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The Value of Extension in the Treatment of Fractures
of the Femur,

Proposition 1st —Continuons and equable extension is indis-
pensable to the best results in the treatment of fracture of the
femur.

Prop. 2nd.—Continuous and equable extension cannot be se-
cured by lateral supports; the long splint of Liston or its modi-
fications ; nor by plaster of Paris dressings.

Prop. 3rd.—Continuous and equable extension can only be
secured by suspending the limb.

F'r'a:rp 4th.—Suspension furnishes the best means for allowing
motion to other parts of the body while maintaining constantly
perfect apposition of the fragments of the fractured thigh.

The direction and extent of the displacement of fragments in
fractures depend upon the violence causing fracture; the direc-
tion of the line of fracture, and the action of the muscles con-
nected either directly or indirectly with the fragments of the
broken bone.

The reduction of displaced fragments in all unimpacted frac-
tures may be resisted or lll‘l‘i'i*lltﬂd by periosteum, ligaments,
tendons, fascia, and museles,

""-Luntmmnw will be interfered with by muscular contractions
only.

The difficulty of overcoming muscular resistance in the reduc-
tion of displaced fragments in fractures, is determined by the
foree of muscular contraction, modified In the site of attachment
and the direction of the muscular action.

Active muscular contractions are determined by stimulation
of muscular tissue, applied directly or indirectly to the musecles.
Muscles contract independently of stimulation.  The contraction
ocenrring without stimulation differs from that which follows
stimulation, in this, that it is less in force and indefinite in dura-
tion, while the contraction responsive to irritation is violent
(active) with greater foree and of limited duration.

The tonic muscular contraction is that which, without equal
resistance, causes and maintains shortening in bones obliquely
fractured, and angling in transverse fractures which are not dis-
placed.

When tendons are divided, the divided ends separate and
remain so until they are united by new material. When muscles
are divided the wound gapes and remains open from the tonic

¥ Extracted from the Amnerican Medical Az=ociaiton Transactions, 1877.



4 TREATMENT OF FRACTURES OF THE FEMUR.

contraction of’ the muscular tissue. If a limb is flexed for a
week or two, it is found that the muscles which are permitted by
the position to shorten are not easily extended to their normal
length.

When an attempt is made to adjust the displaced fragments in
a fracture, we have not only the force of muscular tDllIl"lt}"
overcome, but also the active confraction excited by the manipu-
Jation. But when the adjustment is perfect, the musenlar tonie-
ity alone tends to displace the fragments. Practically, a fracture
is transverse when the line of fracture is such that the fragments
may be made to abut one against the other in such a way as to
resist the tonic eontraction of the musecles.

The resistance to shortening thus afforded by the fragments
thus appears immediately after the reduction of a fracture has
led to the false conclusion that lateral supports are all that may
be required in the treatment of transverse fractures.

I had recently, in our city hospital, a ease of obligue fracture
of the tibia, in which the line was so serrated that when the
fragments were adjusted the length of the limb was perfectly
maintained. Lateral supports were applied, and two weeks
later the limb was found shortened, and the sharp angle of the
upper fragment was found pressing H,gmnat the skin c}? the shin.
Now 111!11115 these two weeks the ends of the bones had so
altered that the serrations that at first fitted one into the other
were absorbed, and the bones no longer possessed the irregulari-
ties that enabled them to abut one against the other. In the
processes that precede the union of fractures, the bones become
softened and absorbed to such a degree that the tonic contraction
of the muscles which constantly press the one fragment against
the other, will necessarily produce shortening. In every case
then in which the tonic contraction is not resisted by some con-
stantly acting force, shortening does oceur.

The extent to which the ends of bones soften in the processes
necessary 1o union is very variable, and depends on the degree
and the duration of the increased ?Ilﬂtulﬂllt}' of the fra Ements.

During the fall of 1874, A. W., aged 14 years, was
1o my office having both bones of the foréarm broken. The
fracture was a simple, transverse one, the ends were not dis-
placed, but only formed an angle one with the other, the angle
presenting toward the dorsal surface of the forearm.

The angle was corrected, and the hones seemed and were in
periect apposition. I applied the usual dorsal and palmar splints.
The case progressed ‘I.'lr'-.alllll for three weeks, und then the patient
complained of pain on the radial side at the site of fracture, and
the ulnar side of the fracture was more prominent. I then sup-
posed that this prominence was due to an unusual deposit of pro-
visional callus.

I readjusted the splints; a few days later there was a distinct
angling, and the angle did not present toward the dorsal but to
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ward the ulnar side. I tried faithfully to prevent deformity, but
utterly tailed. The radial side presented its normal appearance,
but the ulnar angling was marked.

May 31, 1877.—1 find to-day the angle of the ulna apparent,
the radins ﬂfl"ilu'hl The lower end of the ulna is more promi-
nent on the dorsum than that of the other arm.

The explanation that I propose for this, is that the shortening
was greater in the radius, consequently the ulna was made to
angle to conform in le ntrth to the shortened radins. This oc-
curred notwithstanding the most ca arefully applied lateral sup-
ports, aided by the ulna and the inter-osseous membrane.

In Colle’s fracture it is the rarest thmu; to have the bone unite
without deformity. This deformity is especially well marked in
the prominence of the lower end of the ulna, and this is no
doubt due to the partial displacement of the carpal end of the
ulna, consequent upon the shortening of the radius at the site of
fracture.

Except in those rare and perhaps doubtful cases in which it is
said fractured bones heal by immediate union, there is alwaysan
appreciable amount of new material joining the original matter
at the site of fracture.

This new material is cicatricial (i, e., imperfect), and will be
replaced by more perfect bone at a later period.

It is common to speak of scars as contracting, and they do
contract in the soft parts, and I know no reason why bone scars
should not also contract.

The fact that fractured bones, recently united by provisional
callus, are often found of the original length, and subsequently
withont angular deformity are found to have shortened, is con-
clusive evidence that the scars of bone are not an I.“HE"P[H'HI: to
the rule of contraction in cieatrices.

Is it possible that lateral supports can prevent the tonic con-
tractions of muscle ¥ 1 am free to say that T have good reason
to know that lateral supports do not prevent the tonic contrac-
tion of muscles.

It is true that in clonic contraction muscles change their form
without variation in volume, for when they diminish in length
they inerease in thickness, but muscles are largely made up of
water and surrounded wll,h connective tissue whose spaces are
filled with fluid. It is absurd to suppose that muscles cannot
and do not contract, when surrounded by lateral supports, as in
the treatment of fractures of the thigh.

The serum surrounding the mufwleq the serum in the muscle,
the blood in the blood vessels, furnish a material so readily dis-
placed that the museles of the thigh could contract though the
limb were surrounded by a case of iron fitting as accurately as
the skin itself.

- It is the practice after amputation of the limbs to apply a
bandage snugly from the end of the stump up to the next joint
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above, with the intention of preventing retraction of the flaps
and consequent protrusion of the bones.  After a day or two, I
have invariably found the flaps retracted, and the bﬂnes failed
to protrude in those cases only in which the flaps were left so
long that the usnal retraction was not sufficient to draw the soft
parts entively beyond their ends.

[t will be remarked that surgeons in making amputations,
with the probable retraction of flaps in view, make the flaps
longer or shorter as the point of amputation varies from the
point of origin of the muscles, which form a part of the flap-
With the |'|u|]nL of giving more uniform support to the flaps, I
have, many times, applied plaster of Paris bandages to the
stumps, unhr:&ung them up to the next joint; but I have invari-
ably found after a day or two that the flaps were retracted within
the plaster casing. _

[u oblique fractures of the tibia, surgeons have in many cases
found it impossible to prevent the rising end of a f1agnmnt from
pressing dangerously on the skin of the shin, and the rising of
the end is only one method of expressing muscular contraction,
for the end is foreed to rise by the lapping of the ﬂbl]l]_ll{:l}' frac.
tured bone at the site of fracture.

I have been thus tedious in multiplying facts in regard to
muscular contraction, not because there is a question concer ning
the contraction of musecles after fractures, but for the reason
that some prominent members of' the profession have given ut-
terance to language which has been misunderstood, which has
been supposed to express the thought that every fracture of the
thigh could be so treated by plaster of Pars dressing as to pre-
vent shortening.

Let us for a moment consider the changes oceurring in a
fractured limb during the use of the long splint of Liston. Place
the splint on the outer aspect of the limb, let it extend below
the foot and above the hip, bind the limb and splint with the
usual roller bandage, extend the muscles by such force as may
be required to give the limb its proper length and allow the
fragments to oceupy their proper relations; mow draw tight
yvour well-padded perineal band and fix it so that it carinot loosen.
You visit vour patient on the second day to examine the dress-
ings and find the perineal band is not tight, measure the limb
and yvou find il shortened. Again extend the musclca, anee more
tighten the perineal band, and repeat this process every day or
two for four, six, eight, or twelve weeks, and at the end of this
time it will be found that the perineal band has elongated, the
tissues about the perineum, the prominence of the rounded thi h,
the fulness of the outer part of the leg, the plumpness of
instep having atrophied, and through these changes, both in the
extending apparatus and the tissues, the muscles have by their
tonic contractile power shortened the limb.

Follow another case: Put your patient on a firm table, plaﬂe
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a padded iron standard between his thighs, attach a screw-ex-
tending apparatus to the lower part of his leg, etherize the
vatient, then streteh the muscles until the ends of the fragments
COTme tul.]_j. into position, pad the projecting bony pointz with
colton wool, apply a wet bandage, impregnated with plaster of
Parvis, in layers sufficiently numerous to form a firm plaster case
which aceurately fits the limb and extends to the tuberosity of
the ischium, the spine of the ilium and embraces the pelvis. Con-
tinue the anwsthetic and the extension wotil the plaster is firmly
set.

Now do not faney that because vou have made the adjust-
ment perfect ang apj rhu] the plaster smoothly that this plaster
will continue to fit perfectly. Atrophy will oceur rapidly and
uneqgually—the muscular tissue will constantly tend to produce
the shortening, which the atrophy of the points of pressure of
the exte mhn;._\ and counter-extending forces will permit.  After
a week vou will find yon can put your finger between the foot
and the plaster case, while you may place your hand between
the plaster and the Iu}: If you percuss the front of the plaster
case it will yield a resonant :-_-ﬂumi It will be found that the
limb is too small for the apparatus of fixation, and indeed the
limb is not fixed, but badly requires fixing.

What now ? Cut the ¢ase in front from end to end, take out
a piece or put in padding, and once more adjust the fixed appar-
atus to the unstable limb,  What can be more unstable than the
ever-wasting, ever-changing tissue of the human body. The
very hlood which bears to the tissues fresh supplies of nutritive
material carries back the products of disintegrated tissue.

The fact that it is found necessary afier a few days to ciit the
plaster and readjust it is an admission that it does not make uni-
form extension. The time for readjustment is not reached nntil
the shrinkage of the limb has allowed shortening within the
plaster case.  So soon as atrophy begins, and it does begin at the
moment the extending agent l'l'l:il{Lh pressure on the point of
contact at the upper and lower parts of the limb, the muscles by
their tonic contraction will canse the pointed fragments of an
obliquely fractured bone to override.

We are told that this shrinkage must not be allowed to oceur,
that to prevent this the patient must get up and move about the
room. In a report on fractures, read before the Surgical section
of this Association in 1874, by i’mi Sayre, at Detroit, 1 find this
language : It will be psumulurh U'hhl_-l"-'llﬂ.l. i slmhmrr these
tables that the three cases of greatest shortening in which the
permanent dressing of plaster of Paris was apphml were the
three cases that were necessarily confined to their bed on account
of' other complications, showing that if this dressing is the one
preferred by the surgeon, it is better to keep his patient up
and walking about oceasionally, as the limb w :IIJI then fill with
blood and retain its accuracy of fit to the plaster casing, whereas
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the horizontal posture allows of more shrinkage, and the exten-
sion not being d.[{.llldtl.‘]"r retained necessitates the more frequent
change of the dressings.”

I can understand that the erect posture wounld allow an
increased quantity of blood to flow into a pendant limb, and that
the returning flow would be retarded, and that the plaster case
would now be filled and kept full by the mdematous limb, but I
cannot understand how the tissues at the points at which ex.en-
sion and counter-extension are made and kept so tightly filled
with blood and serum as to make adequate extension on the
limb. We may be told that the weight of the limb is to act as
the extending force, and I am rea,{ly to admit that this would be
sufficient, yet it is mqm%&uhla to keep the patient erect during
the entire six,eight or twelve weeks required for the accomplish-
ment of firm union. If the patient be kept walking about the
room for six hours in the twenty-four, it is quite as much as the
most vigorous man could accomplish with a fractured thigh,
The change of posture twice in twenty-four hours will imply
the application of extension six hours, and its entire absence
eighteen hours of the twenty-four.

The proposition is too absurd to deserve serious consideration.
I do not wish to be understood as regarding lateral supports as
valueless, but I do assert that lateral supports are of value in
the treatment of fractures only so far as they aid in preventing
angular deformity, and in transverse fractures aid as extending
agents only by Itaepmg the ends of the fractured bones opposite
mLh urhm, and thus enable the bones themselves to resist the
contraction of the muicles.

Having thus far considered the inefficiency of lateral supports
only as used alone in the treatment of fractures of the thi
and the impossibility of maintaining continnous extension %}}r
any of the so-callad fixed apparatuses, I come now to consider
dirvectly the value of continuouns extension in the treatment of
fractures of the femur. DBy continuous extension I mean the
employment of a force that does not vary in power.

To have continuous extension we must use a force that is
unvarying, and apply that force so that it may not be modified
by friction.

Elastic extension cannot be unvarying from the very charac-
ter of the material used.

The weight and pulley as used by Hildanus and modified by
Buck must vary in its action because of friction. Oblique sus-
pension is the only possible way in which unvarying extension
can be applied, and this is absolutely unvarying, provided the
angle is constantly maintained and the weight of’ the suspended
limb does not change.

The muscles that tend to produce a shortening in oblique
fractures of the thigh, during the period of union of the frac-
tures, when the engs of the bones are softened by nutritive
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ch: inges pli-p;nt'.uun to unilon, are the muscles that tend to eanse
.11|u‘]ml{_ in transverse fractures after adjustment, either in one di-
rection or another, and are so bals ineed by their relative strength
and sites of attachment, that one and n]|h one position can 1)1
tound in which the opposing muscles will act with equal forece
upon the fractured fragments.  This is due to the fact that mus-
cles i extreme extension arve capable of acting with more force
than when in any degree shortened. The force of action de-
creases as the musele is shortened to its limit when its power of
contraction is |1u|hll|" f:ﬂ'i‘*lr:) Hence it occurs that when the
lower extremity, dﬂ:l" fracture of the thigh, is placed on a line
with the truuk (/. e, in the straight position) the muscles that flex
the thigh and ﬁv\ 1|n- leg are 'lell'n'l\ more extended (tense)
than the muscles which extend the thigh ;mal the leg.
Since some of the museles of the thigh, 1. e., the gracilis, semi-
membranosus, and semitendinosus are ads l!.n tors of the thigh as
well as flexors of the leg, the extended IJ:J:-Hmu of the leg E}]Un-

gates these adductors, but when the leg is flexed they are com-

paratively short.

In the extended position of the leg and thigh, then, the flex-
ors and adductors of the thigh w r:-uld act with more force on the
lower fragment than the extensors and abductors. On the con-
trary, it the leg and thigh are in positions of extreme flexion,
the extensor muscles would act with more torce than the flexors.

Please allow a quotation from Nathan Smith, from Memoirs
by Dr. N. R. Smith, page 133 : “If surgeons who are in the
habit of applying h-murl-a:ru tightly around fractured limbs would
tuke the trouble to uwml:.cz;alv the subject, I think they wounld
perceive that such practice can do nothing but mischief.

In a case of compound fracture in which the ends of the bones
dll*]l] sight, or in which they can be touched by the fingers, it
the Surgeons will take hold of the limb below the fracture, while
he Lv{,]m his finger on the fractured ends of the bones, he will
find that by moving the limb into its proper relative situation
with the limb above the fracture, the bones will readily come
into apposition ; but, it' he attempts to bring them into apposi-
tion by pressing them down with his fingers, he will find it
tlllvth impossible to do it with any force, unless he moves the

limb below the fracture with the other hand.”

John Aitkin, of Edinburgh, in 1771, says, in reference to
maintaining extension: “The grand desideratum is, by some
neans or uthu to create a temporary substitution tu the now
deficient appr}slrmn which was afforded by the bone to the con-
tractility of the femoral muscles,”

Pott fully appreciates the importance, the physiological rela-
tion of muscles in the treatment of fractures, and John Bell
approved the same course in reference to position.

The precise position in which the thigh and leg should be
placed in any fracture of the femur, can only he determined by
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the direction, site of attachment, and strength of the muscles
acting on the broken bone, and the site and direction of the
fracture; but in any case, a state of flexion of both leg and
thigh, varied in degree, as determined by the site of fracture,
will be found the best means of bringing the opposing museles
into that equal state of tension which will most cer tamli‘y secure
coaptation, and render fixation most easy of accomplishment
and most comfortably borne.

In the reduction of dislocated joints, all surgeons recognize
the importance of considering the force and direction of musecu-
lar action.  If contracted muscles are to be elongated in the re-
duction of dislocations, we use moderate continuous extension,
in preference to great forece momentarily applied. The same
rule should be observed in replacing the fragments in fractures.

After adjusting the fragments they are best maintained in
position by such extension as will precisely substitute the ex-
tending force exercised by the bone itself betore fracture.

I desire, now, to call attention to the uniform and persistent
action of the force of gravity, and wish to say that the only pos-
sible way in which we can fully utilize the force of gravity is
without the intervention of such apparatus as will afford friction.
The methods by weight and pulley are objectionable, because
of the unequal tension of the muscles due to the straight posi-
tion, the friction incident to the use of a pulley, and the friction
between the limb and the fixed bed on which the limb rests, and
the impossibility of moving the body without either varying the
extending force or disturbing the fragments by lateral deviations.
If, however, the limb be suspended so that it, , with all its cover-
ings, floats h‘eely in the air, we may, by removing the points of
suspension from the pﬂl‘]‘J-EI'll]i{:II]!ll‘, get any amount of extend-
ing force required to balance the tomic contraction of the
museles., _

The amount of force requred to maintain extension can be
determined with accuracy, by varying the obliquity of the sus-
pending cord until the patlcllt is entirely free from pain, and
this will oceur as soon as the muscular force is so overcome as
to allow the bony fragments to gain their normal relations. In
practice I have had httle difficulty in adjusting the extending
force so as to make the patient entirely comfortable,

I do not wish to imply that the smarting pain of a compound
fracture is relieved by extension, but only that the pain due to
the disturbance of the soft pm-ts by the irritation of the bony
fragments no longer: continues, and the pain of the contracted
muscles is at an end.

Within twenty-fours hours, a child of five years will learn the
precise amount of extension required for his comfort, and he
will maintain that degree of extension. Fortunately, the con-
dition of the most accurate adjustment is that of the greatest
«comfort to the patient.




TREATMENT oF FrRACTURES oF THE FEMUR. 11

With this suspension and extension, the surgeon may rely on
the aid of his patient to maintain the adjustment. It will be
found, as the case progresses, that much less extending force is
l'equncd than in the IJL},,mulng, and in practice it is observed
that the patient wlll adapt his position, with wonderful precision,
to the lessening tonic contractiie puum- of the muscles. That,

Pmp-r.iwl'um _ﬂ'r"ﬂ'—ln the treatment of fractures of the femur,
continuous and equable extension is indispensable to the best
resnlts, 18 conclusively shown in the impossibility of maintaining,
with equal certainty, aceurate coaptation by any other means.

Proposition second—Continuous and equable extension cannot
be secured by lateral supports, the long splint of Liston, or its
modifications, nor by plaster-of-Paris dressings, because the ma-
terial used in m'ikmg extension yields, and the points of the
pody on which extension and counter-extenszion are made undergo
atrophy.

“roposition third—Continuons and equable extension can only
be secured by suspending the limb, because in no other way can
we avoid friction between the extendmg force and the part to be
extended.

Proposition fourth—Suspension furnishes the best means for
allowing motion of other parts of the body, while perfeet appo-
gition of the fragments of the fractured thlf_,h is constantly main-
tained, because there is no resistance offered to the movements
of’ f.h-:: limb in any direction in which the body may be moved,
except in the direction from the point of suspension. In m‘er‘y
other direction the limb follows the movement of the body
without the least friction.
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