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INTRONDUCTION

The time which elapses from when & fracture
ocours to the time when it is reduced and immobilized
may vary from two to three hours to as many months
or even longer. TIn the following pesges I will refer
to this elapsed period of time as "reduction time"
and will discuss the effect of mechanical anplicances
on reduction time and some of the factors which may
be responsible for this varistion.

Because of controversial gquestions in the treat-
ment of fractures and because there are so many types
and varieties of fractures, as will be shown, I ghall
1limit the discussion to those fractures of long bones,
caused by external violence, and uncomnlicated by
septic infection, pre-existing bone nsthology, or

gsnecific infectious disease.



NORMAT, GROTTH A7 A TONG BONE

Sinae the subject of fractures and their treat-
ment includes all the different phases of medicine,
I think one snould have a clear idea of the funda-
mental anatomical principles involved in the mrmal
bone victure. I will refer to this subject several
times during the course of my discussion and, as a
review, I will use materiel described in any stendard
text of Ansatomy.

In a brief resume of the Embryology and growth
of the long bones we find that they are at first
solid cartilage, and growth takes place by a process
of intercartilaginous ossification.

In the first stage the orocess commences in the

center and proceeds toward the extremities which for
some time remain cartilaginous. Subsecuently & simi-
lar processe commences in one or more places in those
extremities and gradually extends through them. The
extremities do not, however, become joined to the
body of the bone by bony tiscue until growth has
ceased ; between the body and elther extremity, a
layer of cartilaginous tissue, termed the epiphyseal

cartilage, »ersists for a definite period.



The first step in the ossification of the car-
tilage is that the cartilage ocells, at the point
where ossiflication is commencing and which is termed
the center of ossification, enlarge and srrange them-
gelves in rows. The metrix in which they are im-
bedded inereases in quantity, so that the cells be-
come further sepnarated from each other. A denosit
of Calcium materiel now takes place in this matrix,
between the rows of cells so that they become sep-
arated from each other by longitudinal columnns of
calcified matrix, presenting a granular and opaque
appearance. Here snd there the matrix between the
cells of the same row also becomes calcified, and
transverse bars of calocified substance stretech across
from one calcarsous column to another. MThus there
are longltudinal groups of the cartilsge cells en-
closed in oblong cavities, the walls of which are
formed by calcified matrix which cutes off all nutri-
tion from the cells; the cells in consequence atrophy,

leaving spaces callel the primary areolae.

At the same time that this nrocess is going on in
the center of the solid bar of cartilage, certein

changes are taking nlace on ite surface. ™his is



covered by a very vasculsr membrane, the peri-
chondrium. On the inner surface of this, that is to
say, on the surface in contect with the certilags,
are gathered the formetive cells, the osteoblasts.
By the agency of these cells, a thin layer of bony
tissue is formed between the nerichondriwm and the
cartilage. There are then in this first atage of os-
sification, two processes going on simultaneously: in
the center of the cartilage the formation of a number
of oblong spaces, formed by calcified matrix and con-
taining withered cartilage cells, and on the surface
of the cartilage, the formation of a layer of true
bone.

In the second stage there is a prolongation into

the cartilage of processes of the deeper layer of

the perichondriun which has now become the perlosteum.
These processes consist of blcod vessels and cells,
(osteoblasts or bone formers, and osteoclasts or bone
destroyers). The latter are similar to the gilant
cells found in merrow and they excava“e passages
through the new-formed bony layer by absorption and
pass through it into the calcified matrix. There-
ever these nrocesses gome in contact with the calei-

fied walls of the primary areolae, they absorb them



and thus cause a fusion of the original cavities
and the formation of larger snaces which are termed

the secondary areolae or medullary spaces. These

secondary snaces become filled with embryonic marrow
consisting of osteoblasts and vescels, derived in the
manner described above, from the osteo-genetic layer
of the periosteum. The walls of the secondary areolae
become thickened by the deposition of layers of true
bone on their surface.

This takes nlace in th- following menner. Some
of the osteoblasts of the embryonic marrow, after
u..d~rgoing rapid diviesion, arrange themselves as an
gpitheliofl layer on the surface of the wall of the
space. This layer of osteoblasts forms a bony
stratum and thus the wall of the space becomes grad-
ually coverel with a layer of true osseous substance
in which some of the bone forming cells are included
as bone corpuscles. The next ctage in the nrocess
consiets in the removal of these primary bone spicules
by the osteoclases. (One of these glant cells may be
fourd lying at the free end of each spicule. The
removal of the orimsry spicule goes on with the forma-
tion of nermanent bone by the neriosteum and in this
way the medullary cavity of the body of the bone is

formed.



This serles of changes has been gredually pro-
ceeding toward the end of the body of the bone so
that in the ossifying bone all the changes described
above may be seen in different narts, from the true
bone at the center of the body to the hyaline car-
tilage at the extremities.

While the ossgification of the cartilsginous
body is extending toward the articulaur ends, the
cartilage imnediately in advance of the osseous
tissue continues to grow until the length of the
adult bone is reached.1

Bearing the sbove fects in mind then and re-
membering that the bone is an ingenious plece of
architecture subject continuously to stresses and
strains,. we will see how these bprocesses are con-
cerned when a fracture or a solution in the continu-

ity of the bone occurs.



NORMAL HEALING 27 BONE

According to Stirlingz, the healing of a frac-
tured bone is the outcome of several processes in
which different tissues and flulds of the body bear
their part.

Prom a radiogrevhic point of view, when a frac-
ture has tsken place, the edges of the bone are clesr
cut. ™roviding healing proceeds satisfactorily, in
a few days the edges become less definite, nresenting
an eroded moth-eaten appearance. This erosion may be
so0 great that the actual frscture line itself seems
to increase considerably in width. At a later date,
which in children may be se=n as early as the tenth
or twelfth day, ossified callus is leid down around
the fracture site. At the same time it can be noted
that the medullary cavity is entirely obliterated
with new bone, both at the line of fracture and
slightly above and below it. APter a neriod, which
may be months, the medullary cavity is reformed, the
excess callus is ebsorbed and the cortex is restored
to its normai shape and density.

From a Histologlcal point of view, when a frec-

ture takes nlace, the space between the fragments is



filled with blood end the neighboring boune-cell

spaces are occupied by one cells. The periosteum

is usually torn across and slightly stripped up from
the bone at the edges of the fracture. There is a
tear into the soft tissues which in the majority of
ceces ineludes muscles. By the eighth or tenth day
the spéce betwieen the bones is fille! with very ele-
mentary mesoblastic tissue, which later tskes the form

S this elementary

of fibroblasts. According to lfurray
mesoblastic tissue arises from the marrow cavity, from
the Haversian canals, from the endostium, from the
verlostium and from the mesoblastic tissue which forms
the sheaths of the torn muscle bundles; in brief,

from all ticcues of mesoblastic origin in the area.
Stirling2 and ladasoh4 maintain thst Collagen fibres
form in the exoplasm between the cells and here also
one sces minute blood vessels with walls & single

cell thick. From the tenth day onward, Calcium and
other salts sre denosited in the snaces between the
cells. Thic depositicn of salts is nrobably brought
abocut by the Zn.yme, phosphstace, and it is to be
nnted, =8 Stirling2 points out, that the optimum
medium for the action ofthis 7Wnzyme is an alkaline

one of nqg 8.4. At a later date the mass of bone

which fills the marrow cavity an? which forms the
extrs cortical callus, is absorbed or remolded. The

-g-



new lines assumed by the trabeculae are largely in-
fluenced by the stresses and strain put upon the
bone. Ty1is last statement is esnecially important
to be remembered in the following peragrsephs.

urray® states that if fluid is asoirated from
between the fragunents on the first day, it is largely
compnosed of blood and hes the same pH value as the
blood (,,4), As the days pvass the reaction becomes
more acid. 1In some ceses by the fourth day it reg-l
isters a pH of 4.5. Tye acldity of the hematoms
is brought sbout by the exudation of COp from the
lead and dying cells, from the ILactic aecid in the
damaged muscles and from the conversicn of blecod sugar.
The acidity of the hematoma absorbs salt from the bone
ends and gives the moth-eaten anpearance sezn in the
xray. At certain stages the Lactic acid content is
fifteen times the normal and the €02 which is more
diffusible is twice the normal. By the tenth day the
Calcium content has increased to ten times the normal.

Stirling?, 'furray® and Redasch- seem to think it
reasonable to assume that the formation of bone is
due to the action of the hyverceslcemic hematoma fluid
on the embryonic mesoblastic tissue. From experi-

ments conducted it may be presumed thet the chemicel



alteration in the fluid around the ends of a frac-
tured bone takes plasce in a sealed off cavity which
has no immediate relation with the surrounding body
fluid. This is another point, the importance of
which will be spoken of later.

"If good reduction is carried out after & frsc-
ture, a sealed off chemical factory surrounds the
ends of the broken bone and the nrocesses indiceted
above teke place. Anything which interferes with
the repositicn of the fractured bone, with the chemi-
cal activity of the factory or with the living walls

of the factory will lead to delayed or non-union."2

-10-



VARIETI=ZS ANT CAUSSS Y7 SQUE O® T3 COITION TRACTURES

"A fracture may be defined ass a sudden solution
of continuity in a bone, usually resulting from ex-
ternal violqnce."5 The following varleties may exist
singly or in any sort of combinatisn denending on the
narticular fracture mechanism.

A Closed (Simnle) fracture is one in which the
skin is unbroken, or st any rate where the external
aid has no sdmission to the site of injury.

An Open (Compound) fracture ls oresent when the
skino or mﬁcous membrane is so lacerated that there
is direct or indirect communication between the fresc-
ture and the external air.

Incomplete frastures are describecd in various

forms. A greenstick frscture is one which occurs
most usuelly in children. Curved bones such as the
Clavicle, are most frequently'affected but any of
the extremities may be involved. Mhe fracture is
in the convexity of the curve and the concave nart
is bent just as when s green bough or twig is var-
tially broken.

Comnlete fractures may be transverse, if due to

direct violence; oblique, arising usually from in-
direct violence; spiral, when the force acts in a
rotary directicn as 7ell as longitudinally - it oc-
curs most frequently in the Tibie or Temur and the

-11-



lower fragment often has a sharn triangular upner
end. Not uncomuonly, & second fissure runs down-
wards from the main line of frecture, separating off

& long narrow fragment of the shaft. A longitudinal

fracture is one due to fissuring or splitting of the

bone in its long axis. Comminuted is = term mred

to describe the conditicn when the bone is broken
into more thean two pieces; impacted, when one frag-
ment is driven into the other; multinle, when more

than one fracture exists; comnlicated, when impor-

tant structures such as an srtery, nerve, or joint

are damaged as well ns the bone. The separstion

of an epiphysis results in young people, often from

violence directed to the ends of the bones and is

litcsrsally a seneration at the eninhyseal junction.
According to Magnuson6 the number ané varieties

of fractures csused b, direct violence, has increased

greatly in the pecst few yesrs. "When Henry Ford gave
the world a new mode of locomotion he gave us a mixed
blessing. Today the automobile kills 350,000 people
annually in the U. 3. and maims at least 300,000. 3Be-
cause of it and other modern hazards, fracture treat-
6

ment has assumed a new and greater importance.”

Aeroplanes, bosts, busses, trsins and motoreycles with

-12-



their excessive spesl necessarily lead to many ac-
cidents with conseguent nrovoensity to bodily injury.
They account for most of the fractures by direct
violerce. T™he fractures usually occur in the bone

at the spot struck, often being trsnsverse, not infre-
suently comminuted and often compnlicated with injurles
to the soft narts,

“Then due to indirect violence the accident is

usually produced by the compression or bending of the
bone with such force as to exceed the limits of its
natural elasticity, so that it yields at ite wesakest
soot. Thus when a nerson jumps or falls from a
height, the leg bones are comnressed between the
weight of the body and the resistance of the ground,
and 1f the violence ls excessive, a fracture occurs
at some noint of mechanicel disadvantage. If the
stross falls chiefly on the shaft, an obligue frac-
ture may ensue, often with much longitudinal dis-
placement and possibly becoming compound; if an ele-
ment of torsinon is nresent or by forced inversion or
eversion of the foot, the fracture is likely to be-
come spiral in type. If on the other hand, the vio-
lence expends itself on a mass of cancellous tissue,

such as the 0s Calecis, Astragalus or upper end of the

-132-



Tibia, the bone may be fissured in verious directlons,.
or commimited; "....such a condition is sometimes

termed & compression fraoture."5

Muscular action is
most commonly the cause of fractures of osseous prom-
inences into which nowerful muscles are inserted.
The Patella and Olecranon are often fractured in this
way. These fractures most often occur in games of
sport such as football, basketball and hockey where
swift and strong muscular action is needed. Since
the use of Insulin and letrazol in Psychotherany,
many fractures have occurred as a result of the vio-
lent muscular contrsctions elicited by these drugs.
As stated before there are thousands of mech-
anisms by which fractures can be nroduced and it is
important for the surgeon to have a thorough know-
ledge of these in order that the treatment can be
simnlified.

~14-



DEVELOPLINT OF 1iECHANICAL APPLIANCE

mhe word "reduce" as defined by Jehster means
to "restore a condition."r At what time in medical
history this word became a descrintive medicsl term
as applied to the treatment of fractures is hard to
say. Tn Adams' translation of Hippocrates' writings
in 1886, he speaks of the "rednction of fractures."14
Dorland deflines the word, "To replece in normal posi-
tlon."8 One may be nresumntious enough to assume
that the word came into ure as a descerintive term in
medicine by virtue of its Englishdefinition.

Literally, when a bone is fractured its normal
conditicn is altered, and by the reduction of the
fracture we attempt to restore this ceondition. Ac-
tually, this is rather di fficult because, although
we mnay restore the bone to its formor anstomical
condition, it may still be far from normal because of
other ohysical damage such as tearing, trauma, etc.,
and becaure of the nhysiological react ions of tissue
to injury. Let us consiider what may occur struc-
turally as the result of a fracture. Angulation,
offset, overriding and rotation are terms which by

definition are self-descrintive and give us a definite

-15~



nicture of the displacement, although the degree
to which thc fragments are displuced may vary.
"hen a fracture is completely reduced, ve infer
that none of the above crnditi~-ns exist snd that
perfect anatomical reducti-n h:s been effected.

The questi-n that osresents ltself then is, why
is it that, in one care reduction may be effected
immediately, and in another case which is practically
identical, reduction may not be carried out for ~eeks
or even months. ™Mhat this does occur constantly is

commnon knowledge among men who tresat fracturss."z6

28 p
According to Speedze, Bohler and ﬁagnusonal

there
are always factors in every cacse which re-uire indi-
vidual solutions but it is the wmain problem to which
I refer, namnely, why is the immeliate and complete
anatomnical reduction of frsctures not effected in all
caces; what are the factors responsible  and, how are
they affected by the use 0f uechanical appliances”

In attemopting to answer tals -uestion, we are
reminded by L‘.Zagnusonz1 of the fact thut this subject
includes a great many controversial —uestions in
ananagemnent in the treatuent of fractures, and in re-
viewing tne literature one is grestly iupressed by

the countless different kinds of gpparatus which

have been describved ani the diffrrences of opinicn

-16-



which exist among surgeons as to open and closed
reduction methods with the use of special anparatus.

Here then must be factors which would explain
variation in reduction time, and 1t seems to me that
an investigation of the early history and development
of mechanical apnliances and their urse in the treat-
went of fractures might furnish an interesting back-
ground for study and verhsos give us & clue which will
ald us in answering the above questionn.

Delving into the history of fracture treatment,
I shall pnay more sttention to the development of the
use ol machanical apoliasnces than to the general his-
tory of fracture treatment. However, I shall give
the outstanding discoveries snd advances in as nearly
a chronological order as is possible.

According to Sir Grafton Elliot Smithlo, the
most ancient records of the treatment of fractures
are sunnlisd by bodiecs found by the Hearst Bxnedition
of the University of Celifornis excavating at :faga-
el-der about one hundred miles north of Tuxor in
Egynt. These bodles were found in rock cut tombs
which were identified as helonging to the Fifth

Dynasty which, eccoriing to conservative estimnates,

-17-



ruled in Zgypt about 4500 years ago or about 3000
B.C. T™wo of these bodies had fractured limbs with
splints in nosition. ™wo separate sets of spnlints
were discovered, one apnlied to what was evidently
a compound fraeture of the femur in a girl about
fourteen years old, and the other to a compound frac-
ture of both bones of the forearm. I, the former
fracture four splints were annlied around the cir-
cunference of the limb. They were roughly shaped
of wood 2nd about one foot four inches long end one
ani a gqusrter inches wide and reached less then three
inches ehove the site of the fracture, but sbout
six and one-half inches below the knee. Each of
these snlints was cerefully wranned in linen band-
ages wound around the wood in two lay~rs obliquely,
so that the obliquity of the esunerficial layer was
at right angles to that of the deener layer. As
Smith remarke, these s»nlints must have been useless
to sunport the broken bone or nrevent shortening;
they could only fix the knee joint asnd afford some
degree of rest tc the injured 1imb. In marked con-
trast wvas the effective sunnort afforded by the

solints in the case of the forearm frcocture, where

~18-



agaln & more or less complete tube of splinting in-
vested the 1imb from a noint asbout an inch below the
upper end of the radius, as low as end partly including,
the wrist joint. ™Mhis was consgtructed of three nleces
of rough bark and & bundle of straw and coarse grass.

4. V. Jones says, "7e must not asswae that the
history of medicine began with the Greeks. 1llore than
3000 years before t _e time of Hipnvocrates diseace &nd
injury had received serious study in Egypt and lieso-
potemia, .... Excavations carried on in Zgypt have
shown in many of the early cemeteries that fractures
of the long bones and esnecinlly the ulna were very
com;on."l1

We A Clarkelgrings out the fscet that recorded
descriptions of the methods of Egyotian nhysicians
are vary scanty but in the Smith Surglcal Papyrus
are found cketchy references to fractures of the
humerus. "Thou shouldst make for him two splints
of linen (and) thou shouldst apoly one of them both
on the inside of his upper arm and the other on the
under side of his unner arm."27 Clarke also refers
to the remeins of bodies with fractured limbs that

had been set up in bsrk splints.12

-1 9~



‘tonroeld makes the observation that a thousand
years before Joseph became Governor under Pharosah,
the Egyptians were using linen for solinting.

FProm the ahove evidence, nrobably the earliest
form of mechanical snonliance used in the trestment
of fractures was a splint »f such nature as to run
narallel to the bone and to be fastened around the
extremity by some mesans.

There are no other outstanding contributionns

as revealed by the literature until the time of
dippocrates. 1In his writings, which were very nu-
merous, he devotes guite some time to the descrin-
tion of fractures and their treatment.
Hinpocrates14 lived from 460 to 370 B.C. He
wrote on fractures snd dislocstions svecifically
and he desscribes in detell the general nrinciples
of freacture treatment: Ffirst, reduction of the
brozen bone by traction and counter trection, stat-
ing thst in the case of the foresrm less Porce is
required than in the leg and thigh, where the muscles
are more bulky and strong. In the first, one as-
eistant may be able to exert thr force nececssery; in
the second, two strong men; while in the last, two

nen may not be sufficient, 2nd he advocates the uce

-20~



of soeclial anparatus. ©One such for naking exten-
sicn by means of two windlasses at the ~nd of a
stout beam nlaced under the natient is en instru-
ment called the glossocomium. Another, one of the
first descriontions of an orthovedic table, is called
the scamnion of Mippocreteg; and, although Hinpocrates'
works are not illustrated, several commentators in the
literature have illustrated it.

vhile the extension is being exerted, the surgeon
nlzces the bones into anposition with the nalmes of
his hands. e alego Jescribes the correct vosture of
the limbe, stressing vhat ne calls the natural nosi-
tinn as that which can easily be sustsined: the
nosition of relaxation. He noints out the imonortance
of reducing the froctures in such oositi~ns so thet
they will ne=d no alteraticn vhen retentive annli-
ances sre being »ut on, as that would tend to uncet
the nosition of the bones again. The 1limb was then
bandaged with roller bandages. Mhe deteils of the
anplication of these rollers are fully set out, and
agrnings are i:sued about the tlghtness, etec. Gen-
erally, they were resnplied every threes days until
the seventh to eleventh day, sccording to the situa-

tion, when, the ewelling having subsided and the



narts relexed, snlints were annlied over fresh
rollers. The splints sre not described in any
deteil, but it is ststed that they should be smooth,
even, ané rounded at the extremities, they chould
be somewhst shorter 211 along than the upper band-
aging, and those parts where there are tuberosities
and which are devoid of flesh, such as the ankles
and fingers, should be guarded from the snlints
which are »laced over them.

In the case of the leg and thigh he mentions gut-
ters, and esaye that in the thigh it is necesseary
that they should reach from the nates to the foot,
or should not be used. He seems undecided as to
the advisability of thnis form of snlint. He gives
a full descripnti-n of an apparatus for compound
frecture of the leg which is most interesting. 71t
consisted of two rings such as those of a Thomes'
Snlint (to be described later), but emaller, "...
one to bear below the knee, the othrer above the

14; they are kent extended br s nair of rods

ankle™"
of suitable length on each side. 'Je recommends &lco
the use of gold thread around the teeth in fractures

0of the lower jaw.



de also states thet the man who presunmes to
treat fractures muet be eculnned to do so under =ny
conditions. ™he men in the lsrger cities should have
the heavier eguipment which has been described, but
the wmen in the smaller comiunities snd the traveling
doctors must adant whatever they have at hsand to fit
tnelr needs. He describes a fruacture teble improvised
froa a ladder such as mignt be found in any household,
by which traction and counter traction may be exerted.
- Tor instance, in froctures near the elbow, trac-
tion is appnliei by mesans of a clove hitch attached
to the wrist. This ip turn is acted on by & system
of nulleys. Counter tracticn is manintained bv a ring
of the ladder nressing firmly in the axilla on the
injured side. Similsrly in reducing fracture of the
lover extremity, the extensiscn is anplied by a clove
hitch and counter extensiocn hy bands pasced between
the thighs and attacned to the upner end of the
table so the natient may not be displaced by the
oowerful pull necessary. It is quite evident, there-
fore, that even in thore days there were many methods.
Hionvocrates urges the ovractitioner to use the method
wnich is best fitted to reduce the type of fracture

With “hich he 1e dealiung =and 1f one method does not

-0~



work, to try another.

rollowing Hinpocrates, the literature mentions
several men who were using mechanicel appliances
in the trestunent of fractures. Among these is
Albucasisls. In his advice on the treatment of
fr.actures, he warns against a too strong extension
and too much pressure in the reduction, as this
will cause inflemaatlon. His descrintion of s»nlints
and bandages is minute and simple. Te advises the
use of liniments for the skin and soft stupes. e
csays the svlints should be removed or loosened in
three or five days. W, tells us that a fracture of
the radius is lers serious than that of the ulnsa.
If both bones are fractured tracticn will have to
be strong to effect reduction. He recommends the
use of the snlint for twenty days after which a
sling may be used. In leg fractures he uses a gut-
ter erint with coaptation snlints.

Celsus10

who lived at Ro0me in th~ reign of
Miberius Taesar describes the difficulties of re-
duclng fractures of the claviele and methods of
mginteining the reduction witn nads and bandages

and even a smell wooden ferrule sdint not mentioned

by Hdippocrates.

-24-~



The next outstanding work on treat.ient of
fractures with the use of mechsnical ap»nllances
was written by Guy de Chauliacl7. .lethods of re-
duction and retention are givén in detail. e
describad coaptation eplints m~de of willow, sword
handle wond, horn, iron or leather but said they
should neither touch nor injure the bone. The
splints were bound with & cord with a cannule in-
serted so that by twisting the latter, the cord
could be tightened. He advised a susnensory or
cradle in which the 1limb could be firmly held.
Solints wrre only to sustain during the first seyven
days or until the swelling csubsided.

Ambroise ?are’(1510—1590)18 quoted severel of
diopocrates sayings. He treated reduction of com-
pound fractures by menipulation, and he used snlinte
of shaped metal with notches cut out so thst the
wound would be accessible without removing the
splint.

Among the Americsn Indians 19 not only the
medicine men but also the lsymen were familisr with
fractures and their treatuent. It is significent

that the splints they used were long enough to im-

mobilize the nelghboring Jjoints, while those em-
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ployed by the surgeons of medievael Furope, as be-
fore described, stopped short of the joints.

During the middle ages the trestment of frac-
tures fell into the hands of the "bone setters™,
who possessed cnnsiderable skill anAd knowledge of
the subject, for they were sought f«r and wide.go
Magnuson21 states that it was an hereditary vrofes-
sion and the most famous fsmily of this time is thst
from which Hugh 0Owen Thomas descended.

During the 1last century numerous new develon-
ments were brought out in the form of aonnliances.

In 1827 Nathan Smith first used the long anterior
leg splint in susnension treatment. Continuous
traction with use of weights and oulleys was de-
viced by Taniels in feorgis in 1827. The well known
Buck's Extension anneared in 1851. This was a de-
vice designed to be used in the trestment of frac-
ture of the thigh21. In brief, the leg wnas bandagnd
with moleskin to which & rone wss attached. The
rooe then vassed over & nulley and a welght exerted
a null in the long axis of the leg, and by this
means tended to reduce the fracture. 1In 1862 Hunt
applied sand bags to aid in the lmmobilization of

21
fractures.
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Although it is believed that plaster casts were
used about 1789 it wes not until 1887 that Yrsuse
develop~d the type of nlaster cast in which the
natient could be ambulatory, i.e. the walking plaster
c:ﬁast:.]‘;ﬁ

In the 1860's, Hugh Cwen 'l‘homasg2 described
the snlint which is in comion uce todey and which
bears his name. 3riefly, it concsists of a rod bent
into a long U shap with the open end attached to a
ring. The rihg can be slinned over the leg and comes
up where it oresses on the nerineum. ™his narticu-
lar splint, Thomas designated as "¥nee avplisnce for

looomotion."22

Thomas designed several kinds of
splints for use in his work which consisted mainly
in the treatiient of diseases of the hip, knee and
ankle joints. 7Tn his treatmnent he stressed the im-
nortance of enforced uninterrupted and orolonged
rest.zz

Magnuson belleves that this snlint is adaptable
in original or modified form to the proper treat-
ment of more fractures of the long bones than any
other splint ever L.rnren‘ced.z1 T will show in the
succeeding nages that HJugh 7wen Thomas had very

definite ldeas on the subject of snlints ani their

use.,.
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John Thompcson 4Yodgin of Zentucky (1826-1887)
devised many instrumente and much soparatus. "ne
in earticuluar was hie wire suspension svlint for
the treatment of fractures of the femur and forearm
of which many are still in use.25

Sir 7111 1lam Arbuthnot Tane®* about 1900 de-

scribes his method of holding fractures with the use
of plates screwed to the bones. This method is still
much in use today.

In 1909 Steinmzn demonstrsated his famous nalil,
by means of which traction could be snplied directly
to the bone. During the first World Var, however,
caliners, comaonly referred to as "ice tongs" were
devised to tare the place of the Stelaman Mail. Tt
seemns that when Infectinn occurred the hole through
which the nail is driven furnlshes a highwsy for
bacteria and a situstion of this type is harder to
combat and may result in nermunent damage. '7ith
the use of calipers, the infection, if it occurred,
was usually loceli:ed at the surface noints of con-
tact.6

¥irschner's 7Tire was introduced in 1909, re-
cording to Speed26, Tirschner employed sterl wires

wnich could be easily and ranidly drilled through
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the soft parts and bone to gilve, when grinped in a
proner locking device, steady »null on a nart with a
minimws sized wound and a creetly reduced chance of
infection or possibility of bone snlitting or injury.
The fine wires of the Tirschner traction can sustain
heavy nulls.

As suggested by lagnuson®lthis brings us up to
date in the development and use of mechanical app-
liances. T™here are countless numbers of appliances
which have been devised in recent years but as he
says they ar~ but modifications or slight improvemens$s

on apparatus which has already been in use for yesrs.



CONTROVIRSIAL OPINIONS ON LICDZIRN USZ OF lIECHANICAL

A7PLIANIICES

Thus far we have described the develonment of mech-
anical annliances in the treatment of fractures which
in itself, does not begin to answer the question as
stated nreviously. We have shown however that for
hundreds of years different men have treated fractures
end each man has had his own ingenious idea as to the
mechanical aid he used in striving to effect reduction
and immobilization. e have shown that each man named
in the development of mechanical anparatus had his own
ideas and methods and that he was unable or unwilling
to accent the other man's method of treatment but was
stimulated by the problem at hand to invent or devise
a better one of his own. Here then is a factor which
must be investigated from the standpoint of modern
treatment of fractures with the use of mechanical app-

liances

First let us return to Hippocrate§4f0r a moment
in order to examine his :ethod. At that time in his
writings he cautioned that, "A fracture should not be
allowed to go o the second or third day but should be
reduced, and proverly reduced as soon after it occurs
as it is possible to apply the reduction a :parstus,

Which is thought out to meet the needs of that par-
20~



ticular case"}4 If we analyze this statement we find

that here is a bit of fundamental advice. At that
time with no knowlege of the process of normal bone
healing, or the dlagnostic ald of the xray, he was
forced to invent an apnropriaste means for maintaining
reduction in each individual case and this means may
or may not have been effective at the first attempt
whicn would result in varistions in the'"reduction
time".

Hugh Owen “homas®®d iscusses the merits and de-
merits of several nechanicel anpliances invented by
both Iurooveans =and Americens. In his writings onthe
use of weirhts and nulleys in tno treatment of fractures
he states that a fractured thigh, if treated by ex-
tension only, would he accompanied with vastly more
muscular irritibility than if the same case was placed
in & modern anpliance with retention, in which the 1limb
was retained and fixed immuovably in the strict meaning
of the term fixation. In gnesking of American methods
he says they deserve vnraice for having studied d4ili-
gently to improve the treatment of fractures but some
of their methods are less efficacious than some of the

methods already int*tuse.  In conclusion he states that
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the design of apparatus which he submitted to the
srofession was free from all the defects of the pre-
vious apopliances.

Investigating more modern opinions in the treat-
ment of fractures, according to stirlingz when a frac-
ture occurs, there is &8 tendency for the muscles to
contract and immobili.e the distal fragment. ™hie is
purely a protective mechanism, but often becomes &
severe nroblem in relation to the recovery and ulti-
mate functional result because the muscles do not
null evenly and there is a great tendency for an in-
crease in the amount of overriding or angulation to
ocour, devending, of course, on those musceles which
are exerting the greastest amount of pull,and on their
position of attachment along the shaft of the bone.
Here agein then is simnle but positive evidence of

factor
the purely mechanical /which exists in all fractures.

According to Foxgg, in attemnting to prevent
the muscle spasm which ultinmstely ensues if not pre-
vented, traction and counter traction should he ap-
plied as soon as possible. If the traction is ap-
plied lanediately, the muscle snasm can be eliminated

and reluction can then he accomnlished. Togleally

there are two nlaces on a limb where a pull can be
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obtained; from the skin, by sporooriate means, and
from somewhere along the bone by & mechanism which
penetrates through the bone through which a force
can be exerted.

In sneaking of skin traction, Jostess says,
"In strong muscular patients, skin traction is gener-
ally ineffectual. It serves only to traumatize the
skin ani render it indisposed to any future surgicsl
nrocedure such as onen reduction or insertion of a
pin."so He also states that this fact must be kevt
carefully in mind because if surglcal treatment be-
comes necessary, then obviously skin trection should
not have be~n used in the first plsce. The ekin
usually becomes so traumatized that & further inter-
val of walting is necessary until the skin has hegl-d.
Skin trasction often amounts to costly temporizing,
for after from thre~ to four weeks have elansed and
reduction has not heen effected, it is necescary to
break un whatever callus has formed hefore cskeletal
traction can be started.

In referring to Fong again, he also states that
in the treatment of fractures we should strive to se-
cure anatomical renocitinn of the fragments in order

to get good functional results. He says that everyone
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knows that there 1s at nresent a failure to obtain
these results in a -reat many cases. Of course,
there are times when the nature of the fracture and
injury to the soft narts mekes this very difficult

or imvnossible. M™he fault lies mostly in the treat-
ment. ZRveryone who h:s uced s8kin tractirn must rea-
lize its inadequacy and faults. Very often the frac-
tures cannnt be reduced.even moderately well by this
means and the adhesive many times slins and too often
causes irritation of.the skin with much discomfort

to the patient.

Chenault says that, "In attemoting to speak for
more frecuent use of skeletal traction, we are not
unmindful of the fact that there are certain cardinal
principles in the treatment of all fractures; namely,
that first aid 2nd subse-unent treatment should not
inflict additional iajury; that unnecessary maniou-
lation should be avoided; that we should splint them
wWhere they lie and trans nort them very carefully;
treat the shock and let the fracture be reduced and
inmobilized at the earliest nossible moment; and to
seek to elicit crenitus gnd abnormal mobility is to

oroduce sdditional injury which should be unlswful
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31
for all bone surgeons." He also says that displace-

ment should be comnletely reduced ss soon as nossible
and this reduction maintained by the apparatus appro-
oriate to that narticular fracture, having due regard
to the injurles of the skin and other soft narts. con-
trary to a lot of early beliefs immediate, complete
anatomicel reduction is essential to functional success.
According to Dieterlezg, the use of wire in
the treatment of tractures has been an advantage in
that trauma to tissue ls reduced to a minimum. "...
the indiscriminste use of wire in the treatment of
fracture should be condemned."sg He also states that
when skin traction is erually ~ffective the use of
other methods is not indicated. 1In any fracture where
the chance of getting a satisfactory reduction by
simple maninulstion and adequate splintage is ascsured,
the use of wire is not indicated.
Le Bretonz3 asserts that the metallic ready
made splints henging in the wardrobe of the hos»nital,
are used less and less, as they do not meet the indi-
cations. The fear of infection from the introduct ion
of pin or wire through the bones has become less sas
7e so0 seldom ses 1it.

34
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In a discussion following asn article by Le Breton
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V. C. Payne states that a great oronortion of the
physicians who sre called unon to treat fractures
obtained thelr training before skeletal traction
was advocated. There ave & grest many fractures
which can successfully be treated by the splint and
fixation method, hut there are also a ereat many
fractures which can be trrated only by the skeletal
method, and he is in favor of the ¥irschner wire or
the Stelinmsn pin.

In speaking of onen and closed reduction methods
in the treatment of fractures, Dr. Torenz Boehler
of the University of Vienna says, "The most unfortunate
innovation in the treatment of recent fractures is
the routine exnosure and reduction by open oneration,
narticularly if this practice is carried out hy in-
exnerlenced persons without especial indic ations, with
defective anpliances and withthe application of large
metal foreign bodles. MThousands of human lives have
been sacrificed by thes~ procedures snd many more
have been crinnled by them."2

In rafe-ence to the aonlicatinn of metal foreign
hodies, Hammsz5 says thet in long experience with the
use of nins ¥ maintain skeletal fixation where rigid

sensis was obrervsd, "....there has been no infection
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of the bone in any case.”

Stuck states, "llew alloys have been developed,
gunch as vitallium, which are non-electrolytic and
which cen be used in the hone without damage.“56

What Boehler may have referred to in his state-
ment given on "age 36 is the poor judgment used in
the cholce of appliance, caused by the inexperience
and lack of special training in the treatment of
fractures. That he has no objection to the reduction
of fractures by the open method is brought out hy
Qrr who "...was imoressed not 80 much by his epecial
traction apparatus or his non-nadded cast, but by
the fact that he could put the patient on the table
and that the patient did not leave the operating
tablc t11l the fracture was reduced."®’

Dr. V. 0. Shermsn®? of 2ittsburgh, in his recent
fracture orati-n before the Clinical Congress of the
American College of Surgeons, stated that the open
reduction of a fracture made by a competent surgeon
who practices & rigorous sepsis, in his oplnion takes
no more risk than when he operstes on & chronic ap-
pendix. The majority of fractures can be treated
by the closei method; ho . ever, in a good number of
fractures, the surgeon is unable to get a perfect

reduction by the closel! method. This statement agrees
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with the necessity for open reduction but gives
no mention of the imnortance of immediate reduc-
tion nor of the selection of cases for open onera-
tion. He goes on to csay, "As & rule we onerate
between the twelfth and fifteenth day nfter the
occurence of the fracture. During the first two
weeks we try to do a closed reduction but if we
fall to obtaln the proper position of the fragments
we do not hesitate to operate."38
The section on surgery of the British ITedical

Assooiation39

concludes that operative treatment
should not be regarded ss & method to be resorted
to after failure of non-operetive measures, eni
that to secure the most satisfactory results from
operation, it should be employed as soon as pos-
cible, using nost-operative fixation with the aid
of adequate nechanical means.

Henderson40 decleres the fact thzt the elbow
is a hinge joint exolsins why serious imnalrment of
aotison may follow these injuries 1f the fracture is
not imvediztely and completely reduced. Tf reduction
is not nossible by manipulation, oven reduction muct
be resorted to and the fraements must be held by what-

ever means the surgeon choosges.
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SUMMARY

In summing up, we find that the question asked

on page sixteen still remains unanswered. However,

if we examine the evidence as presente: we find the

following essential facts:

1.

There are as many different types of frac-
tures as there are fracture mechaniasms.
There are countless numbers of fracture
mechanisms.

Tor hundreds of years men have designed
apparatus for use in the reduction and
immobili.ation of fractures.

Surgeons were not content to use the method
or annliance as devised by others, but tried
constantly to make their own improvements
in treatment.

;:any surgeons wWill not use skeletal trac-
tirn until skin traction has falled.

lany surgeons will not resort to ovnen re-
duction with mechanical fixation until all

other methods have vroduced no results.

..any surgeons will attempt use of an ap-

nliance in the treatment of a fracture, which

will work only in the original case.
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- Trom the above facts it anpears that we may
ssswue the following which will enswer the questinn.
"here is a wide variation in reduction time in the
treatment of frectures hecesuse of either improper
choice of mechanicsl anpsratus or incorrect menage-
ment due to improper method of maintaining fixation
in oost-onerative or individual carsces. In these
days of mechsnical advancement we cee many devices
of strange and wonderful design advocatel for the
~eduction and retention of fractures. Some are very
ingeniouns anplications o7 standiard annliancerc to
maet & condition which has arisen in a given cace,
“hey mnight work if one could but annly them, with
nothing to bother about but mechanics, but many de-
vices 40 not take into asccou t the fnatomy of the
orte tc be treated and conse uently cannot be used
in aay cease exceot the unusual, or the one originally
intended.

In the modern treatment of fractures, it seams
that freguently the escential factors hove been some-
#hat overshadowed hy the emohasis given to certain
methods of techni ue and Fforms of enpartus, ete.,

rather than to the annlicetion of definite and well
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established »nrinciples of trestment to the verious
conditions met with. !‘any men who are treating frac-
tures today have forgotten the pnrinciples tsught

many years ago by Hippocrates and since used very
successfully; instead they will attemnt to adapt
someone's method or piece of anparatus to their in-
dividual cese which often may be an improner choice,
leading to a greatly orolonged and unnecessary re-

duction time.
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