate a tube of thioglycolate broth and a chocolate
agat plate  Colony counts and bactenal 1dentification were made by the depart
;nocnt bacteriologist.  The cultures were incubated and observed at 24 48 and 72

ure,

Sermary and conclmlons

One hundred samples of skin have been cultured 38 were from  surgically
ckan ” cases and 62 from  surgically dirty™ cases  OF the samples 18 (36 8 per
cent) from the former group and 34 (54 8 per cent) from the latter reacted posi
tvely on iniual culture The  take ™ of the skin grafts was good (95 per cent or
better) in all but 3 cases and these were  dirty ™ cases 10 which proteus organisms
were combined with non-hacmolytic Staphy lococeus aureus  As noted above 1t
u drfficult, if not impossible to sterilize the skin even 1n * clean ™ cases by routine
srpcal preparation, but bacterial contamipation by itself 15 not the usual cause of
glﬂ:\ failure. 1In the “ diny * cases, an increase 1n the number of imitially poutive
the ures was out of proportion to the number of those cases (6 per cent) 1n which

£rafls were taken from areas adjacent to open wounds In 10 imstances in
‘yx]hhhdaddlm skin swabs gave negative results on culture, samples of skin still
o ;;ﬁrunve cultures. [t 1s suggested that there 13 a pooling of bactena in the
‘mﬂ‘?m to that observed by Price (1938 @ and b) in the spleen, even when cul
o o blood are negative ~ Cultures of the skin may thus be helpful in evalua
€ the bacteraemia of the cxtensively bumned patient.
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CORNEAL STORAGLE

removed within 10 hours of death and stored under these conditions consistently
proved to be satisfactory for full thickness and lamellar grafts

The success of 1 particular method of storape and the increased availability
of corneal tissue has made it possible to establish eye banks throughout Great
Britain

One additional advantage of hiquid paraffin as a storage medium 13 the pro-
tection which its high viscosity affords to donor eyes against mechanical damage
dunng transit

Storage in the fro-en state

The work of Smelzer and Ozames (1946) 1s frequently aited as evidence that the
storage of untreated donor ¢yes or corneal grofis, at very low temperatures 13
unsuccessful | These authors froze freshly excised rabbit donor eyes rapidiy to
—196* C by immersion 1n liquid nitrogen and after storing them at this tempera
ture for vanious periods up to 4 days, allowed them to thaw out at room tempera
ture—that 13, very slonly  So far as skin 1s concerned this method would be
unquestionably fatal to its ceils and 1t 1s therefore, not surprising that though the
grafts are reported as having healed 1n satsfactorily they soon became oedematous
and opaque  Before the possibility of storing untreated corneal tissue at very low
temperatures can be excluded however it will have to be shown that grafts, frozen
and thawed at the optimum rates—that 15, slow freezng and rapid thawing—fml
to remain clear on transplantation

The beneficial eflects of pretreating vanous mammalan tissues with dilute
glycerol solutions before freezing and storage at very low temperatures have been
described above, Eastcott and hus colleagues (1954) have applied this method to
corneal grafts of different thicknesses,  After excision from cadaver eyes, they were
treated with a 15 per cent solution of glyeerol in Ringer s solution for 1 hour
before being frozen to —79° C at which temperature they were stored  When
required for transplantation thawing-out was rapid in all cases  Sausfactory
results were obtamed with lamellar grafts preserved for several weeks The
authors stated that these grafis in theiwr post-operative behaviour differed in no
respect from fresh grafis  Less sausfactory results however attended the use
of stored full thuickness grafts

At the East Grinstead Regional Eye Bank, n collaboration with Dr Giles
Romanes, siumilar studies have been carned out In addition workers at East
Gunstead have investigated the possibility of preserving the whole donor eve to
wllow the surgeon greater freedom 1n employing hus stored matenal  On receipt
of 2 donor €ye or cornea at the eye bank, 1t 1s removed from the pamaffin solution
n which 1t was transported, thoroughly nased with normal saline to remove all
traces of adherent paraffin and a culture is taken The eye 15 then completely
tmmersed for 20 minutes 1 an antibiotic solution (see below) after which 1t is
transferred 1o excess 15 per cent glycerol in Ringer s solution at room temperature
for 1 hour to ensure that the cornea 1s thoroughly impregnated by the glycerol
Al fluid 15 then drained off and the eye 15 placed with 1ts cornes uppermost ina
F'ﬂd&momhcd shailow glass phial which 15 lagged with gauze to prevent rapid

reenng. This phual 18 then placed 1n contact with solid carbon dioxide (dry ice
er Drikold are synonyms) at —79° C in the deep-freeze bank. This consists of a

'8¢, welklagged S-gallon Dewar flask, containing sold carbon dioxide as the
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PRESERVATION OF TISSUES

refngemnt. It will house up to 30 eyes The refrigerant s cheap and readily
avpilable—a 16-pound block will mantain the bank for about 2 fortmght.

When n donor eye 15 required the phual 13 withdrawn with protected hands,
from the bank and its cap quickly removed. The eye (or at least ifs cornen) 15
then thawed out rapidly by pounng tn excess sormal saline or Ringer’s solution,
heated to body temperature and as soon as the ice holding it to the bottom of the
phual has thawed the eye 1s tipped into a bath of warm saline  Before thawng,
the frozen cornea 13 grey and mottled and the eye brick hard, but, on thawing, the
cornes rapidly resumes sts normal transparency and the white and opaqee frozen
lens can be seen through 1t The Jens, being more 1solated from the source of heat
than the cornea, takes about 10 munutes to thaw out completely As the eye
reaches body temperature munute air bubbles frequently appear in the corneal
stroma and its epithehum may be separated from it. On cutting the comnea, it
seems to be more rubbery 1n consistency than those of eyes preserved at tempera
tures just above freezing point, but the transparcitcy 15 better and expenence
shows no progressive detertoration on storage.

Expenence so far indwcates that while 1t 13 posuble to abtain some permanent
transparency with full thickness grafts stored for many months by thus deep-
freeze method, the behaviour of these grafts 15 not entirely satmfactory Thelr
shortcomings are of an optical nature and may be attributed to factors such
s folding and retraction of Descemct 5 membrane and separation of the corneal
lameilae, possibly by the formation of the ur bubbles seen on thawing.  Good
results have, however been obtamed with lamellar grafts from cyes stored for as
long as 3 months.

The anomalous behaviour of full-thickness grafts preserved mn this manner may
be attibutable to the death of an appreciable portion of their ccli population or
perhaps though the majonty of cells may survive 1reversible changes which are
responsible for the optreal imperfections may have occurred 1n the armngement
of the lamellar fibres. It roust be borne 1n mund that the clinscal test of permapent
transparency and optical perfection 13 more exacting than any test to which pre
served grafts of any other type of tissue are submtted

At the present state of knowledge it must, therefore be emphaszed that the
problem of the Jong-termn preservation of cormeal donor matenal, at very low
temperatures, still awarts & satisfactory solution The results of the prelumnary
truals conducted by Eastcott and his colleagues (1954) may be sard to hold out
reasonable hope that the principle of the method may be sound.

The viabillty of deep-fro~en grafts —From our knowiedge of otber tissues there
18 2 prima facle case for assurning that at least some of the cells in a corneal graft
may be alive after storage at —79* C following glycerol pretreatment. To some
extent thus case s reinforced by the excellent clinreal results obtained with stored
lamellar grafts. Before deep-frozen grafts were used clinrcally at East Grinstead
trials were carned out to determine whether the eprthelal cells of thin shavings
of rebbits corneas—easentially lamellar grafts in thetr constitotion—were stulf
alive after a month s storage 1n this manner The test of viabulity comprised
grafting the thawed-out shavings in  open style ™ to extensive vascular beds cut
in the skm of the amumals from which they had been removed jmtislly The
amoebod projection of the epithelial and corneal cells on the surface of the margins
of the graft Ieft no doubt that & hugh proportion of the epithelial cells had survrved
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Evidence that guinea pig corneas after storage 1n a similar manner contan sur
\iving cefls has also been established by Bacsich and Wyburn (1954)

Asscsyment of the sultabflity of stored corneal thesue

There 1s no simple obvious critenion for nssessing the suitability of stored
corneal praft matenal  Buschle (1951) has given @ number of cnteria that various
authors have proposed but as he ponted out even evidence of viablity does not
necessanly imply the presence of the morphological and functional integnty
requisite for o successful  take  and for the mantenance of transparency At
present there is no better critenon for clinical purposes than visual experience in
decrding whether corneal tissue 15, or is not switable for the provision of a graft
A sutable donor comen 1s of normal shape and has normal curvature 1t has a
bright surface sheen but it may be mottled and grev in colour it must not be
swollen and should show firm consistency when cut  The presence or absence of
epithelium 1s immatenal since its loss 1s speecily made good from the host  Obvi
ously soft or mpeernted corneas are uscless and there must certminly be no opacity
nectosy, smell, or fungal growth

Factors governing the selection of donor material

In theory and in practice the 1deal donor eye 1s that which s used immediately
after surgieal excsion from a hiving person but Russian surgeons have expressed
the view that some penod of preservation may be an advantage  Second choice
1 an eyc which has been removed ns soon as possible after death—10 hours 1s a
prudent upper limut.  The corneas of adults are preferable because of their relative
ngidity and physical uniformity

Tramport of donor material

Where an eye bank supples a large aren, a robust transport box 1t necessary to
protect the donor material in tansit.  The umple arrangement which has been In use
for some years at East Grinstend Eye Bank compnises a stout wooden copper-lined
box in the bottom of which 1s fixed a brass clamp securely holding a wide mouthed
stoppered glass bottle  the bottle is half filled with iqud paraffin - To keep the eye
ool the box is fillkd with ice before despatch to the eye bank. Sterite glass con
tainers arc maintained in readiness at the various hosprabs serving the eye bank and
the donor cyes on removal are stored temporarily 1n the haspital refngerator pending
the arrival of the transport box from the bank A similar contrivance has been descnbed
z‘;z‘*:ﬂ (l”gu lrt:crpmyl:_hmlc}:;scomuu of an insulated jug wherein the eye is safely

moist cham 13 roved adequate for the of over

dixtances in the United States of Amcﬂcn.p o frnsport of eyes foni

The bacteriology of the donor eye
The bacteriologinl exammation of the donor eye has become of particular
importance with the increasing use of cadaver matenal  Although the possibtlity
0; transmutng disease by o corneal graft 1s so remote that 1t can be dismissed
the question of external contamination and infection of & cadaver graft 1s highly
mportant  The bactenological examination of cadaver donor eyes 1s a routine
Procedure at the East Grinstead Eye Bank  Recent records show that 34 cadaver
_Icyhc: m 218 routine culture examinations were infected with pathogenic organisms
organisms, of which many were pemcillin resistant  were Staphy Joroccuy
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refrigerant. It will house up to 30 eyes. The refnigerant 15 cheap and readily
available—a 16-pound block wall maintain the bank for about a fortmght

When a donor eye 1s required, the phual i1s withdrawn, with protected hands,
from the bank and its cap quickly removed  The eye (or at least its corpea) 5
then thawed out rapidly by pouring in excess normal sahine or Runger s solution,
beated to body temperature, and as soon as the ice holding it to the bottom of the
ptual has thaned the eye 1s tipped 1nto 2 bath of warm saline  Before thavwmg,
the frozen cornea 1s grey and mottled and the eye brick hard but, on thawing, the
cornea rapidly resumes 1ts normal transparency and the white and opaque frozen
lens can be seen through it The lens, being more 1solated from the source of heat
than the cornea takes about 10 munutes to thaw out completely As the e3¢
reaches body temperature munute are bubbles frequently appear 1n the corneal
strorna and its epithehum may be scparated from it On cutting the corpea, it
seems to be more rubbery in consistency than those of eyes preserved at tempena
tures just above freemng pomnt, but the transparency is better and experence
shows no progressive deterioration on storage

Expenience so far indicates that, while 1t 15 possible to abtain some permanent
transparency with full-thickness grafts stored for many months by this deep-
freeze method, the behaviour of these grafis 1s not enturely satsfactory Thar
shortcommngs are of an optical nature and may be artributed to factors such
as folding end retraction of Descemet s membrane and separation of the corneal
lamellac possibly by the formation of the air bubbles seen on thawing. Good
results have, however been obtamed with lameilar grafts from eyes stored for 25
long as 3 months

The anomalous behaviour of full thickness grafis preserved mn this manmer may
be attributable ta the death of an appreciable portion of thewr cell population  or
perhaps though the majonty of cells may survive, trreversible changes which are
responsible for the optical imperfections may have occurred in the armngement
of the lamellar fibres. It must be borpe 1o mund that the clinreal test of permanent
transparency and oplical perfection 1s more exacung than any test to which pre-
served grafts of any other type of tisue are submutted

At the present state of knowledge 1t must, therefore, be emphasized that the
problem of the long-term prescrvation of comeal donor materal, at very low
temperatures stll awaits a satisfactory solution  The results of the prehminary
truals conducted by Eastcott and hus colleagues (1954) may be sad fo hold out
reasonable hope that the primcrple of the method may be sonnd.

The viability of deepfro en grafts —From our knowledge of other tissues there
13 & prima facle case for assummg that at least some of the ceils m 3 comneal graflt
may be alive after storage at —79 C followng glycerol pretreatment. To some
extent this case 1s remforced by the excellent clmical results obtained with stored
lamellar grafts  Before deep-frozen grafts werc used churcally at East Grinstead,
trials were carmed out to determme ®hether the eprthebal cefls of thin shevings
of rabbits corneas—essenuslly lamellar grafts in thewr constifution—were stilt
alive afer a month s storage i this manner  The test of viability compriied
grafung the thawed-oat shavings 1n ™ open style ™ to extensive vascular beds ot
10 the skin of the ammals from which they had been removed mtually The
amoebord projection of the eptthelial and corneal cells on the surface armcm.uﬁ!
of the graft left no doubt that a hugh proportion of the epithelial cells had survi
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CORNEAL STORAGE

Ewidence that guinea pig corneas after storage in a similar manner contain sur
viving cells has also been established by Bacsich and Wyburn (1934)

Assessment of the sultability of stored corneal tissue

There 15 no simple obvious criterion for assessing the sutability of stored
corneal graft matenial  Buschke (1951) has given a number of eritena that various
authors have proposed but as he pomted out even evidence of viability does not
necessanly imply the presence of the morphological and functional integnty
requisite for a successful “ take ™ and for the maintenance of transparency At
present there 15 no better criterion for climeal purposes than visual expenience 1n
decrding whether corneal tissuc 1s, or 1s not suitable for the provision of a graft
A suitable donor cornea 1s of normal shape and has normal curvature 1t has a
bright surface sheen but it may be mottled and grey 1n colour 1t must not be
swollen and should show firm conssstency when cut  The presence or absence of
epithelium s immatertal since its loss 15 speedily made good from the host  Obwi
ously soft or macerated corneas are useless and there must certainly be no opacity
necrosis, smell or fungal growth

Factors goerning the selection of donor material

In theory and in practice the 1deal donor eye 18 that which 1s used immediately
after surgical excision from a living person but Russian surgeons have expressed
the view that some period of prexervation may be an advantage  Second choice
15 an eye which has been removed as soon as possible after death—10 hours 15 &
prudent upper imit  The corneas of adults are preferable because of their relative
ngidity and physweal uniformity

Transport of dowor material

hospital refngerator din,

the ammval of the transport box from the bank Admnhrmnmvanc:hasbccnd:;-ibcg

b}zljmgn lggn:\%:‘hm\e&comumt; of an imulated jug wherein the eye is safely
chaml - adequate f trans

dutances in the Unlted States of Arncncn.m deq or the port of eyes over long

The bacteriology of the donor eye

The bactenological examination of the donor cye has become of partrcular
Importance with the increasing use of cadaver material  Although the possibility
of transmutting disease by a corneal graft 1s 3o remote that 1t can be dismissed
the question of external contamnation and mfecuon of a cadaver graft i3 highly
Important. The bactenologien]l examtination of cadaver donor cyes 1 a routine
procedure at the East Grinstead Eye Bank Recent records show that 34 cadaver
€yes 1n 218 routine culture examinations were infected with path or
The organisms of which many were penicallin resistant, wcr:n Staph lococcus
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aureus haemoly ticus (23) Pseudomonas pyecyanea (4) Streptococcus virldans (5).
and Escherichia coli (2}  Only one grafted cye in over 100 full thickness grafts was
lost from infection (this was due to E. co/l and the graft had come from a cadaver
donor)

Abdmn (1952) carried out bacteriologicat tions of the conj val sacs
of 100 cadavers at the Kasr-el Aint Hospital—direct smears and cultures were
taken between October and November  In 198 smears 58 were negative, but only
9 were negative on culture  The saprophytic organisms 1n positive cases were
Staph albus or Bacillus xerosis or both. Pathogenic organisms occurred m 39
smears and 76 cultures the orgamisms were Staph aureus Morax Axenfeld
bacillus Nelsseria gonorrhoeae or Koch Weeks bacillus  The significance of these
results to the use of cadaver donors for cornea! grafts was emphasized It must,
therefore be realized that cadaver eyes are a potential source of infection and
present A very real danger which must be appreciated and controlled if this source
of donor material 18 to be safely and widely employed  Present methods of pre-
servation do not destroy micro-organisms

The bacteriologleal control of cadaver dovor material

At the East Grinstead Eye Bank the following routine prophylactic measures
have been adopted when acquinng cadaver matenal A culture 15 taken of the
cadaver conyunctiva and the eyes are thoroughly irmgated with pearcillin solution
before they are removed The excised eyes or corneas are then placed mn sterile
hquid paraffin containing an ) of p ihin and streptomycin (100 units
of each per gramme of liquid parafin) On arrival at the eye bank » culture 15
agamn taken of the donor eye prior to storage by one of the methods already
described.  The results of the cultures are avarlable to the surgeons before opers
tion and any eyes which have produced positive cultures are not used on patients
but are drscarded to use in teaching

For eye grafts as with grafts of any other trsue, careful aseptic measures 11 their
procurement 1s the 1deal  Unfortunately with cadaver matenal thy ydeal 15 not
cauly realized. Undoubtedly the prevention of contamination must be the
objective to ensure the sterility of matenal to be used 1n corneal graft surgery
rather than any method of stenilization A final assault on the possibility of graft
infection 1s made by washing the matermal in 1 per cent Cetavlon immediately prior
to use in the operating theatre

BONE STORAGE

With the wider scope of orthopaedic operations the necessity of using homogenous
rather than autogenous bone graits 11 b g Increasmgly Y

There 15 no doubt that the use of bone other than sutogenous obviates for
patrents, and particularly children who may be subjected to frequent grafuing
operations the trauma of a second operation

In recent years two methods of preservation of bone have been generally ysed.
[n one the bone is preserved by refrigeraton, and m the other the bone 15 pre
served 1n a solution of merthiolate  When rapidly frozen by “ decp-freeze
methods bone can be utilized for grafung up to some 3 months or so from the
tme 1t has been acquired
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The bone bank

The necessary requirements for the estabhshment of a bone bank 1nclude
(1) scrupulous aseptic technique in obtaining bone for example from amputations
or resection of bone  (2) sterile containers (3} laboratory facilitzes for cultures
(4) storage facilities, and (5) an ndexing system

Bone supph

There are three possible sources of bone (1) Bone from amputations following,
for example trauma, diabetes mellitus, or arteriosclerosls  (2) surplus bone from
auto-grafting procedures and (3) bone from cadavers  Generally speaking, 1t 1s
bone taken from amputations that 1s used for grafting.

1t 15 important o ascertan that the donor s Wassermann reaction 1s negative
and that ngd aseptic technique 15 observed in cutting up the bone  Areas of
localized infection or dry gangrene are excluded from the operation field with
dressings before the donor reaches the operating theatre and the dressings are left
on Amputntion limbs from patients with conditions such as wet gangrene or
spreading infecttons must not be accepted

The limb to be amputated receives a complete skin preparauon and any areas
where skin breakdown has occurred are protected by several thicknesses of sterile
gauze and, when the amputated himb is set aside on 2 sterile table, resection of the
available bone 15 carned out as soon as possible by a second team. Skin towels
are applied to a Jong maiston which 1 made down to the subcutancous surface of
the tibia or other bone and all the soft tissues are separated subperiosteally Using
an electric saw  surtable sizes and shapes of cortical bone grafts are cut, and all
cancellous bone 15 carefully curetted and pat in separate contamers

The containers

These should be double jars made of glass with metal screw tops to each jar
They arc assembled in large numbers autoclaved and kept in readiness adjacent
to the operating theatre  When the bone has been packed 1nto the mner jar the
outer jars are numbered with glass pencils A specimen 1s taken from a piece of
bone and placed 1n the correspondingly numbered tube of culture medim  The
full jars are stored untl the bone, on which there must be a negative culture

report, 13 requred for use
Storage

Low temperatures prevent sepsis and bacterizl growth and preserve the physical
and chemucal properties of bone unaltered The plasma freezer which most
hospitals possess maintamns a constant temperature of 4 5° C (40 F)
Culture control

Fresh thioglycolate medium 1s useful since 1t provides both acrobic and anacrobic
conditions.  The selected specimens of bone are incubated for 48 hours before
Zumm-‘luon I a speaimen yields even one posive culture theo 1t should be
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THE STORAGE OT ARTERIAL GRAFTS

Heterologous grafis were used successfully in animals by Carrel (1508) but
their use in man 1s stll in an expenmental phase  Hufnagel (1954) has reported
the suecessful use of such grafts sterilized i liquid cthylene oxide and then frozen
and dehydrated 1€ such o technique can be shown to be safe, the avalability of
sustable prafts will be vastly inereased and the task of keeping an ample stock of
grafts in the bank will be eased

Homologous artenal grafts are taken in the mortuary from a person under the
age of 40 years who has died usually as the result of an accident  The grafts are
tested for transmrsmible disense, and taken within 12 hours of death with full
aseptic precautions  They are cut into suitable lengths placed n stenle Pyrex
tubes and a sterile rubber bung is snserted  The sterile part of the operation 1s now
completed A freenng mixture 1s prepared by adding carbon dioxide snow to
methylated spint until a temperature of about —70 C is recorded on an akeohol
thermometer ‘The Pyrex tubes are inserted into this mixture in turn for about
3 minutes. At the end of the 3 minutes the prafis are transferred to the bank for
permanent storage  This may consist of a commercial deep freeze operating at
about —20° C, as used by Deteriing, Coleman and Parshiey (1951}  An alternative
is an msulated box kept cold wath blocks of carbon dioxid= snow which need to be
replaced about twice & week to maintam a temperature of <79 C  This has the
advantage that it 13 not dependent on a constant electrical supply and will not
warm slowly in the event of a power fatlure

When a graft 13 required the selected tube 18 taken to the theatre the bung
1s removed and the tube filled with saline solution at 3778 C(100 F) As the grafl
fioats free 1t 13 poured into & bowl of warm saline 1t 3 immediately ready for
higauon of 1tx branches and inseruon snto the defect 1 1t 1s necessary to transport
a frozen graft to another hospital 1t can be done 1n a wide mouthed vacuum flask
packed with carbon dioxide snow
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CHAPTER 16
NATURAL MATERIALS

ALLenson G Ruttex

SUTURE MATERIALS

THE crorce of suture materls, as of so many other things 1n surgery and outside
it, has often been governed more by fashion than by the result of controlled
screntific expeniment Modern trends if any trends may be discerned 1n a practice
subject to so many vanations in different countnies, and between individual
surgeons even n a single hospital have been toward the substitution of non
absorbable for absorbable matenals for most surgreal sutures and higatures and
more recently toward the use of plaste and metallic filaments rather than the
natural ” materials which until recently held the field  The relative ments of
absorbable and non-absorbable matenals, the importance of the Halsted  silk ™
technrque m the use of the latter and the differences 1n the reactions of the tissues
to these differing matenals are discussed elsewhere 1n this volume  This section
aims merely to set out for the surgeon the varous matenials which are available
for his chowe, their physical properties and the sizes and forms in which they
may be purchased Some knowledge of therr design their mode of manufacture
of stenhzation, and of the differences between different products sold under
simutar names should help him to select intelligently the material best suited to
his specafic purpose and to accept with a properly cnitical reserve the claims that
may be made by enthusiasts for any particular new ™ suture or ligature material.
To avord confusion and to gain 1n brevity the word “ suture ™ will be used jn
thrs section to refer to any thread, strand or cord used for any surgical purpose.
In practice, of course, a ** suture * 1s & strand used threaded on a needle to approxi

mate tissues, while 2 *“ ligature 15 a strand used to tie off blood vessels for
hacmostasis.

ABSORBABLE SUTURES

Catgut

Catgut 15 the only absorbable suture now 10 common use  The carliest reference
to 1t appeant to be in the wntings of Galen, who used hemp and silk cord for
ligating bleeding vessels, but suggested the use of catgut when these were not
readily available

Surgrcal catgut 15 a developrent of the musical sting  Its name 15 usually
accepted a3 being a vanant of * kitgut, the “lut " beéing a small three-stringed
violin 1n common use 1n the sixteenth century and earlier  Its ongin has always
been the gut of the sheep and not that of the cat.  Surgreal gut 1s prepared from the
submucous layer of the proximal third of the small intestine of the sheep  The gut
1 cleaned split into nbbons, and from these nbbons the 1wner mucous Lining and
the outer sero lar coat are ed mechancally leaving a thin, strong
network of fibres consisting chemically of almost pure collagen  From one to
8¢ of these nbbons are then stretched and mechantcally twisted together under
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controlled tension to form the catgut thread. The threads are then dred separately
under tension polished, gauged for size, heat-sterilized, and packaged m her
metically scaled tubes

Sterill_ation

Earlier textbooks of surgery usually devoted a section to the methods of steriliza
tion of catgut, and the multiplraty of methods which have been suggested 11
tesimony to the complexity of thus important problem Chemrcal sterilrzation
has 2l! too often proved unreliable especually in the destroction of tetanus spores,
and adequate heat stertlizmtron (which to prevent denaturation has to be done with
the gut 1n a dehydrated state) 1s only really practicable 1n large scale commercul
plants The markeung of catgut 1n non-sterile hanks or reels for sterilzation In
individual hosprtal theatres has now therefore, and nghtly become an oot
moded practice no surgeon need these days be tempted iInto sterilzing his own
catgut.  After steribzation the gut, nearly always in indrvadual glags tubes, h
immersed 1n a flud which preserves the tensile strength and smoothness of the
thread, and sealed

Bollable and non-bollable caigut

Not every medical student on graduation and not every theatre sster seems
to have been taught the significance of these terms, and to appreciate that they
apply not to the catgut birt to its container The difference between the two lies
in the composition of the tubmg flud.  Bodable ™ gut 15 catgut still 1 the
anhydrous state packaged in an anbydrous tubing flud, usually xylol. The
surface of the tubes may therefore, be stenlized by boiling or autoclaving without
damaging the quality and tensile strength of the catgut withm  Such anhydrous
gut 13, however difficult to handle, and must be soaked in water for several minutes
before 1t 1s phiable enough for usc. It is, too consistently weaker size for sure,
than non-boilable gut and 1t 1s used hitle or not at all by most surgeons.

Non boilable ™ gut 1s partrally rehydrated after sterilzation and s tubed in
an aicohol-water mixture which bas a plastteizing or sofieming effect upon the
catgut. Such tubes however must not be sterilized by heat or the catgut will be
spoilt  The tubes arc stored in sterilizing fluld and the suture 15 phable, ready for
use as soon as the tube 15 open.

Plain and chromici-=d catgut
Catgut became the suture material of choice in the early days of surgery pre-
cisely because 1t was “absorbable ™  Plun untreated catgut is very rapidly
{digested and destroyed by the tssues—usually withun 4-7 days if implanted Into
muscle and much more raprdly in pentoneum or mucous membrane. It of
little use as & suture required to hold tissues in appostion until soundly healed,
but 13 the 1deal absorbable haemostatic ligature for small and medium sized
vessels where the integnty of the bigature 13 only important for a few hours or
days while clot is fornung and organization taking place
Vanous methods of treating the catgut to make it harder and more resfstant to
tssue digestion have been suggested  Only one the chromicizing process, has
come into general use  Chromicuang 1s usually carrred out while the gut s still
10 the mbbon stage before spinning. A much more umform, complete hardesning
of the thread 13 obtarned in this way than by surface chromucinpg. The degree
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of hardeming of the thread can de controled by varying the time of treatment

Until recently manufacturers have produced several different grades of catgut
1abelled 10 day 20 day 40 day and s0 on according to the time taken for absorp-
tion when buned in muscle tissue  Surgeons using catgut so fabefled should be
dear (a) that imes so designated afe so approximate as to be totally unrelable

(%) that absorption in serous of mucous tissue will be from three o four times as
repid  (c) that absorption is progressive and effective tensile strength is lost many
days before absorption 15 completed

In the United States of Amenca, as a result of the recommendations of the
United Stares Pharmacopoeia Revision Commisttee the practice 1s gaming ground
of markeung four grades of catgut, specified as follows

Type A Plan unchromucized gut,

Type B Mild chromic

Type C  Medium chromue, retaiming half its tensile strength for about 20 days

Tywpe D Extra chromic, retamning half its tensile strength for about 40 days.

1t will be noted that the specification 15 retaning haif its tensile strength ™
and not  absorbed™

These times of absorption take cognizance of the fact already noted that absorp-
on 15 a pradual process, and that effective tensile strength s lost long before the
gut 1s completely absorbed  Howes and Harvey (1929) made accurate estimations
of the rate at which tensile strength decreased when catgut of different sizes and
qualibes was implanted in the body Some of their results are shown in Fig. 60
which 18 simplified and abbreviated from their article.

Two other ponts of practical importance brought out by Holder (1946) in hrs
study of the properties of catgut are that a thick strand loses tensile strength just
s rapidly as a fine one and a single strand lasts just as long a3 a double one
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Size and tensile strength

These are properties which go hand 1n hand though the relanonshuip between

them 15 by no means a smple one  In
general for any particular matenal the
tensite strength 1 cirectly proportional to the square of the diameter of the thread
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Tensie strength 1s usually expressed in terms erther of “ straight pull  or * knot
pull —the muinimum weight required to break respectively & straight filament and
a knotted thread ~ As the tying of a knot mevitably produces some fraying and
cracking of the strand knot strength is always less than straight pull strength,
usually m the ratio of about 7 to 10 Douglas (1949a) has shown that in actual
practice 5o fAr as surgical sutures are concerned a more relevant and useful
measure would be the breaking struin of & knotted loop such as ordinanly con
stitutes a suture holding tissues 1o apposition  This 15 always considerably greater
than the strength either of a straight thread or a knotted one, and sndeed approx
mates to the sum of these two  This 18 2 property of considerable importance in
the selection of the size of suture for a speaific purpose  for there is no advantage,
and often comsiderabje disadvantage 1n using suture matenal of a tensile strength
greater than that of the tissues 1t has to hold together

Partipillo (1953) pointed out that few tissues have a greater tenslle strength
than that of 3/0 catgut The holding power of fat 1 virtually nil  of small bowel
less than | pound of peritoneum a little more  of muscle up to 3 pounds and
only 1 fascta and smmularly condensed connective tussue layers 1s the holding
power of the tissues greater than the tensile strength of number 3/0 catgut  Number
Otype C chromuc catgut, having a mmmum tensile strength of 7 pounds has more
than the required strength for sutunng fascia. This 1 an important pomt, for
there 15 no doubt that 1 the past much coarser strands (both of catgut and of
silk) have been used than is either necessary or desirable  and the surgeon shoukd
seck to choose & size of suture which is as small as {s compatible with the hokding
strength of the tissues with which he 13 dealing. Finer sutures cause less tissuc
reactton and pernut more accurate apposition of the tissues

The mizing of catgut and its expression in terms of a numencal series is a subject
on which uniformuty and standardization have still to be achieved. Brtsh made
catgut 15 1ssued 1n serial sizes from 7/0 to 7 and statutorally defined standards are
laid down which must be adhered to by all manufucturers under the terms of therr

TABLE I
MINIMUM BREAKING LOADS FOR BRITISH-MADE CATGUT
Diameter ix yort Min breaking lowd it B
Sie
M Max Straight pell Orer kuot
70 0025 0-064 025 0125
60 0064 o113 05 0-28
50 ¢113 017 1 o5
40 o1 0-241 2 1
30 0-241 0318 3 15
20 01318 0408 3 .5
0 0-406 0-495 7 1s
1 0495 0-584 10 5
2 0-584 0673 13 65
3 067 0762 16 3
4 0762 0-864 20 10
5 ! 0-264 25 123
6 ; 0978 1103 30 13
7 i 1108 1219 35 775




SUTURP MATLRIALS

nce  In diameter 1t 1s required (Martindale 1952) that  not less than 32
dings out of 48 made upon two strnds taken from any onc batch must be
in the himits of Table 1 and the remuning 16 readings within the imuts given
one gauge greater of smaller than that stated  In tensile strength the require
nt 1s that ** the average breaking loads of 12 strands taken from any one batch
ermined on the straight pull and over a surgeon s knot are not less than the
nmum breaking loads (see Table 1) for the gauge stated on the label

he sizes and strengths of Amencan manufactured catgut used formerly to
er considernbly from thosc of the Bntish product  However since the twelfth
sion of the United States Pharmacopeia (1942) the standards laid down
youmate closely to the Butish  The sizes of non boilable catgut are identical
h those of Bntain  the maximum diameter prescribed for * boilable ™ sutures
imited to 80-88 per cent of that of the non boilable  Tensile strength on
aight pull 1s the same, gauge for gauge as the Briush but the values given to
mot strength  are shghtly ligher  For all practical purposes now however
peons using both British and Amencan catgut may employ the same sizes for
her product

hbort gut

For special purposes catgut 1s supplied tn nbbon form and can be obtamned
th plain and chromiczed  The nbbon 1s usually § inch wide and 18 inches |
ig. It s usually packaged asa  boilable  suture 1n an anhydrous preservative
ing fludd and whether the tube itself 13 stenhzed by boiling or by chemical
ans the strand requires to be soaked 1n stenle saline for 10 to 15 minutes to
come phable enough for use It can be had ready swaged to atraumatic needles.

ingaroo fendon
Thrs 1s the only absorbable suture other than catgut which has come into any
ng like general use, and even this has very hittle application in present-day
rgery 1t 1s prepared from the individual tail tendons of the small kangaroo y
ngths vary from 10 to 18 inches  kangaroo tendon swells considerably more
an catgut after implantation in the tissue so that care must be taken not to tie
ots too tightly The only reason for using kangarco tendon 18 s very high
r::c strength even the finest strands havang a breaking stram of 28 pounds or
NON-ABSORBABLE MATERIALS
' the last two decades there has been a marked swing towards the use of non
worbable matenals for most sutures and ligatures  The arguments for and
fmnn this practice are discussed elsewhere 1n this book  As in so many other
'lds there has been an increasing tendency to the replacing of natural substances
/ synthetic products of mare uniform properties  the relative menits of the two
® not discussed 1n detail in this chapter but it may fairly be said that most of the
;rllith:nc substances 5o far produced have certain disadvantages and that natural
2nd cotton will continue to be widely used for a good few years to come  This

*INg 30 surgeons should ha
ol et o ve a clear wdea of therr properties and what they will

11 N
Silk 1s derved from the continuou
s threads spun by the species of caterpillar
opularly known as the silkworm The thread 15 spun by the caterpillar by the
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excretion of a heavy viscous flusd which forms a thread on exposure to the air
The thread 15 used by the insect for the formation of the cocoon, and 15 obigined
for use by the unravelling of this cocoon  The natural threads consist essentrally
of & core of fibroln with a covenng of sericin or silk albumin, and some covening
matenals. The silk as used for manufacturing surgical thread consists of almost
pure fibroin, a protein allied to keratin the outer layer being removed in the
process of manufacture. It 1s msoluble in water aleohol or ether but 15 readily
dissolved by strong alkals or mineral actds

Silk 13 usually used as a pluted or braided thresd Chinese twist 15 a specal
form of particularly high tensile strength which 15 prepared by twisting silk floss
in a solution of gelatin or glue. The braided silk if untreated, takes up consider
able quantities of tissuc fluid, so that most surgeons now prefer * non-capillary ™
silk which 1s processed to make 1t Jess absorbent.  Such treated silk has a con-
siderably lower coefficient of fniction than has the “ naturel  thread, so that secure
knots arc not quite so easy to tie  Nevertheless serum-proofed siik 1 still 1o much
casier to tie securely and much less Likely to slip than is catgut of a simular cahbre
that this remains one of its principal advantages.

Si.e

American manufactured silk Iike most other Amertcan non-absorbable sutures,
s now numbered from 7/0 to 7 1n the same gauges as are used for catgut In
Great Bntain unfortunately uniformuty of numbering for non-absorbable sutures
has not yet been agreed upon and surgeons will find great confusion and dispanty
i the numbenng of different materials. At present, for nstance the dumeters
of No 1 nylon, silk and catgut respectively are 7 9 and 23 thousandths of an inch
while for metallic sutures the Standard Wire Gauge 15 usually employed and adds
further to the confusion Douglas (1949b) has suggested the numbenng of all
sutures 1n thousandths of an nch (0 18 0 2 and 0 58 millimetre) or aliernatively
numbering according to the accepted standards for catgut

Table Il shows the approximate correspondence between B P catgut sczes and
the numbers usually applied to surgical sk To save repetition of the table the
corresponding numbers for cotton, which 1s discussed below are included in the
one table.

Tensile strengths

For strands of equal diameter the tensile strength of brarded siik 1 usually
shghtly less than that of catgut. It 1s important to realize that the tensile strength
18 considerably dimrmushed by boiling, and 1t 1s best sterilized by saturated steam
at 250°-260° F for 20-30 minutes. Most silk will withstand 2 or 3 sterilizattons
by thrs method without appreciable loss of tensife strength It should be noted
that sk contracts on heating, so that if it be sterilized n spools that are at all
tightly wound, it may be 1o stretched as to lose s tensile strength.

Whike the subject of the fate of suture matenals after ymplantation in the tissues
1s not specifically dealt with 1n this chapter it should be noted that although silk
15 universally regarded and classificd as a ™ non absorbable ™ suture, 1t should not
be assumed that it retas its tensile strength indefinutely  Sorme careful work by
Douglas (1949b) has shown that, contrary to popular belef silk and other

natural  sutures undergo & progressive loss of tensile strength  Douglas tested
three types of silk suture—No 0 and No 2 upproofed and No 1 proofed
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TABLE 1l
COMPARISON OF CATGUT SILA AND COTTON SIZES

} sm
Catgnt — . . Cotion
l Plafted ‘ Twiy J
30 20 40 80
40 [ , 30 70
30 1 20 0
20 2 1] 50
0 3 1 40
1 4 2 30
2 Sand 6 3 20
3 Tand B ‘ 4 12and 16

Unproofed sitk, independent of the size of the thread had lost up to 80 per cent of
\ts tensile strength by the end of 2 months, and afier 4 months was so weak that 1t
broke mnto fragments on being removed from the tissues  * Serum proofed
silk retained 1ts strength rather fonger but even this after 4 months retained only
30 per cent of its origmal strength

Silkworm gut

This once popular suture 15 now relatively little used partly because of certam
diadvantages and partly because good quality gut has become difficult to obtam
Most of the best gut manufactured 1 Spain 1s now claimed by fishermen and
surgeons have to do with a poor quahty matenal It 1s prepared from the silk
worm larvac before the cocoon s spun The larvae are killed and the glands
pulled out by hand imto threads These are of course monofilamentous and tend
to be thinner at onc end than the other Threads vary from 12 to 18 inches in
length and are graded mto extra fine fine, medium coarse and extra coarse  The
threads are battle snd not very easy 1o handle. They are however amcoth and
hence easily removable as tension sutures quite inert, and non-irtitating to the
trsuer The thread withstands boiling, but alkaline solutions rapudly destroy its
tensile strength  The tensile strength 1s of the same order as sifk of comparable
diameter but owang to its brittleness the  knot strength ™ 1s considerably less.

Cotton

Cotton thread 1s formed by the spinning of the finc ccllulose fibres of sea
siand or Egyptan cotton Microscopic examination of individual  hairs ™
which are formed by the growth of a single eprdermal cell of the seed case of the
Plant shows that they are twisted and flatiened  Thrs 15 of considerable technienl
imporlance as the natural twist faciiitates spinmng and produces a thread which 1s
less ikely to fray out than silk or hnen the fibres of which have no natural twist.

Cotton thread 1s avalable as “ ordinary " cotton which 1 a 6-ply thread and
f:ur:dtmz:d cotton  The mercenzing process (named after its inventor who
i Wt to the cotton trade in 1813) consuists essentially 1 immersing the
iy n warm 2[ per cent hydrogen peroxide for 1 hour This produces a quick

nnk and a glossy sheen  Mercerized thread 15 usuaily 3 ply but 15 somewhat

21



NATURAL MATERIALS

stronger size for size than plam thread 1t shrinks on heating and must, therefore
be wound loosely before stenlization  As m silk, resistant spores may be present
m the interstices of the spun strand, and a sungle botling cannot be regarded as an
efficrent means of stenlization. Autoclaving at 250° F for 30 minutes or 260° F
for 5 minutes sterilizes without damaging the thread or materally reducing its
tensile strength

Sles

Cotton 1s usually purchased as ordinary sewing thread in reels or spools and
the system of denoting sizes 1s that of the cotton trade No 40 13 the size most
commonly used it has a diumeter of about 0 4 millimetre approxvimately that of
2/0 catgut and has about the same tensile strength The approximate corre
spondence between cotton and catgut sizes 1s given in Table I

Tensile strength

The tensile strength of cotton 15 rather less than that of sik or hnen thread of
the same diameter there ts however 2 marked vanation in different samples and
no generally applicable table 13 available,

Linen thread

Linen thread 15 not now often used m ordinary surgscal procedures

Plam hnen 1s the spun fibre of the flax. Pagenstecher thread s inen thread
treated with celluloid solution It 1s more pliable smoother and less * capiliary ™
than untreated thread 1t is used to o larger extent on the Continent than m Great
Britain or the United States of America

Horxehair

This 13 obtaned from horses tails. It is monofilamentous, smooth and non
capillary 1t 1s brattle and has a tendency to break at the knot It 1 obtainable
only in fine mizes and its tensile strength 1s Jow It can be sterilized by boiling.
Tt 15 still used by some surgeons for sutuning skin in delicate arcas such as the face

and eyelids

FASCIAL AND DURAL SUBSTITUTES

Numerous attempts have been made to find matenals suitable for implantatron
mto the tissues to act as & protective layer in the prevention of undesirabie adhestons
at various sites, notably around tendon sheaths in the pentoneal cavity #nd over
the surface of the brain  Most have been discarded as unsatsfactory and need
not be discussed here plastic films and metallic foils are dealt with in other
chapters. Two natural  substances are finding increasing use particularly in
neurosurgery and deserve mention here

Fibrin film

Parallel with the rescarches which led to the production of fibrin foam as a
haemostatc agent (described below) Ingraham and Bailey (19442) have shown
that fibnnogen and thrombin allowed to clot under certamn controlled conditions,
produce a film which meets the requirements for & dural substitute  The film has
been prepared in shests tubes and fibres (Ferry and Morrison 1944) Ingraham
and Bailey have shown that both in animal experiment and in clinkeal use these
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films are easy to handle cvoke hittle or no tisue reaction cause no 1rnitation
phenomena when left in contact with cerebral cortex, and are supertor to fascua
Iata or to any extrancous matenals

Gélatin film
Just as there has been a tendency for fibrin foam to be replaced as a haemostatic
apent by gelatin sponge, so fibnn films for use as dural substitutes and other
purposes seem to have gven place to films of gelatn Gelatin film 1s now readily
available. Itis supphed ready stenlized m sheets 4 by 5 inches in size It 1s shghtly
thicker than celloph and is transparent It cuts easily but tends to crack if
handled roughly When mostened 1t becomes much more phable and if care 15
exercised to avoud teanng it can be sutured It can be restenized by dry heat and
no special storage 1s necessary  These two properties and its low cost, give it a
very definite advantage over fibnn film and make 1t much more generally appli
cable Mchussock (1952) has reported on its use 1n 30 cases comparnng it with a
similar series of 30 cases 10 which tantalum foil was used as the dural substitute
and concluded that the gelatin film 1mplant gave much less trouble than did the
Jlum foil. No plications occurred 1n any of the patients with gelatin
substitutes, but 6 of those with tantalum substitutes developed infective complica
tions and 3 had actually to have their bone flaps removed  The effectiveness of the
gelatin and tantalum in preventing post-operative epilepsy appeared to be about

the same. The onginal articles should be consulted by those interested 1n the use
of these new matenals.

ABSORBABLE HAEMOSTATIC AGENTS

These are a new class of matenals fairly recently introduced into surgery they
are finding an increasing use particularly in neurosurgery and m the surgery of
solid organs such as the Liver where haemostasis by “ orthodox means may be
difficult or impossible.

A number of quite different substances are now available for this purpose.

Fibrin foam

This, the first of the absorbable hacmostatic agents, was ntroduced 1n 1944
by Ingraham and Bailey (1944b) as part of an extended study of the clinical uses
of the vanous products of frachonation of human plasma. Its use was actually
first suggested by Gray m 1915 It 13 prepared i & thrombimn free form, and 15 &
* foamy " solid compnising demse strands of fibnn fibres between which are air
spaces of both macrescopic and microscopic size  In the dry state st 1s firm and
nather bnttle, but on being moistened with salme, thrombin solution, or tissue flurds
it becomes rubbery and can be moulded into suitable shape. 1t 13 easier to handle
than muscle fragments, which have usually been the neurosurgeon s standby for
haemostasis and for large oonng surfaces & thin wafer of foam can be cut to the
desired shape and pressed on the whole surface, after morsterung in the thrombin
solution which 13 supplied with the foam,

Gelatin sponge

This substance was introduced by Correll and Wise (1945) and has found its
greatest use in neurosurgical operations. It 1s a water insoluble gelatin-base
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sponge, which is supplred m small blocks which can be cut mto pledgets or swaby,
or mnto specific shapes for filling cavities.  Its propertics and the reaction of the
tissues to its implantation were carefully mvestigated by Pilcher and Meacham
(1945) who showed that It was quite devoid of toxrc or antigenic properties, and
that even picces of considerable size were completely absorbed within 30 days,
compared with up to 100 days for an mplant of fibrin foam of the same size.
Tissue reaction was phagocytic rather then fibroblastre.

Used by 1tself it has some mechanrcel action 1n promoting coagulation, but it
13 nsually used in conjunction with thrombin. A freshly prepered thromhm
solution fs used to moisten the sponges befare 1t 15 applied to the bleeding area.
Hacmostasts is usually rapid and effectrve.  Jenkins and hus colleagues (1946)
have shown expermmentally that patches of gelatin sponge will arrest haemarrhages
from wounds in the vens cava and even 1n the ventricle. It has been shown, too,
that hacmostasis can be effective even in patients under the 1nfluence of full thera-
peutic doses of anticoagulant (Laufman, Preston and Bourdeau 1952) and in the
bleeding diathesls sometimes seen as 1 complication of radiotherapy (Bourdeau
and Laufman, 1953)

Consderable work has also been done on the use of gelatin sponge, usually m
powdered form, m control of acute gastro-intestrnal haemorrhage McClure
{1952) gives 2 pumber of experiences of its use in this connexion.

Biopsy diagnosis of carcinoma

In another direction altogether gelatn sponge has been used apart from its
hacmostatic propertics, as an ard 1n the blopsy dmagr of carcl Ghd:
(1948) has described a technique whereby a small prece of gelatin sponge on &
forceps 18 wiped over an ulcerated arca of the cervix ntern.  Fluid, celis and tissue
particles are absorbed by the sponge, which 15 then fixed 1n formalm embedded
and cut 1n exactly the same way as a block of tissue It has the advantage over the
Papanicolacu technique that exfolation of cells is not essential, and the admmxture
of extrancous cells from the vagina 15 avoided Gladstone has suggested the
extension of the method to carcanomas of mocous surfaces both in bowel and
mouth.

Oxidized cellnlose

Thus 15 not stnctly & natural substance, but 5 so widely used that 1t should,
petbaps, be included herc. It is readily obtamnable relatively cheap and in the
opunion of many surgeons is the absorbabic hacmostatic agent of choice, especially
10 surgery of the liver It is supplred as small rolls of gauze, which can be handled
exactly as a gauze swab, but which may confidently be left in situ in the peritoneal
cavity or elsewhere without fear of untoward results.

The properties of oxidzed cellulose were fully described by Frantz and Lattes
(1945) The material is prepared from cotton ganze by oxidatron with mitrogen
dioxxde with the formation of cellnlosic acxds. It can be sterflired by formalin,
and 1s put out by the makers n small ready sterilized swabs. It can be used dry
requires no admixture with thrombin or other coagulant, and can be safely used
m most sites. Frantz and Lattes showed, however that it does appear to have an
infubiting cffect on bone formation and therefore in bone surgery 1t 13 genenally
less acceptable than gelatin or fiban,  Stinchfield (1950) has made the suggestion
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that this property might deliberately be taken advantage of in anhroplasty where
bone formation has to be kept at a minimum.

Starch spoage

The nbove three haemostatic agents are all relatively expensive  Biee Mc
Masters and Hilbert (1944) have described the preparation of a starch sponge It
is prepared by slowly freezing a starch paste, squeezing to remove water and
then drying under vacuum or 1n a drying oven  Rosenfeld (1945) has shown that
1t is effective 1n stopping both capiflary oozing and bleeding from the large veins
and that it can be left in the tissue without producing any undue tissue reaction
Rutter and Bloomberg (1952) have shown that starch sponge implanted into the
prostatic cavity after prostatectomy 1s effective in stopping bleeding, and 18
climinated from the cavity by absorption and solution in the unne within 4 hours
Thus substance i3 marketed 1n the United States of Amenca as Solusponge, but
does not appear to be available at present in Great Britain  Since 1t can be pro-
duced so cheaply 1t appears to be worthy of further mvestigation

Alginates

While all the haemostabe agents so far deseribed have teen developed 1n the
United States of America, there 18 another substance whose uges have been 1n-
vestigated primarily in Great Britain  Thus 1s caldum alginate obtaned from a
number of seaweeds growing naturally off the Scottish and Irish coasts The
parent substance 13 alginic acxd, & polymer of mannuronic acd with an empincal
formula of CH, O Its sodium salts are water soluble, with marked hydrophilic
colloidal properties, while the calcium talts form an insoluble premipitate. By
varying the preparation of caldum and sodium salts present, products with
varying rates of action and absorption can be produced.

For haemostasis the alginates are used 1n the form of wool or gauze and gauze
of different rates of absorption can be obtamed for specific purposes  Unlike
oxycellulose (which 15 also a polyuronic acid) algmates do not appear to retard
bone repair por to interfere with peniaifhin or thrombin activity  Furthermore
they can be readily sterilized etther by autoclaving or by dry heat. Just how the
algnate gauze acts to promote hacmostasis, except by the mechamical hacmostatic
action possessed by any material which, by its phystcal structure as a wool, foam
or gaure, provides a greatly increased clotting surface, 1s not clear  Its effective
aets, however hay been sepeatedly demonstrated, and Blame (1951) un a
comparative study of absorbable haemostatic agents showed that it was 1n no way
inferior to gelatin sponge 1n haemostatic effect.

GLOVE POWDERS

The importance of finding a substance for use as glove powder which 11 at once
effective, capable of easy stenlmation not injunous to gloves, and 1nnocuous
when actidentally (as may easily happen) implanted nto the thisues, particularly
the penttoneum, has been increasingly recognzed 1n Tecent years,  Until recently
the standard basic ingredient of all glove powders has been talc,
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Tak

Pure talc 1 & hydrous silicate of magnesiwm commercial talcum powder 1s a
mixture of tale, serpentine and dolomite It was introduced for use as a glove
powder when the dangers of fycopodium and other organtc substances became
apparent, and has for many years been regarded as the deal substance.  Antopol
(1953) in a paper chiefly devoted to the nowous effects of lycopodium powder
described the first take granuloma, and since then numerous examples haye been
published. The subgect will not bo reviewed 1n detail here  Granulomas may
be formed in almost any tissue, but 1t is 1n the pentoneum that the noxious pro-
perties of tak are most evident intestinal and pentoneal adhesions, with therr
{nevitable obstructron complications can result from implantation of quite smail
quantities of talc and as the finger of a carclessly applied and over powdered
glove may contain as much as 100 milligrams of tale, the risks of its use are con-
siderable  Seelig, Verde and Kidd (1943) gave an mteresting hustoncal account of
this subject, and there have been numerous case reports published in the last 10
years  There 13 undoubtedly suffictent evidence now to condemn the use of take
in glove powders, and all surgeons should be aware of the dangers associated with
its use,

Talc substitutes

Numerous substances have been investigated in the search for an ideal glove
powder Most materials which are physiologically and surgically safe have a
marked tendency to agglutinate or gelatimze on stenlization and so become
useless for thar purpose  Potassium bitartrate was suggested by Seeling, Verde
and Krdd and appears to be safe if carefully steriized. It docs, however un
doubtedly shorten the life of rubber gloves and 1t is hard on the hands.

Modified starches

Starch powder in some form would appear to be the rdeal material for the
purpose, bat all early attempts to use it foundered on the difficulty of sterilizing
without agglutmation However recently & number of modified starches have
been put on the market the exact processes of manufecture have not been
revealed by the makers except in the case of Autosorb (Abdl) which 18 a formalin-
treated starch Two other preparations are available, K285 (Boots) and Biosorb
(Ethicon) which are described by their makers as “starch treated by physkes!
and chermucal means to ensure that the powder will not gel on exposure to morsture
or steam sterization”  Graham and Jenkins (1952) have experimented with
these three powders and have shown that they are all equal to talc in lubricity and
in ease of sterflizing and all much kess hable than take to stimulate tissue reaction

There can be no doubt that one of the powders described here should be unr-
versally used now in preference to tale. Even with these powders the precaution,
$0 often neglected, of thoroughly nnsing gloves after putting them on and befors
commencing operating should be carefully observed (Lee, Collins and Largen,
1952)

FIBRINOGEN COAGULUM

A further “ natural ™ substance which may have a practical application tn surgery
1 fibanogen produced In the fractionation of human or bovine plasma
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Dees and Fox (1943) suggested the use of fibrin coagulum as a method for
entrapping and collecting small multiple calcuh from the renal pelvis. However
human fibrinogen has been difficult to obtain is cxorbitantly expensive and the
method 1n this form has not come into general use

Moore and Sweetser (1952) however have shown that bovine fibrinogen can
be safely used with equal effectivencss. They use a 9 per cent solution of bovine
fibrinogen mixed just before introduction with 1000 units of thrombin injected
simultancously with o specal synage  This 18 introduced into the renal pelvis.
Withim 5§ minutes it forms a firm clot which is then removed with the entanged
stones, through a wide pyclotomy Any clot that may be left in the pelvis willl be
dissolved by the unne within 12 hours. The ongnal article should be studied by
those interested 1n this technique.
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CHAPTER 17
ANAESTHESIA
Joun Ives

INTRODUCTION

Hupemy Davys “ preity green bag”™ of almost impermeable silk—which
fascinated and ternfied the young lades of Clifton 1n 1799—was not used clinreally
Nevertheless, 1t was this and his famous ** Researches ™ which led directly to
nitrous oxide anaesthesa (Cartwnight, 1952) and the matenals from which the
first anaesthetic gas machine was made are still employed todsy Barth and Coxeter
produced in 1868 a machine of brass and wrought iron cylinders with rubber face

picce and rebreathing bag (Duncum, 1947) What 18 perhaps even moroe surprising
13 that sound phymological pninciples were incorporated into that early machine

for mstance * The breathing tube ought to be $o capacious as to offer no 1mped:-
ment to the rmost rapid mspiration  and to meet this requmrement 1t must be

wider than the trachea, to p for the 1 ansing from friction of
the air agmnst the interior of the tube ”  That was watten 1n 1847  the writer
was the incomparable John Snow

The basic materials may have remamed but from them modern industry has
brought vastly different products. The mutually simulating efforts of surgeon
and anaesthetist have produced a bewildering variety of tools for use today

IRON AND STEEL
Cylinders

Barth s early cylinders which welghed 15 or 16 pounds, wers heavy and bulky
they contuined  fifteen gallons of gas  compressed by foree pumps ” (Duncum,
1947) and were jnclined to blow off their welded ends. Today steel alloys are
used for these cylinders  the Britsh Oxygen Company s “ Flyweight * made of
steel, nickel chromtum and molybdenum when filled with 100 gallons of nitrous
oxide (compressed to a liquid statc) weighs only 4} pounds Despife its light
weight, this cylinder must, before 1t leaves the manufacturer s hands, be shown
capable of withstanding a pressure of 3 000 pounds per aquare wnch and fallure of
cylinders is unknown,

These * Flyweights  are replacing the heavyweght cylinders m portable
machines, which usually carry two oxygen and two mtrous oxide cylinders and
by thas replacement, reduce the dead weight by 20 pounds. Any anacsthetist who
has climbed stairs with his “ portable ™ will apprecate this and 1t Is concelvable
that Everest could never have been conquered without lightwesght cylinders.

Pin index system
The hinkage between cylinders and machine bas in the past caused disasters.
Many attempts to prevent wrong cylinder coupling have been made, for example
218
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the International Cylinder Colour Code, coloured piping, and non interchangeable
valves, but none was completely foolproof Recently an Iden has been borrowed
from the radio valve makers—just as Magill in 1932 borrowed the Rotameter from
industry and to revolutionized the measurement of gas flow 1 our machines—
and the * Pin Index System ™ which has been in use 1n Amenica since 1952, has
been approved by the Briush Standards Institution wath the hope that it will be
adopted internationally

In this Pin Index System each of the cylinder valves Is fitted with holes and each
yoke has pins.  These holes and pins are 0 placed that st is rmpossible to connect
any gas with any flowmeter except its own  the bogey of the “ wrong cylinder
should have been 1ad for ever (Fig. 73)

RN

-
G: —_—r—— ~ B =
- !
OXYGEN CARBON DIOXIDE CYCLOPROPANE NITROUS OXIDE
an—Nnnmhmd:?ubkwlwmtsz medxcal administra
awembly of four valves l‘mmmu&mh%mMm
system of valves 13 duced into Great Britain. Two pins on the
yoke and correspondmg boles in the valve—in different positioms for different gases—
place in

will make it impossible to connerct scciden w cylinder of to the wrong
the edminitering appanatus, (By cowrtery o) tk‘ciﬂror afﬁcnkaia)

The change over to thus gystem 1n Great Brtmn began in the autumn of
1956  Existing machunes can be fitted with an adaptor to take the coupling new
machmes will all bave the system  Fig. 74 shows one of these machines. Other
;;\:ruung pomnts are that copper tubing 1 used to connect yokes to fiowmeters
ul the regulators are drrected downwards (a safety precautlon suggested by

ngton Hewer some 20 years ago), and that two ingenious devices have been
used to prevent trichlorethylene making contact with sodalime
Amesthetlc machines

Steel tubing and plate make a satisfacto

ry structure for the majority of anzes-
Lhﬁ:cd]mac}uucs, but the final finish often leaves much to be demired. The painting
mmmmmg 13 attractive enough 1n the showrooms in the average operating
ot ﬁn.kmed machines are hard worked and all too frequently become chipped
10 fingens lndkﬁgxhup flakes r:é‘chromium plating can inflict quite nasty injurles
tred sy . ds lperhaps e tougher plastic enamels which are now being
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ALUMINIUM ALLOYS

Other snaesthetic apparatus

Stainless steel appears only to a limited extent in anaesthetic apparatus owing
to the difficolties of fabnication It 18 used to make Magill s laryngoscope and
bronchoscopes and also for the body of an ingenious thermo-controlled inhaler
for Trlene analgesia—the  Airlene  (Alrmed Ltd)

Intravenous necdles

“The anaesthetrst now demands an ever-open vein ™ (Macintosh, 1955) and
Mhtchell s stainiess steel needle (Fig 75) satusfies this need  Its advantage over its
predecessors s that 1t can be kept free of blood (and therefore of clot) by pressure
of the rubber pad, carried on a phosphor bronze spring, against its Iateral opening.

ALUMINIUM ALLOYS

These alloys, partrcularly when hardened by the addition of silicone, are betng
used mcreasingly 1n anacsthetic apparatus.  Their lightness, strength and com-
panatrve freedom from corrosion are definite advantages, against which must be
sct greater difficulties n fabncation  They are awkward metals to weld satis-
factorily and almost always sand castings must be made




ANAESTHESIA
Marrett transportable outfit
The Marrett Transportable Outfit (Armed Ltd. Fig. 76) which claims to be
the lightest and most compact hosprtal anaesthetic machine yet produced, 13 a good
example of the use of theso alloys. Although the traditional metals, brass and
copper are employed in the Marrett head the cover 15 an aluminium alloy spin-
ning, the frame a casting, the covering case is sheet alumtum covered with 2

Fio 77 —A new or for medical guses fitted with a pin index
non-ip yoke and pressure pauge. (By cowrtesr of
Abrmed Ltd.)

Fro. 78 —EM

O ansesthetic outt. (By cowrtesy of Dr H G
Epsiein, Radchifft Infumary Oxford)
2



ALUMINIUM ALLOYS

plastic process, and the cyhnder stand 1 of aluminum alley rod argon arc welded
Perhaps the most interesting 1tems on the machine are the new lightweight regula
tors These too are made of alumimum alloy weigh only 8 ounces, and have a
beryllium copper diaphragm with stanless steel springs—no rubber fs used in their
construction (Fig. 77)-

The EM O

Another anaesthetic outfit in which much use 1s made of castings of these alloys
18 the “ EM O " (Pentland Instrument Co Ltd. Oxford Fig. 78) This, like
the Oxford Vaponzer which 1t succeeds. does not depend on cylinders It con-
usts of two umts an automatic temperature controlled vaponzer which will
deliver ether vapour in concentrations vaned between 0 and 20 volumes per cent
and the Oxford Inflating Bellows  Ths latter umt (Fig. 79) which can be supplied
separately has another important field of usefulness as a simple apparatus for
cfficient artificral respiration It may well become a standard part of the equip-
ment of any ambulance service that 1s likely to meet wath cases needing resus-
atation.

B

F10. 79 —Oxford Inflating Bellows. (B,
O H G Epuein Rakite infimery Oxford,
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Conmrextons

Connexions and angle preces, when made of hard anodred alloy are ahtogether
more satisfactory than their chromum-plated brass counterparts. The latter
being of soft metal, are too easily damaged and distorted  Since there may be a3
many as twelve jolnting surfaces in quite an ordinary gas apparatus, it is important
that these fitungs should retain their shape

‘ INFLATING %-

INWALL OF TUBE

SECTION
THROUGH
TUBE

Fio. 80.—* Streamiine ~ endotrachen) cufled tube  (By cosrtesy of Britisk Ox) pen Gaser Lad)

RUBBER

1t 18 probable that no gas anaesthetre machine has ever been made m which rubber
did not play an mportant part. For snsesthetrc apparatus today the manu-
facturers have produced a substance which s almost—but not quite—perfect.
The various airways and {acepicces, with rebreathung bag and concertina tubing
—all of rubber—are dard eq| of chine, yet yearly each of these
itemns 13 bemg steadily moddfied and improved  As an example, Fig. 80 shows that
Britsh Oxygen Company’s “ Streamltne " endotracheal cuffed tube 1n which &
cana! for inflating the flush-fiting seamless cuf ¢ built into the wall of the tube.
Because of its smooth surface, 1t can be used for nasal intubation another
improvement 18 that each tube s snpplied with a non return valve for the cuff
which fits # standard Record ™ synioge. Fig. 81 Is of a bronchus tube and
bronchus blocker recently introduced by the Nuffield Department of Ansesthetics,
Oxford, wiuch it 15 clarmed, can be used without & bronchoscope “aince it is
tador made  its shape conforrus closely to the course of the trachea and left main
bronchis ” (Macintosh and Lestherdale, 1959) Two cufft are used, an endo-
bronchml one and an endotracheal and there 1 also a smafl tube alongside
through which the blocked-off lung may be erther aspirated or inflated

Static electricity

The one dusdvantage of rubber for anaesthetic purposcs, is that it is 2 non-
conductor Therefore static charges may develop which can be highly dangerous
when an explosive anaesthetle musture 13 m use.  Before the introduction of the
closed aireurt technique and the improved heating and ventflation of our theatres,
1t was conudered that the natursl humidHy of the atmosphere in Britain was
sufficent to despel any danger from statrc sparks It 1s now realized that * static
electricaty 15 the largest single agent of ignition 1n anaesthetic explosions ™ (Ministry
pamphliet RH B (53/55)
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t, has been made to overcome this difficuity by incorporating e
co‘:l\trl\u:to:nl‘r?{ the rubber during manufacture.  * Antistatc rubber ™ has finely
divided carbon (for example that produced by burming nestylenc) impregnated
10 form a loose reticulation of carbon mokecules in the non<onducting base  On
manufacture cach item made must conform 1o an accepted standard of clectrical
conductivity

Rubber s chtef virtues flexibility and elasticity are reduced by the impregnation
of carbon  This was markedly so 1n the first specimens produced but by improve-

Fxa. 81 —Bronchus tube and bronchus blocker
(By couttesy of Jokn Sherratt and Son)

ments 1n processing particularly and partly by a reduction in the proportion of
carbon used, the antstatic rubber recently sn supply is much better in these

Itix now almost impossible to distinguish blindfold and by touch alone, between
rebreathing bags made of treated and untreated rubber  This does not apply to
mharncm but these too are consderably more elastic than those first pro-

However the problem cannot be regarded as having been solved. Rubber
stretches and the carbon reticulation does not.  Therefore breaks in 1he reticulation
ocenr with clumping of the molecukts and diminution of electrical conductivity
To guard agamst this danger the Minustry pamphlet previously quoted recom
mends electncal tesung at intervals of not less than every 3 months and the dis-
carding of any item of antrstatic rubber equipment whose electrical resistance has
become outnde the range prescribed. Although these tests are said 1o be * simple
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ANAESTHESIA

and well withm the capacity of a jowrneyman electrictan * 1t would be interestmg
to know to what extent these recommendations are carned out.
A recent Report from the Ministry of Health (1956) sums up this matter 1n
these words
Though the problem referred to w15 a very real one we do not wish to exaggerate
its importance and far ths reason we have sought to be moderate {n our recommendsa-
tions, C\:’;;mdmcthuhmp{mlnmhmniﬂmudndnlyhammadmmu
which with clmical even convenience, or which

general
died and a number of lc havo sustained infurcs as o result of
There are thus no grounds for complacency

Another section of this Report states
One of the chief difficultics to be overcome is the lack of any consciousness of
If every hospital would take simple precautions of the type already observed
a3 a routine wherover any thought has been ghven to this matter threc-quarters of
problem of ansesthetic explosions would disappear

g

Halothane

The explosion harard has been tackled in another way by chemical research
workers investigating the fluornated hydrocarbon compounds ‘The most useful
of these halothane has been marketed by Imperial Chemrcal Industries under the
trade name of Fluothane. It 15 a powerful tnhalational anaesthetic with many
advantages, of which the most important is that 1t 13 perther inflammable nor
explostve

As always, there are dissdvantages. Halothane is a relatively stable compound
but, in the presence of bright light and water vapour some decomposition can take
place. Thrs 18 munimized by the addition of a small quantity of thymol and by
storing 1n dark amber bottles. Nevertheless, the decompomtion products are
linble to attack tin, aluminmm, rubber and cork (Bryce-Smith and O Brren  1956)

This aounds a formudable drawbeck but, i practice, adverse effects on anaes-
thetic apparatus have been reported only when halothane has been used with
closed clrcuit absorbers  Recently a special sealing washer which 13 impervious
to halothane, has been produced (Impenal Chemrceal Industries) so that a consider
ablo part of this inuted trouble can now be avolded.

Langton Hewer mattress

1t 1s part of the duty of every anaesthetnt to give thought to the preveation of
post-operatrve morbidity of any kind. Langton Hewer s Antistatic Sponge Rubber
Operating Table Mattress (Langton Hewer 1953) 15 an illustration of this way of
thirking. In the past, many complications, for example, brachial plexus palses,
thrombosis of leg veins, have followed the use of apparatus connected with the
Trendelenburg position  With the Langton Hewer mattress the patrent is held in
pottron by skin friction on the corrugations of the mattress no shoukder rests,
or any fixing of pelvis or ankles, are required By this umple method, the inedence
of these alarming sequelae can be reduced

PLASTICS

In industry the fact that all plastic compounds ere insulators is regarded as an
important advantage, but 1t 1s this same property which has restrrcted therr adop-
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tion n anaesthesia  There are, of course occasions when the static hazard is not
mportant and plastic materials may be safely used  Airways and cndotracheal
tubes may serve as an example  with these both surfaces are normally covered
with a film of water vapour which s quite sufficient to dispel any charge  The twin
channel airway (Fig 82) made from a moulding of polyvinyl chlorrde is shightly
flexible, casy to clean and can be supplled at about one quarter the cost of its
rubber counterpart  Magill s endotracheal tubes have been produced 1n a similar
materral but have never become very popular in Great Bntain  Although their
Tinbility to kinking 15 no greater than that of similar rubber tubes, the mechansm
of kmking 15 different—with
rubber a kink is sudden and
produces dramatic  obstruction

with plastic, 1t 18 gradual and a
less casily noticed obstruction may
develop These plastic tubes have
one compensating advantage—
they are reported to show none of
the rapid deterioration that occurs
with rubber used 1n tropical con

ditions.
Non imtating polythene tubing
18 used where intravenous therapy
has to be long contmued and also
tn continuous caudal analgesia and A
extra dural lumbar block. Another \‘

Fra 83 —Intravenous unit for remote control.
Unit comprises Gordh needle, 6 fect fine plastic
tubmg and Record fitting needie mount. (By
courtesy of Medtcal and I rial Equlpeent Lid )

o
Fio 82 —The M LE. 1win channc! kc airwa cokrt
Medical and luﬁmmm Ld()B’ e of
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ingentous use for this tubing 1s for the remote control of an intravenous umt

(Fig- 83)

Oxypen therapy

For oxygen therapy facepieces and rebreathing bags, if made of plastics, can
be as httle as one-sixth of the weight of the ordinary rubber B L.B mask and this
adds greatly to the patient s comfort. Another advantage 15 that the facepiece
can be translucent, which makes 1t easier for the nurse to observe her patient’s
colour These features are incorporated m the Airmed Oro-nasal Oxygen Inhaler
It is connected to the supply cylinder or pipe line with unkinkable plastic tubmg
and the flowmeter for this apparatus 13 also of solid translucent plastic.

Electrical resistance

No process has yet been discovered by which the electrical reustance of plastics
can be sufficiently lowered for use with explodable gases  Static charges are a
conuderable nuisance 1 variom industrial undertakings such as gramophone
record making, duphcating, photography and here much research has gone into
lesserung the evil A number of substances have been produced which, by ther
surface application, or by mcorporating them 1nto the inert fillers that are used in
the manuofacture of plastic and synthetic rubber matenals, can dimimsh the
accumulation of static charge sufficeently to prevent dust pxek up and adherence of
materials to one another Examples of these compounds are “ Antistatic Plastt
cazer” (Bayers, Germany) which 15 a polyglycol ether and Cationic SP”
(Amercan Cyanamid Co ) an emulnfying sgent of the quaternary ammonum

type

It appears, however that the addition of these compounds in sufficient con-
centration to satisfy electnical standards in anaesthesia is likely to make the finished
article bruttle.  Thn destroys one of the principle attractions of these matenals.
Perhaps this difficulty will be overcome  if solid nylon could be made antistatic,
1t could become a most useful materal for the makimg of anaesthetic implements.
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CHAPTER 18

RAW MATERIALS USED IN THE CONSTRUCTION OF
ARTIFICIAL LIMBS

LroN GiLLrs

NATURE WORKS 1n such a way that wath the lenst possible quantity of material the
greatest strength s attained  The bones of animals and of man are hollow cylinders
In birds, where 1t 13 especially important for the weight to be minimal and where
great sirengthis required the thin substance of the bone 1s remarkable  Engineers
have availed themselves of this prineiple and 1ron columns, destined to support
great weights, are cast hollow  On the same principle iron beams are made decp
1 the direction tn which they sustain the pressure and narrow 1n the direction at
nght angles to this and they are not mfrequently picrced about their neutral
surface.

1t 1s clear that to construct a mass capable of sustaining transverse strain equally
in all directions it must be shaped as a cylinder 1t 15, therefore natural for an
artificial b to be cylindrical in order to achieve strength lightness acceptable
cosmetic appearance and functional utlity

At present artificial mbs are constructed from a multiphicity of matenals
both naturally occurring and synthetic.

In selection of suitable materals the following entera should be satisfied

1 They should be sufficiently strong and not be subject to work
Functional fatigue
considerations | 2 At the same time they should not be too heavy or cumbersome
to mterfere with function
3 The matenal should not have any injurious effect on the
Compatibility wearer
4 The patural tecretions of the body must not canse any undue
deteriorntion of the prosthesis

CONDITIONS GOVERNING SELECTION OF MATERIALS
FOR LIMB-MAKING
Medical considerations

Among the many qualities looked for the material must be known to be chemi
cally imert, non-ndhestve, non hygroscoprc hygienxc and non-abrasive
Considerations in mamyfacture

Among the properties to be conmidered from the manufactuning point of view
';cl.hat the substance 15 easily fabricated By this 1t 1s meant that the materal can

n;ldcy cut dnlled nveted, machined or readily jointed by adhesives It must be
FBPE of easy moulding, working or cunng and readily adjustable afier manu
actare The material must also be of low density
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CONDITIONS GOVERNING SELECTION OF MATERIALS FOR LIMB-MAKING

the socket. Soft corsets arc made from bridle leather as are also pefvic bands or
belts.

Different weights of leather arc used and the thickness selected depends upon
the part for which 1t 1s required  For instance heavy sole leather 1s used 1n the
construction of a thigh socket now rarely secn in Great Britain and light harness
of strap leather 1 the making of a socket for a forearm prosthesis. On account
of 1ts Aexibility a leather sochet can be made ndjustable by means of straps and
buckles, eyelets and laces, or zip fasteners. This is particularly useful where the
dstal portions of the stump are larger than the proximal portions as occurs with
a dmarticulation of the knee or a Syme amputation or where curved surfaces
undulate, as with forearm stumps. Leather that has been blocked to shape can
be attached 1o wood or metal by nmd steel plates.

Corsets are made of leather 1n below knee stumps, but it must be pointed out
that leather sockets for above-knee amputations have certain disadvantages
whreh have Jed to therr abandonment in Great Brtain  These are as follow —
When the socket Is drawn 1n by laces or straps 1t tends to become circular rather
than trmangular 1n form and loses its accuracy of fit. Oa the other hand i the
keather 1s made thinner the straps and lacings pull it unevenly 1n some places
causing bulgung and swelling of the stump with painful and uncomfortable sequelae.
A prosthesis wath a leather socket 1s heavier than one with a wood socket because,
te make 1t niged, the leather must be thick. The leather also requires metal
parts to comnmect 1t with the shin piece or any other part of the applance.

Further Jeather tends to smell from absorption of perspimtion and 1t 1s hot
to wear

Light metals

The advent of alummnium alloys has nfluenced the design and manufacture 1n
many components of artifimal hmbs, for with modern metallurgical techniques
they are more easily supplied to standard specifications than 1s possible with
natural matenals such as wood and leather

There 15 a wide range of alloys available in the form of sheet, or forging material
with accurately known properties which are selected according to the requirements
of the particular component. Many 1tems such as shin pieces, knees, arms and
Wr1st parts, are produced 1n quantities by & manufactuning technique that ensures
components of known physical properties, as, for example, ductility and mal-
leabulity 1t should be borne 1 mund that most components of an artifical leg—
shms sockets, and s0 on—are made to bespoke measurements and mechanrcal
production can proceed only to a certain pornt, after which 4he component has to
:;ﬂuﬁlﬂed by stretching or shrinkmng by hand to suit the dtmensions of a particular

Corrosion caused by body secretions has been the subject of much research
and a strong Iight alloy sheet material covered with a very thin layer of pure
tluminium has been evalved to prevent such corrosion  This light alloy 1s known
5 Alclad, and expertence has shown that whilst the properties of duralumm
have been retained the coating of pure aluminium has produced great resistance
10 corrosion caused by body perspiration It should be mentioned that alummium
1self has not been found suitable despite 1ts acid resisting properties because ste
strength 1n relation to ats weight does not compare wath 1ts alloys.

231 Qs



RAW MATERIALS USED IN THE CONSTRUCTION OF ARTIFICIAL LIMBS

Steel

Steel is nmiversally used for particular parts of artficial limbs 1n view of 1its
high tensile strength and the fact that 1t can be hardened for ball-races. The
normal type used 1n the industry 15 3 per cent nickel casc-hardened stee!’ which has
proved to be most satisfactory

Jomts of the hip knee and ankle are machined from steel forgings, and 1n some
cases, such as Syme applances stanless steel of the highest quality 1s used for the
anterior and lateral supports. It has also been found that in certain components,
such as the free-wheel knce control, steel must be used for certain parts, despite
the 1ncrease in weight, because dural castings will not stand up to the frctional wear

Plasties
There are two main types of plastic produce today namely

1 Thermoplastic resins which are capable of bemg moulded to the shape of &
cast or last by heat and therr shape changed to suit the amputee s spectfic require
ments at tnal or delivery but, unfortunately this group 1s neither sufficiently
nigud, strong, nor safe enough for prostheses.,

2. Thermosetting resins which are generally laminates of reams bonded together
with ether textile or nylon cloths, Agam a cast or last 15 required and a moder
ately sumple process is necessary to form the component, which when correctly
polymenzed, 13 strong, nigrd and corrosion resistant. They are however mcapable
of modification by heat after bonding, and the only way to change their shape to
st the specrfic reqmrements of the amputee {s by cutting or machining 1n some way

In Germany the epoxy resins are used with fibre-glass and cotton and nylon
stockinet 1in a Iaminating technique whilst 1n the Untted States of America
polyester resins are combuned with fibre-glass and cotton stockinet. A Norwegian
above knee artificial limb with a suction socket has been shown made from a
thermoplastic resin (Plexidur) the knee and ankle mechamsms with the
exception of the axle 1n the knee being mads of a phenol formaldehyde and fabrie
laminate. One outstanding advantage of these synthetic materials for artdficlal
limbs 15 that therr manufacture does not entail the costly apparatus and specialized
skill that metal docs  another 13 that they do not corrode.

Both on the Contirent and in the Umited States of America components of
limbs or complete limbs have been made of plastic materml erther of the thermo-
plastic or thermosetung type but it is consdered m Great Brtan that neither
accurate fitting nor a reasonably designed leg can be obtained from the present
range of materals In Great Bntam glass lammnate components such as shins,
have been developed for artificial legs and after long field tests have been found to
meet the condrtions mentioned above and with respect to sockets polyethylenc is
regularly used with switable remforcement for selected cases.

In Great Brtain plastics have not as yet been used to any great extent in the
manufacture of arbficial imbs. Experiments are being carned out with a view
10 determinmg whether or not, with constructive and careful application, the
advantages which these materials offer can be utilized  Several types offer tre-
mendons possibilities. One technique 1n particular that of low pressure famunation
on which a conmderable amount of expenmental work has already been done,
would appear to be the most practicable from tho pont of view of strength with
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RAW MATERIALS USED IN THE CONSTRUCTION OF ARTIFICIAL LIMES
contain pigments or fillers but no volatile solvents and have a high viscontty flow

comparable to heavy ol

The mould is made by taking an mpression of a hand sumilar to that of the
patient, and afterwards forming a cast of dental plaster from the impression  This
male core serves as & master from which a two-piece sprayed metal monld is made.
After the mould has been made nigd viny! finger nails are fixed 1n place various
colours are ntroduced to reproduce skin tones and a base skin tone s applied,
The two halves of the mould are then joined together the resin composition 18
poured mto the mould and heat applied Realism m the fimished hand includes
hair which may be inserted with a specaally designed needle

TYPES OF PLASTICS AND THEIR CHARACTERISTICS

Types

Characteristics

Polyvinyl chioride, p.v.c.
Polytheno

Alkathene

astic. Chemically foert.  Noo Vart
ous forme and thickneses.  Sheet, rod and tobular sritable
for shaped

E,l

iraion or

condrtions are present. b rembent to bocal preseme

Adjostments can be made to shape for fittin,

Alathene # the trado mme of & material
Imperial Industrhes Ltd, It B a

prodoced
that h, it can be rendered phable for mouldmg

thon by the application of heat. It o
lmmnnhudmdaha;i&:rlhuhm
ow

Platic foxithes
Phenol resin, phenogiazs typo

Bomded lantimctes
Mushn Certalmid combiration




CONCLUSION

CONCLUSION

The careful and conservative attitude of the medieal profession towards aay
change mn materls speafied by them renders the possible adoption of anything
new a long drawn-out procedure and therefore any perceptible trends must have &
very wide interpretation

The materials used n the manufacture of prostheses should conform to the
standards laid down for other medical or surgical matenals 1a as much as that they
have been thoroughly tested are easily recognired and readily obtainable

1t would appear that the wdeal matenal must be & combination of the desirable
characteristics possessed by a number of indiviual prosthetic materials which at
present are used 1n combination providing soundness of structure and satsfying
surgical requrements.

Although there is Iutle plastic matenal that Is available at present the current
rapd development in thus field supgests that it will eventually replace material
denved from naturn! sources  Adhesive borndling of these synthetic substances
will replace thetung and other older methods of fabrication

Many efforts have been made abroad (by a complexity of mech equs )
10 restore muscle control impaired by amputation  The results so far do not
sppear 10 be generally aeceptable partewlarly to those bebieving in simphicaty of
constructio

]
The introdection of new matenals which can be casily fabricated into various
types of very hight and efficrent mechansms at low cost will undoubtedly accom

research mn the aeroplane industry Many patents have been granted for ideas
that have ther inception 1 functional movements originally intended for mrcraft
e,
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CHAPTER 19
MATERIALS FOR SPLINTS
JOEN T ScaLrs
PLASTER CASTS AND PLASTIC SPLINTS

OVER THE YEARS a multitude of appliances has been devised, utilizing many different
matenals, which benefit patients to a greater or lesser degree It 13 not within the
compass of this chapter to discuss the merits or otherwise of particular appliances,
but mather to describe the methods of manipulation of certain matenals which
have been found useful for splints. (The trade names and manufacturers of
matenals are given, as experience has shown that the particular products men
troned have proved samfactory however other manufacturers products may be
equally satisfactory but the author mav not have had expenence with them.)
Splints may be required 1n the treatment of two broad groups of patients

U Those who have sustained an Injury or are subjected to some operatree
procedure which necesutates the prompt application of an immotlinng spimt,
which must perform its function as quickly as posuble (for example 1n the treat
ment of fractures)

2. Those who are sufferig from a condition which may require & splint  (a) for
partial immobilization and imitanion of movement (for example synovits, saiatica)
(b) to prevent or correct & deformuty (for example peripheral nerve injuries, polio-
mvelitis) (c) to asmst in the restoration of function (for examplk after tendon
repaur or amputation)

The matenals 10 be described are not smtable for such instruments as wallang
calipers and Thomas s splints as, at present, there is no synthetic matenal equi-
valent i mechanscal properties to steel alummium alloy or itanium on a volume
for volume besis.

Propertles
While there are some minor differences m the propertics requnred for materials

used in the treatment of the above main groups of patients the ideal splint matenal
should possess the followmng chamctersuies It should

(1) be sutable for direct application to the pauent

(2) be casy to moukd to the desired form

(3) have a quick sctting or hardening time

(4) not contmn conatituents which may cause dermatitis, be absorbed through

the skain, or producee undesirable effects on inhalation

{5) be unafiected by fluids, such as water urine, otls

(6) not require elaborate apparatus for manipulation

(7) be porous to water vapour

(8) be radiolucent

(9) be unaffected by ultravioket light
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(10) be hight in waght
(11) have adequate rigudity but be locally deformable
(12) be freely available at a low cost

No one matenal possesses all these attnibutes although certnin plastic matenals
come near to the ideal

For the treatment of patients in group (1) plaster of Pans in combination with
fabrics 15 the most satisfactory matenial to use for what might be called the  acute
splint beeawe of s ease of manpulation convenience of use, lack of toxwety
short setting time and low cost  Resin impregnated plaster of Paris is now avatlable
whrch produces a highter cast with improved propertics,

Splmts used n the treatment of group (2) patients are often more efficient 1f
plastic matenals are used but these  chronic  apphanees usually require to be
moulded on positive plaster casts which can be adjusted to allow for bony pro-
minences, scars sinuses, and so on  The success or failure of the moulding,
however largely depends on the skill of the person taking the negative plaster
casts. It 15 necessary to have @ knowledge of plaster of Pans technique to make
the negative or positive casts which are required as moulds

PLASTER OF PARIS

Plaster of Paris or calaum sulphate hemihydrate 1s produced by heating selected
washed gypsum to drive off part of the water of crystallization  The product 1s
then ground to a fine powder (Fig. 84a)

eat
CaS0, 2H,0 %;»o CaS0,{H,0 + 14H,0

!

When water 15 added to this powder crystals of gypsum (caloum sulphate
difiydrate  Fig. 84b) are apain formed with the evolution of heat. This being a
chemical reaction It is possible to accelerate or retard the setting process, and
commeraal products contasn vanous additives mimed st controlhing the rate of
setng, expansion and heat production The volume of water added to a given
weght of plaster of Pans 1s critical for greatest strength  Water 1 excess of that
required for recrystallization Is necessary to give the requisite consistency of the
paste for satisfactory mampulation  If too much water 1s added, the strength of
}he final product will be lowered because of dispersion of the crystals and their

ailure to mterlock adequately  Setting or crystailization starts 1n a few minutes
;flcr mixing the water and the plaster and 1s complete in about 20 to 30 minutes
iCPendlng on the grade of plaster used  Once the process has become established,
115 essential that the cast is not interfered with in any way many failures of splints
we caused by fiddling  with casts duning this very entical period when growth
and 1nterlocking of the crystals are taking place  The mte of setting is Influenced
:Jhy the temperature of the water heat aceelerates crystallzation  The drymg of

¢ cast, which partly depends on the humudity of the surrounding air may be
sccelerated by heat and adequate venulation  excessive heat producing a surface
temperature of the cast above 80° C wll reduce the final strength

237



Plaster of Paris bandages
These bandages may be either hand made or purchased from commercial sup-
pliers.
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The hand-made bandages arc prodiced from strips of sized cotton muslin up to
S yards in kength, The greatest convenient width is 8 inchcs.  The slze may be
starch, which can be detected by \:rplying a drop of jodine which gives a blue colour
in the of starch  Some sizes Inhibit the setting of the plaster and it is there-
fore advisable to check with the supplicr of the muslin that a sultable size has been
used. The comstruction of the fabre that s the number of threads per Inch in the
warp and weft directions, should be between 26 and 38 in the warp and between 24
and 321n the wefl. The stnps should be cut from the sheet with plcot scissors so as to

¢ o serrated edge which docs not unravel.  If the strips are torn from the sheet,

threads often result which can cause constriction bands around the limb or make
application of the bandage difficult.

White alabaster superfine ftahan plaster dental plaster of calcfum sulphate dehy
drated B.P C s well rubbed into the mesh of the bandage, which is wound loosely ona
{-inch diameter core (Fig. 85) Hoflow or crucaate cores used in commercial bandages
may be ralvaped and used for hand-made band The leted band miust be
Lept 1n an amtight tin which Is sealed with a vapour proof adhesive tape. The tin
should be st in a warm dry atmospherce

Fia 85 —Plaster belng rubbed Into bandage, The bandage is I In; f
about 1 inch decp mflncdhudm—ﬂncdyﬁym. yer of plaster

Commercally manufactured bandages are usually made from a leno con
struction muslin which is easier to mampulate than normal-sized muslin when
:n';(tﬁs- 86) The method of manufacture is to mix the plaster with a binding agent
Or“: '111:‘131)' 1tas a slurry to the fabric. The binding agent ensures proper retention

plaster by the fabric, The bandages are wound under the correct tension on
ﬂ’mim orm or perforated tubular cores which ensures that they are evenly wetted
When wet the plaster 15 not lost from the bandage to anything like the extent

hch wsually occurs with hand made hospita]l bandages. Each bandage 1s
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wrapped 1n a mouture proof package Dry casts have improved mechanical
properties compared with those made from bospital bandages

Stockinet

This 13 a seamless tubular circular knit fabric with considerable elasticity and
should be used to protect the skin wiren taking a cast. Vartous grades are available
but 1t is false economy to use inferior ones. A satusfactory matenal* has the
following specification Rub stockinet (loom state) 1 X 1 nb kmtted on rib
machine with ten needles per inch in dial, ten needles per inch 1o cylinder  Yarns
two ends of 35s cotton yarn fed as one, 32-34 courses per inch. 35s cotton yarn
18 29 400]yards per pound.
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Padding

One quarter of an inch thick adhesive backed felt, sponge rubber or foamed
polyurcthane 15 most satisfactory to cover bony promincnces, scars, and 5o O
The edges should be chamfered.

Olrre oif
In place of stockinet, olive o1l may be used to prevent the plaster sticking to the
patient s skin It is not possible however to mark the patient s skin with indelible

Manufactured by the Medlock Manufacturing Co. Ltd  Medlock Mills, Okfham, Laocs,
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pencil and pet these marks transferred to the positive cnst when this method of
skin protection 15 used

Making the casts

1t is convenient to have all the material and equipment required for taking the
cast on a tablc close at hand (Tig. 87)

A negatne cervical cast is used os an filustration 1t is essential to have the
part of the pattent from which the cast 1s to be taken in the nght position and
having decided this, to make the patient as comfortable as possible  Unless these

clementary precautions are taken, 1t may be found that when the cast 1s set the
positon 1s very different from that which was intended  If adhesive padding 18
being used this should be applied to arcas over which pressure 18 to be relieved.
The skin should then be protected wath stockinet or o1l If stockinet 15 used, the
pressure areay and the outline of the final splint can be marked with an indelible
ﬁdl It is necessary to make the negative plaster cast more extensive than the
- splint as to get a proper edge to any plastic moulding 1t has to be trimmed
b X, and 1f allowance 13 not made for this, too small a splint will result It is
h Ipful to mark the outline of the extent of the negative plaster cast (Fig. 882 and b)
| lead strip or rubber tube 13 held in position along the most convenient cutting
e, A bandage 1 placed in a deep bucket, preferably rubber or polythene, and
kdl on the bottom until all the bubbles have ceased to nse. Shallow contamners
ﬂh:c;nclus for plaster work, as a depth of water 13 needed to provide sufficient
oy of pressure to ensure proper wetting of bandages. On removal from the
o ¢t the basdage should be gently pressed at the ends to expel surplus water
no account should the whole bandage be squeezed or wrung, otherwise the
plaster will be forced out, The end of the bandage should always be found before
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It Is wetted. 1t is important to apply the first bandage wnth just sufficeent tension
to give a smooth surface 1n contact with the patient, taking care that no creases
ot ught bands are produced  The cast ahould be made thick enough but not too
thick, particularly along the cuttmg line  No cast need be as substantial as a
splint which 18 1o be left on the patient. A thick cast is difficult to remove from

@ (L]
Fro 88— Patlent with stockinet marked on froat (o) and back (5). Outer line murking extent of
plaster st hner hne extent of polythene Arcsy thaded to be bullt up on positive
plaster cast to prevent undoe pressurt by the polythens moulding.

the patrent. The edges of the cast should be of adequate thickness so that dis-
tortion does not occur when it is stood on its edge during drying out. Once the
cast has set, which 13 best judged by tapping 1t with the knuckle, when 1t will
have a woodlike rng, the cutting line is marked along the lead steip or tube and
a number of transverse markings are made along this lme (Fig. §9). The re-
alignment of the transverse markings afier the cast has been removed will ensore
that the cast is bandaged into the correct pomtion. A sharp leatherworker s kmfe1s

.

Fi. 89 —Cutthng Hne bead Fiq. 90, —Reforming negative cast sfter removing
- stnp. o it from pathent,
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the most satisfactory instrument 10 cut damp plaster  After removal of the cast the
«dge should be immediately realipned and a plaster bandage applied to retam 1t
in the correct form (Fig 90) The negative cast should be dried in a warm place
where there is adequate ventifation

Posmive Prasttr Cast

A coarse pink or white plaster is quite satisfactory for making positive plaster casts

It may be necessary as 15 the case with negative cervical casts, to close in
certun portions of the nepative cast with plaster bandages. The inside of the
negative cast may be wiped over with Vaseline or a light machine oil to make
strpping of the pontive cast eaer, but this cannot be done if transference of
narkmgs from the negative cast 1s required  The ncgative 15 then placed n a
onvemient posiion and filled with a thick plaster cream, Greased wooden
mandrils of various sizes may be used to provide a central core which saves plaster
1nd also aids 1n drying out the cast  If these are not used, a metal rod should be
inserted m the plaster and allowed to protrude for about 12 inches (30 centimetres)

This 13 required for holding the cast in a vice duning subsequent moulding opera

tons. When the plaster has set the negative cast 18 stnpped from the positive

which 15 then corrected in the appropriate places This procedure requires con

uderable expenence.  In the imtial stages of tnmmung and correcting a cast, a
leatherworker s krufe hacksaw blade, file and spokeshave wall be found useful. Sand

paper of vanous grades may be used to give a smooth surface finish if the plaster
isdry (For more detailed information on the technique of plaster of Panis and
the making of special casts, see Jordan, 1939 Nangle, 1951, and Amencan Academy
of Orthopaedic Surgeons, 1952.)

RESIN REINFORCED PLASTER OF PARIS BANDAGES *

There has been and is o continual search for matenals which can be added to
plaster to mmprove the properties of plaster of Pans sphnts. Plaster 13 cssentially
bettle and when wetted it crumbles. ~ Incorporation of melamne formaldehyde in
ordinary plaster of Panis bandages gives them some of the advantages of glass
scetate bandages (Mornson, 1953 Maudsley 1955 The water soluble melamine
teams 2re erther incorporated i the bandages or dusolved mn the water m
which they are immerted. On dissolving 1 the water and coming into contact
with 2 suitable catalyst for example ammonium chlonde, the resin polvmerizes
ma network around the wet plaster of Pans, giving it more strength and protecting
1t from sofiening when the dry cast comes into contact with water The slow
5<tUng time due to the resin can be adjusted by the ncorporation of an accelerator
1D the bandage. Repented contact with the bandages may canse dermatifis
gﬁﬂ'mlhcr than patients are affected (Cobey 1954)  For this reason those apply
8 (h3 type of bandage are advised to protect their hands wth gloves or a barrier
Geam. Casts produced from resin impregnated plaster of Pans bandages can be
made two-thirds the weight of the traditional plaster of Paris cast and yet have the
ame “rtﬂ!’(h,
Extn mapufactured by Smith and Nephew Ltd., Welwyn Garden Clty Herts,,
‘anafactured by Johnton & N
ek ot aciated oy Do g ot B Brooine N U s U5
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APPLIANCES MADE FROM PLASTIC MATERIALS
POLYTHENE MOLTOPREN LAMINATE SPLINTS *

These sphints are made from sheet polythene (Seales, 19500) to which is fused a gheet
of polyurethane foam which provides cushioning between the skin and the sphnt

Polythene
Sheet polythene § inch and - inch thick is a most useful material for the manu
facture of lightwelght semi-rigid orthopaedic appliances. It is a thermoplastic
material and has a moulding temperature of 140° C. For physical and chemical
pertres see Chapter 4 Polythenes of differing molecular weight are nvailable
It has been found that 2 grade having a melt index such that 1 7 to 2 3 grammes
are extruded n ten minutes is most suitable (measured by the method described
mn Appendix A of the Bntish Standard Specification 1973) Such a grade of
matenal 1 known 1n Great Britain as Alkathene 2.t The use of polythenes of
low molecular weight s not advised as they are liable to crack m wse The
sheet matenal used for surgical apphancest s Llnted pmk by thc uddlﬂon of
0-01 per cent of & mixture of cadmium sulphid d sulph de or
both types of pigments it also conterns 0 [01 per cent of an antioxidant  di
orthoisocresyl propane Polythenc 18 unaffected by fluds commonly wsed in
ndustry 1t 1s a tough, resilient material whreh is particularly snitable for use on
patients who are able to remain at work dunng thelr treatment. Temperatures
below 100° C do not affect the apphiances.  Spitnts should not be placed in front
of an electric fire or on top of a gas cooker as temperatures 1n excess of 100° C
are easily reached and distortion of the appliance will result. While polythene
can be 1gmted with difficulty—it burns with a yellowrsh smoky flame—the flame
can be readily exti hed and its infl bility 13 1n no way a hazard, since a
flame has to be held 1n contact with the sphat for up to 2 minute before 1gnition
will occur  This material has been used for sphnts for 8 years and no case of
allergy or dermatitts 15 known. Occasionslly patents who sweat excesslvely
may compiam of intation but this 15 due to lack of ventilation hokes in the splmt
or to inadequate washing of themselves or the splint. Excesstve local pressure
may cause reddening of the skin  Carefully controlled local heating of the appli-
ance may sometimes relieve thi pressure, but unless extreme care is exercased,
distortion of the appliance and possibly tearing of the polyurethane lining will result
Another grade of polythene which may be found useful for certain types of
orthopaedic appliances 15 known as Ziegler § polythene or high-density low
pressure polythene  This material has different physical properties from those of
the conventional high-pressure polythene of the type mentioned above It fs more
rigid and has & higher softening point, and thus Ziegler polythene splints may be
made from thinner matenal and are lighter 1n weightt However the matenal is

The use of poly fourns in i covered by Britsh
mNm7“ﬁm7m7ﬁkhm}idd§!U:NubmlRuurch
von, 1 T srrtc'.l.ondon.\'ll The wse of polytheno alone for ic appllances b
covered

not

1 M Fnarudbylrmxfhl Industries Ltd., Welwyn Garden Clty, H BEngland
1M lnnu " bySuricySmhh&Cc..Wofkamd.Uc‘mh.MlddLéﬂ
LﬂThe nn:.:rhlunbeobulucdfmm Stanky Smith & Co., Worple Road, Iskeworth,
Middy, England.
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more difficult to mampulate and the attachment of polyurcthane foams is at
present not so easy as 18 the case with conventional polythenes  The method to
be described of formuing splints 1s applicable when using Ziegler polythenc pro-
viding they are of simple form  nght angled foot splints, for example cannot be
made from Zsegler polythene by hand moulding

Polyurethane foam
Polyurethane foams arc thermoset materials They are marketed by many compa
nies 1n vanous countnes and some products may be modified by the addition of
desirable plasticizers pigments, and other chemical agents.  The foam s supplied

Fia. 9] —Infra-red heating
oven.

mn sheet form 1n thicknesses from 1y 1nch upwards. Various densities of foam are
available, the most satisfactory one for orthopaedic purposes having a specific gra
vity of between 0-055 to 0-065* It 11 fully porous to water vapour readiy com
pressed and almost non mflammable. The matersal 1s somewhat friable and splints
Imed wath 1t should not be scrubbed Overheating or prolonged exposure to
ultraviolet light causes the foam to discolour To mask the effect of ultraviolet

degradation, 1t has been found advisable to use pink tinted foams Tem
Peratures up to 170° C do not effect 1ts properties and when it 15 used 10 ¢om
benation with polythene only distortion of its cellular structure occurs during
moulding, Foams can be attached to polythene at 140 C without the usc of ad
hestves. Op cooling the laminate attempted removal results in rupture of the foam
Because of s extremely low thermal conductivity polythene polyurcthane
lammates can be applied directly to the patient, providing the temperature of
the polythene does not exceed 140° C  The laminate 1s applied with the poly
“m_ll}lne In contact with the skin. If excessive pressure which would collapse the
uu.,n";,,';""" Foemoprene, “r:rm No. 103/04/N Manufactured by Kay Brothers
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foamn is used to form the splint, burns may result hence only splints having umple
curves, for example cock up splints or leg gutters can be moulded with safety on
the patient.
Equlp for the i e of appll
The equipment required for making sphints is muimmal but 1t 18 advantageous
for speed and ease of manufacture of apphances in quantity to have the fol-
lowing equpment
1 An infra-red process beating oven stze 4 feet 6 inches 4feet61nd:a(l’-‘ig.9l)
48 X 250 watt internal reflector fnfra-red process heating bulbs will be required to
cover § square feet, T}wyshotﬂdbehddtnnﬂubhholdunoywldeqmt:vmma
donoflhenmuoflhebulhsmdtoslwnclcunncebctm bulbs and the
03 covered floor of the oven of 12-14 inches.  Since polytheno ks a poor heat
condnaorlndlhchmpl a high surface temperature, it ts advisable to switch the

wrrento-nundoﬁ'i.n tently means of & time cycling device. Suitnbleoveru
now commeraally nv:ﬂnble_ arlous other of gas or ckectric ovems
{mpmvmdb\nithes:mialthncvm}mﬂniolhe uobtmncdludt.hn!

the temperature of the material does not rie above 150° Experimental work with
moul Pplastic suggests that a hot-air circulating oven may be a more suitable way of
ting thess materals,

2 A foot: d hing and riveting hinc with a throat of not ks than
12 inchex. § inch, 4 Inch and } fnch punches are required. This machine can be
wsed for the ion of tubular rivets, eyclets, press studs, and for punching ventilation
hohul(‘Fig.ﬂ) the latter operatlon should be done from the foam surface of the

appliance.
pg A bandsaw for cuting the polythene. Thrs machine should have a throat of not
Tess than 12 inches.

4 A 6Inch soft wire mop and sanding discs attached to & standard double-ended
polishmg head.
A leather worker s knife and whetstone.
Ribbed surgweal stockanet, width 12 inches, as vsed for plaster work.
A medum to coarse metal file and vanous grades of sandpaper

Y- X9

r" r

Fi —Perf Fo 93 Mat:rhl foroueh:lrnlmhl
0. 92.- orating appllance. Lokl
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Forming the splints

Using polythene-polyurcthanc Iaminates simple sphnts such as leg gutters wrist
cock-up splints, or small back supports may be formed direct on the patient
(Ven Swany 1954 Brennan 1955 Mchee 1956) For larger splints, such as
spinal jackets, Jong leg splints, cervical collars and hip spicas 2 positive plaster
cast Is essential A picee of polythene of the appropriate size 1s cut with the band
saw or less easily wath a sharp leather knife  1f a knife 1s used care should be
taken that cuts arc not made in the polythenc by the knife as these can cause
sobsequent cracking in the matenal  Such eracking 1s more liable to occur follow
mg kmife tnmming of the splint after moulding  The direction of pull of the kmife
thould always be away from that part of the sheet which is to form the splint.
The polythene should be washed with warm water and soap 5o as to remove any
dust or grease which may contamunate the surface and prevent adhesion of cither

Fra. 94 —Moukiing back
half of cenical collar

the reinforcing strip or the polyurethane A sheet of the foam the overall dimen
s1ons of which are about } inch to % inch greater than those of the polythene
shezt, 18 placed in the oven and covered with the polythene Reinforcing strips
of polythene which are obtained from offcuts are placed 1n the approprate pontions
on top of the polythene (Fig. 93)
rcl-ft(; establish the working conditions for a particular oven, the time-temperature
o l‘:“-‘hlp should be recorded by inserting 1n the shect of polythene a thermo-
p c3mmectcd to a pyrometer The temperature of the polythene cannot be
recorded by placing mercury thermometers on the surface of the sheet 1f 1nfra red
hml'mmomg 5 employed.  When the polythene 13 ready for moulding, both the re
Ifon ‘:)i;lﬂp If present, and the main sheet of polythenc should be transparent
lhcyzh uldbh occur between the reinforcing strip and the mamn polythene sheet
s h(;h be pricked with o pin to let out the air A prece of stockinet 1s applied
xmdgl tt:cm to the surface of the polythene The stockinet should not be
The l{ockmu:thed and care should be taken to see that creases are not produced
apphed ¢ polythene polyurethane lamuinate 15 fied from the oven and 18
o the plaster cast (Fig 94) It 1s then gently sirctched 1nto position and 2
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few nails are driven into the cast through the moulding at converdent points to hold
rt 1n position. When the moulding has cooled, the stockinet 1s stripped from the
surface of the polythene and the sphnt removed from the cast. The edges are
tnmmed, ventilation holes are punched in appropnate places and buckles and
straps riveted 1n position  Ventilation holes, § 1nch tn diameter should be drilled or
punched in areas which are carrying a load, 10 other parts of the splint larger hoks
may be made Leather or plastic tongnes where the splint edges come together
10 encrrcling splints should be attached to prevent nipping of the skm.

‘When moulding small splints direct on the patient the operator should atways
check that the laminate 1s not excesarvely hot by resting the foam side of the
laminate on the back of his own hand for a few scconds prior to moulding it on
the patient.  For pauents who may be apprehenkve of this procedure, 2 sheet of

+x 1nch polyurethane may be applied to the patrent and held in position by adhesive
tape pror to forming the hot lammate The laminate is then moutded by appfying
evenly wet 2 inch cotton bandages.

At body temperature the splnt has shght resilience, burt 13 not readily deformed
Polythenc-polyurethane appliances can be made more quickly and more simply
using the technique described, than moulded Jeather or celinlose acetate sphnts
reinforced with metal For example a cervical collar (Fig. 83) ncludmg the time
spent 1 taking the posttive cast, can be made and supplied to the patient in 2%
hours. Metal reinforcement 1 not requred.  The splint s light jn wesght, durable
and washable Veatilation holes must be kept clean and the foam sponged
regulacly  After washing, the surface should be pressed with 2 sheet of blotting-
paper dampened with methylated spint. Blotting paper without spint and a dry
towel will remove excess water but the spiint may feel damp when applied. M
too much spirt 1s used, swelling of the foam will result.
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COTTON-CI LLULOSE NITRATE FABRIC (SAMCOTORMA) *

This material fs suitable for certain types of non weight beanng appliances  The
moulding fabric, which is available in seven thicknesses varying from 0-025 inch
to 0 128 inch consists of a double raised cotton material which has been impreg
nated with a dispersion of cellulose mitrnte—plasticized with camphor—and
gypsum which is added as a fire retardant. The fabric as supplicd and after
evaporation of the solvent used to soften the sheet for moulding, will not ignite
unless m direct contact with a naked flame or metal at red heat, when it will burn
with a slow flame.

Mamufactare of appliances

A posiuve plaster cast is required  The cast 1s lightly smeared with petroleum
xlly or a good quahity floor polish which acts as a parting agent and prevents the
fabrc from steking to the positive cast  The requisite number of shects are cut
out, allowing 1 inch over the measurements which are required for the fimshed
splmt.  Each sheet is immersed 1n a sultable ketonic solvent—hugher ketone
solvents being most sustable—for not more than 5 or 10 seconds  The fabnc 18
wrapped around the cast the overlap being arranged where the laaings or fasteners
will be placed  Should the material start to harden, a little extra solvent should
be applied with a brush.  For certain splints such as for the wrist one layer of the
thck matenal will be sufficlent.  For larger splints a second layer may be added,
or strips of the maternial may be applied where additional strength is required.
On re-entrant curves, a cotton bandage may be applied to hold the fabnc mn
postion. The cdges of the moulding are held 1n ponition by means of tacks
Bonding of layers of the fabric Is best achieved by the use of a roller of suitable
width. The moulding should be left in situ for at least 12 hours, after which an
opening cut Is made down the Iine of overlap either with an electric circular hand
52w or a sharp Ieather knife It is advisable to allow the cast to dry for a further
half hour after removing 1t from the plaster of Parts positrve cast, with the edges of
the opening cut clamped together to prevent curling of the splint. After the splint
bas been fitted to the patient, ventilation holes arc punched and the 1nside and
ontnde surfaces of the splint are smoothed with coarse and fine sandpapers A
sutably plastreized, flesh coloured cellulose lacquer 1s applied on the outer surface
nd o the inner surface if the sphint 1s not to be ined. Two or more coats of the

may be required  about 15 minutes should be allowed for drymng between

the application of each coat. The splint may be lined with chamois leather
Buckles lacings or zip-fasteners are then attached

It is advisable for those in continuous contact with the matenal to use a barrler
feam or rubber gloves, since the solvent is inclined to dry the skin. Moulding
should be carried out in a well ventilated ares, as inhalation of ketones may cause
headaches and nausen  All ketones are highly mflammable

Appliances made from this matenal are light 1n weight and resilieat and can be
supplied to the patient 1n a shorter time than moulded leather or cellulose acetate
ppliances. They are not however as robust as those of polythene

.
Manufactured
by Ella Son and bYB.Uliﬁtg]lcllndMld\Lnﬂ'yCo Ltd,, Lelcester Englend. Distributed
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CELLULOSE ACETATE SPLINTS *
Cellulose acetate 1n combination with musho wae one of the first plasth matenak
used for making orthopaedic applances. Newer materuls, for example polythene
have ke 1ts place

However na-ppanmhrmﬂn:dfamnﬁnxthucwt-w&;b: and
dmdmumrmcﬂmdo{mmzﬁmh cnnoz‘thepln n
the wyual manner  The surfuce quite smooth liberally with
French chalk. The celiyl b

Acd‘lﬁt may be p
togical o pbo(ow‘nphh.ﬂlmlnnmammtﬂthc
to that of good quality oil pant Some types of
}mcnmnucwpanheobumdundﬂmwmbcmn

film. A layer of umstarched butter mstin is npplied to the cast end the colluloss
ﬁtcwluﬁon\xmhedmwlhlsﬂﬂhwbnnh. Anomu‘u)\:georm\nunhiddcd

splints. Extra strips of the matenal are placed wesk arces, It s advisable
10 et the scetate before the appheation of layer otherwie the
evaporation of the solvent from the lamunate bcundu}ypmlougu:l. 1t 15 exsential
to avoid air bubbles and 1o ensure that esch m!ﬁ);tdyinmum
with the fayer beneath. Taplmthef ofvoids,thomu: should not be
stretehed across re-entrant aova. laminate should be allowed to dry
rornhomwbmbdmlth:pﬂund oﬂ’themt. It s not as a ruke peceseary

to bimhve the splint. I!ﬂmﬂd!hmbcﬁncdmtbep-ﬁem,nmbdmdmmmcd
with either a sharp knife or an electncal handsaw A3 soon ay fitting Is completed,
otherwhe the

CELLULOSE ACETATE Grass FiERg BANDAGE t
Ths bandape was described by Kalowsk: French and Edckson (1944) It consists
of a knitted fabnc the constrtuents being approximately ghats fibee 20 per cent and
cellutose acetate 80 per cent by weight.

The sotvent, which is inflamumable, 5 & combination of scefons, methyl tennd
& group af hydrocarbons, the exact propottions being the subsect of patents,
Grmummbcmhmwtm(bcaﬂkdmnzmltbc s not toa
tooe concentration of a1 may occur under when
lkﬂlmdkhmma'mwlndh{ 1956), Naked lghts and hotwire
elermentts {n harr driers must be avorded, 2 fire rny requit. Once the tast
bas dried 1ts no than that of wooden splints.  Sctting fiuids
mmvc!hcfnnfmmtbe:.kmumglheupﬁllorﬂldvuedwlpplyl eream
wlhchandx Thiz precaution 15 wuflru&npmhmtdn

uprncdcaﬂynofrteﬂu}dmpin;fromﬂw\nndw bt 5 applled.
Celhulord 15 the name used [ a&mnmmuhﬁﬂyn&mb&pﬁaﬁcmwﬁlm
shouldnnerhuudronhxtypeor Applences mwde from acetate shoudd not
beurm:d cellulold splnts,”

+ These bandagm are marketed vndes the trede name of Glwsoen by Swith and
Lid mGntmnn.:ndm\heUmvdSumoiAmmunda(thnmmdAlmbv
the Tower Co loc Seattle
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Technique of appikation of handage

The part which iy to be immotnlized should be covered with a layer of stockinet of
sufficient extent to turn back over the cast 30 as to form a smooth edge.  The bandages
are immersed in the setting fluid and immediately withdrawn and applied under shight
terslon.  Scveral layers of bandape will be teeded to give adequato strength. Care
should be taken that the outer layer Iy smooth moulding belng facilitated by applying
w crepe bandage for 1 to 2 minutes. It is never advisable to apply the acctate glass
bandage dircct to the skin.

1t is most important that the flat of the hand and not the fingertips are used for
moulding, otherwlse pressure arcas will be formed In the dough-like materfal The
splmt will become reasonably nighd in about half an hour but since the inner layer of the
spimt will be soft the cast may deform If pressure is applied locally during the
first 24 hours. Casts made from this material are light In weight strong and resilient
wmffected by water and excreta and tramslucent to x-rays  They are toa
vanable extent to water vapour  Bandages may be stored without fear of damage by
moist atmospheres,

POLYMETIYL. METHACRYLATE
(Prrsprx, PLEXIGLASS OrR LuctTe) *

Perspex 13 available in cither transparent or opaque shects 48 inches by 60 inches
from j inch to § inch thick The plasticized matenal (plasticized with dibutyl
phthalate) 15 most satisfactory as it moulds more easily and has @ somewhat
higher rmpact strength
The requisite size of sheet to form a splint is toilored to the measurements of the
cast. In 1943 McGowan described the e of for certain Jimb gutters by
fomng the material on pomtive plaster casts.  With larpe splints however the hand
method s not adequate.  Scalkes and Herschell (1945) deseribed & method using com-
pressed alr to form Perspex Inside reinforced negative plaster casts.  The apparatus
requured was complex and expemsive and could only be used 1n specialized centres. A
maor disadvantage of Perspex splints 15 that, should they break the edges aro sharp
and can penectrate the skin causing considernble damage. The large appliances are
too ngld since % inch material has to be used. Polythene is far more sultable than
Perpex, which s difficult to form even into such simple shapes as cock-up splints.
(For the manipulation of Perspex see Nangle 1951 )

ViNyL POLYMERS

Polymers and copolymers of vinyl chlonde in sheet form have been used experi
mentally for vanous orthopaedic apphiances They are smtable for the smpler
types such as long leg gutters and cock up sphints  The polymers are all thermo-
Plasts and can be moulded in the same way as Perspex  They have a moulding
‘Gmptmure of between 70° and 120° C, depending on the type of polymer
P to the present time the most swiable materal has been & copolymer of
vinyl chloride and vinylidene chloride + It has a moulding temperature of approxt
m:ltly 120° C and care should be taken that 1t 13 not overheated The matenal
E Perspex bs manufactured by Imperial Chemical Industries Lid., Wetwyn Garden Clty Herts,

U;‘:flhﬂ b masufactured by Robm Ham & Co., 222 Weat Washington Square, Philadelphia,

Lmh‘mﬂmedbyl’_LDupomdeNm\omCo Inc. (Plastics Diviilon) 626 Schuyker
Averne, Arlington, NJ uUs. )
of * Cobex, 5004 PINK “ S ™ Surface Z grade.
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cannot be moulded direct on the patrent. A sheet § inch thick has been found
suitable for all types of simple splints  The material can be sofiened 1n 2n wnfra
red heating oven. It s advisable to use a dry warmed cast, otherwise chilhng
of the matenal will occur and moulding will be very difficult. After applymg
the softened sheet to the cast which should be done as quickly as possible, a
prece of stockinet is stretched over the moulding and the ends of the stockmet
anchored by dnving nails into the plaster cast throngh the stockiper. It s
important that an even tension of the stockinet Is mamtamed. When the material
15 cool, the mouldng can be removed from the east and tnmmed to ure with
an electrrcal handsaw—it cannot be cut with a leatherworker’s knufe. If buckles and
straps arc to be attached by nvets clearance holes should be drilled m the
appliance. Great care should be exercised in all nveting operations, otherwse
sphtting of the material will resnlt. Ventilation holes § inch 1n diameter are
required as the polymer is virtually non porous. Spimts are light in weight and
considerably more ngid than simufar apphances made from polythene They are
unaffected by water and body secretions  Patients should wash the appliance
regularly  Polyurethane foams will not adhere to the softened matenial but can be
attached afterwards by painting the inner surface of the appliance with & swmtable
adhesive  however this procedure is not recommended since a good bond between
the foam and the splint 1s difficult to obtamn. If this method is practised a non-
dermatitic adhesive must be used.

RESINATED Aspestos FELT*

This matenal 15 an asbestos felt which has been Impregnated with a partully
condensed phenol formaldehyde resn, With the applcation of heat, further
condensation of the resin takes place with the hiberation of water resulting in 2
thermoset plasttc  In the manufacture of the felt, the asbestos fibres come to lie
in the same direction, thus the felt can be stretched with the gran of the fibre but
tears 1f pulled across the grain. The thin and medium thickness sheets are the
most wseful for moukling. The resin content and type of fibre vary with the
grade, RA1 being the most smtable material for orthopaedic appliances. The
felt should be stored in a dark cool place (not above 7° C) and be kept in the
onigmal packing to prevent excessive drying out.  The matenal tends to harden
when stored, but even after 2 years 1t can still be used providing the condtions of
storage are observed. As the uncured matenal contains phenol and formabn,
skan trtation may be caused 1n susceptible persons concerned with its handling or
manipulation this trouble can be avorded by using a barner eream.  The cured
materal of the finisked splint is non-imntant.

Method of maling a splint

The material 3 most suitable for making ngd appliances, such as pylons
(Fig. 96) Imb gutters, and 50 on (Scales, 1950a) A positive plaster cast is required
as the materfal cannot be moulded direct on the patient. The plaster cast should
be painted with & solution of cellulose acetate to prevent adhesion of the cured

Made by Turner Brothers Asbestos Co. Ltd,, Rochdale, Lancs, England, under the trade
“Durestos ™ There are three standsrd grades  RAI RA3 and RA9 esch in three
thack nesses.
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moulding. When the acetate 1s dry a fllm of petroleum Jelly is applied  For the
manufacture of an above knce pylon cither a positive cast or an adjustable metal
former may be used  The appropriate number of picces are tatlored from a sheet
of felt of the desired thickness  The felt should be dampened cither with water or
methylated spint to facilitate moulding and bonding of the layers  The first sheet
should be applicd right round the cast and the edges teased out 8o as to make a good

—

Fa, 96.—Bilateral pylorm with simple hnee

right imb, ncd In the treatment

an schoodroplasiac who had below-
ampatations.

Jomt. It 13 desirable to so tailor the felts that they can be applied with the gramn
™ successive layers at right angles to each other  An adhesive, Acrodux 185 *
which gives the cured lammate improved mechanical properties, may be applied
between the layers of felt. It 1s important to make sure that no air 15 trapped
balhnmm the felts and a rubber or metal disc type roller may be used to ensure
the layers are weil bonded Remnforeing strips of felt may be added
Wherever ncreased local strength is needed The last felt should be completely
:‘P’;ﬁns and cover all remnforcing strips  An open wove cotton bandage 18
the hm‘;ﬂdﬂ tension round the moulding care beng taken that when applymg
Y ge the felts do not slide and buckle wath the formation of air pockets
by Aero Retearch dhes sy
mmhby the aadion BF e T T e TR, ey
thefdn (LN added after compounding, and this akis 1n the dispersion of the adhesive
1549 page 335 )lhﬂ]]m, Royal Aircraft Establshment Famborough Bririsk Plastics, October
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The moulding should be keft to dry for an hour or two and then pauted with a
viscous solution of cellulose acetate. As the solvent evaporates, a tkm 1 formed
which contracts on to the felt and gives a smooth surface finish  The applrance s
now placed 1n a gas oven with the thermostat set at 75° C and allowed to cure for
epproumately 8 hours. It 1s important that the oven it not of the sealed type
otherwise water vapour from the cast and the lammate cannot escape and cunng
of the moulding will be delayed. At higher temperatures delamination occurs
due to the steep nise i the water vapour pressure above this temperature, When
cured, the sppliance 18 removed from the former and fitted to the patient. If
ventilagon holes are required, they are drilled at this stage  The 1nner surface s
coated with an unplasticized water emulston of polyvinyl acetate® which on
beating for a few munutes i1n an oven at about 95° C forms a continous transparent
film.

The outide of the appliance should be coated with an aluminium pamt and
then sprayed with a flesh-coloured cellulose Inoquer It is cssential to use & metal-
based paint as a primer to prevent undue absorption of the cellulose lacquer by
the laminate. Durestos applnces do not requure metal reinforcement  they are
durable, ight in weight, do not distort with use they arc washable and unaffected
by sweat, urme and faeces, non mflammable, and can be produoced at low coft.

POLYESTERS

These resins are sed 1n the manufacture of paint, for electncal msulation, hulls
of boats, car bodies and afreraft components.  Their chenustry is dealt with m
Chapter 4 They can be considered as thermoset resms which are formed by
the cross-linking of a hqud thermaplastic resin, the usual crosslinking agent
being styrene, althoogh recently monomethyl methacrylate has been used. Con
nderable efforts have been made m the past to uso these remns for orthopaedic
purposes, since they possess the following characterstics

1 Dunng polymeriration no by products are produced.

2. The polymerization can be made to occur at room tempersture by the nse of

suitable catatysts and activators.
3 The rate of polymerzation can be varied by adjusting the amount of catalyst

used.

4 Pressurckess moulding techniques can be employed.

5 The viscosity of the remn can be varied by altering the proportions of the
monomer and alkyd part of the renn.

6 They can be used m combination with a variety of reinforcmg agents such as
glass flbre or cotton.

In spite of the obvious advantages which they possess, they also have certam
d.lmdv'luﬂ.utngu. They are sticky tomewhat viscons Lquids which must be used 10
combnation with & remnforang agent, the one with the best mechanical properties
being glass fibre. The monomer or cross-linking agent, which s usually stym:lc.
has been said fo cause skin irntation and 1t 1s necessary for those who are constantly
usmg the resms to apply a barner cream.  The polymerization or carng of the
resm 13 a0 exothermic reaction and 1f aufficient catalyst 15 added to enable the
reaction to occur 1n & reasonable time (15 minutes) the heat produced may bum

Available under tho trade namo * Revertex ” Supplied by Revertex Ltd London, kagiand.
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cast has been well prepared and the releass properly applied, the inside of the
socket will be smooth, Alr trapped beneath the first layer of glassmat or a lump
of polish may cause indentation of the laminate which will require smoothing and
posubly recoating with reman.
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CHATTER 20
STERIT IZATION
R. h~ox

INTRODUCTION

UNTIL QUITF RTCENTLY most surgeons Rere apt to take sterihization for granted

and were concerned about it only if something senous seemed to have gone
wrong. The comung of antibrotrcs perhaps encouraped this attitude since by the
wse of the appropnate antibiotre * umbrella ™ 1t became for the first ime possible
to carry out successfully and with littke sk of infection many operations shch
formerly had a high fatality from septic complications.  But n the last few year

there have been signs of a renewed nterest in the efficiency of our methods of
sterilzation.  This has been due partly to the obvious hmutations of antibiotics
in preventmg surpial mfections, partly to mereasing evidence that many times
honoured methods of steriimtion sumply do not stenhze and partly to the 1o

creasmg fear of Lugation following surgical disasters.

Frequency of surgical Infections

Yery few relmble figures are available as to the frequency of surgical mfections
(Howe, 1954). When trival infections occur it s often rmpossible or 1t may not
be thought worth while, to find the true source. Even with serious or fatal mnfec
tions the source may not be found because there are so many possible avenues of
mfection  Infection occurnng m surgeal wards 1s often due to faulty techmques
m medwcal or nursmg care or vanous breakdowns in hygiene either m the theatre
or 10 the ward (Deverush and Miles, 1939 Blowers and his colleagues, 1955
Colbeck, 1956 Hare and Thomas, 1956 Shooter and his colleagues, 1956
Shooter and his colleagues, 1957) It 13 not often that infection can be clearly
triced to a breakdown in sterilization (Sewitt, 1949) more frequently there
B 2 geoeral overhaul of all techmques, including sterilization methods, and
Do fresh infections occur perhaps for a long trme. Surgical techmque today
18 like modern hygrene—the average standard seems to be so high and obvious
f&ﬂummwwmpanm'ﬂymrc,ﬂnlnisdxﬁicultwms:any:n!h\mumfor
schemes for turnmg something good mto somethimg even better  such schemes are
likely to be very expensive  In some developing fields, however such as neuro-
surgery and skin grafung, disaster may result from mfections which would be
trvial 1n other situations

It 18 agamst this background that methods of sterilzation must be considered.
The methods available and therr correct use are briefly reviewed, their advantages
and disadvantages discussed, and an attempt made to outlne the rules which must
be observed if sterilzation is to be effective.

Ermnlndrrﬂhnﬂu-npndkc

Some important sources of error in sterilization
practice should be emphasized
At this stage (Perkins, 1956) In most sterilization procedures 1n common use
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today the sterizing agent is applied for a defined pertod of time nerally

as being safe menothmmwmmmm&cn£;:
the samo agent to kill organisms tn expermmental conditions  For example, 1t 18
probebly true that spore suspensions of most bacterta will be killed m 4-5 minutes
if they are exposed to steam under pressurcat 121 C (15 pounds pressure of pure
steam) provided the spores themselves are at that temperature  But if the same
spore suspension was wrapped tightly inside a threk package of surgreal dressings
m an autociave filfed deliberately to the brim so that steam (and heat) could hardly
penetrate at all it might take a very long time to kill the spores. It is genrerally
agreed that matenal for sterilzation must not be too tightly pecked and 1o many
hosprtals great attention 1s being paid to this  but ;m many others 1t 15 still neg-
lected end tight packing is the rale rather than the exception. Even with loose
packing accumulated small errors could result in failure to stertlze—errors m
timung faulty recording of temperatore or pressure varution m the source of
heat and rate of heating, and permissible vanations in the type of load. There
must be an ample margin of safety to cover all these, and the times and tempera
fures necemary 1 practice are considerably greater than the minmum neceysary
in 1deal expenimental tests. This means that many matenals which are easily
damaged have their effective life shortened by repeated exposures, and great
economy would be achieved 1f exposure times could be cut down without loss of
nfenty Research 1n thus field 13 urgently needed and would undoubtedly bo worth
while.

On the other band there 13 no doubt that many of the times and exposures
carrently used 1n practice are too short for safety It must be remembered that
sterilization as commonly used can never be quite instantancous. A given amount
of heat or a given ration of & dumfe t may kill a large proportion of
the organusms in & culture very rapdly but the time required for kulling alf the
orgamisms is very much longer For example boiling water has for long been
accepted as a safe method of sterilization  But 1ts safety depends on the way n
which 1t s used  If clean mstruments are dropped (not more than a few at a time)
durectly into boiling water most of the non-sporing bactera which are likely to be
on them will be killed in § mmutes or less. But the tame bacteria inude a synnge,
or heat reustant spores will certainly not be killed and even much longer periods
of boiling would be unrelable If in addition the bacteris are embedded 1n drred
pus blood or other material, then any method of aterilization becomes much more
unrchable

The fact ¢ that many of the exposurc periods used today which have become
part and percel of surgseal practice have been adopted without really critical or
exhanstive trial.  Most of them have appeared to be successful In routlne use,
and thrs feeling of confidence has been encouraged by the rarity with which sepsis
has been traced to breskdown m sterilization  Bacteriological evidence has
seldom been prodoced snd much of what hes been produced is of considerable
antiquity It may be true that oven if small numbens of bacters survive
sterihzntion the body defences can mu}glsy d;_:plosa of them Buot the obyect of
stenlization 13 to sterilize and anythin 15 faulure.

Itis uﬁﬁ:l :o distingmsh between ufzﬂuzuon and disinfection. By s!:rﬂmﬁr:_ﬂ{
1s meant the destruction of all lving micro-organesms, The word " sterile
therefore should be used for surgical instruments and equipraent only when these
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have been properly sterilized and maintained in that state up to the moment of use
Duunfection on the other hand means the removal of all organisms which are|
Iikely to causc infection  Many mcthods of dusinfection are effective and safe
enough for everyday use but they are not methods of sterilization and should
never be so described

The main methods of stenlization are mechanical chemical and physical

MECHANICAL METHODS

Of mechamieal methods the most important 1s filtration 1 which matenals are
passed through suitable filters which remove micro-or partly by h 1
means and partly by means of their electric charge  In surgery there are two main
applreations of filtration—in stenlizing materinls such as sera and other biological
Irquids which would not withstand more drastic physical or chemical treatment,
and n sterihizing contaminated air  For the filtration of liquids a vanety of
filters are used—sintered glass, Seitz asbestos pads, porous candles such as Berke

feld, Chamberland or Doulton or membranes of collodion or other materials.
Filters differ greatly in their porosity and in the purposes for which they are
sutabke  Those of large pore size do not stentlize at all. They are often used to
clanfy a iquid before 1t 13 passed through a sterilizing filter or finer pores which
would otherwise be clogged up Tt is essential to make sure that the filters used are
the correct ones for sterilization and that all apparatus 1s properly assembled,
sterilized and used by tramned staff  Filtration of air 1s especially important in
operating theatres and other places where contaminated air 1s dangerous In

coming air1s passed through dust filters of vanous kinds or over electrically charged
plates which remove bactena laden dust particles  Aur filters are liable to get
blocked, especrally 1n smoky cities and need to be frequently changed and carefully
mamtained by skilled stafl who understand the problems involved Clogged,
ueflicsent filters are not only useless but positively dangerous

CHEMICAL METHODS

The number of chemical substances used for * stenlization ™ 13 enormous. None
15 cntirely satisfactory and as 2 general rule 1t may be said that chemical methods
2imed at sterilization should be used only when other methods are not available
The common practice of ninsing or even of preserving instruments or glassware 1in
dumfecting fluids from which they are removed to be used, with or without
finsing 10 so-called sterile distilled water i unrehable and dangerous If dis-
1nfectants must be used 1n an emergency the following rules should be observed
all artecles (o be disinfected must be thoroughly cleaned first, they must be com
Pletely immersed for an adequate length of fime m a duinfectant solution whoso
strength can be relied upon and the times and concentrations necessary for safety
must be determined for each disinfectant by direct bacteriological tests carried out
b 2 competent bacteriologst.
uijhmml substances may also be used 1n the form of gases or vapours  Form-
chyde (CH,0) vapour has been used for many years 1n attempts at terminal
ection of rooms arr furniture and other equipment which cannot be con
Vetiently moved or sterilized by heat It 13 now realized that the old method of
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burmng formalin candles 1s tscless ualess the air 1s moist and that water vapour
must be present if formaldehyde is to exert its foll effect. Formaldehyde vapour
huahobecnuscdformhnmtofm_amgandot.hcrmntmal.smlnrg:du-
nfectors which can bo filled with the vapour It 1s reasonably efficent at dos-
wfecting surfaces, but its power of penctrating into the inside of mattresses and
other articles 15 erratic and m any case the vapour it irmtating 1f it 1s not thoroughly
removed. Ethylene oxide (CH,),O 13 & very effective bactericadal substance.
Mixed with carbon dioxide 1t 1s safe and non inflammable but mixed with arr it
explostve Tt 13 being developed in some countries and has certam great advantages,
as 1t 13 much more easily removed and has much greater penetrating power than
formaldehyde N

It seems likely that whereas formaldehyde is a useful dusinfectant for many
pu.rposabutunottobcrcgnrdcduagoodrtcrﬂmugagmt,thcmuld:ﬁmtc
place for ethylene oxide for true sterilization and 1ts range of usefulness 19 likely
to increase 1n the future (Perkuns, 1956)

PHYSICAL METHODS

Heat

Of phyncal agents heat 15 the one most commonly used. It may be apphed
as moist or dry heat, and the various forms have didferent advantages for different
types of material. The most commonly used methods of stenlimtion by heat
are (1) Steam under pressure (2) hot ar (3) immersion in boiling water
(4) exposure to frec flowing steam.

Steam under pressure

Provided 1t 13 properly used, steam under pressure 13 probably the most reliable
and efficaent method of sterilzation known  Its great efficiency depends partly
on the attainment of temperatures higher than can be reached by boiling or by
steam at atmospheric pressure but even more on the great penetrating power of
saturated steam due to its lafent heat.  Bacterl spores whrch can withstand 2-3
hours of exposure to dry heat at [21 C may be kilfed in 2 few minutes by exposure
to the same temperature in the presence of saturated steam at 15 pounds pressure

The esscotal object m a pressure steam sterilmer 18 quite simply to deliver
saturated steam in such & way that the required temperature can be rapsdly reached
accurntely mamtamed and quickly reduced when sterilization 1s flalshed. The
achievement of this obpect can best bo conmdered under two main heads—tbe
denign and maintenance of the apparatus itself and the proper preperation, packmg
and sterilization of the materials put mto 1t ™ .

The and maintenance of pressure steam steriiizers —The great efiacncy
of prmmwmm sterilization cannot be fully exploited unless a good deal of
skill and 1ntelligence have beent used both 1n the detign and in the operation of the
apparatus  Many varieties of apparatus at present 1o use are badly deugned and
difficult to mmntain, and their opcration 1t often left in the hands of unskilied
staff who do not understand the prnciples and purpose of steam stenliztion
There are two mam groups of defect—errors i bastc design and faflure to record

accurately pressures end temperatures attamed
Error:ii design —The most serions error In basic design 18 the failore to provide
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for raprd removal of air and for it raptd replacement by pure saturated steam
even with the apparatus empty  When steam at a pressure of say 20 pounds per
square mnch is let into the main chamber which contans cold arr unless the air is
rapidly removed layening wall occur and there may be large differences of tempera

ture between the stcam at the top of the apparatus and a cushion of air in the Jower
half When the chamber 1s loaded with solutions to be steriized the temperature
difference between the top and the bottom of flasks or bottles may be great enough
to cause a horizontal fracture  This pocketing of air can be avorded only by
providing efficient methods for sts rapid removal as the steam flows in  Air may
be removed either by downward displacement or by the use of vacuum  Air is
heavier than steam and for downward displacement the arr outlet must be at the
bottom of the apparatus and at the opposite end from the steam inlet, so that
there 15 a steady flow of steam pushing the arr out from one end to the other of the
chamber ‘The air outlet must therefore be wide and unobstructed and its proper
maintenance fs vital  Since the exhaust line 1s hikely to be the last part of the
appanatus to reach the temperature of the incoming steam 1t 18 here that a thermo-
meter should be situated (Perkins, 1956)

The vacuum method of removing air 1s perhaps more commonly used either by
making use of the partral vacuum which can be produced by using the steam pres-
sure to withdraw air from the chamber or by the use of 2 vacuum pump There
15 a good deal of disagreement as to the best method of removing air but the
method whereby a vacuum of 10 inches or at the most 20 inches 1s created 1n the
chamber by means of the steam 1s probably the least efficient.  Whatever method
15 used, 1t is essential that there should be a free flow of advancing steam to push
out the last traces of aur and that sterilization should not start until the chamber 13
filled with pure saturated steam at the required temperature

Errors in recording temperature and pressure —Modern steam pressure sterilizers
are fitted with 1nstroments which record the temperature reached in the mam
chamber of the apparatus, but older sterilizers recorded only the pressure not the
temperature attained To rely on readings of pressure alone can be disastrous m
at least two ways. Many pressure gauges are at best not very accurate and if they
are not working properly may be grossly wrong. If therefore a pressure gauge s
reading too hugh a reading say of 15 pounds per square inch may be thought to
indscate that a temperature of 121 C (which s the temperature of pure saturated
Steam at 15 pounds pressure per square inch) has been attained or mamtamed in
the sterilzer  But 1f the true pressure were not 15 pounds but only 10 pounds per
square inch, the temperature reached in the sterilizer would be only 115 C, a
temperature which would not effectively sterilize 1 the tme recommended for a
glguli:: ;cmpcmmn; A second reason for not relying on the pressure gauge alone

certan pressure of steam indicates 2 certain temperature only of the steam
1s pure and not mixed wrth air Even if the pressure gauge is accurate there must
bcomamtythatullmu:uofwhavebecncxpel}cdfmmthcchnmberofthe
sterilizer  Otherwise the true temperature in the sterihizer may be 2 good deal
lower than the pressure wonld suggest. It 1s also unsafe to rely on recordings of
temperature alone It 1s possible partrcularly if there 15 a hugh pressure of steam
to the jacket, for the steam in the mam chamber to become superheated  Small
nm:uuu of superheating do no hacm (Savage 1937) but excessive superheating 1s
undoubtedly bad since 1t means that use ts not made of the full penetrating power
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of saturated steam, and conditions are nearer to those of dry heat rather thag of
saturated steam,

The only way to avord these errors 1s to maks sure that the apparatus is provided
with instruments for observing (and preferably recordmg eutomatrcally as well)
both pressure and temperature, If the apparatus 15 workmg propedy for every
change of pressure there will be a corresponding change of temperature m the
chember  Any discrepancy between pressure and temperature will at once be
observed and an explanation for 1t must be found Thermometers and ganges
must be frequently checked and their performance mamtained.

Loading of pressure steam sterilizers —Correct design and operation of the
apparafns stself are important, but no sterilzer will do 1ts job properly unlest care
18 lso taken m the preparation loading and control of the apparatus dunng actual
sterihization, Here again the first essentral 13 to allow for the free penetration of
atarated steam into all parts of the material to be stenlized. It 13 now well
recognized that even with the most efficiently designed and mafntained appamtus,
sterihzation will fail if the chamber 13 crammed full of dressings m which air pockets
colfect. A large tightly packed surgical bundle can cause obstruction of the flow
of steam 3o great that the centre may take hours to reach stenhzing temperatares,
and sporing organisms may completely escape destruction.  Differcat sterilizmg
tumes and temperatures are necessary for different types of materisl. Some
materials—for example, rubber gloves—are 0 essily tmuned by excessive heat that
it 15 doubtful whether any method of sterilzmg them 1s completely relmble  and
it 15 obvious that bulky dressings need a longer tme than smaller articles even
when there 13 no question of excessively tight packing. In the case of liquuds the
volume 13 obviously mportant. Even in a fully effictent steam sterilizer in which a
sterihning temperature of say 121 C 15 mpsdly reached, 1t will take much longer
to sterilize 10 htres of sahne 1 one large flask than if 1t were distributed without

1n 2 large nomber of smaller bottles (Perkins, 1956)

These facts lead to several mportant conclunons The trme and tempersture
surtable for sterlizing a vanety of different loads must be determined for each new
sterilizer A good deal of information 15 already available as 2 gurde, but a few
prelmmary tests with full bacteriological controls must be carred out before
any new sterilizer 13 pat mto service. Ideally the following tests shonld be carried
out (1) A record of temperature and p m the chamber itself and especaally
of the temperature 1n or near the discharge hine. (2) A record of the temperature
reached in the most inaccessible part of dressmgs or other matermls being sterilzed.
For tlus purpose 1t may be necessary to have a dummy dreasing withm which a
ther ple or 1 therm can be mserted, mving & contmpous
record of temperature. (3) Since this 15 not usually feasible mmpler but cruder
tests are ofien done with coloured liquids or other matermls which change coloor
anly if the temperature has reached a certam level for & certam time, These are
very suitable for routine checking and, despite certain disadvantages, seem to be
farrly reliable I & completely rehable colour control matertal could be found this
would make a great advance 1n sterthzation practice. (4) Bacteriologreal tests
should be carried out to see whether spores in the centre of dressings or other
matermls are in fact killed dunng the perrod of exposure

At first night it would seem that this must be the ultmate test sincs destruction
of all Livmg organsms 1s the objectve  But bacterologreal tests, important
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though they arc must be vicwed in proper pemspective The conclusions to be
drawn from them depend on the heat resistance of the test organism on the con
centration of orgamsms used and on the way in which they are exposed to the
steribzing agent.  Some spores are so resistant to heat that any process which
had to guarantee that they would be killed would be seriously damaging to many
matenals. Other spores may not be resistant enough and if these are used as
test organisms there may be no guamntee that spores of pathogenic organisms
have been destroyed A disadvantage of bactenological tests 1s the delay necessary
before results can be known  This means that they can never be used as routine
tests on the results of which loads which have been sterihzed can be accepted or
rejected for immediate use.  But, taken 1n conjunction with other tests, they are of
great value and especinlly when carned out by a bactenologist who 1s familiar
wth the apparatus and its operation and 13 not just reporting from his laboratory
about an apparatus that he has never seen

Some disadvantages of high pressure steam sterili_ation —The advantages of
pressure steam stenilization have been repeatedly emphasized It has however
certam disadvantages which anse from the very nature of the process. Since the
whole purpose 1s to expose the matenal to be sterilized to saturated steam the
method 15 useless for steribizing empty jars bottles or other containers with steam
tight lids, since no steam can penctrate 1nto the nside of the contammer Any
sterilizing that is achieved will be due solely to the temperature attained and not
to the penctrating power of steam  If only a small volume of a watery flud 1s 10
the containers the mituntion 1s quite different, since enough steam 1s gencrated
inside the container to have nearly the same effect as the steam 1n the main chamber
of the apparatus  But for stenlizing empty containers or non-aqueous materials
steam pressure stenlization is only switable provided the contamners have porous
plugs which allow the free entry of steam  But this very fact, while making it
easer to attain stenlity may make 1t difficult to maiptain 1t after sterilization 15
completed. For example, dressings thoroughly stenlized by pressure steam may
readily become contamunated 1f unstenle air 13 allowed 1nto them either in the
sterilizer or afterwards on storage Howie and Timbury (1956) drew attention to
the dangers of recontaminating stenlzed dressings if non-stenile air is allowed to
enter the sterilizer at the end of the process  Dressing drums which are sntended
to overcome the dangers of having dressings in cloth coverings are to be condemned
unless their use 1s very carefully controlled They may reduce the nsk of gross
contamunation or soiling of dressings during storage but they also reduce the
efficiency of sterilization since even when the vent holes are open the openings are
often too small to allow free passage of steam (Perkins, 1956)

Hot-alr sterili_ation

For certam types of work stenilization by hot air 15 preferable to pressure steam
Hot air has many drawbacks—dry air 15 much less effective than saturated steam
at equivalent temperatures and therefore higher temperatures or longer times have
10 be used  Pocketng of air can be just as troublesome as 1 pressure steam
stenlizers and 1 some hot air ovens temperature differences of 20 C or more
have been recorded in different parts of the same oven at the same time  The
usual temperature recommended for sterilization of most matersals 1s 160°C for
at least [ hour But as with pressure steam sterilization this ime represents a
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comprormuse generally accepted as being safe for all kinds of materials Sincs
many hot air ovens take at Jeast an hour to rench thus temperature from cold and
also take a long time to cool down  the sterilization of one load in a hot-air oven
can take anything up to 4-5 hours  For really effictent stenlization ovens should
::;&t)tcd with fans which guarantee an even mixing of hot air (Darmady and Brock,

Bolling water

It is well known that while immersion in bolling water will kill many vepetative
micro-organisma it cannot be relied upon to kill spores in any reasonable time
For this reason 1t should never be relied upon a3 o routine method of steprlization,
especially at high altitudes  In an emergency bolling water may have to be used
for syninges, syringe needles and instruments but bolled instruments cannot be
regarded as necessarily sterile and they should never be described or Inbelled as
such.

Flowing steam

Certain types of articles aro * sterilized ™ by exposure to steam at atmosphertc
prasure  This means that the steam to which they are exposed cannot be ot &
temperature higher than 100° C and such articles are not necessarily stenle  Many
articles may be usefully disinfected (not sterilized) by expdsure to free steam—as,
for example bed-pans mn the combined bed pan washer and disinfector which
uses a sieam jet

Other physical agents
Ultra violet jrrndintion 15 being widely used for certaln types of sterilimtion

It iz effective at sterlmng non-porous smooth surfaces, but it has very little
penetrating power  Even a thin film of dust or molsture may protect micro-
organisms from it. It is fashionable to instal ultra violet Iamps 1n rooms, theatres
and other places where air contamination 18 likely to occur  There is no doubt
that the air of experimental rooms artificially infected with aerosols can be steri

lized by ultra violet ight It is not so certaln that ultra violet irradiation is
effective 1n destroying micro-organisms as they occur naturally in air or in reducing
the rates of infection in persons working in such environments  In some countries
ultra vioket lamps have been nstalled at great expense in theatres, factories and
laboratories, but it is still doubtful whether the results justify the expense If
ultra violet lamps are used, they must be of the right kind with » high proportion
of the radiation omitted 1n the bactericidal range round 2,537 A

A-rays and yrays

These kill micro-organisms very effectively and differ from ultra violet irradia
tion in having great penetrating power Gamma rays are being developed for the
sterilization of food, but 1t is doubtful to what extent they will be generally used

for the stenlization of surgical equipment.
Infra~red

Infra red irradiation is widely used for many industal purposes and claims
have been made recently that infra red is an effective method for sterilizing syringes
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and othet equipment Future developments in this field promisc to be of con
siderable interest (Darmady Hughes and Tuke, 1957)

Central sterill.ation

There is no doubt that wherever it can be used heat s the best of the stenlizng
agents in present-day use, and that of methods of sterilization by heat steam under
pressure 13 the best  Heat sterilizntion however can be rehed upon only if the
apparatus used is reliable and relably operated  This needs a clockwork routine
which 18 not easy to achieve when 1t has to be carried out by staff engaged in
vanety of other quite different ond exacting duties Dressings may come out of
the sterilizer sodden there may be gross overloading, or there may be errors in the
tunes and temperatures of exposure  As a result heat sterilization tends to be
ducarded in favour of apparently simpler methods—for example immersion in
dmnfectant solutions followed by rinsing.

These difficulties can be overcome only by setting up an efficient central sterl
iidpg service which can provide sterile materials and nstruments for all the
purposes included 1n 1ts scope. In Great Britain there 13 still some opposition to
this idea  The arguments commonly produced are that it 1s very expensive, that
it deprives nurses and others of a valuable part of their traiming, that it can bo very
inconventent and that emergency methods of sterilizing must still be available i
the theatre 1n case the central supply breaka down  Not one of these arguments is
sound and they can all bo dealt with by intelligent planning and organization
Costs are difficult to calculate but presumably it would be lest not more, expensive
to concentrate sterilization in a central, well-equipped department rather than
dissipate the work at several dufferent points (Perking, 1956) In other countries
which have experience of this matter 1t is said that efficient central stenlization
has been proved to save money  As regards tramung, it 1s surely better to train
nurses and others 1n the proper use of efficient apparatus than to expect them to
learn the principles of sterilization from inefficdent antiquated apparatus  With
properly organred central supply departments there should never be any mcon-
venience  Packs of dufferent kinds, scts of instruments to smt each surgeon s
taste—all these things can be guite simply and smoothly supphied and the surgeon
can rest assured that the equipment and nstruments really are sterile up to the
moment when they are handed to hum. If the organization is efficient the question
of emergency supplies in case of a breakdown should never arise because reserve
supplics will always be available

A central supply department must be of the right sze to be cconomical Many
hospitals stimnlated by tho fear of liigation for example following syrmge-
transmmtted jaundice, have set up central syringe services, but surgical instruments
and eqmpment are still stenlzed in different places  Thus 1 a bad compromiss.
A eentral department to be economic should certamnly be capable of handhing all
the sterilo supplies required by the hospital or even perhaps by a group of hosprtals.

SOME SPECIAL PROBLEMS
Certam articles present especially awkward probkems Rubber gloves do not
withstand Tugh temperatures and are usually stenlized at & steam pressore of
5 pounds which would give a temperature of 109° C 1f all mir were removed from
265



STERILIZATION

the system  Since this 18 certanly seldom achieved the gloves ace actually bemg
treated at a much lower tempemature which may cven be below 100°C. Awr
pockets in the fingers of the gloves are also a great problem  There may be s
reasonable chance that rubber gloves which have been thoroughly cleaned after
use will be successfully sterilized at S pounds pressure but certminly the methods
generally used cannot be rehied upon to sterilizo gloves which may have been
heavily infected perhaps with sponng organisms on 2 previous occasion. There is
great room for improvement both 1n the materials used for the manufacture of
gloves and in the methods of sterilization.

Sharp instruments also present a difficult problem Opinions differ on the
relative ments of boiling, dry heat, autoclaving and Immersion mn chemical dus-
mfectants  Properly used, 1t seems that hot air or autoclaving are the safest.
With knives jt 1s best wherever possible to use instruments with disposable blades
which need only be used once  Syninges are best sterilized by hot aur but, as has
been mentioned already the temperature must be very carefully controlled

GENERAL CONCLUSIONS

1t has been impossible here to do more than touch on a few general principles of
stenilization and point out some of the main defects of present day sterilization
practice In planming for the future 1t seems clear that greater care should be taken
to secure precision in the methods used, so that sterilization can be more relmble
and at the same tune kess damaging to the materals being steribzed. Efficiency
and economy 1o the long run can be secnred only by a comprehenuve central
sterilizing depertment. 1n the planning and operation of this only the closest
collaboration between the staff of this department, the engineers and the bacterio-
logtsts can give the surgeon the standard of sterilization whreh he requires
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From inability to let well alone from too much
zeal for the new and contempt for what is old
from putting knowledge before wisdom  science
before art ond cleverness before common sense
from treating patients as cases and from making
the cure of the disease more grievous than the
endurance of the same Good Lord deliver us
New addition suggested for the Litany  to be read
in hospitals chapels or wherever doctors and
nurses do or ought to congregate

ROBERT HUTCHISON
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