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Preface to the Fourth Edition

Procnsss 18 1 scientific advancement in surgery continues to
move swiftly. A teatbook of medicine or surgery becomes obso-
lete, without revision, every five or six years. This Fourth Edition
of the Pictorial Handbook of Fracture Treatment contains many
changes in text, modification of several drawings and the addi-
tion of many new illustrations.

The first three editions of this text, with many reprints, have
been exceedingly well received. The members of the medical
profession have been kind in their criticisms of the book, many
reporting that it has been helpful in the care of their patients.
The original format was designed for the needs of the medical
student and of the general practitioner. During the past few
years, several other small textbooks on fracture treatment have
been published, but in spite of this fact the continued popularity
of the Pictorial Handbook and its use as a standard text in
numerous medical schools has been most gratifying to the
authors,

In this Fourth Edition we are adding descriptions of several
new techniques, such as the use of a small thrcaded wire
through the first metacarpal bone for skeletal traction to reduce
and maintain position of comminuted fractures of the distal end
of the radius. We also describe the complications of, and
recommended methods of treatment for, aseptic necrosis of the
femoral head and the carpal navicular and the treatment of
nonumons and malunions. It 1s our belief that the discussion

7



8 FRACTURE TREATMENT

of the complications of fracture treatment is of educational
value for the medical student or physician, although no attempt
is made to describe all methods of treatment. The student and
the practitioner should be aware of the value of the definitive
treatment that may be obtained through consultation.

Chapters 2, 14 and 30, dealing with fracture healing, aseptic
necrosis of bone and fractures of the spine, have been rewritten;
and numerous changes and additions have been made in other
chapters. We are indebted to Dr. Ira J. Tresley for assistance in
the revision of the chapter on The Bones of the Face and Skull.
Many of the diagrammatic illustrations have been redrawn, and
several new drawings have been added. Additional roentgeno-
grams and photographs which help to explain problems of treat-
ment will be found in each of several chapters. This edition of the
Pictorial Handbook of Fracture Treatment is offered in the hope
that it will continue to be of assistance to medical students and
to the physician in general practice who wishes to provide, for his
patients who have suffered fractures or dislocation injuries, the
very best orthopedic care.

Epwarp L. CoMPERE
Sam W. Banxs
Cuinton L. CoMPERE



Preface to the First Edition

SoME: FIVE THOUSAND years ago an Egyptian scribe lamented
that the world was rapidly becoming demoralized, children no
longer obeyed their parents and everyone was trying to write a
book! There are many who believe that this situation prevails
today, and some may ask, “Why another book on fractures?”
Indeed it is true that during the last decade the subject of
fractures has been in high favor. Many volumes, some of them
excellent, have been published in the British Isles and Conti-
nental Europe, as well as in the United States of America, and
any physician who undertakes to treat a Jarge number of injuries
to the bones and joints should consider at least one of them in-
dispensable for reference The best of them, however, are large
and encyclopedic For the doctor in general practice, they may
seem formidable. The material is too lengthy for the limited
time that he has to give to this particular part of his practice; he
becomes lost in the maze of details and bewildered in the attempt
to decide which of several methods he should use. The medical
student, mtern or hospital resident may likewise be discouraged.
Smaller textbooks on fractures have appcarcd, but for the most
part they have failed to provide the mental or visual picture of
the actual steps required to reduce, immobilize and provide m-
tellgent after-care for each of the more common fractures or
dislocation injuries. There does exist, then, at this time, an
especial need for a text on fractures, a text which presents con-
cisely but adequately the procedures indicated in treatment of

9



10 FRACTURE TREATMENT

the more common injuries, and to this end the authors of this
volume have devoted their cfforts.

Industry, the automobile and, more recently, mechanized war-
fare have increased tremendously the incidence of fractures, dis-
locations and other injuries to the skeletal system of the human
body. Multiple fractures are common. Severe trauma to the soft
tissues may accompany and complicate the fractures or disloca-
tions. Compound fractures are more common today than at any
previous time. Wise and skilful management of these injuries
may mean the difference between complete recovery and lifelong
mvalidism.

In large hospitals where there are physicians trained in the
disciplmes of fracture therapy, the injury cases are well managed
But fractures and other injuries to the spine and extremities have
no predilection for urban locale. They occur in every village and
countryside, and the physician in the small town or rural area
must treat them. He may not be interested primarily in fractures,
but there is no orthopedic surgeon across the hall to whom he
may refer the case. These are the men for whom this book has
been prepared—the conscientious, overworked country doctors
and general practitioners, and the medical students who will be
treating the injuries of tomorrow.

In preparing this book, the authors have avoided presentation
of several different methods of management for each type of
mijury. It is better to know one method well and to be able to
apply it with assurance and skill than to have a less thorough
knowledge of several techniques. Therefore the simplest princi-
ples and methods by which the authors themselves have been
able consistently to obtain a satisfactory end-result have been pre-
sented, and no references are made to certain methods of frac-
ture management which have proved successful in the hands of
other physicians Little reference has been made to the wide
assortment of gadgets and antomatic reducing devices, because
they are seldom available to the general practitioner. On the
other hand, we have tried to present with especial clarity the
technique of skeletal traction and the use of internal fixation for
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certain fractures, since these should be a part of the anmamen-
tarium of any doctor who undertakes the care of bone and joint
injuries.

We have used freely the excellent reference texts by many of
our colleagues and preceptors on the subject of fractures and dis-
locations and arc greatly indebted to Roger Anderson, Lorenz
Bocller, Willis Campbell, Albert Key and Earl Conwell, Paul
Magnuson, Charles Scudder, Kellogg Speed and Reginald Wat-
son-Jones. We wish to express appreciation to those who have
given so gencrously of their time in belping with various phases
of this manual, to Jean Nolan for editorial assistance and espe-
cially to Dr. Harold Laufman, artist and surgeon, whose unique
skill m preparing the drawings has made possible the visual
presentation of the methods deseribed. To the Department of
Surgery of the University of Chicago, we are grateful for having
been granted permission to use the roentgenograms of patients
treated in the University Clinies.

Evwann L. Coxrene
Sant W. Bawnks
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CHAPTER 1

Fracture Pathology

THE cLassic pErNmioN of fracture is “a break in the continuity
of bone.” For many years those who were concerned about
accuracy of terminology have objected to some of the terms
used to describe certain fractures. Since publication of the 1951
edition of the Standard Nomenclature of Discases and Opera-
tions, all fractures in which the fractured bone end protrudes
through the skin, or an object penetrates the skin and subeu-
tancous tissue to the site of the break, have been called open
fractures instead of “compound” fractures. Similarly, when there
is no communication between the skin and the fracture, or
between one of the body cavities and the fracture, the term
closed is used instead of “simple.” The old classifications “com-
pound” and “simple” are no longer used, It is hoped that all
physicians and surgeons working with orthopedic and traumatic
conditions will use the new terminology.

All open fractures are potentially infected. They require emer-
gency care for the purpose of cleansing the wound to obviate
or minirmze sepsis. In either a closed or an open fracture the
ends of the fragments may be separated (displaced), driven into
each other (impacted) or shattered into pieces (comminuted)
(Fig 1).

The forces which produce fractures may be direct or indirect.
Direct violence results from impact, as when a pedestrian is
struck by an automobile or a passenger is thrown foreibly against
the dashboard or the top of the car. Direct fractures are fre-

17
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18 FRACTURL TREATMENT

Fic 1 (left) ~A comminuted, oblque, unstable, moderately displaced
fracture of the distal third of the tibia and fbule, This type of fracture 1s
usually the result of a direct-blow injury,

Fic 2 (right}) —An oblque, displaced, unstable fracture of the distal
third of the femur,

quently open and communuted. Indirect forces produced by tor-
sion, traction or leverage frequently result jn oblique, linear and
avulsion fractures (Fig. 2). Oblique and comminuted fractures
are usually unstable, tending to displace after reduction, Trans-
verse fractures, with proper reduction, are stable with simple
immobilization. The combination of a dislocation and a fracture,
or fractures, involving the articular surface is called a fracture-
dislocation (Fig, 3)



Fi1c 3 ~Fractures of the distal fibula, the medial malleolus and the pos-
terior tibial articular lip (tumalleolar) with lateral and postertor dislocation
of the ankle Thus 15 not an uncommeon fracture-dislocation,
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Fic 1 (left) —A ¢ d, oblig bl d displaced
fracture of the distal third of the tibia and fibula, This type of fracture I
usually the result of a direct-blow injury.
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quently open and comminuted. Indirect forces produced by tor-
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verse fractures, with proper reduction, are stable with simple
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or fractures, involving the articular surface 1s called a fracture-
dislocation (Fig, 8).
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Fic 3 ~Fractures of the distal fibula, the medial malleolus and the pos-
terior tibnal articular hp (trimalleolar) with lateral and posterior dislocation
of the ankle This is not an uncommon fracture-dislocation
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CHAYPTLER 2

Fracture Healing

THE REPAIR OF A DLFECT in any tissue is initiated by an ingrowth

of fibroblasts, resulting in a scarlile union by granulation tissue.

The healing processes of a closed fracture consist of the follow-

ing stages:

1. Formation of a clot in the licmatoma around the ends of
the fragments.

. Invasion of the clot by fibroblasts and capillaries, with
gradual transformation into a mass of immature connec-
tive tissue (Fig. 4).

8. Cellular differentiation and proliferation of osteoblasts,
chondroblasts and fibroblasts, with formation of ostcoid
and varying amounts of chondroid matrix. This is the stage
of callus formation,

4. Replacement of devitalized bones from the ends of the

fracture fragments, Devitalized bone ends absorbed or re-

placed by new bone.

Maturation of the callus and osteoid tissue into calcified

bone trabeculae (Fig. 5).

Consolidation and remodeling of the newly formed bone,

with concomitant decrease in the size of the bony mass,

If the fracture hematoma is largely subperiosteal, the subse-

quent callus will be smoothly outlined in the roentgenogram.

When the hematoma escapes, as with an open fracture or at the

time of surgical reduction, the normal process of fracture heal-

ing may be hindered The hematoma plays an important role

2

5.

6.

21



20 FRACTURE TREATMENT

Fractures may be grouped according to the age of the patient.
Those which occur before or at the time of delivery of an infant
are known as birth fractures. Incomplete fractures, common in
children, have been designated greenstick fractures. Separation of
an epiphysis from the shaft of a bone through the growth car-
tilage plate is sometimes designated slipped epiphysis but may
be classed as an epiphyseal fracture, This is a rare injury in
young children and is most common during puberty.

Fracture fragments may penetrate the peritoneal cavity or the
thorax, or may injure such organs as the liver, kidney, spleen,
bladder or the Jungs. Fractures of the spine may produce severe
trauma to the spinal cord, including partial or complete transec-
tion

Bone is a living tissue and requires an adequate blood supply.
Fractures disrupt blood vessels. The amount of hemorrhage will
vary according to the location of the fracture with respect to the
major nutrient blood vessels and to the degree of trauma which
accompanies a break of the bone. The muscles, ligaments, nerves
and other soft tissues may be severely traumatized and occasion-
ally may be interposed in the fracture. This may defeat attempts
at reduction and is one cause of nonunion. In a closed fracture
the blood is usually confined to the region of the fracture and
forms a hematoma With greater injury fo the soft tissues at the
site of fracture, the blood may extravasate, producing marked
discoloration of the skin Also, blood may migrate along the
planes of the intermuscular septa or directly beneath the skin, n
directions determined by the force of gravity, to locations distal to
the site of fracture and the arigin of the bleeding. The presence
of large amounts of blood in the soft tissues may cause a febrile
reaction which results from the disintegration and absorption of
blood protein substances Pam is produced by motion or disturb-
ance of the injured part It gwes rise to protective muscle spasm,
and the cramplike spasm may cause further pain. The pain and
spasm are minimized or relieved by adequate immobilization.
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Fic, 5.~Maturation of callus and osteard tissue into bone. A, old cortical
bone B, very active osteogenesis with osteoid trabeculac and more mature
calaified trabeculac €, unreplaced chondrod callus,

the fracture. Fracture healing will be hastened and the incidence
of delayed or nonunion greatly reduced if this principle of mild
compression 15 fully understood and utilized.

The stimulus for the repair of a fracture is greatest during
the first week or two after the injury. When definitive reduc-
tion and adequate fixation are delayed for several weeks, the
effect of the osteogenetic push will be disturbed and nonunion
may result. Separate or detached bone fragments, including
large tubular segments of major long bones, are very likely to
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in the first stages of fracture healing, and therefore it should
be preserved whenever possible.

Too much traction with separation of the fracture fragments
and plating of the fracture with the ends of the fragments not in
good contact with each other are common causes for delayed or

F16 4.—Low-power photomicrograph of early stage of heahing of fracture.
A, areas growth of vascular \| tissue B, the cortical
fracture fragments C. residual hematoma 1n the process of connective tissue
replacement D, active absorption of the old bone

nonunion Immobilization of the fracture by means of an mtra-
medullary rod, a slotted plate or a plaster of paris cast will permit
the continued maintenance of compression between the fracture
surfaces. This compression 1s physiologic when it is produced
by the tonus present in the muscles which surround and span



CHAPTER 8

The Diagnosis of Fracture

A HISTORY OF AN INjURY, which may be that of a fall, a torsion
strain, an automobile accident, 2 blow from a blunt object,
the blast of a shell or direct impact from a bullet or a bomb
fragment, calls for an adequate examination to determine the
presence or absence of a fracture or fractures. The character-
istic complaints of a patient who has sustained a fracture are
localized pain and inability to use the injured part or extremity.

The complete loss of continuity of any major bone produces
such interference with function of the extremity that diagnosis
of ‘fracture may be made on minimal examination. Incomplete
or mmpacted fractures may be accompanied by relatively little
pam or local changes, making the diagnosis difficult to confirm,
even with good roentgenograms.

The riysicaL FispiNgs which suggest the possibility of a
broken hone are: (1) local swelling, (2) tenderness, (3) de-
formity, (4) false motion, (5) crepitation, (6) ecchymosis and
(7) muscle spasm.

1. Local swelling may not be demonstrable if the fractured
bone lies deep withmn the soft parts, as does the neck of the
femur or a vertebral body, or if the fragments are well impacted.

2. Bone tenderness may be relatively minimal if the fracture
1s impacted, but its presence should always suggest the possibility
of a fracture

3 Deformity may include angulation of a long bone (as of

25
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undergo aseptic necrosis, owing to separation from blood supply,
and union may thereby be long delayed.

Final healing of the fracture is achieved when the medullary
canal has been restored by absorption and replacement of the
centrally formed bone with mature trabeculae and normal
marrow. For most major bones the complete restoration of struc-
tural strength, with the reappearance of fat and marrow cells,
requires about one year.



CHAPTER 3

The Diagnosis of Fracture

A nisToRy or AN 1Njuny, which may be that of a fall, a torsion
stramn, an automobile accident, a blow from a blunt object,
the blast of a shell or direct impact from a bullet or a bomb
fragment, calls for an adequate examination to determine the
presence or ahsence of a fracture or fractures. The character-
istic complaints of a patient who has sustained a fracture are
localized pain and inability to use the injured part or extremity.

The complete loss of continuity of any major bone produces
such interference with function of the extremity that diagnosis
of fracture may be made on minimal examination. Incomplete
or impacted fractures may be accompanied by relatively little
pain or local changes, making the diagnosis difficult to confirm,
even with good roentgenograms.

The prysicar rinpives which suggest the possibility of a
broken bone are: (1) local swelling, (2) tenderness, (3) de-
formuty, (4) false motion, (5) crepitation, (6) ecchymosis and
(7) muscle spasm,

L. Local swelling may not be demonstrable if the fractured
bone lies deep within the soft parts, as does the neck of the
femur or a vertebral body, or if the fragments are well impacted.
. 2. Bone tenderness may be relatively minimal if the fracture
Is impacted, but its presence should always suggest the possibility
of a fracture. ..

3 Deformity may include angulation of a long bone (as of
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the humerus, femur or clavicle), shortening (due to over-riding
or impaction of fragments) or mal-alignment of a joint.

4 False motion will be demonstrable if the fracture is com-
plete and not impacted. Attempts to demonstrate this should be
made with caution because of the possibility of creating further
injury to nerves, blood vessels or other soft parts.

5. The crunching-together of the ends of the fragments pro-
duces a palpable crackling or crunching sensation known as
crepitation.

6. The presence of discoloration of the skin, due to hemor-
thage which has extravasated into the subcutaneous tissues, is
known as ecchymosis.

7. Muscle spasm is a protective phenomenon in which the
muscles become markedly contracted in an attempt to splint the
fracture fragments and prevent motion between them. Spasm is
increased by manual attempts to move the extremity or to
produce motion at the site of the fracture.

Confirmation of the presence of a fracture is obtained by
roentgenograms. X-rays taken for this purpose should always
include at least two planes, the anteroposterior and a lateral
view Certain fractures are best demonstrated by taking oblique
roentgenograms. Multiple plane roentgenograms are helpful, not
only in making the diagnosis and in accurately determining the
position of the fragments, but also by affording visual aid to the
surgeon in manipulating and reducing the fracture. Fluoroscopy,
at least by those who are not fully trained in roentgen tech-
mques, is unreliable either for the diagnosis of fractures or for
confirmation of the reduction and may be very deceptive.



CHATTLR 4

Emergency Treatment of Fractures

Eveny ymactune oF A Majon sost should be splinted before
the patient is moved from the site of the injury. Fractures that
are confined solely to the small bones of the hand or foot may
not require this precautjon, but if the injury is obviously severe,
mvolving the spine or one of the long bones, such as the shaft
of the femur, the tibia or the humerus, or if the patient is
unconscious, much additional trauma may be inflicted by care-
less, ignorant or mdifferent handling (Fig. 6). For a leg fracture,
the use of a Thomas sphnt, with traction applied to the foot
or shoe of the victim, will reduce the danger of inflicting
additronal injurv to soft parts and of opening a closed fracture,
or further contamnating the open fracture wound (Fig. 7).

Paix is best alleviated by an adequate dose of morphine and
immediate immobilization. For an adult the dose should be ¥4
gr., for a teen-age child, ¥ gr; in a younger child, it may be
omitted Narcotics should be withheld if there is evidence of
cerebral concussion The first aid team should make no attempt
to sterilize the wound The use of strong antiseptics like jodine
should not be permitted. Open wounds should be covered with a
clean cloth or sternle pressure dressing. The patient must be
kept warm and transported, with minimal delay, to a hospital.
If several hours may mtervene before definitive treatment can
be given, broad-spectrum antibiotic therapy should be initiated.

Privany snock may be combated by morphine, the control
of hemorrhage by pressure dressings and replacement of lost
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the humerus, femur or clavicle), shortening (due to over-riding
or impaction of fragments) or mal-alignment of a jomt.

4. False motion will be demonstrable if the fracture is com-
plete and not impacted. Attempts to demonstrate this should be
made with caution because of the possibility of creating further
injury to nerves, blood vessels or other soft parts.

5. The crunching-together of the ends of the fragments pro-
duces a palpable crackling or crunching sensation known as
crepitation.

6. The presence of discoloration of the skin, due to hemor-
rhage which has extravasated into the subcutaneous tissues, is
known as ecchymosis.

7. Muscle spasm is a protective phenomenon in which the
muscles become markedly contracted in an attempt to splint the
fracture fragments and prevent motion between them. Spasm is
increased by manual attempts to move the extremity or to
produce motion at the site of the fracture.

Confirmation of the presence of a fracture is obtained by
roentgenograms. X-rays taken for this purpose should always
include at least two planes, the anteroposterior and a lateral
view. Certain fractures are best demonstrated by taking oblique
roentgenograms. Multiple plane roentgenograms are helpful, not
only in making the diagnosis and in accurately determining the
position of the fragments, but also by affording visual aid to the
surgeon in manipulating and reducing the fracture. Fluoroscopy,
at least by those who are not fully trained in roentgen tech-
niques, is unreliable either for the diagnosis of fractures or for
confirmation of the reduction and may be very deceptive.
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blood. A tourniquet may be necessary to control massive bleed-

ing. but its prolonged use has resulted too often in gangrene and

the subsequent loss of an arm or leg.

Except for the control of hemorrhage and the restoration and
maintenance of an adequate respiratory cxchange, cmergency
treatment rarely requires haste. Breath-taking rides in speeding
ambulances are more likely to result in death than to aid in the
presercation of life.

The patient should be carried to a hospital on a stretcher or
transported by ambulance or automobile (Fig. 8). Never should
a patient be doubled up into the back seat of a car. A compres-
sion fracture of the spine may become a transection of the
spmal cord, or a closed fracture may hecome an open fracture,
The common practice of lifting a patient under the arms and
knees, with the thighs flexed on the abdomen, may cause the
sharp edges of bone fragments to lacerate major blood vessels
or nerves. Ambulance drivers should be instructed to proceed
slouly over rough strects and around corners. Precaution to
avoid jolting of the patient may prevent pain and additional
shock.

Upen the patient’s admission to the hospital the plan of care
should consist of the following routine:

1. Make inspection and evaluation of the patient.

2. Check the pulse and respiration and, if there are signs of
shock, check blood pressure.

3. Give morphine, 14 gr. to an adult and proportionate doses
to children (morphine is contraindicated if there is evi-
dence of bram injury).

4. Give fluids intravenously—normal saline solution, blood
plasma, serum or whole bloed—to relieve shock.

. Apply splnt or other immobihzation to the fracture.

Obtain roentgenograms after shock is controlled.

&t
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children than for adults, (Ovygen should be readily avaitable
when pentothal is used. )

REGIONAL ANTSTHESIA s obtained by procaine block of the
major nerves which supply an entire estremity or a segment of
an arm or leg. This {orm of ancsthesia may be used when general
or local anesthesia is contraindicated. Its success depends on the
skill and experience of the physician in locating the nerves with
the point of the needle. Its advantages over general anesthesia
are that the patient does not lose consciousness and that there
is less danger of upper respiratory complications or aspiration
pneumoma. The most commonly used regional anesthesia is
that known as spinal, in which the anesthetic agent is injected
into the subarachnoid space, producing complete flaceid paral-
ysis of the lower extremities. With proper technique the spinal
block may be localized to one leg, producing an ideal anesthetic
for open or closed treatment of fractures of the hip or other
bones of the extremity. Other forms of regional anesthesia are:

1. Upper extremity. Inject the brachial plexus at a point just
above the midportion of the clavicle. Avoid the subclavian
artery.

Forearm and hand. Inject procaine in a ring around the
arm just above the elbow, around the median nerve at
the wrist and the ulnar nerve below the notch.

3. Lower extremty. Infiltrate around the sciatic nerve where
it emerges from the sciatic notch and the femoral nerve
where it enters the thigh below the inguinal ligament.

4. Finger or toe. Infiltrate procaine around the base of the
part and inject the digital nerves, Epinephrine should not
be used in procaine for circular infiltration of fingers or toes.

Locar anesTHESIA 15 by far the safest and most practical for
the management of certain fractures of the extremities and is
definitely to be preferred when the fracture management is
undertaken 1 the physician’s office, which often is not equipped
for the safe admimistration of inhalation or intravenous anes-
thesia. Local anesthesia should be used in all cases in which
both general and regional anesthesia are contramdicated, infec-

o



CHAPTER 5

Anesthesia

REDUCTION OF FRACTURES by manipulation should be carried out,
with rare exceptions, under anesthesia—general, regional or local.
The splints which were applied as a first aid measure or
following previous attempts at reduction should not be removed
until the anesthesia (either regional or general) is complete.
The patient will then be less apprehensive, unnecessary pain
will be prevented, and the fracture will be protected from
trauma which might occur during an exaitement stage of
2neral anesthesia.

GENERAL ANESTHESIA may be induced by ether, nitrous oxide,
ethylene, cyclopropane or sodium pentothal. For those who are
not thoroughly trained in the techniques of general anesthesia,
ether is the safest. Anesthetic gases, such as those listed, should
be administered only by physicians or nurses who are fully
aware of their dangers and adequately equipped with the
materials necessary for counteracting the bad effects when they
do appear. Muscular relaxation is more readily obtained with
ether than with anesthetic gases.

Intravenous anesthes:a by means of sodium pentothal has
been emmently satisfactory. Only occasionally does this method
fail to effect complete muscular relaxation. Sodium pentothal
also stmplifies the handling of a patient during the manipula-
tion of fractures with x-ray control. Its use is contramdicated
in patients who have low blood pressure, serious organic cardiac
disease or renal disease, and it is considered less safe for young

32
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children than for adalts. (Owgen should be readily available

when pentothal s weed.)

Ihmlo\;u, ANLsTin aa s obtained by procaine block of the
major nerves which supply an entire etremity or a wgmcnl. 0{
an arm or leg. This form of anesthiesia may be nsed when genera
or local anesthesia is contraindicated. s success depends on l.hl.‘
shill and esperience of the physician in Incating the nenves \\‘1l.h
the pomt of the necdle. My advantages over general anesthesia
are that the patient does not lose conscionstiess and llml. thf'rc
is less danger of upper respiratory complications or nipll"{lllo’ll
prcumonia. The most commonly used regional :m(;ﬁ!l_lﬁm is
that fnown as spinal, in which the anesthetic agent ls.m]cctcd
into the subarachnoid space, producing complete flaccid pn.ml-
ysis of the lower estremities. With proper technique the spm:.xl
block may be localized to one leg, producing an ideal anesthetic
for open or closed treatment of fractures of the hip or other
bones of the extremity. Other forms of regional anesthesia arc:

L. Upper extremity. Inject the brachial plesus at a point j}lSt

above the midportion of the clavicle. Avoid the subclavian

artery,

. Forearm and hand, Inject procaine in a ring around the
arm just above the elbow, around the median nerve at
the wrist and the ulnar nerve below the notch.

Lower extremity. Infiltrate around the sciatic nerve where

it emerges from the sciatic notch and the femoral nerve

where it enters the thigh below the inguinal ligament.

4. Finger or toc. Infiltrate procaine around the base of the
part and inject the digital nerves. Epinephrine should not
be used in procamne for circular infiltration of fingers or toes.

Locar anestiEsta is by far the safest and most practical for
the management of certain fractures of the extremities and is
definitely to be preferred when the fracture management is
undertaken in the physician's office, which often is not equipped
for the safe administration of inhalation or intravenous anes-
thesia, Local anesthesia should be used in all cases in which
both general and regional anesthesia are contraindicated; iufec-
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tion is the one danger, but rigorous adherence to good aseptic
precautions will reduce its incidence almost to zero. Local
anesthesia is not advisable when there are abrasions of the skin
around the fracture site and should not be routinely used for
open fractures.

TECHNIQUE OF LOCAL ANESTHESIA

The technique of administering local anesthesia may be de-
scribed briefly as follows: The extremity is scrubbed with soap
and water for at least 10 minutes, and the region of the fracture
is blocked off with sterile towels. The precautions thus taken are
identical with those used in preparing for an open operation. The
skin may be painted with an acceptable antiseptic before draping.
A 1 per cent solution of procaine hydrochloride is injected into the
skin opposite the fracture in a position removed from major blood
vessels, A 20 gauge needle is then inserted through the wheal and
into the hematoma. If the hematoma cannot be readily located,
find one of the fragments with the end of the needle and probe
along the bone to the site of the fracture. Dark blood should be
drawn back into the syringe to ascertain that the point of the
needle is within the hematoma From 10 to 20 cc. of the procaine
solution is then injected, the amount depending on the size of
the fractured bone. If the procaine is placed accurately into
the hematoma, and hence n contact with both fracture frag-
ments, the muscle spasm will subside within two to five minutes.
Pain will be relieved immediately, and the manipulation can be
carried out with amazingly little discomfort. Anesthesia usually
lasts at least 30 minutes and permits several manipulations, if
x-rays show unsatisfactory reduction

TECHNIQUE OF ALCOHOL ANESTHESIA

For the older patient who is considered a poor anesthetic risk,
intravenous injection of aleohol 1 saline has proved to be most
satisfactory. A 5 per cent solution of alcohol in either saline or
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5 per cent dextrose or a protein hydrolysate which contains 713
per cent aleohol in 5 per cent devtrose in water has been very
cffective in producing analgesia; 1,000 cc. of the solution con-
tains 50 cc. of pure alcohol, or 100 cc. of 100 proof alcohol.
To obtain the desired initial analgesia, it is advisable to start
the infusion 20-30 minutes before the incision is to be made
so that between 100 and 200 cc. will have been administered.
The flow of the solution is then reduced to 60-80 drops per
minute, and nitrous oxide with 50 per cent oxygen should be
started. If the skin through which the incision is to be made is
first infiltrated with 1 per cent procaine, the local sensory stimu-
lation will be abolished.

The method should be used cautiously in patients with im-
pending shock because the peripheral vascular dilatation pro-
duced by the alcohol may cause a further drop in blood pressure.
A total of 400-800 cc. of 5 per cent aleohol will suffice to keep
most patients quict and analgesic during the operation, and the
analgesia may be expected to last for six to 10 hours following
surgery. We have found this to be the ideal anesthetic for such
operations as nailing the fractured hip of an elderly, poor risk
patient.



CHAPTER 6

Reduction of Fractures

FRACTURES MAY BE REDUCED by manipulation, by traction and
countertraction or by open operation. The procedure of choice
is determined after careful inspection of roentgenograms made
in at Jeast two planes. Manipulation for reduction is most often
successful mn fractures of the bones of the forearm near the wrist
and in those of the lower leg near the ankle. Transverse fractures
may be successfully treated by combining traction and counter-
traction with angulation before attempting to lock the ends of
the fragments by mampulation. Impacted fractures may require
forced dis-impaction

Strong traction and countertraction are usually necessary for
the reduction of transverse and oblique fractures of long bones
with displacement and over-nding, Temporary direct traction
for the purpose of reduction may be accomplished by means of
Buck’s adhesive extension (Fig. 9), but skeletal traction, using a
Steinmann pin or some type of steel wire, is more efficient.
Certain fractures may be reduced on a fracture table or by
means of one of the anatomic reducing splnts. If the position
is unstable and the ends of the fragments do not lock securely,
the reduction may be lost when the soft tissue swelling subsides.
For such cases mternal fixation is mdicated, or traction must be
mamtained until sufficient healing has occurred to make the
position secure. Pms placed through the bone above and below
the site of fracture may be incorporated in the plaster dressing;
or they may be connected by external steel bars without the use
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of plaster, thus maintaining both traction and reduction while
permitting ambulation.

When the operator prefers continuous traction without rigid
immobilization, it may be obtained by adhesive or skeletal
techniques, with the patient in bed and the extremity on a
Thomas or Braun, or other similar, splint (Fig. 10). Care should
be taken to relax the adjacent joint structures and, if possible,
to maintain joint motion in them. Lessons learned in the British
Isles and in other theaters during World War I have empha-

Counter
traction

Frc. 10 —Balanced traction in a Thomas splnt, The Pierson attachment
permits motion of the knee while the fracture 1s healing.

sized the advantages of mmmobilization of the fracture with
minimal mmmobilization of the patient.

‘When using skeletal traction, the pins or wires should not be
passed through tendons or close to articular surfaces (Fig. 11),
because any foreign body, even though inert, may produce
mechanical irritation that will result m jomnt inflammation or
tenosynovitis with adhesions and thereby cause loss of function.
Table 1 shows the sites for insertion of pns for certain fractures
of bones and injuries to joints.

Russell traction is the most effective temporary or initial treat-
ment of fractures of the proximal end or neck of the femur It
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of plaster, thus maintaining both traction and reduction while
permitting ambulation. . id
When the operator prefers continuous traction without ng&l
immobilization, it may be obtained by adhesive or skeleta
techniques, with the patient in bed and the extremity 0“‘3
Thormas or Braun, or other similar, splint (Fig. 10). Care Shfm
be taken to relax the adjacent joint structures and, if posszb'\e,
to maintain joint motion in them. Lessons learned in the British
Isles and in other theaters during World War II have cmpha-

Counter
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sized the advantages of immobilization of the fracture with
minimal immobilization of the patient,

When using skeletal traction, the pins or wires should not be
passed through tendons or close to articular surfaces (Fig. 11),
because any foreign body, even though inert, may produce
mechanical imntation that will resule in joint inflammation or
tenosynovitis with adhesions and thereby cause loss of function.
Table 1 shows the sites for insertion of pins for certain fractures
of benes and injuries to joints

Russell traction is the most effective temporary or initial treat-
ment of fractures of the proximal end or neck of the fernur. It
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sumplifies nursing care. The patient is usually quite comfortable,
and adequate reduction for subsequent internal fixation is often
obtained. Special precautions should be taken to avoid compres-
sion of the peroneal nerve in its superficial location below the
head of the fibula. The heel and Achilles tendon region should
be carefully padded as a protection against pressure necrosis.

Restoration to normal position, length and alignment is the
goal in the reduction of every fracture. The limb or the spine
should have normal function when the surgeon has completed
his job and the fracture has healed. The fracture surgeon should

TABLE 1.~S11es For INSERTION OF PINS FOR SKELETAL TRACTION

Sore Reaso~ ron TracTion
FOR_InSERTION Tracture of Bone Tnjurv to Jomt
Olecranon Humerus Shoulder and elbow
First Metacarpal Shaft of radws and ulna
First Metacarpal Lower end of radrus Wrist
Phalanges {fingers) M pals, Interphal 1
Greater trochanter Central fracture of ace-{Hip
tabulom
Lower fermur Middle or upper thud of/Hip
‘emur
Upper tibual crest Condyles or shaft of femu|Knee
Lower tibal crest Shaft of tibia Knee
Os calars Shaft of tibia or femur (1{Ankle
condition of skin_does|
not allow use of lower|
femur or upper tibia)
Phalanges (toes) Metatarsals, phalainges  [AMidi 1, interphal: ]

strive for both anatomic and physiologic perfection, even though
he knows that such perfection is rarely possible. To determine

whether a reduction is satisfactory, the following factors should
be considered:

L. Restoration of length.

2. Realignment of bone and adjacent jonts.

3. Correction of rotational displacement

4. Apposition of fragment ends, sufficient to assure healing.

. Acceptable reduction, verified by roentgenograms.

Completely accurate re-position of the fracture surfaces of frag-

ments is not always necessary for an excellent functional result.
The correction of angulation by plaster cast wedging may be

@



CHAPTER 7

Immobilization of Fractures

Fros THE sTANDROINT oF obtaining satisfactory results in the
management of fractures, adequate immobilization is next in
importance to aceurate reduction. Lack of adequate immobiliza-
tion, or the discontinuance of immobilization before there is
good evidence of union of the fracturc as demonstrated roentgen-
ologjeally, constitutes the foremost cause of all nonunions.

Circumspeet planning is required in deciding which method
to use. The ever-present economic problem should not be over-
looked, and if adequate immobilization can be obtained by
means which will permit the patient to be ambulatory and to
leave the hospital before he is financially embarrassed, both
patient and physician will benefit thereby. Ambulation, when
possible, will aid in establishing early functional activity, The
wastage of tissues from atrophy of disuse can be reduced by
making possible maximum function of the injured extremity
and of the body as a whole. This activity stimulates repair of
the bone, is beneficial to the circulation in general, prevents
wastage and weakening of muscles and minimizes the atrophy
of the joint structures, with its attendant loss of function.
Ambulatory patients rarely become psychologic invalids and are
much more ready to resume their regular work and take over
the family and commumty responsibilities which the injury
temporarily interrupted.

With rare exceptions, yucca board or single splints (alumi.
num, wire, basket) of any kind should be used only in first aid
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carried out if roentgenograms made subsequent to jmmobiliza-
tion show persistent angulation. Correction must not be delayed
until the callus begins to consolidate (Fig. 12).

When the fracture extends into a joint, exact anatomic reduc-
tion is essential for the restoration of good function and for the
prevention of traumatic arthritis.

Frequent roentgenographic examinations should be made in
the course of treatment of a fracture. Fluoroscopic examination
is inadequate, and its routine use exposes the operator to exces-
sive irradiation. The roentgenogram more accurately portrays
detail and serves as a permanent record for the patient and
physician.
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or emergency procedures. This applies in war as well as in
civilian practice. Yucca board splints arc most unsatisfactory
in the treatment of fractures of the long bones. They do not
fit the contour of the limb accurately and can be applied only
to one side of the limb. Motion between the fracture fragments,
with displacement, occurs all too often,

For the average fracture, closely fitted plaster casts, accurately
molded to the contour of the limb, with padding over the bony

Roll of plaster placed on Excess water squeezed.

end in pail of water Roll from plaster roll by (Eush—

saturated when bubbles ing both ends towards the
cease to appear middle Do not twist

Fic 14 —Correct handling of the plaster roll.

prommences, are by far the safest and most adequate for main-
taining immobilization (Fig. 13). These plaster casts may be
applied as antertor and posterior molded splints or as circular
plaster dressings (Figs. 14 and 15). Molded plaster splints
without circular plaster bandages have two distinct advantages:
(1) the dressings may be easily loosened by cutting the gauze
bandage, if the swelling becomes sufficiently great to endanger
circulation in the extremity, and (2) they may be readily
tightened by application of additional bandage as the swelling
subsides.

The authors rarely use circular plaster casts applied directly
to the skin. The use of felt and sheet wadding for padding is
depandent upon the amount of swelling expected.

Metal pins placed above and below the fracture site, but not
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or emergeney procedures, This applies in war as well as in
civilian practice. Yucea board splints are most unsatisfactory
in the treatment of fractures of the long bones. They do not
fit the contour of the limb accurately and can be applied only
to one side of the limb. Motion between the fracture fragments,
with displacement, occurs all too often.

For the average fracture, closely fitted plaster casts, accurately
molded to the contour of the limb, with padding over the bony

Roll of plaster placed on Excess water squeezed

end in pail of water Roll from plaster roll by push-

saturated when bubbles ing both ends towa.rdg the
ccase to appear middle. Do not twist

Fic. 14 —Corrcct handling of the plaster roll.

prominences, are by far the safest and most adequate for main-
taining immobilization (Fig. 13). These plaster casts may be
applied as anterior and posterior molded splints or as circular
plaster dressings (Figs. 14 and 15). Molded plaster splints
without eircular plaster bandages have two distinct advantages:
(1) the dressings may bhe easily loosened by cutting the gauze
bflndage, if the swelling becomes sufficiently great to cndknnger
C.ll’CuIatiﬂn in the extremity, and (2) they may be readily
tightened by application of additional bandage as the swelling
subsides,

The authors rarely use circular plaster casts applied directly
to the skin. The use of felt and sheet wadding for padding is
dependent upon the amount of swelling expected

Metal pins placed above and below the fracture site, but not
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sufficiently close to the fracture to enter the hematoma, may be
incorporated in circular plaster dressings and thus provide
complete immobilization without the necessity of stopping
motion in the adjacent joints. However, if no sheletal fixation
is used (by means of pins or Kirschner or threaded wires), the
plaster cast should extend well beyond the adjacent articulation,
both above and below the site of fracture, in order to assure

adequate immobilization (Fig. 16).

The treatment of fractures, with the patient at bed rest, by
continuous traction on metal frames or with the aid of the
Thomas splint (with a Pierson attachment to permit knee joint
motion) has proved to be highly cfficient in maintaining reduc-
tion and in obtaining a good functional end-result. The dis-
advantages of continuous traction over a period of four to 12
weeks have already been mentioned. Keeping a patient flat on
his back for many wecks is to be deplored, unless other equally
efficient, but less confining, methods of immobilization are not
possible.

INTERNAL FIXATION OF FRACTURES may be used if there are
suitable indications. Open reduction of fractures should not be
carried out when it is possible to obtain and maintain a satisfac-
tory re-position of the fragments by some closed method. The
principal objections to open reduction are:

1 Danger of contamination, with resultant infection at the

site of the fracture.

. Interference with the first stage of fracture healing, caused
by loss of the hematoma through the wound.

. Stripping of periosteum, which may devitalize the ends of
the fracture fragments and cause delayed union or non-
unijon.

Foreign body reactions in the tissues are minimal when
Vitallium or stainless steel is used for internal fixation. When
metal fixation is necessary, these substances arc well tolerated
by bones. They are available in the form of pins, screws and
plates. Internal fixation should be reserved for those fractures in
which there is: (1) evidence of injury to major nerves or blood
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vessels, requiring surgical repair of these structures; (2) inter-
position of muscle or other soft tissuc structures hcl\\'ccn. the
fragments, so that closed reduction could not be obtained;
(8) apen fracture; (4) after osteotomy for the correction of a

Fic 17 ~Oblique fracture of the femur through the level of the lesser
trochanter This fracture may be adequately immobilized with use of a blade
plate, as illustrated, A Parham band may be used m addition, to approumate
the fragments more securely, particularly for atrophic or pathologic bone.

united fracture m malpasition, (5) unstable obhque fracture;
or (6) need to aveid prolonged recumbency.

The following means of obtaining internal fixation have been
used.

1 Smuth-Petersen or other flange nails, for intracapsular hip
fractures.

2 Multiple wires dnlled across the fracture line, penetrating
both fracture fragments after reduction has been obtamed,
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Recommended unly if wires are cut off beneath the skin.
8. Long screws crossing the fracture line and binding the
fragments together.
4. Metal plates of Vitallium or stainless steel fitted accurately

Fic. 18 (left) —Double fractures of the tibia with postenor displacement
at the proximal and medial angulation at the distal fracture site Skeletal
traction through the lower end of the tibia will distract the distal fragments
and not wnfluence the upper fracture

Fi1c 19 (right) —Same case as di Normal £ £

obtained by use of multiple screws above and 2 metal plate belcw Excellent
functional result was obtained

across the fracture Ime after reduction and attached by
screws which pass through the one cortex and engage the
opposite cortex of the bone. The slotted plate is recom-
mended because it permits the maintenance of contact
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between the fragments in spite of absorption at the bone
ends.

5. A one-picce blade plate, or a two-picce combination blade
plate, is used in the treatment of intertrochanteric fractures.
A flange portion enters the neck and head of the femur
while the plate is attached by screws to the subtrochanteric
shaft.

6. Metal bands, which too often are either too loose to main-
tain good immobilization of the fragments or so tight that
they constrict and produce pressure necrosis, are recom-
mended only for certain complicated fractures (Fig. 17).

7. Intramedullary rods of the solid diamond, cloverleaf or
round type have a wide application, particularly for frac-
tures of the femur and forearm.

Each individual case must be treated on its own ments. If an
unstable fracture has been opened and it is necessary to expose
the fracture ends in order to assure a thorough debridement, an
experienced surgeon will be entirely justified in inserting a plate,
screws, threaded wires, or an intramedullary rod to maintain
the position (Figs. 18 and 19). The wound should then be
sutured Joosely without drainage, thus converting it into a closed
fracture whenever this is possible.

Maintenance of reduction by internal fixation is, in some few
cases, the only satisfactory means which will afford a reasonable
chance of union and at the same time permit functional activity,
Intracapsular fracture of the neck of the femur is the best
example, After reduction, this fracture may be adequately
immobilized by means of internal fixation, We use the Smith-

Petersen nail and consider it the most consistently satisfactory
method of internal fixation.



CHAPTER 8

General Principles of Care

Nurses wHo HAVE Hap good orthopedic expericnce are essential
for thoroughly satisfactory care of patients presenting mafor
fracture problems. However, if the surgeon is alert to all the
possibilities of complications that may occur in these cases, he
will not depend entirely on the nurses but will supervise their
work and make certain that fundamental principles are actually
put into practice m the daily care of his patients. Unless given
the benefit of excellent nursing care, most elderly patients and
many younger ones who are so badly injured or so completely
mmobilized that they are unable to shift from one position to
another wil} develop trophic or pressure ulcers over such bony
prommnences as the sacrum or greater trochanter. Except when
there are defimte contramndications, all patients must be turned
to the prone posttion for at least one hour twice each day if
they are not able freely to change position for themselves, If the
fracture 15 of the hip, femur or spme, the patient should be
turned with the greatest of skill to avoid inflicting unnecessary
pain, breaking the cast or displacing fracture fragments, A
competent orderly or nurse will learn the technique quickly.
Patients are furned most easily by means of a draw sheet Upon
the draw sheet they can be gently dragged to one side of the
bed. When the edges of the draw sheet are then grasped Armly
and lifted evenly, the patient will be rolled without torsion of
spine or hips If the cast extends down on the legs, a second
attendant must lift the cast leg, to protect the opposite leg or
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hip from unduc stress and weight and also to prevent the cast
from breaking at the groin. When the patient is in certain
positions, the edges of a large cast will produce pressure on soft
parts. This pressure can be minimized or entirely relieved by
intelligent arrangement of pillows under the extremity or under
the trunk.

In the extremity that is being subjected to traction or is
encased in plnstcr casts, circulation may become impaircd
through pressure from the splint or the traction apparatus er
from the swelling of the contused tissues, No extremity should
be so completely covercd with plaster or with any other
immobilizing apparatus that the fingers and toes are not exposed
so that they may be frequently observed. Moderate swelling
can usually be controlled by adequate splitting along one
margin of the cast and by clevation of the extremity. Cyanosis,
pain and disturbed sensation in the digits will be produced by
any serious complication within the cast which threatens to
interfere with the circulation of the extremity. Severe and
intractable pain in an extremity which is encased in a plaster
cast, or in any type of splint, should not be ignored. If the pain
is not relieved by adjustment of the cast or splint, it is most
unwise to attempt to eliminate this warning signal by means of
morphme until one has ascertained, beyond any doubt, that
pressure within the cast against a nerve, blood vessel or bony
prommence is not the cause of the patient’s suffering, When
there is any reasonable doubt, the cast should be sacrificed, if
necessary, m order to inspect the entire extremity. YWhen a cast
is split to relieve a circulatory disturbance, the wise surgeon
will make certain that all strands of the crinoline or of bandages
beneath the plaster have been cut through. A few remaining
strands of erinoline or sheet wadding may cause sufficient con-
striction to lead to nccrosis or at least to Volkmann’s ischemic
paralysis. Elevation of an extremity by means of suspension to
an overhead frame may control or prevent marked edema
(Fig. 20). This is superior to clevation on pillows.

As a result either of direct pressure on nerve roots or of reflex



Fic 20 —Excessive swellmg of an extremity immobilized in a plaster
dressing may be ion of the part.

54



GENERAL PRINCIPLES Or CARE 55

action, fractures of the pelvis or spinc may produce ileus with
marked abdominal distention. Distention of the small bowel not
only produces severe discomfort for the patient but may em-
barrass respiration and, occasionally, contribute to a fatal result.
Abdominal distention following any major trauma requires a
differential diagnosis between rupture of a viscus and post-
traumatic ilcus. Ileus, in the absence of a ruptured viscus, can
be relieved in most instances by means of a rectal tube and
stimulating enemas. In resistant cases the stimulating enema
can be followed in 15 minutes by 15 ampule of 1:2,000 Pitressin.
The remaining Y5 ampule can be given 30 minutes later, if
needed. Heat, in the form ecither of hot, moist fomentation or
of an electric pad over the abdomen, will sometimes assist in
restoring intestinal peristalsis. Acute gastric or small bowel
distention may be relieved by the use of a Levin or Miller-Abbott
tube.

The Jack of activity caused by confinement in a cast or in bed
may result in constipation, and unless this is controlled by
switable measures, fecal impaction may occur and be most
unpleasant for both the patient and the physician. This is most
easily prevented by giving 1 oz. of mineral oil morning or
evening until bowel function is regular. An oil retention enema
given every second day, followed by a warm tap water enema
the morning after, will usually control severc obstipation.



CHAPTER ¢

Rate of Healing of Fractures

MANY FACTORS AFFECT THE RATE of healing of fractures. Cellular
activity, and hence tissue repair, is more rapid in young children
than in elderly individuals.

The type of fracture also determines to some extent the rate
of healing. Long oblique or comminuted fractures which have
extensive fracture surfaces will heal more slowly than accurately
reduced transverse fractures of the same bone.

Disturbed blood supply to one or more fragments is second
only to poor reduction and inadequate or insufficiently prolonged
immobilization as a cause of delayed union or nonunion. This is
most often observed 1 fractures of the neck of the femur, navie-
ular bone and talus, fractures of joint surfaces with detachment
of fragments causing madequate vascular supply and commi-
nuted fractures m which segments may be completely stripped of
periosteumn. Infection at the fracture site may lead to sequestra-
tion of the ends of the fragments, causing marked delay and,
not infrequently, nonunion In general, fractures of small bones
unite more rapidly than do those of larger bones (Table 2).

Fractures of flat bones such as the pelvis, the nibs and the
scapula heal rapidly, and nonunion 1s exceedingly rare. In the
ribs this is true in spite of the impossibility of obtaining complete
immobilization because of movement in respiration

Fractures that occur toward the ends of the long bones, where
the cortex is less thick and the cancellous bone 1s more abundant,
heal more qulckly than do those of dense cortical bone Delayed
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TABLE 2 —Arrroxivate. Iamoniazarion Nicessany 1on Unios

No oFf Wrtxs co——

—_—
Fracrurr S1c Children Adults
Phalanx 3 3-5
\Mctacarpal [{]
Carpal Rare
Secaphoid Rare 10, or until x.ray shows union
Radms and ulna 6-8 10-12
Humerus
supracondylar [} 8
midshaft [4] 8-12
proumal—impacted 3 3 (early motion)
—displaced 6
Clavicle 4 6-10
Vertebra 16 16
Pelus 4 6
Femur
intracapsular 16 24
ntertrochanteric 8 10-12
shaft 8-10 18
supracondylar 6-8 12-15
Tibia
proumal [ 8-10
shaft 8-10 14-20
malleolus 6 6
Calcancus 10 12-16
Metatarsal [i] 6
Toes 3 3

healing or nonunion occur more often in fractures of the mid-
shaft, where the bone is less vascular and less cancellous.



CHAPTER 10

After-Treatment of Fractures

WHEN FUNCTIONAL ACTIVITY has been maintained to the fullest
possible extent during the period of immobilization of the frac-
ture fragments, management after the fracture heals is relatively
simple. The functional activity should include constant exercise
of all joints where motion can be permitted during the period
of immobilization without jeopardizing the patient’s chances of
obtaining union of the fracture. Thus it is possible to secure
adequate immobrlization of Colles’ type fracture while still
permitting and encouraging free motion of all of the fingers,
the thumb and the shoulder. Active, vigorous motion should not
only be permitted but be insisted on. A few feeble or perfunctory
movements of the fingers each day is the average patient’s con-
cept of exercising the hand. Firm grasping and opening and
closing the hand will cause some pain, and few patients will
follow instructions unless they are repeated often and adequately
explained or demonstrated. Each patient must be made to under-
stand why it is so important to use all the strength possible for
each individual finger motion. In injury to a lower extremity
requiring cast mmmobilization, quadriceps and gluteus medius
exercises should be carried out at regular intervals each day
(Fig. 21). This will minimize atrophy of disuse and thereby
shorten the period of convalescence.
After the cast has been removed and union has been definitely
established, physical therapy may aid in further restoration of
complete phvsiologic function. The physical therapy should not
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include passive stretching of finger joints which have bccornc
partially stificned duc to immobilization. Such forced stretching
not only produces pain, with an accompanying anxicty state, but
may lead to more prolonged hyperemia and fibrosis, with further
limitation of joint motion. Oceasionally, also, it will be followed
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Glukeus medius exercises in long leg cast

Fic. 21 ~Atrophy of the quadriceps muscle should be combated by
active contractions of the muscle during the period of immobibzation. Main-
tenance of gluteus medius muscle power facilitates early return of normal
walkang following healing of fractures in the lower extremity,

by the development of calcification or ossification around or
within the capsule of the joint. This is seen most often at the
elbow, but can occur in the shoulder, knee, ankle or the hip joint.

The primary aim of physical therapy should be to assist in
the restoration of good circulatory exchange. The swelling which
follows long immobilization of an extremity can be prevented or
minimized by the use of a compression elastic bandage or an



60 FRACTURE TREATMENT

Unna paste boot. Functional activity, however, will do more to
restore the circulation than will any mechanical or passive pro-
cedure. Radiant heat, the whirlpool bath, contrast bath and
diathermy may be useful in certain cases. Each of these pro-
cedures, with the possible exception of the whirlpool bath, which

N Gluteus medius exercise using
£ el pouch bpe sandbes

Fic, 22 —Proved method of restoring both volume and power to . 4.
phied muscles by a program of weight-hfting as described by DeLorme

in itself provides the principle not only of heat but of massage
(owing to the motion of the water), should be followed by -
telligent Intelligent ge never produces pain; it 15
soothing and should be dirccted toward the beart from the most
distal portion of an extremity. Heat in any form produces
capillary and arterial dilatation. This, in effect, increases the
hyperemia temporarily. Massage overcomes the local congestion.
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empties the superficial capillarics and helps to produce a diree-
tional flow of lymph. With rare exeeptions, therefore, massage
should accompany or follow the application of direct heat to an
cxtremity or to any part of the body surface.

Active motion is most important in the alter-care of a fracture.
It should be carried out by the patient under the supervision
and, if necessary, at the insistence of the physical therapist.
Active motion will restore power to the muscles, freedom to the
adherent tendons and mobility to the joints which may have
become partially stiffened beecause of the long immobilization.
Active motion will not tear the joint ¢apsule or injure other
tissues, whereas passive stretching is attended by this danger.

Resistive actise eaercise, repeated at regular intervals against
progressively mercasing resistance, is the most effective form of
treatment for restoration of muscle strength and joint mobility.
The method 1s of particular value for disuse atrophy of the
quadriceps mechanism (Fig. 22). The exercise consists of 30
repetitions at one exercise period daily. These are divided into
three series of 10 repetitions each, with a short rest period
between each series. The poundage is determined weekly, At
first the load consists of the amount of weight with which the
patient can just extend the knee. At the end of the last treatment
period of the first week, additional weights are added gradually
to determine the load winch will still permit full active extension
of the knee. This poundage will then be the load for the second
week. The load is mecreased each week, requiring a constantly
greater effort on the part of the quadriceps muscle. Remarkable
results have been obtained with this method in patients with
severe simple atrophy and also in those with partially unstable
joints The prinerple is applicable to any muscle group.

Mampulation under an anesthetic is at times necessary in
order to break up actual fibrous bands which may freeze the
quadriceps tendon or may produce adhesions within the quadri-
ceps bursa or around the shoulder—adhesions which may be too

strong for the patient to overcome by means of active motion
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Unna paste boot. Functional activity, however, will do more to
restore the circulation than will any mechanical or passive pro-
cedure. Radiant heat, the whirlpool bath, contrast bath and
diathermy may be useful in certain cases. Each of these pro-
cedures, with the possible exception of the whirlpool bath, which
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Fic 22 —Proved method of restonng both volume and power to .tu-
phied muscles by a program of weight-hfting as described by DeLorme

in itself provides the principle not only of heat but of massage
(owing to the motion of the water), should be followed by in-
telligent ge. Intellgent ge never produces pamn; it is
soothing and should be directed toward the heart from the most
distal portion of an extremity. Heat in any form produces
capillary and arterial dilatation. This, in effect, increases the
hyperemia temporarily .\Iassagc overcomes the local congestion,




CHAPTER 11

Open and Infected Fractures

AN OPEN FRACTURE constitutes one of the most serious of all
emergencies. The involved bone is exposed through the skin and
must be considered to be potentially infected. The need for
prompt and adequate surgical care is as urgent as that for the
treatment of acute appendicitis, a ruptured spleen or perforation
of a peptic ulcer. Delay in treatment of an open fracture may
result in infection, with ostecomyelitis, septicemia, nonunion, pro-
longed invalidism, loss of a limb or death (Fig, 23). Two primary
considerations must be kept in mind in planning the management
of open fractures. The first is prevention or treatment of shock,
for the immediate preservation of life. Second is the prevention
of infection in the wound (Fig. 24).
The recommended treatment of open fractures follows:

EMERGENCY CARE AT SITE OF ACCIDENT

1 Give morphine sulfate, gr. ¥4, for pain unless there is a
head injury. Omit morphine if the patient is a small child,
- Treat shock—control bleeding by pressure dressing and
protect patient from heat loss.
. Clamp the severed superficial blood vessels that are not
controlled by a pressure dressing,
- Apply an adequate splint before moving the patient. This
will Tessen shock and prevent further damage to soft tissues.
- Transport the patient to a hospital without unnecessary

63
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and use of the extremity. Following any manipulation, every
effort should be made to encourage the patient to use the ex-
tremity actively. It should be moved through as wide a range of
joint motion as possible, many times each day. A roentgenogram
should be taken after each manipulation to ascertain whether a
fracture or dislocation has occurred.

Manipulation of the elbow is contraindicated. Experience has
proved that forceful stretching of this joint usually results in
further ankylosis and disability.

Application of a brace for the spine or for a lower extremity
is often advisable following the healing of a fracture. A well
fitted brace will often permit early weight-bearing, and it will
protect the recently healed fracture against re-fracture or angu-
lation. Braces are of value psychologically when they afford a
sense of security, and the patient is thus enabled to use an
extremity which otherwise might become even more atrophic.
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Fic. 24 —Infected open fracture of the tibia, ununited after seven years.

bottles. Administer adequate amounts of plasma, whole
blood or glucose and saline.

In deep shack, give continuous blood plasma or whale
blood, or both Do not stop after one transfusion if shock is
not relieved. Give oxygen by nasal catheter. )

Search for evidence of other injuries—to the brain, a
ruptured viscus or internal hemorrhage.

Give penucillin, 600,000 units intramuscularly, and daily

thereafter until the temperature has been normal for 48
hours.
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Fic. 23.—Severe deformity of nght lower leg resulting from old open
fracture with continuous osteomyehtis for 26 years.

delay—on a stretcher if the spine, pelvis, femur or tibia is
involved or if the patient 15 unconscious.

6. Apply tourniquets only when absolutely necessary to stop
hemorrhage They are dangerous, and may be overlooked,
resulting in gangrene.

HOSPITAL CARE

1. Continue treatment of shock while the operating room is
being prepared. Apply warm blankets and hot water
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8. As soon as the patient’s condition permits, excise the wound

in the operating room (Fig. 25).

a) Place the leg on a fracture table in the traction stirrups,
but without traction.

b) Continue the administration of fluids intravenously if
they are needed.

¢) Obtain roentgenograms while the operator scrubs his
hands for 10 minutes and dons sterile gown and gloves.
The nose and mouth must be covered.

d) Apply skeletal traction, if indicated.

¢) Scrub the skin for 10 minutes with white soap and
sterile cotton, at the same time using a sterile dressing
to protect the wound from further contamination.

#) The operator should change his gloves. Block off the
prepared area with sterile towels and wash the interior
of the wound for 10 minutes, or longer, using white
soap or a detergent and water. Irrigate, from below
upward, with large volumes of warm, sterile saline.
Again change gloves; then drape the wound.

g) Excise the walls of the wound. Start from the skin and
go down (débridement). Obtain hemostasis.

h) Rongeur away all grossly contaminated bone.

i) Remove only the small detached fragments, no large
fragments.

i) Reduce the fracture, and consider internal fixation if
the fragments are unstable. Fixation may be obtained
by skeletal pins placed well above and below the frac-
ture, with incorporation in plaster.

k) Repair severed tendons and nerves. If infection appears
probab]e, a2 mmmal number of interrupted sutures
should be used for approximation.

. Shall the wound be sutured or packed open?

a) Close the wound without tension if patient is treated
within six to eight hours after injury.
Bury little plain catgut. Do not bury chromic sutures.
Do not suture muscles or fascia.
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8.

Make parallel skin incisions to effect closure if necessary.
Apply split skin grafts to the sccondary wounds.

b) Spread the wound open with petrolatum-impregnated
gauze if the patient is scen after cight hours or if it is
the surgeon’s opinion that the wound should not be
closed, even though less than cight hours have elapsed
before excision. (Do not pack wound.) The open
method should be compulsory if (1) the surgeon is
not experienced in open fracture surgery or (2) the
patient must be immediately evacuated after primary
treatment.

. Immobilize the fracture adequately with plaster dressing

(Fig. 26) and permit the patient to be ambulatory on
crutches, if at all possible. The multiple pin method, in
conjunction with plaster or external metal bar, leaving all
joints free, may be used by those experienced in the tech-
nique. Unstable open fractures that cannot be adequately
immobilized by plaster casts alone may be splinted in-
ternally with nonirritating metal plates and screws, or an
intramedullary rod.

. Give tetanus antitoxin, 8,000 international units, or a 0.5

cc. booster dose of tetanus toxoid if the patient has
previously been immunized.

If the wound is contaminated with dirt from the highway
or cultivated fields, give gas bacillus antitoxin.

Penicillin therapy, as recommended, may be supplemented
by the oral admumstration of an appropriate antibiotic.

Too much emphasis cannot be placed on the importance of
performing an adequate débridement. This does not mean the
mere cutting away of skin margins, as so many students are led
to believe from madequate descriptions of this procedure in their
textbooks. It means the excision of all devitalized and contami-
nated tissues except major nerves and blood vessels. The use in
the wound of iodine, benzine or other strong antiseptics which
devitalize lwving cells and predispose them to infection is defi-
nitely condemned. The use of the sulfonamides, penicillin or
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Fic 26.—Primary closure after cleansing, debnding and reducing an

open fracture of the tibia
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In civilian practice, experience has shown that primary closure
may be routincly performed with eacellent results when the
patient appears for treatment within six to eight hours alter
injury and that the open method is preferable when more than
eight hours have clapsed. The open method is safer, and has
been universally adopted under war conditions, where more than
50 per cent of all major casualtics include at Jeast onc open
fracture. Too often the war wound will have been invaded by
organisms before inilial treatment is possible, and the soldier
must be evacuated to the rear immediately after primary treat-
ment of the area of the compound trauma. The reports of Trueta,
who used the Orr petrolatum pack method in all compound
wounds and fractures occurring in the Republican armies during
the war in Spain, are indeed enlightening. Good results were
obtained in 976 of 1,073 cascs.

For the physician who has had little actual experience and
training in fracture management and cannot perform a skilful
cleansing and débridement of the wound or is not able to pro-
vide adequate after-carc of the patient, the open method is
undoubtedly safer under all circumstances.

An extremity with major loss of bone and skin but with
adequate circulation may be salvaged, and in many instances
may be restored to full function by reconstructive procedures
(Fig. 27).

Primary closure of open fractures has certain advantages:

1. This method, when successful, turns open into closed

fractures.

2. Both primary and secondary infection is avoided, and

osteomyelitis is prevented.

- Healing of soft tissues is complete in 10-12 days.
. The scar js linear and relatively nonadherent,

. The hospitalization period is shortened.

- The total period of disability is lessened.

Contraindications to primary closure of open fracture wounds
may be summarized as follows,

1. Wounds over cight to 10 hours old.

o I B
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other chemotherapeutic agents cannot compensate for inade-
quate excision of the wound. It has been shown by comparable
series of cases that unless adequate débridement is performed the
incidence of infection in open wounds treated within eight hours
is not much lowered by local use of any drug.

On few medical questions have there been so many sharply

F 6. 27 —Successful major replacement of two thirds of the shaft of the
ulna f\]'cnth double tibal bone grafts, following repair of soft tissue defect by
skm flap.

dwided opinions as are held today regarding the treatment of
open fractures. The discussions center around two acceptable
plans of management, already outlmed: (1) primary closure of
the wound and (2) the open method It is to be noted that either
of these methods must be preceded by a thorough cleansing and
adequate débridement and that either should be attended by
accurate reduction of the fracture and the best possible fixation
of the reduced fragments while preserving, whenever possible,
ambulation of the patient
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In civilian practice, experience has shown that primary closure
may be routinely performed with excellent results when the
patient appears for treatment within six to eight hours after
injury and that the epen method is preferable when more than
cight hours have clapsed. The open method is safer, and has
been universally adopted under war conditions, where more than
50 per cent of all major casualtics include at least one open
fracture. Too often the war wound will have been invaded by
organisms before initial treatment is possible, and the soldier
must be evacuated to the rear immediately after primary treat-
ment of the area of the compound trauma. The reports of Trueta,
who used the Orr petrolatum pack method in all compound
wounds and fractures occurring in the Republican armies during
the war in Spain, are indeed enlightening. Good results were
obtained in 976 of 1,073 cases.

For the physician who has had little actual experience and
training in fracture management and cannot perform a skilful
cleansing and débridement of the wound or is not able to pro-
vide adequate after-care of the patient, the open method is
undoubtedly safer under all circumstances.

An extremity with major loss of bone and skin but with
adequate circulation may be salvaged, and in many instances
may be restored to full function by reconstructive procedures
(Fig. 27).

Primary closure of open fractures has certain advantages:

L This method, when successful, turns open into closed

fractures,

- Both primary and sccondary infection is avoided, and
osteomyelitis is prevented.

3. Healing of soft tissues is complete in 10-12 days.

4. The scar is Imear and relatively nonadherent.

5. The hospitalization period is shortened.

6. The tota] period of disabulity is lessened.

Contraindications to primary closure of open fracture wounds

may be summarized as follows:

L. Wounds gyer eight to 10 hours old.
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. Wounds widely contused.
. Prevalence of gas organisms in the geographic area, with

definite contamination of the wound.

. Inadequate débridement owing to presence in the wound

5.

6.

of major vessels and nerves.

Tissues under tension. (These may be relaxed by incision
of the skin at a distance from the wound.)

All war wounds, which are often multiple, including open
fractures.

Early secondary closure, carried out five to 10 days after the
original débridement, is 2 valuable development in the treatment
of open fractures. It is indicated when the wound is granulating
with minimal suppuration and without deep sinus formation.

Patients with open fractures who arrive at the hospital for
care after suppuration is definitely established, or too long after
injury to permit primary closure, should be treated by the open
method.

OPEN METHOD OF TREATMENT OF INFECTED
OPEN FRACTURES

o

Ut 0

. Use regional or general anesthesia.
. Place the patient on the fracture table, in traction, if

necessary.

. Establish adequate drainage of pus, opening all recesses.
. Remove small sequestra and foreign bodies.
. Insert petrolatum-impregnated gauze mto all recesses of

the wound.

. Apply a plaster of pans cast, including the joints above

and below. The multiple pin method may be used to
avoid immobilization of already stiff joints and to permit
early ambulation or evacuation

. Give tetanus and gas antitoxin, unless previouslv admin-

istered.

. Culture the wound, run sensitivity tests and give suitable

antibiotic in adequate doses.
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9. Do not disturh the cast for several weeks unless there fs

evidence of complication, such as tetanus or gas infection.

Odor beneath the plaster is not an indication for frequent

changing of cast.

10, Technique of changing cast and wound dressing:

a) Use general or regional anesthesia,

) Remove the cast and petrolatum gauze pack.

¢) Use stenle precautions—mask, gown, gloves,

d} Free wound of pus. Remove additional sequestra.

e) Consider sccondary closure of wound by suture or
split thickness skin graft, This is indicated if the
wound is granulating cleanly.

Patients treated by the open method are comfortable, cheerful
and cat well. If they become restless, refuse food and the pulse
becomes rapid or the temperature elevated, the presence of gas
or tetanus infection must be suspected.

Gas Ganamrne.~The bacteria which cause gas gangrene do
not multiply or become clinically virulent in the presence of an
abundant supply of oxygen. They multiply and overpower the
resistance of living tissue only when they are entrenchied in dirt
that is deep in a wound or embedded in devitalized tissue which
is deprived of most or all of its blood supply. Early cleansing and
excision of a contaminated wound will, in almost all cases, pre-
vent infection by these anacrobic organisms. They cannot thrive
in a clean wound in the presence of a rich blood supply.
Complete débridement of all contaminated wounds as early as
possible is of greater importance than the injection of any
amount of the usual antitoxin prepared from gas-forming bac-
teria. Use of antitoxin is an approved prophylactic measure in
the treatment of epen fractures, especially when such injuries
oceur in regions known to harbor these organisms in the soil,
The physician, however, must not be lulled into a fecling of
false sccunty, regardless of how much antiblotic or antitoxin he

has wsed. They do not take the place of skilful and adequate
surgery. An ounce of prevention of gas gangrene is truly to be
preferred to many pounds of cure.
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. Wounds widely contused.
. Prevalence of gas organisms in the geographic area, with

definite contamination of the wound.
Inadequate débridement owing to presence in the wound
of major vessels and nerves.

. Tissues under tension. (These may be relaxed by incision

of the skin at a distance from the wound.)
All war wounds, which are often multiple, including open
fractures.

Early secondary closure, carried out five to 10 days after the
original débridement, is a valuable development in the treatment
of open fractures. It is indicated when the wound is granulating

with

minimal suppuration and without deep sinus formation.

Patients with open fractures who arrive at the hospital for
care after suppuration is definitely established, or too long after
injury to permit primary closure, should be treated by the open
method.

OPEN METHOD OF TREATMENT OF INFECTED
OPEN FRACTURES

P o
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Use regional or general anesthesia.
Place the patient on the fracture table, in traction, if
necessary.

. Establish adequate drainage of pus, opening all recesses

Remove small sequestra and foreign bodies.
Insert petrolatum-impregnated gauze into all recesses of
the wound.

. Apply a plaster of paris cast, including the joints above

and below. The multiple pin method may be used to
avoid immobilization of already stiff joints and to permit
early ambulation or evacuation.

. Give tetanus and gas antitoxin, unless previously admin-

istered.

. Culture the wound, run sensitivity tests and give suitable

antibiotic in adequate doses.
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must be tested for sensitivity to horse serum and, if necessary,
desensitized.

The symptoms of tetanus usually begin with twitching in
the region of the wound, followed by muscular rigidity in the
extremity and later throughout the body. Early occurrence of
reflex spasms and severe convulsions make the prognosis exceed-
ingly poor.

TREATMENT OF TETANUS INFECTION

1. Tetanus antitoxin, 200000 international units, should be
injected intravenously.

. If the patient survives, 50,000 units should be given every
seven days until all reflex spasms subside.

. The spasms may be controlled by Avertin or paraldchyde.

, If the Jocal wound is small, it should be excised one hour
after the surrounding tissues have been infiltrated with
tetanus antitoxin

5. Penicillin, 600,000 units twice daily, should be given.

1o

e

SUMMARY

The well trained surgeon in civilian practice can and should
cleanse, débride and close all wounds of open fractures seen
within eight hours of injury. War wounds may have to be
treated by physicians who have not had wide training in surgical
technique and the principles of thorough cleansing and débride-
ment of contaminated wounds or the discipline needed in the
management of major fractures. Under these circumstances, the
wounds should be washed, cleansed with warm normal saline
solution, débrided as well as paossible, spread open with petro-
latum-impregnated gauze and immobilized. The patient should
be transported as soon as possible to a medical center for further
treatment of the fracture. Penicillin should be given in doses of
600,000 units daily and other antibiotics given as indicated.

Each doubtful case, with proper primary treatment by the
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The diagnosis of gas gangrene is indicated by:

1. A rising pulse rate.

2. Fever.

8. Marked apprehension.

4. Pain, swelling and creprtation in the soft tissues.
5. A thin, watery exudate.

6. Exceedingly foul odor of the wound.

TREATMENT OF GAS GANGRENE

1. Operate immediately to establish free drainage by means
of multiple and adequate incisions through the skin and
fascia, made in the long axis of the limb.

2. Remove any sutures previously inserted in the wound.

8. Excise all definitely gangrenous muscle and fascia.

4. Irrigate continuously for 12 hours with a solution of equal
parts of potassium permanganate (1:10,000 diution) and
hydrogen peroxide. Repeat intermittently until the infec-
tion is controlled.

5. Give full doses of sulfonamide, oral antibiotic and peni-
cillin by intramuscular injection.

6. Give 60,000 units of antitoxin intravenously and continue
with 80,000 units daily while the toxemia persists.

7. Roentgen therapy should be tried. The dosage should be
75-100 roentgen units, given through each of two or more
portals daily for three days.

8. Do not amputate unless massive gangrene develops. If
amputation becomes necessary, apply a tourniquet, ampu-
tate and leave the wound unsutured. Apply traction to
skin within a few days.

Teranus.—Tetanus infection can be prevented, in almost all
cases, either by good surgery or by a combination of surgery
and antitoxin, Three thousand mternational units of antitoxin
or 0.5 cc. of toxoid should be given as soon as possible after the
wound is inflicted. Before receiving the antitoxin, each subject



CHAPTER 12

Delayed Union and Nonunion

SoME OF THE nEAsONS for delayed union or nonunion of fractures
have been discussed in Chapters 7 and 9. These consist of (1)
inaccurate reduction, (2) inadequate immobilization, (8)
failure to maintain immobilization for a sufficient length of time
and (4) distraction with the fragments held apart. Disturbance
of the blood supply locally, through the tearing of nutrient
arterics, is the fifth common cause of delayed union or nonunion.

The healing of a fracture can be hastened, and the incidence
of delayed or nonunion reduced to a minimum, if every fresh
fracture that is exposed for reduction or internal fixation is
grafted at the time of surgery. The bone grafts, which may be
obtained locally or regionally, are placed around and across
the exposed fracture line after the reduction has been accom-
plished.

Glandular or mineral metabolic deficiencies are seldom re-
sponsible for failures of union; and when such failures occur,
the surgeon will do well to examine cntically his own method of
dealing with the local fracture. Vitamin substances, calcium,
parathormone and other mineral or endocrine products are of
no value in the treatment of fractures, except in the rare in-
stances in which there 1s definitely a deficiency, as in rickets or
osteomalacia. In the chnically normal and healthy individual
there is no indication whatever for administering these substances
in massive doses. They may, in fact, be contraindicated. Both
caleium and vitamin D have been shown experimentally to be

7
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open method, should be observed closely during the first two
weeks to determine whether early secondary closure is justified.

It would be well for all of us to remember that during the
past two decades tremendous progress has been made in methods
of treatment of fractures. Some of the principles of both open
and closed fracture surgery that were acceptable in 1918 are
as out of date today as are the weapons of war that were
used by our first A.EF. in France. We should be prepared to
give our patients the highest type of medical and surgical care.
When the services of more experienced colleagues are available,
they should be solicited to provide the best treatment for difficult
or open fractures.



Fic 30.~Nonunion of both sites of a segmental fracture of the mddle
third of the femur treated with an intramedullary rod and both cortical and
cancellous bone grafts taken from the patient’s slhum. This 1s another definite
indication for use of the intramedullary rod
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harmful when given in amounts greater than needed to maintain
optimal nutrition.

Directives in the treatment of delayed union may be listed as
follows:

1. Prolong the period of immobilization (Fig. 28).

2. Ascertain that reduction and immobilization are adequate.

Fic. 28 (left) —Obwious delayed unton following open reduction seven
months before. Continued to sohd healing after permitting weight-beanng
1n a walkang cast

Fic. 29 (right).~Typical nonunion of the tibia, with total loss of healing
effort. Four years since fracture.

3. Permit the bone to perform work, such as weight-bearing,
using a walking iron in the cast.

4. Remove sequestra, and attempt, both surgically and by
chemotherapy, to heal infection, if present.

5. Unless there is defimte constitutional evidence of a de-
ficiency, do not give large doses of vitamin D, calcium,
pamthormone or other mneral and endocrine products.
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become attached to and unite the fracture fragments. A metal
plate or an intramedullary rod (¥ig, 80) in combination with
a bone graft may assure the maintenance of reduction in unstable
fractures or in fractures that tend to angulation after the applica-
tion of the plaster cast, such as those of the femur, humerus,
radius and ulna. The onlay graft may be sceured in position
by suturing the surrounding soft tissues or by means of metal
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Fic. 32.—~Treatment of nopumon with an onlay bone graft.

screws, and if the bone graft is large and strong, this serves
the dual purpose of stimulating osteogenesis and holding the
fragments firmly together (Fig. 81).

The intermediary fibrous callus helps to maintain alignment
of the fragments and should not be excised unless it is necessary
to break up such fibrous union in order to obtain more accurate
apposition and alignment of the fragment (Fig 82). This fibrous
callus constitutes one stage of union and, if the bone grafts
become attached, will usually proceed to complete ossification.

The graft may be obtaned from the same bane provided it is
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The difference between nonunion and delayed union is not
always clearly demonstrated. If union fails to take place after a
prolonged period of adequate immobilization and there are no
other discernible factors which can be corrected in order to bring
about union spontaneously, the diagnosis of nonunion is justified
(Fig. 29). When there is nonunion, either because of poor

Fic. 31.—A, nonunion of a communuted, infected military fracture. B,
successfully repared wath cortical bone grafts and fixation with screws

management of the fracture from the beginming or because of
factors which were beyond control of the surgeon, the stimulus
to repair at the site of the fracture will have been dissipated.
Some physicians attempt to obtain unton in these cases by
performing an open operation and fiving the fragments together
with wire or applying a metal plate. Although this method is
occasionally ful. 2 agher p ge of unions will result
if autogenous bone is placed as an inlay or onlay graft across
the fracture site. The autogenous bone may be expected to
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adequate in size and one of the fragments is sufficiently long and
not too weak from disuse atrophy. Olten, however, it is prefer-
able to obtain bone from some other location. The tibia is ordi-
narily used beeause of its length, density and easy accessibility.
Hiac bone or refrigerated bone from a bone bank is preferable
under some circumstances,

The following procedure is recommended for treating non-
union of the shaft of onc of the long bones (Fig. 33):

TREATMENT O NONUNION OF LONG BONES

. Use general or regional anesthesia.

- Expose the site of the fracture.

. Obtain accurate realignment of the fracture fragments.
The fibrous tissue between the bone ends should be re-
moved when necessary for adequate reduction.

4. If the ends of the fragments are hard and sclerotic, they
should be perforated by means of a drill introduced in
multiple areas and directions, leaving the bone powder in
situ,

. Using a broad chisel, prepare a flat surface, on which to
apply the bone graft, extending across the fracture line.

6. A full thickness tibial bone graft with the cancellous side
against the shaft of the fracture fragments is so placed
that it crosses the fracture site for a distance adequate to
get contact with healthy bone of each fragment, 24 in.
on each side. Adequate cancellous grafts alone may be
used in selected cases.

. Place around the fracture site additional cancellous bone
obtained from the same location as was the large graft.
If the nonunion is in a large bone, such as the tibia or
femur of an adult, it is wise to use two or more massive
grafts, placed on opposite surfaces of the bone.

- After the grafts have been placed and the incision closed,
apply an adequate plaster dressing while the fragments are
held accurately aligned and supported on the fracture table,

€0 19

o
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Fic. 33.~Treatment of nonunion and malposition of fracture of the
femur. The same procedure may be used to obtain fixation and osteosyn-
thesis after correction of malumon
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Complications of Fractures

Ix appITION TO LOSS Of continuity of bone, a fracture may pro-
duce or be attended by injuries to nerves, blood vessels, muscles,
tendons or joints. Some complications are immediate, while
others are secondary and remote, affecting organs or tissues far
removed from the site of the local trauma. These complications
or sequelae may include one or more of the following conditions:

L

w02 N

Shock
a) Primary
b) Secondary

. Fat embolism
. Pneumonia
. Injuries to the central or peripheral nervous system

a) Acute or immediate
(1) Compression or severance of a peripheral nerve
(2) Concussion of the spinal cord (see Chapter 30)
(8) Concussion of the brain (see Chapter 33)
(4) Transection of the spinal cord {see Chapter 30)
b) Delayed complications
(1) Secondary neuritis
(2) Late palsy

. Injury to the urinary bladder or urethra (see Chapter 31)
. Volkmann's paralysis
. Infection

Rupture of tendons
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In some cases it will be advisable to pass two threaded pins
transversely through each fragment at some distance above and
below the fracture site. The ends of these wires should be in-
corporated in the plaster cast, leaving the adjacent joints free.
This will allow the patient to be ambulatory. The joint freedom

Unumted fracture of
tibla-no displacement.

Sliding inlaid bone draft
Onlay sponde qx"lnfts//

Fic 34 —Techmque of the autogenous inlay bone graft operation. The
bone graft 1s reversed in 1ts position The term “shding graft” is not appro-
priate, although 1t 15 widely used

may be definitely indicated if there is limited motion from pro-
longed immobilization during earlier treatment.

Sliding inlay bone grafts are frequently used in nonunion of
fractures of the tibia. The technique is shown in Figure 84
This operation is highly successful unless the tibia is exceedingly
atrophic, in which case the graft should be obtained from the
uninjured tibia, ilium or bone bank
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closed reduction of a fracture. The immediate treatment is out-
lined helow:

IMMEDIATE TREATMENT OF SHOCF

1. Exclude cerebral concussion as a cause of the patient’s
symptoms.

2. Arrest the hemorthage by
a) Pressure over, or packing of, the wound,

b} Application of a tourniquet just long enough to prepare
the wound for isolation of major bleeding blood
vessels.

3. Splint the injured limb immediately—to prevent local loss
of tissuc fluids and pain due to movement of the ends of
the fractured bone.

4. Provide heat; keep the patient surrounded with warm

blankets.

. Raise the foot of the bed or stretcher.

6. Give the patient hot tea or coffee, except when
a) The patient is unconscious, and
b) There are abdominal wounds with possible injury to

the stomach or intestines, or
¢) A general anesthetic is contemplated.

7. Administer morphine, gr. 1, to relieve pain and rest-
lessness.

8 Administer oxygen.

9 Give massive transfusions of blood or plasma, or both.

10. The restoration to normal of the blood concentration
may be ascertained by hematocrit determination.

Control of hemorrhage, restoration of body warmth, relief of

pain and the replacement of blood by intravenous injection of

2-4 pt. of whole blood or human plasma will relieve the shock

and save the life of many patients who otherwise would have

been doomed at the outset. Blood plasma or serum should be
gen slowly and continuously during the operation of débride-
ment. If ample amounts of these substances are not available,

w
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9. Acute atrophy of bone

10. Subperiosteal or ligamentous ossification

11. Arrest of growth of the bone that is fractured

12. Gangrene

13. Pressure sores
A4, Renal caleuli

15. Malunion

16. Traumatic arthritis

Suock.—The most serious of all fracture complications, because
it holds the most immediate threat of death, is that known as
traumatic shock. The subject will be discussed under two
divisions: primary shock, and secondary or wound shock.

Primary shock is a neurocirculatory phenomenon. It is prob-
ably caused by a reflex splanchnic dilatation with concomitant
cerebral anemia. Mild shock is similar in many respects to sim-
ple syncope. If there is no other more serious reason for shock,
the patient will recover promptly when treated in the recumbent
position by the application of external heat, the relief of pain
and the administration of a stimulant such as ammonia vapor
(to be inhaled).

Secondary or wound shock is much more serious. It is the
result of loss of blood or plasma. Blood may escape from the
body through open wounds, or hemorrhage may occur into
extensively contused muscles of an extremity or into a body
cavity. If the fluid loss is extensive, shock may develop quickly,
but more often it comes on msidiously and, if not combated,
may cause death,

The appearance of the patient in a state of shock is typrcal
and diagnostic He may be entirely conscious and mentally alert,
but he will be exceedingly weak and apprehensive. The surface
of the body 1s cold and often moist. There are pallor of the lips
and cheeks and cyanosis of the nails, ears and mucous mem-
branes. The pulse is thready and rapid. Intense thirst may be
present.

Treatment of either primary or secondary shock should always
Precede or accompany débridement of a wound or attempts at
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Isjones 1o Pramumat. Nowves~Peripheral nerves may be
injured at the time of the fracture or during treatment by open
reduction or manipulation. For his own protection as well as that
of his paticnts, the physician should make a careful neurologic
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F1c_ 35 —Injunes to the musculospiral nerve which may complicate frac-
tures of the humerus

exammnation to determine before operation whether or not a
nerve lesion has been produced by the injury. The neurologic
findings should be recorded in the history. If, for example, a
radial nerve palsy is present and 1s not brought to the attention
of the patient or his family before a manipulation or open
reduction of the fracture is performed, the physician may be
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intravenous injection of 5 per cent glucose and normal saline
should be given and continued for some hours thereafter.
Administration of oxygen in high concentration should be con-
tinued as long as cyanosis of the lips, ears or nails persists.

FAT EMBOLISM is one of three fracture complications which
may cause sudden death. Records indicate that it is at least 2
contributory factor in many of the deaths which follow fracture
injuries. When fat from the bone marrow enters the blood
stream, the larger droplets are filtered out in the lungs, while
those which pass through the pulmonary capillaries scatter
throughout the body. The symptoms may be those of acute
edema of the lungs, with dyspnea, cyanosis, precordial pain,
cough, hyperpyrexia and (occasionally) delirium due to cerebral
irritation. The diagnosis may be confirmed by demonstrating the
presence of fat in the urine and sputum. Fortunately, most cases
are mild and the patients recover. When there are marked signs
of cerebral irritation with tremor or stupor, death usually results.
Fat embolism is less common when the surgeon insists on early
and complete immobilization with the least possible amount of
manipulation for his patients

PNEUMONTA has been a common complication following major
fractures in elderly mndividuals. Usually it is the result of hypo-
static congestion of the lungs, produced by the recumbent posi-
tion of the patient whose circulation is already impaired. Early
ambulation is the best method of preventing hypostatic pneu-
monia. If possible, get the patient out of bed, either on crutches
or into a wheel chair. Regular turning from side to side or from
back to abdomen every six hours (or at least twice every 24
hours) should be carned out by the nurses. Whenever possible,
this procedure should be supervised by the attending surgeon
or a member of the resident staff. Continuous elevation of the
head of the bed, or of the patient’s head and shoulders by
means of pillows, is thought to be of some value. The lungs
should be frequently checked for the development of edema or
consolidation. At the first sign of either, penicillin in adequate
doses should be given.
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compressed by a poorly applied splint or cast, the edge of which
falls just back of the head of the fibula) and sciatic nerves
(as a complication of posterior dislocation of the hip). Muscles
paralyzed as a result of nerve injuries must be supported by an
adequate splint in a position of physiologic rest which shortens
and relaxes the muscle fibers. Acute palsy is often temporary.
Recovery may follow reduction and immobilization of the
fracture or relicf of pressure from a cast or splint. If there are
no signs of recovery after six to 10 weeks, complete severance
of the nerve may be assumed, and exploration with nerve repair
is indicated (Figs. 35 and 36).

Sccondary ncuritis, manifested by pain, loss of function or
both, may be caused by overproduction of callus or fibrous tissue
which surrounds and compresses the nerve during the healing
of the fracture. Characteristically, the symptoms come on late
and progress as the fracture heals. Surgery is indicated for the
purpose of neurolysis.

Late nerve palsy may appear many years after a fracture.
By far the most common form of this complication is late ulnar
nerve palsy. This results from a fracture of the elbow with non-
union, malunion or growth arrest of the lateral condyle. A
cubitus valgus deformity may develop by continued growth
of the medial condyle of the humerus. The ulpar nerve is
stretched by motion of the elbow, and a neuroma may form
where the nerve trunk passes behind the medial epicondyle.
This is best treated by transplantation of the nerve to a position
anterior to the condyle The deformity may be corrected by
an osteotomy of the lower end of the humerus.

VorLxMANN's paraLYss (often called ischemic paralysis) is
2 misnomer for a condition produced by compression of the
veins while the arteries continue to carry blood into the ex-
tremity. The occlusion of the veins may be due to pressure from
fracture fragments, a cast or splint that is too tight or acute
'edemn or hemorrhage beneath the deep fascia. Probably the last
is the most frequent cause The deep fascia is nonelastic, and
subfascial pressure may be so great that all veins are collapsed,
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Lacerated nerve Laceration Stay sukures on
Orientation sutures excised. each sde
placed in nerve sheath

Nerve turned by traction on stay Completed suture
sutures to expose front and back. Orientation sutures
Sutures only thru nerve sheath removed.

Fi6. 86 —A lacerated nerve must be accurately repaired after careful
excision of the damaged portion

unable to prove that he is not responsible for the lesion.
Prognosis and treatment are also intimately related to the time
of onset of the nerve mjury

Acute nerve palsy follows mmmediately or occurs within a few
days after the fracture and may result from contusion, compres-
sion, stretching or laceration of a peripheral nerve or nerve root.
The symptoms vary from those of pain to numbness and com-
plete paralysis of the muscles. Acute neuritis or palsy occurs
most often in the ulnar, musculospiral, peroneal (more often
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described was the contracture of the muscles due to fibrosis, It
now appears cvident that the deformity can be produced by
(1) major artery spasm or ruplure, or (2) venous obstruction
from internal or external pressure.

Intrenox, whether the result of contamination of an open
fracturc or of an open reduction of a clased fracture, may lead
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F1c. 38.—Severe regional atrophy, typical of Sudeck’s atrophy, following
a mnor foot spramn. Note the involvement of the distal tibia and fibula, as
well as of all bones visualized 1 the foot.

to ostcomyelitis with delayed union or nonunion and loss of
varying amounts of bone substance through sequestration. The
treatment of open or infected fractures has been discussed in
Chapter 2,

TexboNs May PE nuprumco or severed at the time of the
mjury, or they may tear apart after the fracture has healed.
Severe contusion of a tendon at the time of the initial injury
may result, 14-21 days later, in rupture due to softening and
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but not sufficient to compress the arteries. Volkmann’s deformity
occurs most often in the forcarm following a fracture in the
region of the elbow (Fig. 87). Severe pain in the forearm or in
the lower leg after a crushing injury in the region just below
the elbow or just distal to the knee, associated with swelling of
the extremity and cyanosis of the fingers or toes, should be
accepted as a warning of a developing Volkmann contracture.
The cast or splint on such an extremity should be removed at
once, the part cl dand a thetic nerve block performed.

J

Fic. 37 —Typical appearance of a forcarm with Volkmann’s ischemic
paralysis
If crculation does not mmprove, the deep fascia should be
exposed and widely opened to facilitate the escape of fluids
and reduce the subfascial pressure. If the pressure is not reduced
soon after the symptoms appear, severe and permanent damage
will result This includes disruption of nerve and muscle cells
and replacement by dense fibrous tissue. Contractures follow,
with the development of a badly deformed and frequently 2
functionally useless hand or leg.

Watson-Jones describes another type of severe disabulity quite
similar to Volkmann’s contracture which he considers to be the
result of brachial artcry contusion with resulting arterial spasm.
This is associated with paralysis of the limb, while m Volkmann's
contracture the mvolvement of sensory nerves or of motor fibers
themselves 1s minimal or entirely absent. What Volkmann really
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bone atrophy™ (Fig. 35). The condition is associated with pain,
loss of function of the entire catremity, edema and marked
deealcification of the bone, The skin becames shiny and trophic.
As atrophy of bone and swelling of soft parts is produced by

Needle inserted until
int 1mpinges on
ANSVErse pProcess,

then ugwa and mward

toward spine to infiltrate

Yost;zang 1onic fibers of

urmbar sympathetic chain

Fic 40 ~A techmque for lumbar sympathetic block by procaine should
be mastered by every fracture surgeon, The value of this treatment has been
well estabhished in rebef of and i d followis

4
crushing injunes to the lower extremities

disuse and inactivity during the period of immobilization of
the fracture, the surgeon should properly emphasize to the
patient the importance of functional activity of all joints, to
the fullest extent possible. Acute atrophy, fibrous adhesions of
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¥1c. 39 —Techmque for procaine injection of the cervical sympathetics in

of panful i ditions in the upper extremity, such

as the distressing syndromes sometimes designated as causalgia or Sudeck’s
atrophy of bone with pain and edema. A, after J A. Caldwell

necrosis of the tendon fibers Usnally, however, a delayed rupture
is caused by constant irritation produced by repeated move-
ment of the tendon back and forth over a projecting rough or
sharp bone splinter or callus after function is resumed The
ruptured tendon, whether developing acute or late, should be
repaired as soon as the condition 15 diagnosed.

ACUTE ATROPHY OF BONE is infrequent but does occur This
was described by Sudeck, who called 1t “post-traumatic acute



¥Fic 42 ~Malunion of severe fracture of distal humerus with loss of
elbow jomnt motion. This disability was treated by arthroplasty, with a
resulting range of motion of 90 degrees, as illustrated.
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lowing a crushing injury. This complication is common in
comminuted fractures of the os calcis. It can be prevented by
supporting the circulation immediately after the injury and
before the edema has become acute, with a properly applied
massive pressure dressing.

When the circulation of the limb is seriously impaired,
repeated sympathetic blocks as often as every four hours may
produce diamatic improvement and prevent gangrene If ade-
quate circulation cannot be maintained by repeated satisfactory
blocks, sympathectomy may be advisable.

PrRESSURE SORES occur over bony prominences of patients who
are elderly and emaciated, They are most common in patients
who have suffered sensory loss because of injury of the spinal
cord, These ulcers develop most often over the sacrum. Frequent
turning of the patient and treatment of the back with tincture
of benzoin or aleohol will usually prevent them.

Other bony prominences may be the site of pressure owing to
inexpert application of plaster casts or to negligence in nursing
care. Pressure sores are, in effect, trophic ulcers. They heal
slowly. Treatment should consist of the excision of all necrotic
tissue, use of a petrolatum pack and applecation of a closed
plaster dressing. Meticulous care should be taken to prevent
pressure on the ulcer from either the cast or the weight of the
patient. Chemotherapy is of value duning the acute phase in
controlling secondary infection, Large skin defects are best
treated by débridement and closure of the wound by the local
shifting of skin and subcutaneous tissue.

ReNAL caLcuLt form very commonly in patients kept relatively
inert in bed for many weeks or longer This is attributed to
inadequate drainage of the kidneys and the outpouring of
calcium salts that occurs in disuse atrophy of the skeleton Their
formation may be prevented by:

1 An adequate fluid intake

9. Maximal dranage of kidneys, insured by

a) Frequent change of the patient’s position in bed, with
the trunk elevated
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end-to-end apposition and good alignment are obtained. A
cortical bone graft of full thickness may then be placed onlay
or inlay across the line of osteotomy, to decrease the danger
of nonunion in bone fragments which may already have ex-
pended their ostcogenetic force. Internal fisation of the graft
and fracture fragments will fnsure maintenance of accurate
reduction.

Many malunited fractures which could be corrected in adults

only by surgery may be treated conservatively in children
because of the ability of growing bones to compensate during
subsequent growth. In children, shortening of long bones as a
result of fractures which healed with over-riding of as much
as % inch will usually catch up to or will grow beyond the
corresponding bone of the uninjured member as a result of
epiphyseal stimulation by the hyperemia associated with the
repair of the defect. Malunited fractures in the justa-epiphyseal
area of a Jong bone must be treated with both skill and caution.
Surgery in that location may permanently arrest longitudinal
growth, Surgical correction of metaphyseal malunions should
be delayed for at least one year, during which time the deformity
may correct itself, or the zone of deformity, through growth of
the bone, may become farther removed from the growth cartilage
so that the operation can be performed with less risk. Correc-
tious of angular deformities of the midshaft of long bones seldom
occur spontancously, but surgery should be avoided unless
function is definitely impaired (Fig, 43).
_ Travmamic anmanmss may result when the fracture enters a
joint. This is more hikely to occur if replacement of the fracture
fragments is not accurate. Atrophy of articular cartilage or
hypertrophic changes n joints may result from long-continued
push or pull forces. Traumatic arthritis rarely occurs when
accurate reduction has been maintained, with the resumption of
functional activity as soon as union is firm.
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b) Ambulation (daily periods, if possible) to promote
recovery of the atrophic bones through use and, at the
same time, to facilitate postural drainage of the kidneys.

MarunioN may be considered a complication of a fracture
(Fig. 42) It may include marked over-riding with shortening
of an extremity and angulation to a degree that interferes with,

=

%
x
-

Fic 43 —Left, preoperative films revealing union occurnng with exces-
sive lateral angulation at the junction of the middle and distal thirds. This
degree of mal-alignment 15 unacceptable. Right, surgical correction obtained
and the fracture united in proper alignment with a reverse bone graft from
the same tibia,

or makes impossible, satisfactory use of the part concerned.
Before consolidation of the callus, malunion may sometimes be
corrected by manipulation which achieves accurate reduction and
alignment. The fracture that 1s well healed in malposition can
be corrected only by an open surgical procedure. In such
fractures the bone fragments are separated with a chisel, and



S

Bi
¥
[
f

Fi6. 44 —A, aseptic necrosts of the head of the femur, (a), following dis-
location of the hip and nonumon of a fracture of the shaft of the femur at the
juncture of the middle and proumal thirds (b). The fracture of the femur
was plated two weeks following the injury, and the distocation of the hip
was reduced by open operation eight weeks after the injury. B, five months
following the njury, two tiial bone grafts (¢) were placed through the neck
of the femur 1nto the femoral head, and the nonunion of the shaft of the
femur was treated at the same op with an ntr. dullary rod intro-
duced downward through the trochanter. Bone grafts were placed around
the fracture site (d). Advanced replacement aof the femoral head by creepmg

bsti 15 d rated (e). Pi from weightbearing must be

d untl this 1 15 leted, See Figure 49 {p 110 for
eight year follow-up roentgenogram
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CHAFTER 14

Aseptic Necrosis of Bone

BONE 1S A SPECIALIZED TISSUE which must withstand stresses and
strains and support body weight. Like all living tissue, bone
must have an exchange of bload and lymph in arder to remain
viable. After a fracture, if the disruption of circulation is partial
the bone fragments will probably remain viable and union of the
fracture will usually occur.

Portions of the bone, in other instances, may be isolated from
therr blood supply and, thus deprived of nutrition, will die. Death
of bone due to loss of blood supply is called “avascular,” or “asep-
tic,” necrosis in contradistinction to “septic” necrosis, where the
loss of blood supply follows infection.

Aseptic necrosis is most frequently observed in the head of
the femur; it is a complication of intracapsular fractures in
approximately 30 per cent of all cases and probably in 25
per cent of traumatic dislocations of the hip (Fig. 44). Less
frequently 1t 1s observed after acute or chronic slipping of the
proximal femoral epiphysis or after fractures of the base of the
neck or intertrochanteric regions of the femur, and it may be
associated with a fracture of the carpal navicular, dislocation
of the lunate, fracture of the astragalus or a comminuted or
segmenta\ fracture of any bone where vascular connections
are Jost.

Asepric Necrosts oF THE HEAD oF TiE FEMUR.—Axhausen first
described the pathology of aseptic necrosis of the head of the
femur, but our knowledge of this condition has been greatly

102 ~ -
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At the time of fracture and for the subsequent two or three
months, the dead femoral head will east a shadow which cannot
e differentiated from the normal. With the advent of disuse
osteaporosis of the living bone of the adjacent femur and pelvis,
the unchanged density of the dead head (which could not
atrophy because of Jack of blood supply) becomes clearly
apparent. This relatively denser appearance is the earliest roent-
gen sign of avascular necrosis. In clderly patients or in those
with metabolic osteoporosis the relative appearance between
the necrotic head and the adjacent bone may be minimal and
undetectable by roentgenograms. This is explained by the low
osseous density before the fracture was incurred.

Even before the necrosis of the head is apparent on roentgeno-
grams, natural healing processes begin. The first stage is spon-
taneous invasion of cancellous spaces by vascular connective
tissue as circulation is re-established through adhesions, by
vessels in the round ligament and from across the fracture site
after reduction and immobilization.

Subsequently the head will cast a shadow of irregular density
as dead bone is replaced by less dense living bone and addi-
tional bone is deposited on necrotic trabeculae in the process
of creeping substitution (Fig. 45). Such zones of combined new
and unabsorbed neerotic hone will be more dense roentgeno-
graphically than either the uninvaded zones of necrosis or the
completely replaced viable areas. Depression fractures distorting
the contour of the femoral head as a result of weight-bearing
are also evidence of mcomplete replacement.

Roentgenograms will indicate that restitution of the head is
complete when the hugh density shadows disappear and the head
13 uniform in appearance, with the low density trabeculae
arranged in a pattern along lines of stress, as in the normal head.

IIisroIogy of Ascptic Necrosis.—The progressive lustological
changes in a necrotic femoral head as it undergoes replacement
usuaily follow an orderly pattern. The cancellous spaces are

fpontanem!sly vaded by connective tissue, which proliferates
in a centrifugal fashion in an effort to establish vascular con-
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Fic 45 —Left, i 1 disp!: t of sub tal frac-
ture m a woman, aged 77, six months after open reduction and internal
fixation Note wregular increased density of the head as contrasted to the
remainder of the femur. Right, x-ray of excised specimen showing contour
of the head rather well preserved except at site of nail penetration. The
zones of increased and decreased density are clearly scen The trabecular
pattern 15 modified a: 1 to normal Repl t is taking place fn
many zones of the head with active absorption of necrotic bone and creeping
replacement.

enlarged by the careful studies of Phemuster and, more recently,
by those of several of his former co-workers.

Roentgen Diagnosis.~There is no satisfactory method for de-
termiming the viability of the femoral head at the time of treat-
ment of the acute mjury. Immediate microscopic study of tissue
is not possible, and the experimental methods whieh are reported
from certain research centers on the use of isotopes are not
practlcal for chneal use. The roentgenogram, despite its limita-
tion, is the only universally available tool for evaluation of the
viability of the femoral head.
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nections with all portions of the fragments (zone of invasion)
(Fig. 46, A). As the zone of invasion moves farther into the
head. it is followed by absorption of varying amounts of necrotic
trabeculae (zone of absorption). With further progress, the
oldest region of invasion and the first zone of absorption will
show osteoblastic activity, producing new trabeculae in the
marrow and depositing bone on dead trabeculac (zone of resti-
tution) (Fig. 46, B and C). When the zone of fibrous tissue
approaches the periphery, the articular cortex is absorbed along
with the subeortical bone and may be subsequently replaced in
the process of restitution,

Articular cartilage will wsually survive in children below
puberty, but rarely in the adolescent child or adult. When the
hyaline cartilage dics, it is absorbed and replaced by fibrous
tissue or fibrocartilage (Fig. 46, D).

The process of replacement may continue to completion,
requiring at least three to four years; or it may be arrested and
leave necrotic areas of varying size uninvaded and unreplaced
in the proximal portion of the head.

Some degree of ostco-arthritis is inevitable i hips with femoral
head necrosis. Osteo-arthritis 15 characterized pathologically by
nillus synovitis, sclerosis or eburnation of the opposed con-
tacting bone, osteophyte formation at the articular margins and,
occasionally, the formation of loose bodies in the joint. The
severity of the arthritis depends on the degree of distortion of
the shape of the femoral head. 1t is most marked if the head
breaks into fragments, as occurs when unprotected weight-bear-
ing is permitted before repair is complete (Fig. 47).

Clinical Implications —~A dead femoral head, adequately
reduced with proper internal fixation, will unite with the shaft
and stand up under weight-bearing for from six months to several
years before 1t collapses. The patient may be symptom-free with
normal function during this period. The disability is manifested
by the complant of pain, muscle spasm and a limp, The clinical
examnation suggests a traumatic osteo-arthritis. There is a
difference of opinion as to the time of onset of the necrosis—



Fic 46 A, viable proliferating fibrous marrow with active absorption
of the old bone trabeculae Minima is B, a more
advanced stage of osteogenests with osteord trabeculae in the marrow spaces
and active osteoblastic reaction along the trabeculae. C, an early active
stage of creeping replacement with new bone formation on an old necrotic
trabecula The marrow 1s viable and vascular D, from the fovea region,
showing normal marrow and normal atrophic trabeculae, without absorption
or actve osteogenesss, The cartillage is viable There 15 fibrous replacement
of a portion of the articular cartilage visuahzed.
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Fic 48 —A, immediate postoperative picture with excellent reduction
and internal fixation of the subcapital fracture. B and C, anteroposterior and
lateral views three months later, showing apparent early and satisfactory
union of the fracture. The head fragment has not atrophied to the same
degree as 1n the pelvis and trochantenc regions, and is rather unsform
appearance, D, 11 months postfracture The relative increased density of the
femoral head portion 1s appatent, and there 1s shght compression of the
articular cortex 1 the supenor lateral portion of the head, indicating that
the head was dead E and F, 14 months after reduction, showing marked
deformity of the weight-beanng portion of the femoral head, with obuious
zones of vascular replacement.
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imperative, Surgical intersention with the inscrtion of two tibial
bone grafts through the neck into the head, with or without
osteotomy, hastens replacement and reduces the incidence of
collapse of the head, and in approsimately 50 per cent of
carefully chosen cases a very satisfactory functional result will
be obtained (Figs. 44 and 49). The success of these procedures
requires prompt surgery when the diagnosis of necrosis is
established and before irreparable damage is apparent.

The treatment of patients with advanced arthritic changes
depends on the expected Jongevity and the degree of distortion
of the femaral head (see Chapter 24),

Nonumnions.—Nonunions occur in half of the cases when a frac-
ture fragment is neccrotic. If there is separation of the head
from the neck of the femur, secondary changes in contour do
not occur. The head is not traumatized by weight-bearing stress
and the joint space and architectural pattern is usually preserved.
The patient cannot be normally active with the ununited frac-
ture, and roentgenographically the progressive atrophy of the
surrounding bone produces a sharp contrast with the femoral
head. When there is minimal or no displacement, a satisfactory
result may be salvaged by bone grafts from the tibia, osteotomy,
or a combination procedure. One of these procedures should
be accomplished as soon as the complication of nonunion is
recognized. In the later cases with long standing nonunion and
displacement, with absorption of the neck and obvious necrosis
of the femoral head, a prosthetic replacement may be the treat-
ment of choice. These are discussed in more detail in Chapter 24.

Intertrochanteric fractures occasionally tear the medial or the
lateral circumflex vessel, or both, with secondary necrosis of
the proximal portion of the neck and the entire head.

Traumatic dislocations of the hip are followed, in a large
number of cases, by late return of pain in the hip, with
clinical and roentgenologic evidence of osteo-arthritis of this
joint. Formerly these poor end-results were merely labeled
traumatie arthritis.” They are now recogpized to be late mani-
festations of aseptic necrosis of the femoral head, secondary



110 FRACTURE TREATMENT

whether it is present from the time of injury or is the result of
the trauma of normal function. While the immediate fate of
the head of the femur is determined by the extent of disruption
of its circulation at the time of fracture, it has been suggested
that delayed necrosis may occur in a head which remained viable

Fic 49 —Eght-year follow-up of patient ill 1 in Figure 44 The
apparently necrotic head has been replaced with living bone, with mainte-
nance of satisfactory contour, but shght wregulanty is apparent. The bone
graft shadows have not entirely d d. Note the bular hpping
and the ncreased density of the acetabular articular cortex, indicative of
hypertrophic arthntic change

following the fracture but lacked sufficient vitality to survive the
repeated mimmal traumas exerted on 1t by the motion, muscle
action and weight-beaning of everyday activity. New fractures
are prone to occur across the head of the femur through the
junction of the unreplaced and the transformed portions (Fig.
48). Early recognition and protection from weight-bearing is
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tions in the function of the wrist. An attempt to obtain union by
drilling and bone grafts is not recommended when necrosis of
the fragment is obvious. If the patient is engaged in manual
labor, secondary arthritis of the radial-navicular and the inter-
carpal articulations will inevitably develop and an arthrodesis
may be required for relicf. If the major portion of the navicular

Fic 50.~Ununtted fracture of the navicular bone of the wrist with asep-
tic necrosis of the provimal fragment Note the contrast in density Letween
the lving atrophic and the necrotie unchanged portion of the bone

is necrotic, the removal of both fragments together with the
lunate bone and the radial-styloid process may be advisable.
Precautionary measures should be taken in the operating room
to insure excision of the desired fragment or fragments. The
exposed fragment should be marked with a needle or skin clip
and a rocntgenogram taken before the bone is removed. This
protects both the patient and the surgeon from the consequences
of an irreparable error.

With mmnmal arthritis and disability, especially in a patient

not required to do heavy work, styloidectomy al
. one may be t
treatment of choice. ¥ Y Y be the
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to the tearing of blood vessels at the time of the original injury.
Because of the high incidence of necrosis, the following pro-
cedure is recommended.

Whenever possible, the extremity should be protected from
weight-bearing by use of crutches for four to six months after
the postreduction period of immobilization or recumbency; this
is for diagnosis only, and not for the prevention of necrosis.
Necrosis occurs from loss of blood supply. If the femoral head
undergoes uniform atrophy of disuse and after six months its
density does not differ from that of the then osteoporotic living
bone of the femoral shaft and of the ilium as shown roentgeno-
graphically, the patient may resume full weight-bearing with
the likelihood that the head has remained alive. Roentgeno-
graphic follow-ups at three month intervals should be continued
for an additional 12 months. If, however, the head appears to
be necrotic from an x-ray viewpoint or is in an early stage of
replacement at the end of six to eight months following the
injury, one should consider surgical intervention with the inser-
tion of two tibial bone grafts through the neck into the anterio-
Iateral aspect of the head reaching the summit. If the x-ray
demonstrates significant collapse, a definitive arthroplasty or
an osteotomy may be necessary.

AseprTIC NECROSIS OF THE CARPONAVICULAR AND LUNATE BONES.
—In the upper extremity the injured navicular bone most often
shows changes due to disruption of its blood supply, and in
regard to the incidence of avascular necrosis it is second only
to the head of the femur. Fractures through the waist of the
navicular result in necrosis of the proximal fragment in about
one third of all cases Following at least six weeks’ immobiliza-
tion, roentgenograms will show atrophy of the living distal
fragment and the other carpal bones, while the proximal frag-
ment cannot undergo atrophy This contrast in relative density
is dingnostic of necrosis of the proximal fragment (Fig. 50).
Excision of the proximal dead fragment, together with the radial
styloid process (styloxdectomy) is usually the treatment of choice
when symptoms are mild. Loss of this fragment, where osteo-
arthritis has not developed, frequently produces minimal altera-
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The carpal lunate bone frequently undergoes necrosis after
anterior dislocation, even when reduction is properly obtained.
Open reduction in these cases is attended by an extremely high
incidence of necrosis; the procedure should be avoided in recent
injuries if possible. In old cases the Done should be excised.

Spontancous aseptic necrosis of the lunate, as observed fre-
quently in adults, is called Kienbick's discase. The patient
complains of pain, limitation of mation and progressive disability
of the wrist joint. The first rocntgenograms usually show a
relatively greater density of the lunate bone than of the sur-
rounding ones, and invariably the lunate bone will have under-
gone change in shape as a result of pathologic fracture. In carly
cases, treatment may consist of immobilization of the wrist by
means of aleather molded cock-up splint until the roentgenogram
shows rejuvenation of the bone; and in old cases with deformity,
excision is indicated.

Asermic NECROSIS OF THE ASTRAGALUS.—Large nutrient blood
vessels of the astragalus enter the bone on the anterolateral
surface of the neck. Fractures through the neck of the astragalus
may isolate the body of the bone from its major source of blood,
and when the vessels entering by way of soft tissue attachments
are not adequate to maintain viability, the body of the astragalus
will undergo aseptic ncerosis. Backward dislocation of the body
of the astragalus associated with a fracture of the neck is almost
always followed by necrosis.

The diagnosis is dependent on the roentgen features previously
described, or on late pain mn the ankle secondary to superimposed
arthritis. If the astragalus collapses from weight-bearing and the
ankle jomt is disrupted, an arthrodesis of the astragalus to the
tibia is indicated (Fig. 51).

Aseptic Necrosts or Omier Boxes —Necrosis due to a disrup-
tion of blood supply may occur m any bone following trauma
suffictent to strip most of the soft tissue attachments and disrupt
nutrient vessels. Typical findings of avascular necrosis may follow
segmental fractures of the tibia or femur and some displaced
fractures of the condyles of the femur or tibia



Fic. 51.—Above, aseptic necrosis of body of astragalus with nonumon of
the fracture, incurred 18 months before The disabling arthntis was treated
by arthrodests, with a panless end-result (below).
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Fic 52.-Osteogenesis imperfecta tarda with spontancous fractures of
forcarm hones
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CHAPTER 15

Pathologic Fractures

A FRACTURE MAY BE correctly designated as pathologic if it occurs
without a specific history of injury or as a result of minor trauma
in a bone which has been weakened by a pre-existing disease
or metabolic condition. Under this heading might be included
fractures that occur as a result of trophic disturbances; for
example, in neurotrophic joints. Other generalized skeletal dis-
turbances predisposing to fracture from minimal traumas are:
rickets, osteomalacia, congenital fragility of bone (Fig 52),
senile osteoporosis, Paget’s disease, leukemia, multiple myeloma
(Fig. 53) and generalized ostetis fibrosa. Local bone lesions
which may predispose to fractures include: osteomyelitis, solitary
bone eysts (Fig. 54), giant cell tumors and either primary or
metastatic malignant growths (Figs. 55, 56 and 57). Deep x-ray
therapy over the pelvis causes changes that have resulted in
patho]ogic fracture of the femoral neck.

Fractures that are secondary to constitutional disturbances
must be treated locally by an adequate reduction and proper
immobilization while smtable therapy is admimstered for the
disease Rickets, osteomalacia and, to some extent, senile osteo-
porosis will respond favorably to the admimstration of vitamin D
and a diet high in caleum Fractures that occur secondary to
tabes dorsalis and syringomyeha do not respond favorably to any
type of therapy The prognosis for healing of fractures which
are secondary to a primary or metastatic malignant Jesion is no
better than that of the malignancy itself Contrary to a com-
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Fic 54.—Left, pathologic fracture of femur through a large solitary bone
cyst. Right, umon after curettement of the cyst and insertion of a tibal
bone graft.
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Fic. 53 —Spontaneous collapse of first lumbar vertebra and less marked
collapse of tenth thoracic vertebra i a patient with widely disseminated
(rinulnplc myeloma. The marked generalized osteoporosis 1s typical of this

1sease.

monly expressed opinion, exceedingly atrophic bones (as, for
example, in flail extremities after infantile paralysis, in which
there is no specific local pathologic process) will heal as prompt]y
as do normal bones following fracture The strength of the unton,
however, will be relatively no greater than the strength of the
bone fractured.

Pathologie fractures are treated bv the same general principles
and methods described for the various bones of the skeleton
Union can be attained in most instances. It is a mistake to with-
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Fic 55.—A, showing a destructive process 1n the neck and infenor head
portion of the Jeft femur The patient was complamng of pam in the hip
region 12 months after radical amputation of a breast for carcinoma. Ten
weeks later the patient was admitted for a pathological fracture of the left
hip (B) A large portion of the head and most of the neck region was found
to be destroyed. Temporary rehabilitation with comfortable ambulation was
obtained by the replacement of the head witli a Moore type of prosthesis
Pty
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hold an open reduction or internal fixation because the patient
may have an advanced malignancy. The remaining months of
life of these patients should be spent at home with their familics
instead of in a hospital, even though this may require a major
surgical procedure, such as the insertion of an intramedullary
red, or any other form of internal fixation which will permit
ambulation on cratches ( Fig. 56).

In a patient with neoplastic destruction to any portion of the
femoral neck, a prosthetic replacement procedure may be
logically considered. This procedure permits early protected
ambulation, relieves pain and greatly simplifies nursing care
(Fig. 55},
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both to the fractured leg and to the uninjured extremity (Fig.
186, p. 811). If only one leg is suspended, the child will twist
and turn and the fracture may heal with marhed rotation or
torsion deformity. Angulation will be corrected by further bone
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Fic 58 —Left, birth injury which occurred during a breech dehvery. The
fracture fragment from the proumal end of the tibia included a portion of
the growth center Center, at the age of 2 years and 1 month the deformity
1s minimal, The growth cartilage plate 1s intact and there is reason te hope

or D T Right, roe of the uni d tibia shown
for comparison

growth, but torsion may persist throughout life and should be
prevented An open reduction is never indicated.

(}oxmzxn'm. OSTEOGENESIS IMPERFECTA (also called fragilitas
ossium or osteopsathyrosis) may result in multiple intrauterine
fractures, some of which will have healed by the time of birth;
other fractures are produced during the process of birth, When
there are multiple fractures prior to or at delivery, with congenital



CHAPTER 16

Birth Fractures

FRACTURE OF sHAFT of the humerus is the most common skeletal
birth mjury resulting from excessive trauma to the infant during
delivery. This injury occurs in breech presentation during at-
tempts to deliver the extended arms. The fracture may be either
transverse or spiral, rarely 1s there any significant displacement.
The deformity is readily recognized and the nature of the
fracture confirmed by roentgenologic examination. Treatment
consists of strapping the arm to the side of the chest with a soft
cotton or wool pad i the aulla. If angulation persists after union
occurs, growth and remodelmg of the bone will correct the
disalignment. Traction may be utilized if necessary, as shown in
Figure 143 (p. 241).

Fractures of the shaft of the femur and of the clavicle also
occur in breech delwverses. A fracture of the clavicle is suggested
if the baby fails to move one arm or cries when it is handled by
the nurse or mother. Often this fracture is misdiagnosed because
the symptoms are similar to those of brachial plexus palsy.
Fracture of the clavicle, or the less common dislocation of either
end of the clavicle, can be successfully treated by placing a soft
flannel or elastic bandage as a figure-of-eight dressing around
the shoulders. It may be necessary to bandage the involved
arm to the trunk.

The fractured femur 1s readily recognized. It should be treated
by means of overhead traction, with adhesive extension applied
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both to the fractured leg and to the uninjured cxtremity (Fig.
186, p. 311}, If only one leg is suspended, the child will twist
and tum and the fracture may heal with marked rotation or
torsion deformity. Angulation will be carrected by further bone

. ;‘c- 38.~Left, burth injury which occurred during a breech delnery. The
h : ure fragment from the proumal end of the tibia tncluded a portion of
I mlllmmh center, Center, at the age of 2 years and 1 month the deformity
nimal, The growtlh cartilage plate 1s intact and there 1s reason to hope

e it ji

Or complet,
or companscn‘

. Right, 1 of the uni d tibia shown

growth, but torsion may persist throughout life and should be
Prevented, An open reduction is never indicated.

(;oxcr:xn',u_ OSTEOGENESIS 1MPCRFECTA (also called fragilitas
Ossium or osteopsathyrosis) may result in multiple intrauterine
fractures, some of which will have healed by the time of birth;
Ql‘lhcr fractures are produced during the process of birth. When
there are multiple fractures prior to or atdelivery, with congenital
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fragility of bone, the infant rarely survives. In the milder form
of fragilitas ossium, fractures may not be present at the time
of birth but are prone to occur following slight injuries through-
out infancy and childhood. This tendency to fracture becomes
less as the child grows older, and after puberty the bones may
be normal in strength.

There has been no satisfactory treatment for the infant born

Fic 59 —Infant, 18 months, with congemtal pseudarthrosis of the tibra
and fibula. The etiology of this condition 15 mot clearly understood, and
routine bone graft procedures are usually unsuccessful.

with multiple fractures. Glandular substances and vitamins have
been employed as adjuncts to the immobilization of the fractures,
but their value has not been demonstrated.

BIRTH FRACTURES OF NORMAL BONES rarely include epiphyseal
displacements, rather, in most instances they are torsion fractures
in the shaft at a distance from the growth centers. A metaphyseal
fracture extending into the epiphyseal plate with displacement
of the epiphysis may result in growth arrest, with subsequent
deformity and shortening (Fig. 58). Occasionally, an mjury may
result in wide stripping of periosteum with subsequent aseptic
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necrosis of a considerable portion of a shaft of the femur or tibia.

CongentTaL pstupantiinosts of the tibia may be present at
birth or may appear during infancy as a result of congenital
deficiencies in the tibia which lead to progressive bowing and
finally dissolution of continuity. This condition is Jocated most
often at the level of the middle and lower thirds. Little, if any,
callus forms, and the factors of bone regeneration are largely
lacking. The roentgenogram shows not only anterior angulation
but considerable wasting of bone, with a tendency toward point-
ing of th= fragments. The ends of the fragments become selerotic.
They may be held together by a small, tough band of fibrous
tissue (Fig. 39).

Congenital pseudarthrosis has been treated successfully, in
many instances, by the use of two or more massive bone grafts,
with additional amounts of ostcaperiosteal bone. The grafts must
be sufficiently long to extend well above and well below the
sclerosed and narrowed portion of the fragments of the tibia.
Attempts to obtain union by simply cutting off the ends of the
fragments and bringing them together with wire or metal plates
are ill-conceived and doomed to failure After union has occurred,
a long leg walking brace with weight bomne on the thigh or
against the ischial tuberosity should be used for several years,
or until the bone is essentially normal in appearance. Re-frac-
ture, caused by late absorption of bone as a result of invasion
and replacement of grafts by hyperplastic fibrous tissue, fre-
quently occurs. Knowledge of this fact often justifies a program
of brace protection until the child reaches puberty.

Despute expert surgical care, meluding repeated bone grafting
procedures and adequate bracing, late amputation is often neces-

sary because of progressive shortening of the leg and deformity
of the foot.
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fragility of bone, the infant rarely survives. In the milder form
of fragilitas ossium, fractures may not be present at the time
of birth but are prone to occur following slight injuries through-
out infancy and childhood. This tendency to fracture becomes
less as the child grows older, and after puberty the bones may
be normal in strength,

There has been no satisfactory treatment for the infant born

Fic. 59.~Infant, 18 months, with congemtal pseudarthrosis of the tibia
and fibula. The etiology of this condition is not clearly understood, and
routine bone graft d are usually ful

with multiple fractures. Glandular substances and vitamins have
been employed as adjuncts to the immobilization of the fractures,
but their value has not been demonstrated.

BIRTH FRACTURES OF NORMAL BONES rarely include epiphyseal
displacements; rather, in most wmstances they are torsion fractures
in the shaft at a distance from the growth centers. A metaphyseal
fracture extendmg into the epiphyseal plate with displacement
of the epiphysis may result m growth arrest, with subsequent
deformity and shortening (Fig 58) Occasionally, an injury may
result in wide stripping of periosteum with subsequent aseptic
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necrosis of a considerable portion of a shaft of the femur or tibia,

ConerviTat, rsipantiinosts of the tibia may be present at
birth or may appear during infancy as a result of congenital
deficiencics in the tibia which lead to progressive bowing and
finally dissolution of continuity. This condition is Jocated most
often at the level of the middle and lower thirds. Little, if any,
callus forms, and the factors of bone regencration are largely
lacking. The roentgenogram shows not only anterior angulation
but considorable wasting of bone, with a tendency toward point-
ing of thz fragments. The ends of the fragments heeome scleratic,
They may be held together by a small, tough band of fibrous
tissie (Fig, 29).

Congenital pscudarthrosis has been treated successfully, in
many instances, by the use of two or more massive bone grafts,
with additional amounts of osteoperiosteal bone. The grafts must
be sufficiently long to extend well above and well below the
sclerosed and narrowed portion of the fragments of the tibia.
Attempts 10 obtain union by simply cutting off the ends of the
Z:“cg.'l';cms ﬂl.l(l bringing them together with wire or metal plates
N lo'n 'C‘])"ccu.cd fm(l doomed .!o failure. After union has OC({\xncd,
aga gt ig \.valk.mg brace with weight Lorne on the thigh or
og ur:tiltt;e ischial .tuhcrosily should be used for several years,
ture, caus \3 l{)one is csscnlin‘"y normal in appearance. 'Rc-fr:mc-
and,rc laic y late absorption of hone as a result o.f invasion
queml;umlmenlt( of grafts by 1}ypcrplastic {ihr(.)us tissue, fre-
of brase ml‘rs. K now]e(.]ge of ﬂl'lS fact often justifies a program

espil(_Pg CCltlon ufml the cl.uld refmlws puberty. )
Proceens xpert surgical care, including repeated bone grafting
es and adequate bracing, late amputation is often neces-

sary b ;
"fr}ﬁlheefc:(l,l:_e of progressive shortening of the leg and deformity
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CHAPTER 17

The Hand

NO FRACTURES AND DISLOCATIONS are more often neglected or
so poorly treated as arc thosc of the fingers and hand. From
the standpoint of uscfulness, the fingers, including the thumb,
are the most important components of the upper extremity.
Careless or indifferent treatment of sprained ligaments, small
interphalangeal joint marginal fractures, avulsion of tendons or
fractures of metacarpals or phalanges may lead to serious and
permanent loss of function,

Every injured finger should be immobilized until torn struc-
tures have had time to repair, the fracture has healed, acute
edema has subsided and extravasated blood has been absorbed.
Immobilization should be restricted to the injured finger or
fingers, with the joints kept in flexion whenever possible. Active
exercise of the uninjured fingers is imperative, and it should be
supervised by either the attending physician or s physical
therapy assistant. The movement should be through a completely
normal range and executed with strength and force. Passive
stretching should not be permitted; it merely produces additional
injury, with edema and increased pain, and leads to greater
stiffness and permanent disability

When the skin is broken in the region of an injury to a tendon
or bone of the finger, emergency treatment must be instituted
immediately if infection 15 to be prevented. Thorough cleansing
with soap and water and operation under strict surgical precau-
tions are essential. The wound should be carefully excised and
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thoroughly cleansed without using antiseptics. The skin edges
should be drawn together loosely, burying little suture material
within the wound. Lacerated tendons should be sutured before
the skin is closed. If the injury is older than four hours, severed
tendons should be loosely approximated to prevent retraction.
If the wound heals by primary intention, secondary suture of the
tendon may be carried out six weeks later. When suppuration
occurs, four to six months or longer should elapse after healing
of the wound before secondary tendon suture. Following suture
of the wound, a large pressure dressing should be appled and
the injured finger immediately splinted, with the metacarpal
joint and at least one of the interphalangeal jeints in moderate
flexion.

We are in complete agreement with Bunnell, who has stressed
the importance of the thumb. This digit should not be amputated
even though all articulations are lost and only a rigid stump
remams. The function of the hand will be infinitely better with
a portion of the thumb than with no thumb. The stump will
serve as a post or point of fivation against which objects may be
held securely by the fingers.

INJURIES OF PHALANGES

FRACTURES OF THE ProXmiar Pmaranx —Fractures of the
phalanges most often occur m the shaft of the proximal phalanx.
The pull of the lumbrical and interosseous muscles, which
normally flex the proximal and extend the distal phalanges,
causes forward angulation at the site of the fracture (Fig. 60).
Unless the fracture 15 oblique, with over-ridmg, it may be
reduced by shght traction and forward flexion of the distal
phalanges. The finger should never be splinted in complete exten-
sion on a tonguc depressor or any similar type of splint. The
proximal interphalangeal jomt should be flesed almost as far
as possible, while the metacarpal-phalangeal joint is flexed
approximately 45 degrees (Fig 61). A plaster cast applied to the
forearm and the finger in which the fracture occurred, maintain-
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Fic 60 —Fracture of proumal phalanx in poor position three weeks after
mjury
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ing the position already described, will usually lead to union
without deformity in four weeks and to a good functional result.
Continuous traction may be applied with a small pin through
the tough fibrous tissue of the distal end of the finger or through
the bone of the phalanx distal to the fracture, Traction is
obtained by rubber bands attached to a wire loop fastened to the
cast at the wrist. The traction splint should be so arranged that

Ext, dig communis

Flex dig - ;
Flex 7
profundus & ”id*é‘

Fracture of proximal phalanx.
Distal fragment aligned by
curved finger cast

Fie 6l.~Fracture of proumal phalant with volar angulation Only the
mvolved finger 1s immobihized m plaster,

the tip of the flexed finger, regardless of which finger it may be,
points toward the tubercle of the navicular bone of the wrist. In
the normal hand the flexed fingers all converge toward this point.

FRACTURES OF THE MmbLE PrALANx.—Fractures across the
middle phalanx may lead to forward or backward angulation of
the bone, depending on which side of the insertion of the flexor
sublimis tendon the break occurs (Fig. 62). If the fracture is
distal to its attachment to the phalanx, the proximal fragment
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will be fiexed, with volar angufation of the finger, and reduction
is accomplished by flesion of the digit. When the fracture is
provimal, the distal fragment is fleed and reduction is achicved
by extension. The fracture is immobilized as illustrated.
Fracrunes oF e IistaL Pravaxx.—Crushing injuries and
hence comminuted fractures are most common in the distal

Fracture of middle .
Phalan® proximal Fracture of middle
to inserton of flexor phalanx distal to
dig suimistendon,  nsertion of fexor
Alxsgnmi b\; extension dig. sublimis tendon.
Reduce by tlexion

Digit immobilized in.
flexion

_ Fre. 62 —Use of a tongue blade as the splint for these fractures 15 a1l ad-
vised. The metacarpal-phalangeal joint should never be immobihzed in

edension  Simple plaster dressing for the fractured
functional result. * et finger meures 2 good

p?lalanx. Displacement aof the fragments is rare. Treatment con-
sists of protection of the end of the finger for 10-14 days by a
wooden or metal splint. If the soft structures of the finger-tip are
ios.t, with exposure of the end of the phalany, a primary full
thickness skin graft should be applied. In all such instances,
every effort should be made to salvage the end of the ﬁnger:
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ing the position already described, will usually lead to union
without deformity in four weeks and to a good functional result.
Continuous traction may be applied with a small pin through
the tough fibrous tissue of the distal end of the finger or through
the bone of the phalanx distal to the fracture. Traction is
obtained by rubber bands attached to a wire loop fastened to the
cast at the wrist. The traction splint should be so arranged that

Ext. dig communis

Flex dig

Flex ;
profundus sub],lg\lé'

F‘r‘a&urc of proximal phalanx.
Distal fr nt aligned b
Cul"iedagg;er c;qs’c o

Fic 61 —Fracture of proximal phalanx with volar angulation. Only the
involved finger is immobilized 1 plaster

the tip of the flexed finger, regardless of which finger it may be,
points toward the tubercle of the navicular bone of the wnist In
the normal hand the fleced fingers all converge toward this point.

FRACTURES OF THE Mmpre Puaraxx.—Fractures across the
middle phalanx may lead to forward or backward angulation of
the bone, depending on which side of the insertion of the flevor
sublimis tendon the break occurs (Fig. 62). If the fracture is
distal to its attachment to the phalan, the proximal fragment
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will be flexed, with volar angulation of the finger, and reduction
is accomplished by flexion of the digit. When the fracture is
proximal, the distal fragment is fleved and reduction is achieved
by extension. The fracture is immobilized as illustrated.
Fracrures or ik Distar. Prarasx.—Crushing injurics and
hence comminuted fractures are most common in the distal

Nzt
Fracture of middle

Phalanxy proximal Fracture of middle
0 insertion of flexor phalanx distal to
dig subhmistendon.  insertion of flexor
Alined by extension d’%sublimxs tendon.
Reduce by flexion

7
s )k
\

Digit immobilized.in.
flexion
\lselt;m'rﬁz —Use of a tongue blade as the splint for these fractures 1s 1ll ad-
ot he metacarpal-phalangeal jomt should never be immobilized

on Stmple pl. - N
functional resulft,e plaster dressing for the fractured finger insures a good

p.halanx. Displacement of the fragments is rare. Treatment con-
Sists of protection of the end of the finger for 10-14 days by a
;vooder} or metal splint, If the soft structures of the finger-tip are
t(l)ls't, with ¢xposure of the end of the phalanx, a primary full

ickness skin graft should be applied. In all such instances,
every effort should be made to salvage the end of the finger.
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SpRAINS, SUBLUXATIONS OR DISLOCATIONS OF FINGER JOINTS.
These differ principally in degree. They are produced by the
same type of injury. Forced backward displacement of a finger
may cause a sprain of the anterior capsule of one or more of the
interphalangeal joints, a dislocation of an interphalangeal joint
(Fig. 63) or a fracture-dislocation in which there are chip frac-
tures from the joint margin. Reduction of the dislocation or

Fi1c 63 —Postenor disl at p 1 interphal 1 jant of middle
finger The dislocation was reduced and the finger immobilized in moderate
flevion over a curved metal splint for two weeks

fracture-dislocation is readily performed by applying traction and
flexing the finger. A very hght plaster of paris dressing, applied
directly to the skin, with the finger held in moderate mter-
phalangeal joint flexion for two to three wecks, is the treatment
of choice. Stiffness in the mjured joint is the common finding after
the splint 1s removed. No forced motion or stretching should be
permitted. Active use of the hand will bring about a gradual but
much more certam recovery of function Six to erght months
may elapse before full recovery is attained. Paraffin baths are
the most useful form of physical therapy.

PARAFFIN BATHS

Place five packages of ordinary paraffin used in scaling fruit
jars and 1 pt. of mimneral oil in a deep oval dishpan large enough
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to accommodate the entire hand with fingers extended. Heat over
a fow flame untit the paraffin has melted and bas mived with
the mineral oil. Tum off the flame. Allow the paraffin to cool
until a scum forms on the surface. Test for temperature tolerance
with a finger; then quickly run the hand through the paraffin,
and allow the coating to set. Do nat flex or extend the fingers;
motion will erack the parafin. Repeat five times. Each time
allow the paraffin to harden. Now remove the accumulated
paraffin from the hand and set it aside on a piece of clean paper.
Continue this procedure for 20-30 minutes. At the end of the
treatment, all of the paraffin is replaced in the pan, which is
covered and set aside until the nest treatment. Paraffin baths
are most effective when used twice cach day.

Ixyunies oF THE Fiest METACARPAL
(Truns) Boxe

Fracrures or e Suart.—These fractures, (not including the
Bennett fracture and dislocation of the proximally placed
epiphysis) differ little from those affecting the other metacarpal

nes. The fracture line may be obhque, spiral or transverse,
with or without angulation or over-riding. Comminuted and
open fractures are encountered frequently because of the ex-
posed position of the thumb. If the fragments can be accurately
aligned and the reduction is stable, a plaster cast extending
from the proximal part of the forearm onto the abducted and
opposed thumb will maintain the position and permit continued
use of the uninvolved fingers. Unstable or badly comminuted
Fractures require continuous traction as used for the Bennett
fracture (Fig. 64). Fractures of the shaft should be immobilized
for a period of six weeks

Bexxerr Fracrure.~This is in reality a fracture-dislocation.
It results from a blow directed upward through the longitudinal
axis of the thumb or from a fall on the abducted digit. The
oblique fracture line extends from the medial aspect of the prox-
tmal end of the shaft upward and laterally into the metacarpal-
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multangular joint. The small medial fragment remains in situ
while the main lateral portion of the metacarpal bone and
attached phalanges are dislocated dorsally and proximally. Since
the usefulness of the thumb is dependent on its wide range of
painless motion at the carpal-metacarpal joint, the Bennett frac-

</ with small pin.
thru prox, phalanx.

Cast. almost to end of

first mekacarpal

F1c. 64.—Skeletal traction is required for reduction of the Bennett frac-
ture—dislocation of the metacarpal-carpal joint of the thumb, Inadequate
reposition of fragments results 1n arthntis, pan and loss of function. The web
between thumb and index finger must be adequately padded to prevent
pressure sores.

ture must be accurately reduced and maintained until solid
union has occurred (Fig. 64).

Reduction is not difficult to obtain by skeletal traction. The
position cannot be maintained by an ordinary plaster dressing
because of the obliquity of the fracture and because the meta-
carpal slides proximally on the saddle-shaped surface of the
multangular major bone. The plaster cast must be molded to
the lateral side of the base of the thumb to help stabilize the
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Fic. 65.—Treatment of dislocation of the thumb

fracture and close the gap between the fragments. After six
weeks, union should be strong enough to permit guarded use of
the thumb. Inadequate reduction will result in instability and
pain from secondary degenerative changes in the metacarpal-
carpal articulation,

DisLocamion or THE METACARPAL-PHALANGEAL JOINT.—A hard
blow on the hyperextended thumb may result in a posterior
dislocation of the proximal phalanx as the head of the meta-
carpal bone is forced through a rent in the anterior capsule
of the metacarpal-phalangeal joint (Fig. 65). In most cases,
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reduction can be accomplished by traction on the markedly
abducted thumb while pressure is exerted against the base of the
proximal phalanx. As the phalanx is felt to engage the meta-
carpal head, the reduction is completed by fleion of the thumb,
which is then immobilized in a neutral position for three weeks
by a plaster dressing extending from the forearm to the distal
phalanx,

Not infrequently the small tear in the capsule is so constricted
Just above the large head of the metacarpal bone that reduction
can be obtained only by surgical means. Through a lateral inci-
sion, tendons which may be caught between the bones are
retracted while the hole in the capsule is enlarged sufficiently to
allow retraction of the metacarpal bone and reposition of the
phalanx,

Rarely is the phalanx dislocated anteriorly. When this does
oceur, reduction is obtained by hyperflexion of the thumb.
Epiphyseal separations at the base of the first metacarpal bone
are reduced by manual traction while firm pressure js applied
over the base of the distal fragment. Since epiphyseal separation
occurs only in children, the possibility of growth arrest with
shortening of the thumb must be kept in mind and a guarded
prognosis given.

INyunies oF SEcoND TO FIrTH METACARPAL BONES

Fractures of the metacarpal bones result from a blow directed
upward through the knuckles or against the dorsum of the hand
or from a crushing injury. The history of such an injury and the
presence of pamn, swelling, crepitus, prominence of the meta-
carpal head in the palm or shortening of the shaft as indicated
by mal-alignment of the knuckles suggest a metacarpal fracture.
The displacement or angulation is influenced more by the frac-
ture force than by muscle pull.

Transvense Fracrunts or e Suart —With posterior angula-
tion such fractures are treated by correction of alignment and
fixation for six weeks by means of a plaster cast dressing
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applied to the back of the forcann, hand and finger, with
the metacarpal-phalangeal joint flexed. Provimal and dorsal
displacement of the lower fragment may be corrected by pos-
terior angulation and catension of the distal fragment after
engaging the ends of the bone (Fig. 66). If reduction cannot be

Complete fracture
of metacarpal
with dorsal dis-
placement. of
prox fragment

Forearmcast Finger in
traction over curved metal
strip incast

Fi1c. 66 —Method of reduction and ded
for transverse fracture of a metacarpal bone

type of i bal,

accomplished by this method, skeletal traction is indicated. Open
reduction is rarely necessary.

MuvtreLe FracTURES of metacarpal bones with gross displace-
ment of the fragments usually require skeletal traction to each
digit. A forearm cast is applied incorporating a curved volar
metal splint for each involved finger. Traction is applied to
each finger with all joints in flexion as for a single metacarpal
fracture. 1f open reduction is necessary, continuous traction may
be required to maintain position and alignment; or internal



Fic. GZ.-P@, an unstable obhique fracture n the distal shaft of the fourth

m after closed reduction B, mternal fixation
with a small threaded wire The wire was inserted in a retrograde manner
out through the head portion of the distal metacarpal and back across the
fracture line into the proumal shaft C, firm union with anatomical Iength
and alignment, after removal of the internal fixation, The pin was remove
four weeks after open reduction
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fisation may be achieved by threaded wires which traverse the
fragments and engage the adjacent metacarpal bones, The wires
are cut off beneath the shin and removed after healing is
complete. Use of a small intramedullary wire or pin is a very
satisfactory alternate method (Fig. 67).

OBLIQUE ORt SPIRAL FRACTURES WITHOUT DISPLACEMENT are

Oohique fracture of meracarpal
with overriding

2

&
Traction by skelctal tractionpm throudh
. distal phalank. Finger jowts flexed over metat
in cast from just behmd knuckle toupper Jiarm

F1c 68 —Accurate reduction and 1mmobilization of oblique or commi-

nuted fractures of a metacarpal bone requires skeletal traction, Note flevion
of finger joints.

immobilized for six weeks. When the distal fragment is displaced
suﬂicien(ly to cause shortening, skeletal traction for four to six
w.eeks is a routinely acceptable method (Fig. 68). Persistent
displacement may require open reduction and internal fixation
(Fig. 67).

Fractures or e Neck.—~Such fractures, with forward dis-
placement of the distal end into the palm of the hand, are
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common. For restoration of normal function, the alignment must
be accurately restored. Reduction is accomplished by upward
pressure on the metacarpal head through the flexed metacarpal-
phalangeal joint while pushing downward on the distal end of
the upper fragment (Fig. 69). It is not possible to reduce this
fracture by traction on the extended finger, since the capsule

Fracture of neck
of meracarpal

Plaster cast holds
finger m flexion
4 weeks

B e NP T I S . L Y LR I TS Doy

and ligaments of the metacarpal-phalangeal joint are taut only
in flexion. A plaster of panis dressmg affords secure fixation. In
unstable fractures the cast should be applied in two stages. The
first section of the cast should extend from the forearm to the
fracture site. After this plaster has hardened, the dressing is
continued onto the flexed finger, while upward pressure on the
metacarpal head is mamtained. Unon sufficient to allow guardcd
use of the finger is usually adequate within four wecks. .
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Post-reduction Care.~Plaster dressings for metacarpal frac-
tures should be as simple as possible. Free use of the uninjured
fingers must be encouraged to prevent prolonged convalescence
and permanent disability of the hand as a result of stiflness see-
ondary to capsular contraction or the formation of dense fibrous
adhesions.

Persistent volar angulation from inadequate reduction or
neglect results in malfunction of the cntire hand, owing to the

Fic 70 —Volar angulation of a healed fracture of the neck of the fifth
g\xﬁacaxpn\ (obhque wiew) Corrected by and dullary
ation

prommence of the metacarpal head in the palm (Fig. ¥0). Such
a disability frequently warrants surgical correction.

'DISLOCA'HONS OF METACARPAL-PHALANGEAL JoInTs.—Disloca-
tions occur most frequently in the posterior direction, although,
rarely, the phalanx may be displaced anteriorly or to either
side. If reduction 15 not successful by manual traction on the
extended finger, the digit should be hyperextended while the
proximal phalanx is pushed over the metacarpal head by firm
pressure at 1ts base, followed by flexion of the finger. Occasion-
ally, .surgical intervention 15 necessary in order to enlarge the
opening in the capsule of the jomt. A plaster of paris dressing
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is the safe method of immobilization. Only the involved finger
is immobilized A position of flaxion should be maintained for
three weeks.

AvuLsION OF EXTENsor TENDON OF FINGER

This lesion, the baseball or mallet finger, is produced by a
blow to the tip of the finger which forces the distal phalanx into
flexion. Injuries of this type may occur when catching a baseball
or when tucking the sheet under 2 mattress. The loss of ability
to extend the distal phalanx actively while passive motion re-
mains normal is indicative of an avulsion of the extensor tendon
from its insertion onto the proximal dorsal margin of the distal

Extensor tendon.
Avulsion (baseball) A
fracture of distal Skin-tight plaster cast
Phalerx Distal prialar Tujperextended
Middle and proximal
phalanges flexed

Fic 71.—Closed treatment of mallet finger.

phalanx. The forced flexion of the end of the finger against the
contracting extensor muscle may simultaneously tear off a small
fragment of bone to which the tendon is attached. In such cases,
the history and physical findings may be supplemented by defi-
nite roentgen evidence.

Successful treatment requires immobilization of the distal inter-
phalangeal joint in maximum hyperextension for six weeks. When
treatment is started early, this may be accomplished by a plaster
cast dressing or metal sphint which extends the distal phalanx,
while the proximal interphalangeal joint is moderately flexed
(Fig. 71). This method often fails to maintain the necessary rigid
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Fic. 72 —Avulsion of extensor tendon from base of distal phalant with

of an lly large fi t of articular surface; also, mild

anterior subluxation of the distal phalanx, The articular fragment was excised

and the tendon sutured to the base of the phalanx. Result was very satis-
factory,

immobilization and internal fixation with a carefully directed
intramedullary pin will occasionally be indicated.

Surgical intervention for the repair of neglected or unsuccess-
fully treated cases is technically difficult and is rarely necessary.
It is indicated when the persistent flexion of the distal phalanx
is disabling vocationally or socially (Fig. 72). The successful
repair sometimes requires excision of the scarred area of tendon
and its replacement with a free tendon graft with proper im-
mobilization for a period of at least six weeks.



CHAPTER 18

The Wrist

THIS CHAPTER 15 LiMITED to the discussion of injuries to the carpal
bones and dislocations involving the radialcarpal joint. Colles’
fracture and epiphyseal injuries involving the bones of the fore-
arm at the wrist are described in Chapter 19.

SprAIN OF THE WRIST

An injury to the hand which is followed by swelling of the
wrist and pain on movement, with no roentgenographic evidence
of fracture or dislocation, should be recognized as a sprain.
The symptoms are most effectively relieved by a light anterior
plaster sphint or a circular cast. After 21 days the splint shovld
be removed and additional roentgen studies of the wrist, in-
cluding oblique views, made. If there is still no evidence of
a fracture of the navicular bone, the cast may be discarded and
active movements of the fingers and wrist encouraged. These
exercises are more easily performed with the hand and wrist
submerged in a warm water bath. Recovery will be prolonged,
rather than shortened, by forced movement or vigorous massage-

DisLocation oF THE Lunate Bone

An interesting and not uncommon injury which may result
from a fall on the outstretched and hyperextended hand is a
forward dislocation of the lunate or semilunar bone. As the pos-
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terior ligaments between the lunate and capitate distally and the
radius proximally arc ruptured, the lunate rotates anteriorly and
comes to lic beneath the flevor tendons and the volar carpal
ligament. The paticnt will then lold the wrist in a position of

Fic, 73 -R h anterior dislocation of lunate bone and
proumal half of the navicular

flexion in order to release the tension over the displaced bone,
which can be palpated on deep digital pressure.
RoenteENOGRAMS Will show the capitate bone in contact with
the articular surface of the radius and the lunate m abnormal
position in front of the wrist (Figs. 73 and 74).
Revuction by the Conwell method can be accomplished under
local anesthesia or sodum pentothal

TECHNIQUE OF REDUCTION

L. Forcefully distract the wrist, to displace the capitate dis-
tally and to open up a space for the lunate. (One assistant
should pull down on the hand while a second assistant
pulls up on the flexed elbow. )



Dislocation of sermilunar Reduced by hujper

Let view AP view of wrist Wikl &mg
trachion and. co -
traction. Thurmbs

mly flexed
can. be felk slipping
nto place
Fic. 74 —Manipul. d of dislocation of lunate bone of the

wrist
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Distracuion of

WY1t joint,

permitting easy”
reductiorn:

Fic. 75 ~fllustrating use of Soutter tracthion apparatus for distraction of
carpal dislocations The force that can be obtained with this apparatus is

tremendous, and 1t 15 imperative that a spring scale be used as a precantion-
ary measure,

2. While maintaimng distraction, hyperextend the wrist.

8 The operator’s thumbs must mold the lunate distally and
backward as the wrst is suddenly brought from acute
extension to acute flexion 1f reduction is accomplished,
there will e felt or heard a sudden snap, and full motion
of the wrist will be possible immediately.

Boehler states that contmuous longjtudinal traction on the

extended fingers for 10 minutes, timed by a clock, with counter-



152 FRACTURE TREATMENT

traction on the elbow flexed to a right angle, will invariably lead
to reduction of the lunate by forces brought to play against it by
the taut flexor tendons.

Reduction of the perilunar dislocation or dislocation of the
Iunate bone itself is always difficult. Attempts to reduce these

Perilunar disiocation.
Lunate bone remams N
m place Remammder — Reduction
of hand dislocated

posteriorly

Fro. 76.—Reduction of penlunar dislocation of the wrst.

dislocations by manual traction and manpulation are frequently
unsuccessful These dislocations can be reduced if traction of
50-60 pounds is maintaned for several minutes before attempt-
ing to manipulate the wrist. The traction equipment which 1s
on most orthopedic fracture tables can be used for this purpose.
A less expensive traction device which is equally effective for
applying traction to the hand is the Soutter apparatus, shown
in Figure 75.

IratosiLizaTios should be maintained for three weeks in slight
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flevion by anterior and posterior plaster splints which should
not interfere with movement of the fingers. The total period
of disability usually ranges from six to cight weeks,

Less commonly, the lunate may be dislocated posteriorly.
Reduction is accomplished as for anterior distocation with the
exception that the wrist must be acutely eatended from a flexed

Fic. 77 —Penlunar dislocation of wrist Note loss of normal relationship
of carpal bones in anteroposterior view and dorsal dislocation of the carpus
around the undisturbed lunate shown m the lateral view.

position 1n order to complete the manipulation and then immo-
bilized in slight estension.

There may be an associated fracture of the carpal navicular,
and its proximal fragment may be dislocated with the lunate,
I.’ollowing reduction, immobilization in a forearm cast which
includes the thumb must be continued until there is roentgen
evidence of union This may requirc as long as six months.

Backward dislocation of the hand and carpal bones, leaving
the lunate bone in position, is exceedingly rare but may occur.



Fic. 78 —Antenor penlunar dislocation of wrist with assocrated fracture
through wast of navicular bone The deformuty wus corrected by manipula-
tion, and the forearm and wnist immobilized 1n a plaster cast for 10 weeks.
Union of the navicular occurred
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This is hnown as a posterior perilunar dislocation (Figs. 76
and 77). Anterior perilunar dislocations also occur, but less
frequently (Fig. 78).

Unreduced dislocations of the lunate cannot be treated sue-
cessfully by manipulation after three weeks from the time of
injury, and there is a difference of opinion as to whether open

Fi16. 79.—~Aseptic necrosis of Junate bone (Kienbock’s disease) may be
mustaken for fracture when fi ion of the dewitalized bone occurs
while it 1s undergorng repl by i I ion

reduction or excision of the bone is the better method of treat-
ment. \Vatson-]ones reports that, of 12 patients on whom he
performed open reductions, 11 had painful wrists due to aseptic
necrosis of the lunate bone and degenerative arthritis in the
surrounding joints, this indicates that excision of the bone is the
method of choice. Aseptic necrosis of the lunate bone, which
occasionally occurs without a fracture or dislocation, is known
as Kienbock’s disease (Fig 79). Note the high density of the
lunate compared to the atrophic surrounding living bone,
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Fracrures oF THE NavicuLar Bone

The carpal scaphoid or navicular bone, together with the lunate,
is mterposed between the hand and the distal end of the radius.
The bean-shaped navicular bone is divided by a constricted
region, called the waist, into an extra-articular distal portion,
or tubercle, and a larger proximal intra-articular segment, or

Fracture of tuberosity
of navicular bone

Circular cast ’ R @) g1==]
of fingers and " . . ' timmb
nd v

Fi1c. 80 ~Treatment of recent fracture of the carpal navicular (scaphod)
ne

body. Forces transmitted through the hand to the radms may
fracture the navicular bone, particularly if the carpus is in 2
position of shght dorsiflevion and radial deviation. The fracture
line may cross the tubercle, the waist or the body of the bone.

The patient with a navicular fracture complains of severe
local pain and loss of wnst motion, particularly on abduction
and extension. Physical examination reveals swelling and tender-
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ness in the anatomic snuflbox and over the dorsum of the wrist,
After every severe injury to the wrist, roentgenograms should be
made in multiple planes. Because of the forward tilt of the bone,
some fractures are demonstrable only in oblique views. For the
same reason, slight dorsiflexion of the wrist is the best position
for obtaining a sharply profiled anteroposterior view.
Trcatment.—The wrist should be immobilized with the hand in
slight dorsiflesion and radial deviation (Fig. 80). The circular
plaster dressing applied over stockinette without padding extends

Two nukrient One nutrient One nukment
arteries. Frac- artery Necrosis artery centrally
ture does not results when placed’ Necrosis
result innec- fracture disrupts  occurs in frag-
rosws of either arteral supply ment excluded
fragment of fragment. trom blood suppit

Fic 81 —Blood supply of the carpal navicular bone Fracture may ex-
clude fragment from 1ts blood supply, with resulting aseptic necrosis.

from the forearm to the metacarpal-phalangeal joints of the sec-
ond to fifth fingers and to the interphalangeal joint of the thumb,
with the latter i a position of opposition Although union is
usually complete in eight to 12 weeks, continuous and adequate
immobilization must be mamtained until there is unmistakable
roentgenographic evidence of obliteration of the fracture line.
This may require continued splinting for six months or even
longer

Haur line or fissure fractures of the navicular hone are difficult
to demonstrate and are frequently overlooked on the first roent-
gen films An acutely spramed wrist should be immobilized in
plaster, even when the roentgenograms appear negative for a
fracture After three to four weeks, the roentgen examination
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FracTures oF THE NavicuLanr Bone

The carpal scaphoid or navicular bone, together with the lunate,
is interposed between the hand and the distal end of the radius
The bean-shaped navicular bone is divided by a constricted
region, called the waist, into an extra-articular distal portion,
or tubercle, and a larger proximal intra-articular segment, or

Fracture of tuberosity Fracture of body
of navicular bone of navicular bone

)
Circular cast. to metacarpophalangeal 1OINES
of flmic!gs and interphalangeal onnt St thumb.
nd 1 very slight dorsiflexion

Fic. 80 —Treatment of recent fracture of the carpal navicular (scaphoid)
bone.

body. Forces transmitted through the hand to the radius may
fracture the navicular bone, particularly if the carpus is in a
position of slight dorsiflexion and radial deviation. The fracture
line may cross the tubercle, the waist or the body of the bone.

The patient with a navicular fracture complains of severe
local pain and loss of wrist motion, particularly on abduction
and extension. Physical examination reveals swelling and tender-
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ever, is necrosis observed. Avascular necrosis of one fragment
jeopardizes the chances of unjon; and, although consolidation
may occur, late arthritic changes in the wrist arc common (Fig.
82). The dead fragment cannot be recognized on roentgeno-
grams immediately following the injury but is evident after a
period of immobilization in a cast. The distal living fragment of

; F1c. 83.~Nonunion of navicular bone associated with pain and hmitation
of motion of the wnist Treated by stylmdectomy and peg grafting of the
navicular, using bone from the styloid process Sufficient stylod bone

removed to insure free mobility without impingement. Unio:
el | pIng . Union resulted, as

bone will undergo atrophy from disuse of the wrist, while the
pr?xxmal dead portion, without blood supply, will retain its
orignal density. The resulting contrast in density on the roent-
genogram s the earhest sign of this vascular complication. As
new blood vessels grow nto and cause replacement of the dead
fragment by the process of crecping substitution, late roentgeno-
grams will show g progressive, irregular appearance of the bone,
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should be repeated. A previously concealed fissure fracture may
now be demonstrated, due to decalcification and absorption
along the margins of the fracture. This important feature of
navicular fractures cannot be overemphasized.
Nonunion.—The failure of union to occur in fractures of the
navicular bone may be attributed to an unrecognized fissure frac-

Fic. 82.~Umon of fracture of lar bone although the 1 frag-
ment is necrotic from interruption of its blood supply. The patient will be
rewarded with a good functional result f the wrst 15 protected from perform-
ing strenuous work dunng the persod required for replacement of the dead
bone by lving bone.

ture, to inadequate and msufficiently prolonged immobilization or
to death of one fragment resulting from aseptic necrosis. Because
of the arrangement of blood vessels entering the bone, the proxi-
mal fragment is most frequently deprived of its nutrition by the
fracture (Fig. 81). The tubercle 1s adequately supplied with
vessels; so fractures here heal within six weeks, and rarely, if
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ever, is necrosis observed. Avascular necrosis of one fragment
jeopardizes the chances of union; and, although consolidation
may occur, late arthritic changes in the wrist are common (Fig.
82). The dead fragment cannot be recognized on roentgeno-
grams immediately following the injury but is evident after a
period of immobilization in a cast. The distal living fragment of

Fic 83N i Y

of of bone d with pain and Limitation
x motion of 'the wrnist. Treated by stylodectomy and peg grafting of the
Wicular, using bone from the styloid process Sufficient stylod bone

:ﬁf;:i d'.° insure free mobility wathout impingement Unton resulted, as

bone will undergo atrophy from disuse of the wrist, while the
p@ximal dead portion, without blood supply, will retain its
original density. The resulting contrast in density on the roent-
genogram is the carliest sign of this vascular complication. As
;le\v blood vessels grow into and cause replacement of the dead
ragment by the process of creeping substitution, late roentgeno-
grams will show a progressive, irregular appearance of the bone,
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with thinning of the cartilage space between the navicular and
the distal end of the radius.

Treatment.—Established nonunion with two live fragments,
associated with pain in the wrist, is best treated by multiple
drilling and the insertion of a bone graft, and styloidectomy
(Fig. 83). The radial aspect of the bone is exposed through an
incision in the anatomic snuffbox. One cortical bone graft from

1
Non-umon of naviculan Muihiple dril holes
Both fragments alive. and autogenous
and with same atrophic bone gratt from

density styloid process

Incision between
exkensor longus
and brevis of
thuamb

Fic. 84 ~Treatment of nonunion of fracture of the navicular (scaphoid)
bone of the wnst

the excised radial styloid process or proximal third of the ulna
should be inserted into as large a channel as possible to extend
from the distal into the proximal fragment (Figs. 83 and 84).
Care must be exercised to prevent damage to the articular
cartlage by the drill or the graft The wrist should be mmo-
bilized as for a recent fracture until union is established by
roentgenographic examnations. It is wise to protect the wrist
by means of a removable molded leather metal-reinforced,
cock-up sphnt for an additional three months. This will permit
the patient to evercise the wrist while final consolidation occurs.
A firm fibrous union may result in a painless and serviceable
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Non-union of navicular

¢ Styloid process and
with aseptic necrosis prox. fragment.
of proximal fragment. excised

tolong extensor
mal
retains ongmailrggmxu,;. of Biirrid

Fic. 85.~Treatment of aseptic necrosis of the navicular bone of the wrist.

under et
Ses ebropy Incision dorsal
dca\a ment

wrist, but the goal of treatment should be bony union of the
fragments.

A painful wrist resulting from an established nonunion with a
dead proximal fragment is best treated by surgical removal of
the devitalized portion and the styloid process of the radius (Fig.
83). When the dead fragment has been unrecognized for several
years and there 1s pain in the wrist due to secondary arthritis
involving the proximal row of carpal bones, an arthrodesis of

the carpus to the radius, utilizing a bone graft, is the treatment
of choice.



CHAPTER 19

The Forearm

FRACTURES OF THE DISTAL END
OF THE RADIUS

Fractunes or THE pistaL ExD of the radius include the following
types: hyperextension (Colles’), flesion (reversed Colles” or
Smith’s), posterior marginal (Barton’s), anterior marginal (re-
versed Barton’s) and fracture-dislocation of the distal radial
epiphysis (Fig. 86).

The most common bone injury occurring in the region of the
wrist is a Colles fracture, which results from an attempt to
arrest a fall by the outstretched arm and hand. This sarme trauma
n very young children produces a greenstick fracture several
inches above the lower extremity of the radius or ulna or a
supracondylar fracture of the humerus. In youngsters over the
age of 10 and in adolescents, a fracture-dislocation of the distal
radial epiphysis is not uncommon.

Accurate reduction of fractures around the wrist joint must
include restoration of the normal relationships of the bones which
enter into this complex articulation and on which wrist function
depends. Any surgeon who undertakes the treatment of injurics
to the bones and jomts shonld be familiar with these imporfant
anatomic relattonships The following are things to remember
about the wrist-

1. The radius 1s normally 15 in. longer than the ulna.

2, In the anteroposterior view, the articular surface of the
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Fic. 86 —Injunes of the distal end of the radius which may disturb 1]
articular plane and wmpair function of the wrist joint.
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Frc. 87.—Anatomic relations of the radis at the wrist and how they are
disarranged by Colles’ fracture.
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radius slopes from its styloid process provimally toward
the ulna, creating an angle of about 25 degrees.

3. In the lateral view, the plane of the articular surface faces
forward and volarward at an angle of approximately 15
degrees. This is called the angle of articulation and is most
important for proper function of the wrist joint (Fig. 87).

Courges’ Fracrures

Dracxosis.—Colles’ fracture is definitely suggested by the his-
tory of a fall on the outstretched hand with resulting pain and
loss of function of the wrist and the finding of tenderness over
the end of the radus, and with swelling, shortening of the radius
and broadening of the wrist. This common fracture was first
described in 1814 by Abraham Colles, an Irish surgeon. It pre-
sents the following anatomic characteristics:

1. A fracture of the distal end of the radius within 1 in. of
the wrist joint, and frequently also a fracture of the ulnar
styloid.

2. Involvement of the whole thickness of the distal shaft of
the radius, with possible fragmentation of its articular
surface

8. Backward displacement of the distal radial fragment with
or without impaction into the lower end of the proximal
fragment. ; £;. o

4. Radial“displacement of the distal fragment,

5. Changes in position of the fracture fragments producing
a reversal of the articular angles and the characteristic
silver fork deformity.

a) The articular surface of the distal end of the radius now
faces up and back instead of down and forward.

b) In the anteroposterior view the slope from the tip of
the styloid process toward the ulna may be completely
reversed.

¢) If there is impaction or marked displacement, the radius
may be shorter than the ulna.



Inzert.needle on
dorsum to avoid
radial ar]

ar extension
frees fragment

Fic. 88.—~Technique

of reduction of Colles’ fracture with local anesthesia
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TREATMENT

1. Reduction.—Pentothal anesthesia is preferable in the reduc-
tion of Colles fracture, but local procaine anesthesin is
quite acceptable (Fig. 88).

a) Grasp the hand as in the act of shaking hands.

b) Break up the impaction, if present. Force the hand
backward while everting traction and countertraction.

¢) Apply dircet traction and force the hand downward
and ulnarward., The distal radial fragment must be
restored to position by pushing it volanward and toward
the ulna.

The reduction should be perfect. Examination should show that
the distal end of the radial styloid is now from 14 to 14 in. distal
to the distal end of the ulnar styloid. A lateral roentgenogram
should show that a line drawn between the posterior and the
anterior margin of the distal end of the radius slopes down and
forward

If the fracture 1s not accurately reduced and immobilized
until solid bony union has taken place, healing in malposition
may cause a weak wrist, pain, gross deformity, limited move-
ment, tenosynovitis, ulnar jnstability and pain because of rupture
of the triangular fibrocartilage of the ulnar-radial articulation,
or late rupture of the extensor tendons.

2. Immobulization —Note that short fiber board, cardboard or
metal splints are altogether inadequate for safe immo-
bilization of any fracture of the bones of the forearm.

A If there is no fragmentation of the distal segment and
if the reduction is accurate, the splinting daes nat
necessanily have to extend above the elbow, but it must
include the hand to (though not across) the meta-
carpal-phalangeal joints.

(1) The 1deal method of immobilization is by means
of anterior and postenor plaster slabs with little
padding (Fig. 89) (Excessive padding may permit
loss of position of the fragments.)



A AT mlhaban et e aflaw

szw showing
nar deviahion
m, cast

Cast contunue
three weeks

Fic. 89 ~Application of anterior and posterior plaster molds.
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F16 90.~Skeletal traction for reduction and immobilization of severely
comminuted fractures of the distal end of the radius.



170

FRACTURE TREATMENT

(2) While the reduction is being maintained, the slabs
are carefully molded to the arm and bound together
with a gauze bandage.

(3) The surgeon should use good judgment The
bandage must be sufficiently secure to maintain
the reduction but not tight enough to interfere
with the circulation.

(4) The position of the hand should be that of flexion
and vlnar deviation.

If the fracture of the radius is comminuted, the cast

should extend above the flexed elbow, with the fore-

arm in midposition between supination and pronation,
in order to prevent rotary strain and possible displace-
ment of fragments. This is the position of anatomic rest.

. If comminution is extreme and includes more than the

distal 1 in. of the radius, or if the carpus tends to

subluxate, continuous traction should be used.

(1) A Kirschner wire or threaded pin should be passed
through the midportion of the thumb metacarpal
This provides adequate traction and at the same
time deviates the hand ulnarward (Figs. 90
and 91).

(2) VWhile traction is maintained, after reducing the
fracture, a plaster cast should be applied, incor-
porating the pin. To be effective, this cast must
extend above the elbow. The fingers and thumb
should be exercised vigorously and frequently each
day A forearm cast will be sufficient if a second pin
is placed through the proximal third of the ulna.

(8) The metal pin or pins may be removed after four
weeks, but immobilization should be continued
for two to three weeks longer (Fig. 92).

(4) Open operations should not be necessary in deal-
ing with fractures of the distal end of the radius
or ulna.



Fic 91 ~Seserely comminuted Colles” fracture of the distal end of the
radius, with postenor displacement  Treated by traction with a ma through
the first metacarpal The pin 1s incorporated nto a plaster cast while trac-
tion 15 bewag mantaned  Use of skeletal traction has greatly improved the
dnatonue and functional end-result for this inury.
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Fic 92,-Di result of d bt 100 soon 0
comminuted fracture of the radius with dislocation of the wrist {A). Sats-
factory reduction was obtamed by skeletal traction with a threaded pin
passed through thumb aud then 1acorporated i a plaster cast (B). When the
pin was removed after 3% weeks, posiion was lost and fracture healed with
shortening of radius and deformity (C). Immobilization should have been
continued at least two weeks longer
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Posmrepuctiox Care.—1. Immediately after the application of
the plaster dressing, anteroposterior and lateral roentgenograms
should be made to ascertain the aceuracy of the reduction. These
should be taken in the operating room and the reduction ad-
justed, if necessary, before the patient is allowed to awaken.

9. If the articular surface of the radius has not been restored
to its normal relationships or if the radial deviation of the distal
fragment has not been corrected, the cast should be removed
and further attempts at reduction made until roentgenograms
show that the reduction is accurate.

3. The patient is wamned to kecp the part elevated and he
should be seen within 24 hours of the reduction to make sure
that swelling of the arm within the cast is not restricting the
circulation of the hand.

4. If there is excessive swelling or ischemia, the plaster
dressing must be loosened at once. Even temporary loss of the
reduction must be permitted if necessary to prevent Volkmann’s
contracture or ischemic necrosis.

5. As swelling subsides, the slack in the dressing may be
eliminated by binding the plaster splints more tightly together
with a woven elastic bandage.

6. It is imperative to get roentgenograms after seven to 10
days in all instances to determine that the reduction has not
been lost.

7. The arm should not be carried in a sling for more than
two to three days.

8 A satisfactory functional result requires that the patient
be instructed over and over again in the active use of the fingers.
He should be encouraged to use the hand as freely as possible
throughout the period of healing of the fracture.

«— 9 The arm must be moved through a complete range of
shoulder joint motion several imes each day if the complication
of “frozen shoulder” is to be avoided, When the shoulder is not
exercised and the arm is maintained at the side, muscles and
tendons may become adherent to their sheaths and adhesions
may form 1n the shoulder joint eapsule, causing pain and restric-
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tion of motjon. This rarely happens in children, but it is common
in older or elderly patients. Pain and restricted shoulder move-
ments, caused by irritation at the insertion of the supraspinatus
tendon, are common and are ordinarily relieved by the injection
of procaine and hydrocortisone into the tender spot.

10. The trauma which produces fracture of the wrist may
also cause bruising and contusions of muscles and bursae at the
shoulder. If shoulder exercises are not insisted on, edema and
adhesions may involve trunks of the brachial plexus. There may
follow vasomotor disturbances consisting of swelling of the hand,
wrist and forearm, intractable pain and trophic changes in the
skin of the hand and forearm, These constitute a most unhappy
symptom complex, not fully understood and slow to respond to
treatment, which has been designated causalgia,

1L. Sumple Colles’ fractures should be immobilized for five
weeks. The wrist should be brought from the position of acute
flexion to neutral in three weeks.

12. Continuous immobilization for six to eight weeks is indi-
cated when there is fragmentation of the distal fragment.

13. Function returns sIowly after removal of the cast. An
accurate reduction does not assure the patient full active motion,
and frequently excellent function js obtained even though the
deformity has not been completely corrected.

Marunitep Cories’ Fracrure.—If the union has not com-
pletely consolidated, the patient should be anesthetized with
sodium pentothal, ether or gas, and the impaction and early
union should be broken up with forceful manual manipulation
or with a Thomas wrench. The fracture may then be reduced
and the arm immobilized for four to six weeks.

Bony union of mal-ahgned Colles' fractures with pain and
poor function may be corrected by open operation, An osteotomy
is made at the site of fracture A wedge-shaped defect is opcncd
on the lateral and dorsal aspects of the radius until the articular
plane of the distal end of the radius is restored to its normal
inclination. The distal prommence of the ulna is then removed
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with an osteotome and forced into the open wedge to maintain
the reduction. A plaster cast should be worn for six weeks (Fig.
99, p. 182). A more common procedure is simple excision of the
distal portion of the ulna, This greatly improves balance and
mobihty of the wrist (Fig. 100, p. 183).

FrLexiox Fracrunes

The distal fragment in reversed Colles’ fractures is displaced
volanward and proximally. This type of fracture is much less

Distal fragment
displaced ankeriorly
Cock-up gphint made from.
ant and gos\-. plaster moulds
mantain reduction.

Fic 93 —The reversed Colles” fracture.

commeon than the hyperextension injury. The deformity is less
obvious than is the silver fork appearance of the hand and wrist
after Colles’ fracture. The principles of care are identical with
those described for Colles’ fracture. The final manipulation,
however, should force the hand and wrist into moderate hyper-
extension. This cock-up position should be maintained by ante-
rior and postertor plaster splints which are molded to the arm
from just below the elbow to the wrist and include the hand
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tion of motion. This rarely happens in children, but it is common
in older or elderly patients. Pain and restricted shoulder move:
ments, caused by irritation at the insertion of the supraspinatus
tendon, are common and are ordinarily relieved by the injection
of procaine and hydrocortisone into the tender spot.

10. The trauma which produces fracture of the wrist may
also cause bruising and contusions of muscles and bursae at the
shoulder. If shoulder exercises are not insisted on, edema and
adhesions may involve trunks of the brachial plexus. There may
follow vasomotor disturbances consisting of swelling of the hand,
wrist and forearm, intractable pain and trophic changes 1 the
skin of the hand and forearm. These constitute a most unhappy
symptom complev, not fully understood and slow to respond to
treatment, which has been designated causalgia.

1L Simple Colles' fractures should be immobilized for five
weeks, The wrist should be brought from the position of acute
flexion to neutral in three weeks.

12. Continuous immobilization for six to eight weeks is indt-
cated when there is fragmentation of the distal fragment.

13. Function returns slowly after removal of the cast. An
accurate reduction does nat assure the patient full active motion,
and frequently excellent function is obtained even though the
deformmty has not been completely corrected.

MaruNitEp CoLLes’ Fracture.—If the union has not com-
pletely consolidated, the patient should be anesthetized with
sodium pentothal, ether or gas, and the mnpaction and early
union should be broken up with forceful manual manipulation
or with a Thomas wrench. The fracture may then be reduced
and the arm immobilized for four to six weeks.

Bony union of mal-ahgned Colles” fractures with pain nd
poor function may be corrected by open operation. An ostcotomy
is made at the site of fracture. A wedge-shaped defect is opcned
on the lateral and dorsal aspects of the radius until the articular
plane of the distal end of the radius is restared to 1ts normal
inclination. The distal prominence of the ulna is then removed
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to, but not beyond, the metacarpal-phalangeal joints (Figs. 93
and 94).

Manaival. FRacTurg

Anterior or posterior marginal fractures of the distal end of
the radius are not difficult to reduce, but they should not be
neglected or treated with indifference. The fracture fragment in
either instance includes a portion of the joint surface. Displace-
ment is rarely marked. Reduction can be accomplished by mold-
ing and pressure against the fragment.

Both anterior and posterior marginal fractures should be im-
mobilized with the wrist held in slight dorsiflexion. The posterior
type should not be treated by forcing the wrist into a position
of volar flexion because of the definite danger of posterior carpal
dislocation (Fig. 95).

Fracrure-DistocaTions oF Distal. RapiaL Eprpmysis

This fracture occurs through the zone of partially calcified
cartilage columns on the diaphyseal side of the epiphyseal plate
and not through the growth-disk itself. Occasionally the distal
end of the ulna is displaced, either alone or in conjunction with
the radial epiphysis. The medial collateral ligament may be torn.

Dislocations of the epiphysis, oblique fractures of the epiphy-
sis which cross the epiphyseal cartilage plate and crushmg in-
juries directed upward through the hand may result in premature
fusion between the epiphysis and the diaphysis with disturbance
of growth (Figs. 96-98).

Cuivicar ApPEaRance —The appearance of the wrist following
an epiphyseal fracture-dislocation may be similar to that of
Colles” fracture. The distal fragment may be dislocated toward
the radius or toward the ulna, with a varying degree of posterior
displacement.

Repueriox ~This 1s accomphished by the maneuvers recom-
mended in the treatment of Colles’ fracture The manpulations
should be carried out with skill and with as little force as possible,



Fic. 94 —Communuted fracture of cist2l end of radms with forward dis-
placement of hand, 2 reverse deformity to that observed in Colles” fracture.
The wrict was Inmohilized 1 a newral posihon.
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to, but not beyond, the metacarpal-phalangeal joints (Figs. 93
and 94).
ManGiNAL FRACTURE

Anterior or posterior marginal fractures of the distal end of
the radius are not difficult to reduce, but they should not be
neglected or treated with indifference. The fracture fragment in
either instance includes a portion of the joint surface. Displace-
ment is rarely marked. Reduction can be accomplished by mold-
ing and pressure against the fragment.

Both anterior and posterior marginal fractures should be im-
mobilized with the wrist held in slight dorsiflexion. The posterior
type should not be treated by forcing the wrist into a position
of volar flexion because of the definite danger of posterior carpal
dislocation (Fig. 95).

Fracrure-DisLocaTions oF Distar RapiaL Erreuysis

This fracture occurs through the zone of partially calcified
cartilage columns on the diaphyseal side of the epiphyseal plate
and not through the growth-disk itself. Occasionally the distal
end of the ulna is displaced, either alone or in conjunction with
the radial epiphysis. The medial collateral ligament may be torn.

Dislocations of the epiphysis, oblique fractures of the epiphy-
sis which cross the epiphyseal cartilage plate and crushing in-
Juries directed upward through the hand may result in premature
fuston between the epiphysis and the diaphysis with disturbance
of growth (Figs. 96-98).

Crrvicar Appeanance.—The appearance of the wrist following
an epiphyseal fracture-dislocation may be similar to that of
Colles fracture The distal fragment may be dislocated toward
the radius or toward the ulna, with a varying degree of posterior
displacement.

Rebucriox —This is accomplished by the mancuvers recom-
mended 1 the treatment of Colles’ fracture. The manipulations
should be carried out wath skill and with as little force as possible,



Posterior mavginal
fract of
radins|

Reduchion
Iy direct

Fie 95 —Fractures of the articular margins of the distal end of the rads
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50 thot additional damage to the columns of growth cartilage
may be avoided. If these attempts through careful manipulation
do not sceure an anatomic reposition of the epiphysis, future
growth may be cypected to correct most of the dis-alignment.
A fair reduction should be preferred to an ideal restitution of
the fragments through forced manipulation or open reduction,

Fic 96 —Typical epiphyseal fracture of the distal radial epiphysis with
disal ;

in a boy app puberty. The epiphysis (a) is
displaced p dorly from the i

which greatly increases the hazard of arrest of growth from this
center. The wrist should be immobilized for six weeks by anterior
and posterior plaster splints, with the hand in a moderate degree
of flexion and ulnar deviation.

Forrow.vp Care~Every case of fracture-dislocation of the
distal radial epiphyss should be followed Ly roentgen study at
s month intervals until the question of premature closure of
the epiphyseal cartilaginous disk s definitely answered, The



Posterior rnanginal
fracture of

F16. 95 ~Fractures of the articular margmns of the distal end of the radis



Frc. 98 —Marked shortening of radius in patient aged 19. Fracture at
the age of 11 caused cessation of growth from the distal radial epiphysis.
(Courtesy of Dr C. H Hatcher.)
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Diagonal frasture across
radial epiphysis, Jrowti
cartilage end, cortex
of Metaphysls

Tiprcal codiresult atter cither

,
Fic 97 —Injuries of the distal epiphysis of the radius.
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F1c, 98.~Marked shorteming of radius in patient aged 19 Fracture at
the age of 11 caused cessation of growth from the distal radial epiphysis.
(Courtesy of Dr C. H. Hatcher )
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parents of the patient must be forewarned of the possibility of
growth arrest. When bony fusion occurs between the epiphysis
and the diaphysis, it may be necessary fo resect the growth zooe
at the distal end of the ulna to prevent overgrowth of this bope.
with radial deviation of the band and pain in the radial-ulnar

Fio Y—Left madumted frachore of radns resaling in shortemnz, redia]
devution of Lusd 2od a togh degres of diebiliny . Fazht, trezted by revcbon
of &stzl end of vlna Frachon meeth wmproed.

jomt. Resechon of the ulnar cartilage is not indicated ¥ the
patient is old enough at the time of the injury to be approaching
skeletzl matunty 2nd spontaneous closure of the epipbyvsis

If growth ma;uahh is not prexented and deformity with pain
in the redial-ulnar jomt persists. the distal end of the ulna should
be remmed to correct the deformity and relieve the pain and to



Fic. 100.~Treatment by growth arrest of
the distal radial epiphysis,

of deformity of the wrist caused
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restore function of the wrist (Fig. 99). A wedge osteotomy of
the radius may be indicated (Fig. 100).

FRACTURES OF THE SHAFT OF THE RADIUS
AND THE ULNA

These fractures will be discussed in the following groups:
greenstick fractures in children, stable fractures of both bones
in adults, unstable fractures of the radius and ulna, fractures of
the radius, fractures of the ulna, fractures of the ulna with dis-
location of the proximal end of the radius (Monteggia's fracture)
and nonunion of forearm fractures.

The two bones of the forearm re-enforce and splint each other.
he ulna is important in movement of the elbow and for stability
of the forearm. The radius re-enforces the ulna, articulates with
the carpi and makes possible the dexterity of the hand through its
rotary motion about the ulna in pronation and supination.

The displacement of fragments following fractures of the fore-
arm bones is dependent largely on muscle action and, to 2 lesser
degree, on the force of the injury. The following muscles are
involved, and the fracture surgeon must be familiar with their
anatomy and function (Fig. 10I).

1. The pronator teres, which has its origin above the elbow
medially and inserts near the middle of the radius.

2. The supmator, which passes from the ulna to the radius
posteriorly m the upper third.

3. The pronator quadratus, located anteriorly in the distal
third, with its fibers passing transversely from ulna to
radius.

4, The biceps brachi, which nserts into the upper third of

the radius and serves as a supinator of the forearm and

hand, in addition to 1ts usual function as a strong flevor
of the forearm.

. The brachioradialis and brachialis which are of lesser im-
portance in producing deformity following fracture.

o
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The nature of the deformity depends largely on the location
of the break in relation to the pronator teres muscle:
A. When the fracture occurs proximal to the inscrtion of the
pronator teres muscle, the upper fragment of the radius
assumes a position of supination, owing to the unopposed

Supmator -

Radug - -

4 Fic. 101 —Schematic diagram of the forearm muscles which influence the
isplacement or rotation of fragments in fractures of the rads and ulna

action of the supinator muscle. The distal fragments of the
radius and ulna are pronated by the pronator teres and
pronator quadratus muscles. The radius lies obliquely
across the ulna, and for alignment of this fracture the
surgeon must strongly supinate the distal fragments with
steady traction throughout the maneuver.
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When the fracture is distal to the insertion of the pronator
teres, the proximal fragment of the radius assumes a
neutral position, as the action of the supinator muscle is
counteracted by the pronator teres. The distal end of
the radius is pronated by the pronator quadratus muscle
and drawn toward the ulna. Reduction is accomplished
by obtaining end-to-end position of the fragments, with
the hand in a neutral position between pronation and
supination.

Oblique fractures usually result in shortening with overlapping
of fragments. The interosseous membrane, with fibers passing
slightly upward from the ulna to the radius, has a limiting effect
on displacement of the fragments. Angulation at the site of frac-
ture is usually posteriorly and is more common in the ulna than
in the radws

Recovery of dexterity and strength of the forearm and hand
following fractures of the radius and ulna is contingent upon
the preservation of the interosseous space and the restoration of
pronation and supination. In general, the treatment of fractures
of both bones of the forearm entails the followmg:

L

G Gt

Restoration of length by traction on the distal fragments
and countertraction on the proximal fragments.
Accurate apposttion of fracture surfaces by manipulation.
Correction of alignment—both linear and rotary.

. Restoration of the interosseous space,
. Immobilization 1n a lightly padded plaster cast until roent-

genograms show bony union. The elbow should be flexed
to 80 degrees, and the cast should extend from the axilla
to the distal flexor crease of the palm, but not to the
metacarpal-phalangeal joints. The forearm should be fully
supinated for fractures above the msertion of the pronator
teres; and for fractures distal to this insertion, a neutral
position between pronation and supination should be
maintained.

. Oblique fractures which cannot be adequately reduced

and maintained by closed methods must be treated surgr-
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cally—by open reduction and application of plates and
screws, insertion of an intramedullary rod in the ulna or
skeletal pins above and helow the site of fracture, with
stabilization by a plaster cast.

Fractures 1N CHILDREN

The shafts of the radius and ulna of young, children are fre-
quently broken by falls on the outstretched hand, while in adults
such injuries usually cause Colles’ fractures. The same type of
injury may produce an epiphyseal separation if the patient is in
the prepuberty age period of 12-15 years. The fracture in chil-
dren is commonly located in the distal thirds of the bones. Often
these fractures are incomplete or greenstick in nature with pos-
terior angulation, but complete transverse or oblique fractures
with over-riding occur. The greenstick fracture should be re-
duced by applying traction and countertraction, with correction
of the angulation by molding the bone into line with the forearm
grasped as in Figure 102, below. Care is essential to avoid loss
of end-to-end position of the fragments. Excellent sedation and
co-operation of the child may be obtained with an adequate dose
of morphine, depending on the child’s age. Do not try to inject
procaine locally. The periosteum is not stripped widely, and it is
difficult to locate a hematoma, which is essential for diffusion
and successful use of this agent. Furthermore, the child will cry
more during the insertion of the needle than during the actual
reduction with adequate sedation by morphine. A long arm cast
should be applied and check-up roentgenograms obtained. If the
reduction is not perfect, the cast may be wedged, or removed
and the manipulation repeated. The roentgen examination must
be repeated 10-14 days after reduction, since there is a tendency
for angulation to occur as the swelling subsides and the plaster
becomes loosened (Fig 103).

Fra?mres of the radius and ulna in children with separation
and displacement of the fragments may be reduced by the same
methods as those used for adults and will be discussed under
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B. When the fracture is distal to the insertion of the pronator
teres, the proximal fragment of the radius assumes a
neutral position, as the action of the supinator muscle is
counteracted by the pronator teres. The distal end of
the radius is pronated by the pronator quadratus muscle
and drawn toward the ulna. Reduction is accomplished
by obtaining end-to-end position of the fragments, with
the hand in a neutral position between pronation and
supination.

Oblique fractures usually result in shortening with overlapping
of fragments. The mterosseous membrane, with fibers passing
slightly upward from the ulna to the radius, has a limiting effect
on displacement of the fragments. Angulation at the site of frac-
ture is usually posteriorly and is more common in the ulna than
in the radius.

Recovery of dexterity and strength of the forearm and hand
following fractures of the radius and ulna is contingent upon
the preservation of the interosseous space and the restoration of
pronation and supination. In general, the treatment of fractures
of both bones of the forearm entails the following:

. Restoration of length by traction on the distal fragments
and countertraction on the proximal fragments.

. Accurate apposition of fracture surfaces by manipulation.
Correction of alignment—both linear and rotary.

. Restoration of the interosseous space.

. Immobulization in a lightly padded plaster cast until roent-
genograms show bony union. The elbow should be flexed
to 90 degrees, and the cast should extend from the axilla
to the distal flexor crease of the palm, but not to the
metacarpal-phalangeal joints. The forearm should be fully
supinated for fractures above the insertion of the pronator
teres, and for fractures distal to this insertion, a neutral
position between pronation and supination should be
maintained.

6. Oblique fractures which cannot be adequately reduced

and maintained by closed methods must be treated surgi-

—

U o



Fic. 103. —A typical greensuck fracmre of both bones of the forearm
in a child. F the was restored to normal (B

and C). Union was complete 1n eight weeks (D), although the fracture line
had not been completely obliterated.
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Fic 102 —Above,
radws and ulna Belor
posterior angulation

typical volar angulation in a greenstick fracture of l.he
t, method for reduction of a greenstick fracture with
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that heading, If the fracture js transverse, the ends of the frag-
ments can be locked; but oblique fractures may occasionally
require open reduction and interual Raation. Less than perfect
apposition of fragments but good alignment may be accepted as
an adequate reduction in a child, since callus is usually abundant
and minor discrepancics are corrected by subsequent growth of

Fic 105 —A and B, a healed fracture of the distal shaft of the radius
and ulna, with 30 degrees of postcrior angulation of the distal fragment
High degrees of deformity in children will usually correct m a short period
of time, as shown 1 € and D

the bone (Figs. 104 and 105). However, severe angulations may
not be restored to alignment adequate for good function, and the
physician must strive for as complete reduction as possible (Fig.
108). If union is not complete at the end of six weeks, protection
of the fracture must be maintained by a plaster dressing for an
additronal four wecks or until roentgénogmms show firm union.
It 15 to be remembered that a small child will not understand
\E')m 1s meant by protected use of the arm, and refractures are
likely to occur if immobilization is discontinued too soon.



Fic, 104 —Isolated fracture in chstal shaft of radws in a growing child
This injury is not uncommon and 1s difficult to reduce, Anatome reduction
is not necessary for a normal end-result.
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Fracrunes oF Ravivs axp ULN¥a 1IN ApuLts

When both bones are broken in the adult, over-riding and
angulation are common. These fractures should be reduced by
direct traction and countertraction. When strong distraction is
required, traction with wire-meshed traps attached to all the
fingers is eminently satisfactory. It is sometimes possible to com-
bine gentle traction with marked angulation to lock the frag-
ments of one or both of the bones and then to complete the
reduction by extension (Fig. 107). When one bone has been
aligned by traction, angulation or both, it may be used as a
fulerum for Jongitudinal leverage with which to reduce the other
bone.

Closed reduction should be performed under local or general
anesthesia, The latter is preferred because it permits total relaxa-
tion of muscles, which is difficult to obtain with procaine in-
jected locally into the fracture sites. For countertraction, a muslin
bandage may be wrapped around the arm just above the elbow
over a pad of cotton batting or absorbent cotton. This bandage
must be applied smoothly so that it will not become narrowed
by wrinkling and with its sharp edges constrict the arteries or
nerves which lie relatively unprotected just above the elbow
joint. Direct traction should be made on the fingers by an assist-
ant, or the fingers and thumb may be supported to an overhead
bar by finger traps at the same time that downward traction is
applied through the muslin sling. This permits the operator to
use both hands as he attempts to interlock the ends of the frag-
ments and to align the bones. With the bones in fixed traction
and countertraction, a roentgenogram can be obtained to deter-
mine if reduction has been accomplished before the application
of the cast. If the fragments are not reduced, the fracture must
be remanipulated until the surgeon is satisfied with the reduction
obtamed.

A plaster dressing should be applied with padding of felt or
cotton batting placed over the bony prominences of the condyles
of the humerus and the olecranon The pad placed under the



Fic. 106 —Abote, closed complete fractures of the muddle thirds of the
radius and ulna m a child, 8 There 15 marked displacement of the ulba
with angulation of the radius (g and b). The reduction of the ulna was not
anatomic (¢), but i a growing child with secure immobilization, union will
take place and both x-ray appearance and function of the arm will be
normal Below, two year follow-up
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Fic 108 —Fractures of the radius and ulna at the junction of the middle
and distal thurds, with moderate displacement and over-riding. Because of
the obliquity of the fractures, of position following closed re-
duction 1s difficult, and or mal m fi of this type are
common. This fracture 1s best treated by open reduction and internal fixation.

sling on the arm during the reduction need not be removed.
Anterior and posterior plaster splints, a circular cast or a combi-
nation of splints followed by circular plaster is recommended.
The cast should not be extended as far as the metacarpal-
phalangeal joints posteriorly or the distal palmar crease ante-
riorly, as it would then hinder free motion of the fingers and
thumb. It should reach almost to the axilla, with the elbow
flexed 90 degrees and with proper pronation and supination of
the forearm. After the plaster becomes set, the sling around the
arm may be pulled out of the cast It is absurd to attempt to



A Treatment of
overriding
£r‘a€tur: of one
or both bones
Counkertraction of Torearm,
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B dyrection of displacement
of lower fragment untal
ends lock

Fic 107 —Skeletal traction or open reduction and plating should be used

of ts to reduce by lation do not suceced 1n securely locking at
least the radial fragments.
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Fractures of one or both bones of the forearm frequently
result in nonumion, not because of a constitutional deficiency
or because the reduction was not well carried out but because
the immobilization was not complete or not maintained for a
long enough time. Whereas union is usually adequate in six

Ccohque fracture Lower pin §
of both bones v appled from
o

of £

oreari B ulpar side

Uppet pin

n place
T

Pins incorporated in
ong arm cast after
reduction obtained by

) Tmediake
traction and counter D ambulation
traction —_ allowed

FIc. 110 ~Obhque fractures of both bones of the forearm are diffic
reduce, and 15 when less ad

ult to
1
tion are used

methods of § b

weeks in children, it may be necessary to maintain the cast for
three months or more 1n adults. The time for its removal must
be left to the judgment of the surgeon, based on good roentgeno-
grams taken in both the anterior-posterior and lateral planes.

Physical therapy 15 useful in restoring joint motion and muscle

strength in adults, but it is unnecessary in children, whose joints
mobulize quickly
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immobilize fractures of this type with short splints, which neitl}er
include the elbow joint nor prevent motion between the radius
and the ulna at the wrist.

PosTrepucTioN Care.—Few fractures have a greater tendency
to displace than do those of the forearm. Loss of reduction
may occur after a snugly fitting cast has been applied. A roent-
genogram should be obtained after application of the cast and
again after 10 days. If displacement or angulation develops and
cannot be corrected by wedging, the plaster should be removed
and the reduction repeated. The arm should be kept elevated
and exercises of the fingers, thumb and shoulder started at once

Small bone grafts
'ele
& ’ =
\/—\“ : ”’é
M}:ﬁ
Tixation with Rush intramedullary nails™

F16 109 —Intramedullary fixation of fractures of both bones of forearm

and repeated frequently throughout each day. Pain out of pro-
portion to the initial trauma and associated with cyanosis or
pallor of the fingers 1s a danger sign requiring immediate agten-
tion. Unless the circulation improves promptly and pain subsides,
the plaster cast should be cut along its dorsal surface from
one end to the other It 1s not enough to cut through the pIaStCT-
Stockinet or sheet waddng or any other type of material beneath
the plaster must be cut through also until the skin is exposed
from the hand to above the elbow. When the initial swelling has
subsided and circulation in the fingers is again satisfactory, the
spread of the cast may be closed with circular plaster bandagei

If, in spite of openmng the cast, the circulation does not im-
prove, the possibility of impending Volkmann’s ischemic paraly-
sis must be considered and the cast should be removed until the
condition is clarified.
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Fracrunes or ThE Suart or it Rabius

Esther bone of the forearm may be fractured without injury
to the other. Fractures of the radius may occur in any portion
of the shaft and usually result from a direct blow to the bone.
Since the force is frequently dirccted from the lateral side of the
arm, the radjus usually angulates or is displaced toward the ulna,

Fic. 111 —Closed complete fracture of the radius with moderate displace-
ment and shght postenor bowing (a). The displacement is corrected by
.

closed red (b), a y fesult 1s d with persistence of
postertor bowing (¢), due to muscle and interosseous membrane pull,

encroaching on the interosseous space. Reduction must be accu-
rate in order to preserve normal pronation and supination (Fig.
111). Closed reduction may be attempted by strong traction on
the thumb and mdex finger and countertraction at the elbow.
The bone fragments should be angulated in an effort to lock
their ends. Open reduction and plating may be necessary, since
closed reduction 15 difficult and often unsuccessful. In a growing
child open reduction 1s rarely necessary, since moderate deform-
ity will be corrected as growth continues (Figs. 102 and 103).
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Unstable oblique or comminuted fractures of the forearms that
tend to displace in the cast or cannot be adequately reduced by
closed methods require operative reduction (Fig. 108). This may
consist of surgical exposure of the bones, reduction of the frac-
tures and the application of metal plates fixed by metal screws.
Very adequate fixation is afforded by use of Rush pins or other
intramedullary rods (Fig. 109). Open reduction of both bones
of the forearm is a difficult task and should be attempted only
by the experienced surgeon. The ulna is exposed easily along
its entire length by a dorsal incision over the crest. No important
structures are encountered if the dissection is kept in this plane.
The radius lies deep and its exposure is more difficult. Open
reduction for the radial head is described in Chapter 20 on elbow
injuries. The shaft of the radius is best exposed along its lateral
surface through an incision which parallels the anterior margi
of the brachioradialis muscle or tendon. Care must be exercised
to protect the superficial branch of the radial nerve and the
radial artery. When metal plates are applied to any bone, it is
desirable to leave the periosteum attached along one surface
of each fragment to decrease the likelihood of bone end necrosis
which delays or prevents union. Only slotted plates which permit
continued compression between the fracture fragments should
be used. Whenever a long-bone forearm fracture 1s exposed,
iliac or bone chips, obtamed locally, should be placed around
and across the fracture site

Occasionally it may be preferable for the inexperienced sur-
geon to use metal pin fixation above and below the fracture site.
A pin should be drilled through the proximal ulnar crest, and &
second pin through the shaft of the first metacarpal. After reduc-
tion has been made by a method available to the physician, the
pins should be mcorporated in the arm cast (Fig. 110). They
may be removed after six to eight weeks without disturbing the
cast at a time when early union is sufficient to maintain reduc-
tion.
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Fracrures oF THE ULxa

Fractures of the ulna provide few serious difficulties in obtain-
ing adequate reduction and union. The posterior and radial
angulation may be corrected by traction and manipulation of
the fragments. The arm should be placed in a long arm cast
with the elbow in 90 degrees of flexion. There is a tendency for
the forearm to angulate toward the radius, and use of an intra-
medullary rod without a plaster cast has proved satisfactory.
Union is usually firm in eight to 12 weeks. The elbow and wrist
mobilize quickly, but this may be hastened by physical therapy.

MoxTEce1A’s FracTuRe

This injury consists of a fracture of the upper third of the ulna
with dislocation of the head of the radius If the fracture ocours
with the elbow in flexion, the ulna angulates posteriorly and the
head of the radius dislocates inferjorly with rupture of the orbic-
ular ligament. Reduction may be accomplished by traction and
countertraction with the elbow in 180 degrees of extension. The
ulna rarely offers difficulty, and the head of the radius can be
molded antenorly into position as a long arm cast is applied
with the elbow in full extension. After union of the ulna is
obtained, the cast should be removed and motion resumed.

The more common type of Monteggia fracture consists of a
volax angulation of the ulna with the head of the radws dis-
located anteriorly The fracture may be reduced as illustrated in
Figure 112. The dislocation of the radius should be replaced by
manual pressure over the bone, and the extremity immobilized
with the elbow in flexion. Open reduction of the ulna and
insertion of intramedullary pmns for secure fixation is frequently
indicated and is preferable to the use of a plate. Cross-union
occasionally occurs and is a serious complication (Fig 113). It is
best not to perform an open reduction for the radial dislocation
if it can be reduced and maintained by closed methods.



THE FOREARM 203

Noxuxtox or Fracrures or THE Foncany

If fractures of cither or both of the bones of the forearm fail
to unite following protracted immobilization, union can usually
be obtained with an autogenous bone graft from the tibia or
ilium. The graft serves as a splint as well as an osteogenetic
agent (Fig. 123, p. 218). The graft may be fixed to the radius
by screws, or anatomic alignment may be maintained by intra-
medullary fivation with rods or pins, and onlay cortical and
cancellous grafts used to stimulate union.



Fic. 113 —Severe Montegma fracture of the ulna with complete disloca-
tion of the proumal head of the radrus, unreduced for four weeks when first
examined The head of the radius was cxaised and the fracture of the ulna
reduced and immobihized with two intramedullary threaded wires Subse-
quent bony ankylosts occurred between the radius and ulna at the fracture
site. This 1s a disabling complication
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CHAPTER 20

The Elbow

Injunies of the elbow will be discussed under the following
headings. strains and contusions, epicondyltis; radial-humeral
bursitis; dislocation, fractures of the head and neck of the radius;
fractures of the capitellum; fractures of the olecranon; avulsion
of the triceps tendon, supracondylar fractures of the humerus,
comminuted fractures of the distal end of the humerns; fractur.eS
of the lateral condyle in children, and avulsion of the medial
epicondyle.

The elbow is formed by the articulation of three bones:
radius, ulna and humerus (Fig. 114). Besides flexion and exten-
sion motion at the elbow, there is rotary motion of the radius
which makes supination and pronation of the forearm possible.
Numerous ligamentous and bony injuries occur in and around
the elbow joint. Only the most frequent and important of these
will be considered in this chapter.

STRAINS AND CONTUSIONS

These occur most often in children They may result from
falling or from twisting or hyperextending the arm at the elbow,
as often happens in wrestling or playing football. The strain may
result 1n partial tearing of a portion of the capsule or the cap-
sular ligaments. It is followed by varying degrees of swelling,
which may produce synovial thickening and lameness that will
persist for many weeks After protecting the arm by a sling or 2
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CHAPTER 20

The Elbow

Injunies of the elbow will be discussed under the following
headings: strains and contusions; epicondylitis; radial-humf;ral
bursitis; dislocation; fractures of the head and neck of the radl}ls;
fractures of the capitellum, fractures of the olecranon; avulsion
of the triceps tendon, supracondylar fractures of the humerus;
comminuted fractures of the distal end of the humerus; fractures
of the lateral condyle in children; and avulsion of the medial
epicondyle.

The elbow is formed by the articulation of three bones:
radius, ulna and humerus (Fig. 114). Besides flexion and exten-
sion motion at the elbow, there is rotary motion of the radws
which makes supination and pronation of the forearm possible~
Numerous hgamentous and bony injuries occur in and around
the elbow joint. Only the most frequent and important of these
will be considered m this chapter.

STrAINS AND CONTUSIONS

These occur most often in children They may result from
falling or from twisting or hyperextendmng the arm at the elbow,
as often happens in wrestling or playing football. The strain may
result in partial tearing of a portion of the capsule or the cap-
sular ligaments. It is followed by varying degrees of swelling,
which may produce synovial thickening and lameness that will
nersist for many weeks, After protecting the arm by a sling or a
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may radiate up the arm, down into the forcarm or across the
elbow joint and may be misdiagnosed acute arthritis. On exam-
ination the patient may be reluctant to move the elbow, and the
pain can be reproduced by pressure on a very small, localized
tender (and sometimes swollen) area in the soft tissues along the
lateral margin of the radial head. The location differentiates
bursitis from epicondylitis, although both conditions may be
present in the same patient,

TrearMesT.—Injection of 3-5 ce. of a 1 per cent solution of
procaine and a small amount of hydrocortisone into the tender
area at weekly intervals may effect a cure after two or three
treatments. The patient should be told to keep the arm at rest for
48 hours after each injection for the local pain is first increased
after the effect of the anesthetic wears off. A dramatic result
is frequently obtained with a single treatment.

DisLocaTioNn oF THE ELsow

Dislocation of the elbow occurs most frequently in children
and is usually in the posterior direction because of the hyper-
mobility of the joint and the small size of the developing carti-
lagmous coronoid process. In adults, the displacement is usually
associated with a fracture of the coronoid process. Lateral dis-
location is rare because of the strong collateral ligaments and the
broad articular surface of the distal end of the humerus. Most
dislocations include backward displacement of both forearm
bones, although either may be dislocated. Anterior dislocation of
the radivs occurs after rupture of the orbicular ligament or m
the fracture of the proximal third of the ulna (Monteggia’s
fracture).

Frequently in addition to rupture of the capsule, ligaments
and adjacent soft tissues, the brachalis anticus is avulsed from
the coronoid process, a portion of which may be pulled off by
the muscle. The formation of new bone in the hematoma that
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posterior molded splint for about two weeks, the patient should
be encouraged to use the arm, but not to excess. Forced motion
or stretching will only retard recovery and should never be per-
mitted.

EpicoNpyLITIS

In the adult, a common chronic traumatic Jesion in the region
of the elbow is that which has become known as the tennis
elbow. This is probably the result of repeated forced pronation
and supination and simultancous firm grasping with the hand
The pathologic process is not well understood, but it is most
likely a periostitis of the external epicondylar ridge. There may
be an injury of the lateral ligament or common origin of the
extensor muscles of the wrist.

The syaproMs vary according to the acuteness of the under-
lymg process. They may be so severe as to incapacitate the
patient. Besides painful and limited flexion, extension and rota-
tory motion of the forearm, there are local swelling and exquisite
tenderness along the lateral epicondylar ridge.

TREATMENT may be conservative or surgical, Needling with 2
1 per cent solution of procaine and the mjection of 1 cc. o
hydrocortisone into the tender area, together with rest by means
of a splint, application of local heat and light massage, often
effects a cure. Surgical stripping of the epicondyle may succeed
when conservative treatment has failed. Even though no definite
pathologic process is recognized at operation, the fibrous repair
in the operative scar and the general healing reaction seem suffi-
cient to mend the obscure lesion

RapaL-HuMeRAL BurstTis

Radial-humeral bursitis is the most common cause of pain
and disability around the elbow joint. This condition is rarely
correctly diagnosed.

Svatprozs.—Characteristically the patient complains of a
toothache-like pain over the lateral side of the joint. This pain
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results from injury to the subperiosteal blood vessels may block
flexion and limit elbow motion permancntly.

REDUCTION

Reduction should be obtained with care to avoid additional
injury. Downward traction is applied to the forearm while an
assistant supports the patient and holds the upper arm. Reduc-
tion is usually obtained easily as the forearm is flexed on the
humerus and traction is continued (Fig. 115). If the coronoid
process is displaced behind the humerus, the fragments must be
disengaged by hyperestension before attempting manipulation.
Immobilization may be by means of a posterior molded splint or
adhesive dressing and sling.

The patient should be urged to open and close the hand vig-
orously and to move the wrist and shoulder frequently during the
day. Immobilization should be continued for two to three weeks,
and the patient may then be permitted to use the arm. Forced
extension or a lifting strain should be avoided for six weeks
following the injury.

Old unreduced dislocations should be reduced by open opera~
tion. Reconstruction of the joint, which may vary from excision
of smal} malunited or intra-articular fragments to a complete
arthroplasty, may be necessary to restore function.

Fracrures oF HEaD axp Neck oF THE Rabpius

While the proximal concave surface of the radis articulates
with the capitellum of the humerus and lies within the capsule
of the elbow joint, the medial margin of the head rotates back
and forth in a groove on the proximal lateral surface of the ulna
duning pronation and supination of the forearm. Fractures in-
volving the radial head and neck are interpreted and treated
according to the extent of functional disability which may be
expected 1n the elbow and the radial-ulnar joint. These fractures
usually result from a blow directed upward through the forearm,
Jamming the radial head against the distal humerus.
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Fi6. 117 —A safe exposure for resection of head of the radius. Too often
the dorsal mterosscous (radial) nerve is severed as it transverses the supmator
muscle when the eaperienced surgeon places the incision directly over the
racdhal head.
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Crvicar Picrure.—The patient complains of pain in the lateral
aspect of the elbow. Examination reveals local tenderness over
the head of the rads, limited motion, swellng of the elbow
and pain on attempted supination of the forearm.

ROENTGENOGRAMS.~X-rays will demonstrate the exact nature
of the fracture and will facilitate the decision as to whether con-
servative or surgical treatment should be instituted.

Tyres.~Fractures of the proximal end of the radius may be

Fre. 118 -Tn d d ly displaced fracture of the head of the

radus (@) 1n a boy, 5. Accurate reduction 1s essential to prevent permanent
deformity of the carrying angle of the elbow. Open reduction 1s usually
necessary, and 1n this patient normal growth from the epiphysis was pre-
served (b).

divided into four groups: (1) fissure, (2) margmal, (3) com-
minuted fractures of the head, and (4) fractures of the neck,
with resulting impaction and tilting or complete displacement of
the proximal fragment (Fig 116)

Fissure or stellate fractures, which actually amount to cracks
across the bone, are treated by a posterior plaster splnt with the
forcarm in full supination for 10-14 days, followed by gradual
resumption of function If the reaction m the joint 1s minimal,
the use of a sling with early motion will facilitate complete
recovery.

Marginal or “pie-crust” fractures involving a small area of the
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lateral circumference of the head may also be treated conserva-
tively. On the other hand, a marginal fracture of the medial
circumference or the loss of a sufficiently Jarge segment fo in-
terfere with function of the radial-humeral joint should be treated
by excision of the radial head.

Comminuted fractures with displacement of fragments into
the elbow joint can be adequately treated only by surgical re-
moval of the remaining portion of the head in addition to the
loose fragments.

Fractures invalving the neck of the radius with slight impac-
tion and tilting arc treated conservatively. If the angulation is
marked or the head fragment is displaced into the joint cavity
or the adjacent soft tissues, so as to interfere with function of
the elbow, the proximal end should be excised.

Whenever indicated, excision of the radial head should be
performed as soon after the injury as possible. The approach is
through a posterior incision, avoiding injury to the orbicular
ligament and to the radial nerve as it traverses the supinator
muscle in front of and below the proximal end of the radius
(Fig. 117). The arm is immobilized for seven days, with the
elbow flexed to 90 degrees and the forearm in a position of
supination.

Rarely should the head of the radius of a child be removed.
If the fragments are displaced, open reduction and reconstruc-
tion of the head is the treatment of choice (Fig. 118). Internal
fixation by use of a fine Kirschner wire inserted across the joint,
through the head fragment and into the radial shaft may be
indicated. The pin is removed in two weeks, and there is little
likehhood of growth disturbance. After excision of the radial
head, the ulna may grow to be longer than the radius, and the
disturhed relationship in the distal radial-ulnar joint may cause
pain .and instablity. Function of the wrist may be restored by
excision of the distal end of the ulna, including the portion that

contacts the radius, after the patient has attained skeletal
maturity.



214 FRACTURE TREATMENT

Fractures oF THE CAPITELLUM

Forces which are transmitted up the forearm may injure the
capitellum. The injury may consist of bruising of the articular
cartilage without an associated fracture. Greater trauma may
displace small fragments of the articular cartilage from the

Fic 119 —Communuted fracture of the capitellum with typical anterior
displacement. The capitellum 15 usually rotated and 1t may be impossible to
replace 1 anatomtc positton by any closed method. Open reduction of the
capitellum with internal firation with threaded wires or screws is then the
method of choice.

capitellum, with varying amounts of the subchondral bone, into
the joint. These fragments should be excised.

Large fragments which include a major portion of the capi-
tellum and the trochlea should be replaced by manipulation, if
possible. The fragment is usually displaced upward in front of
the humerus, and manipulation is carried out by a combination
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of direct traction with the arm completely estended and direct
pressure to push the fragment down and back into normal posi-
tion. Occasionally reduction may be maintained with a plaster
cast which immobilizes the arm with the elbow flexed to a right
angle. If the fragments are not sccurely locked, the arm should
be immobilized in complete etension,

When an accurate reduction cannot be obtained by manipu-
lation, the joint should be opened through an anterolateral in-

Fractures of olecranon
with mirumal displacement

Arm immomlized 1n complete extension
with ant. and post meld from wrist to axilla

Fic. 120 —Fractures of the olecranon without displicement of the tnceps
fragment may be treated with a plaster sphint.

cision (Fig, 119). All small detached bone fragments should be
removed, together with the blood clots. The major fragment
may then be exammed and rotated mto position If a consider-
able amount of soft tissue attachment remamns mtact, the frag-
ment may be expected to survive with a good functional result.
If the capitellum and trochlea are both fragmented or if the
major fragment 15 present as a free body in the anterior portion
of the joint, completely or almost completely detached from the
Ligaments and capsule, an effort should be made to reconstruct
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the jomt. Fixation is secured by pins or screws. Union may take
place; and, although aseptic necrosis with absorption of the
articular cartilage will almost certainly follow, the elbow will
be stable and relatively pain-free.

FrACTURES OF THE OLECRANON

The olecranon process of the ulna is more exposed to injury
than is any other bone in the region of the elbow. The function
of the olecranon process is to aid in maintaining stability of the
joint. It also serves as a lever to the end of which is attached the
tendon of the triceps muscle. Most fractures of the olecranon
result from a fall. If the fracture is incomplete and there is no
displacement of any fragment, adequate immobilization can be
obtained by use of a posterior moided plaster splint with the
elbow flexed and the forearm in midpronation and supination.
If the fracture is complete but with no separation of fragments,
immobilization in extension is indicated (Fig. 120).

OPEXN REDUCTION

If the pull of the triceps muscle produces and maintains sepa-
ration of the fragments, open reduction is imperative. The elbow
joint 1s approached by a posterolateral incision. The major frag-
ment 1s tetracted proximally and the joint carefully inspected-
The blood clot and all small detached fragments are removed.
The major fragment or fragments are reduced by careful fitting
of fracture surfaces, immobilization may then be made secure
by inserting two threaded steel pins, screws or heavy steel wire
(F1gs. 121 and 122). The pins are of stainless steel, gauge 0.093
(8782 in.) with 48 threads to the inch. They are sharpened to a
drill point and are inserted from just below the attachment of
the tendon of the triceps muscle in a direction paralle]l to the
long axis of the ulna Two such threaded pins will hold securely,
even though they may pass through three or four separate frag-
ments before engaging the uninjured portion of the ulnar shaft.
The pins are cut off so that the ends will be covered over by the
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Fi6 122.~Fracture of olecranon process at junction with shaft of ulna,
with typical proatmal displacement of the small fragment due to con!zacuox;
of tnceps muscle. Open reduchon is treatment of chowce, and intemal
fisation permuts early mobility.
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Fic. 123 —Unumted and unreduced fracture of the ulna with dislocation
of the radius eight months after injury Healng followed open 1eduction,
onlay autogenous bone graft and intcrnal fiaation by two threaded pins.
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skin and subcutancous fat when the incision is closed. Excellent
results are also obtained with internal fixation by means of heavy
steel wire. The wire should be looped through the triceps tendon
above and through the distal bone fragment below. The pins or
wire should be removed after the fracture has healed.

A posterior molded plaster splint which estends from just
prosimal to the metacarpal-phalangeal joints of the hand almost
to the aslla, with the forearm held in a position of supination
and the elbow flexed 45 degrees, should be worn for 10 days.
Active motion may be permitted afterward, and at no time
should any stretching or forced motion be permitted.

0ld nonunion of the olecranon should be treated by open
reduction, débridement of the elbow joint, osteoperiosteal or full
thickness onlay tibial bone graft and threaded pin fixation as
illustrated in Figure 123.

AvULSION OF THE TRICEPS TENDON

Avulsion of the triceps tendon is a rare injury. When it does
oceur, all small fragments of bone should be excised and the
tendon of the triceps sutured with No. 2 chromic catgut or fine
wire to the fracture surface of the distal fragment. As much as
half of the olecranon can be excised without impairing function.
Motion may be resumed after 14 days.

SUPRACONDYLAR FRACTURES OF THE HUMERUS

Supracondylar fractures of the humerus may be associated
with either anterior or posterior displacement of the condylar
fragment. Reduction is obtained by manipulation or traction
and should be followed by frequent roentgenographic check-ups.
When the distal condylar fragment is displaced anteriorly, reduc-
tion may be obtained by downward traction and eatension and
maintamed in extension by molded plaster splints (Fig. 124).
When the distal fragment is postcriorly displaced, reduction may
be obtamed by traction applied m the long axis of the imb, fol-
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lowed by flexion of the elbow. Position is maintained by means
of a shoulder spica cast for six weeks (Fig. 125). If the fracture
line is long and obligue, the hanging cast may be used without
preliminary attempts at veduction of the fracture. The weight
of the cast and the position of the arm will lead to gradual

Supracondylar Fracture

With formara depiacement

of lower fragrment
(less ¢ )

Fi¢. 124 —Mampulative reduction of antenorly displaced supmc‘mdyla’
fracture of the humerus

restoration of length and alignment of the humerus. In children,
reduction is achieved by traction (Fig. 126).

While carrying out a manipulative reduction of a fracture in
the region of the elbow jomnt in which flexion is necessary to
obtain or maintain reduction, the surgeon should check the radial
pulse frequently Compression of the brachial artery may result
m severe circulatory mjury to the forearm and hand.

Fractures of the distal end of the humerus in children may
include one or more of the epiphyseal cartilage growth zones.
The displacement may be both backward and tao the lateral
side. Such fractures are difficult to reduce. They may be treated



Tracton end
countertrochion

! A wen restorat ot B
\ carrying, muﬂL
‘u“\acondL ar CL#‘S"
n’actux\ o’: 'L/‘—\ P’/— 7 :i
mmerus e r
k — ST
} —~

“aft forward on lower fragnec
Upper fragment pushed back

/ Elbow shightly
flexed Traction
Tnamtained

Acute tlexwn 5\\0\%1;%?% sv?ilec :::lgsws‘:

Fic 125 —P 1y displaced sup Iy lar fracture of the humerus.




2320 FRACTURE TREATMENT

lowed by flexion of the elbow. Position is maintained by means
of a shoulder spica cast for six weeks (Fig. 125). If the fracture
line is long and oblique, the hanging cast may be used without
preliminary attempts at reduction of the fracture. The weight
of the cast and the position of the arm will lead to gradual

| Upper eragmen:
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Dowrmward traction
with, arm.

of me) extended
Uess con )

Fic. 124.~Mampulatine reduction of antenorly displaced supracondylar
fracture of the humerus

restoration of length and alignment of the humerus. In children,
reduction is achieved by traction (Fig. 126).

While carrymg out 2 manmipulative reduction of a fracture in
the region of the elbow joint i which flexion is necessary t0
obtain or mamtain reduction, the surgeon should check the radial
pulse frequently. Compression of the brachial artery may result
in severe circulatory injury to the forearm and hand.

Fractures of the distal end of the humerus in children may
include one or more of the epiphyseal cartilage growth zones.
The displacement may be both backward and to the lateral
side. Such fractures are difficult to reduce, They may be treated
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FiG. 127 —Excessine s\\cllmg or obhqmt} of the fracture may preclude
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by closed manipulation under general anesthesia (Fig. 126). Poor
reduction of this transcondylar fracture or arrest of growth of
the Interal condyle may lead to a marked increase in the carry-
ing angle. Ulnar palsy may develop from 10 to 20 years later.

If the swelling around the elbow is excessive and prevents an
immediate and adequate reduction, or if the distal fragment
cannot be held in position in the cast, skeletal traction through
the crest of the ulna may be used (Fig. 127.) After the reduc-
tion, and when the swelling subsides (usually in 10-14 days),
molded plaster splints are applied and the patient is allowed to
be ambulatory. After six weeks, union should be sufficient, as
demonstrated in roentgenograms, to permit removal of the cast
and active motion of the elbow.

Accurate reduction should restore the fragments to a position
in which the distal humeral epiphysis projects forward and down
from the end of the shaft at an angle of 45 degrees (Fig 126).
The end-result should be complete flexion and extension of the
elbow, with normal canying angle. .

It is impossible to overemphasize the importance of observing
the circulation of the fingers at frequent intervals for 48-72
hours after the reduction. This is the injury which is most often
followed by the development of Volkmann’s contracture, which
1s brought on by obstruction of venous return from the forearm.
Injuries to the radial and median nerves are not frequent and
should be recognized before reduction is attempted. Recovery
is usually complete i four to five months.

CoMMINUTED FracTures oF Distal Exp
oF THE HuMERUS

Transcondylar and supracondylar fractures occur more often
in children than in adults; whereas the comminuted T- or Y-
fracture is a more common njury of the older patients (Fig,
128). Comminuted fractures of the lower end of the humerus
which split the distal fragment into two or three large pieces and
enter the joint should be treated conservatively unless one of the
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Supracondylar T or Y
fracture with wide
separation and angulation.

“T of Y wkercondylar fracture
of humerus without sepacation.

Treated, by posterior
Taolded Spunk

Fic 128 (above) ~Supracondylar fracture with wide separation and
angulation immobihized with a hanging cast.

Fic. 129 (below).—T- or Y-intercondylar fracture without separation

major fragments or a portion of the articular surface is widely
displaced or rotated so that it is impossible to restore with accu-
racy the articular surfaces. Use of the hanging plaster cast is a
simple and excellent method of treating this fracture. Its use
avoids manipulative trauma and results in a high incidence of
union with good elbow function (Fig. 129).

When the distal fragment, including the joint surface, is badly
comminuted, continuous skeletal traction, with a pin through
the proaumal end of the ulna, may be indicated.



Fic 130 -A, severe comminuted fracture of the distal humerus with
several large fragments Accurate closed reduction of tlus fracture 1s unpos-
sible, and open reduction 15 difficult B, the large medial fragment was fixed
to the proumal shaft with a stainless steel screw, and the caprtellum fixed to
this fragment with a threaded wire Actne elbow motion 15 encouraged as
soon as early healing can be demonstrated by a-ray. €, showing preservation
of jomt space six months after mjury,
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Small detached fragments in the elbow joint should. be re-
moved, just as is true for comminuted olecranon and radial head
fractures. When the joint is opened, all major fragments should

ment, E
ced and .
d inposition Anterior and
by two posterior
threaded molded sphnt

wires

Fic 131 —The capitellum fragment should be accurately replaced by
open reduction and if necessary fixed by means of pins or screws.

be examined. The able surgeon will not hesitate to use pins or
screws to hold large fragments securely in position (Fig. 130).
The screws should not be inserted through an articular surface.
A satisfactory approach to the distal end of the humerus may be
secured through a posterior incision, dividing the triceps tendon
in a manner which will leave a triangular, or tongue-shaped,
portion attached to the olecranon. Small threaded pins are more
easily inserted and afford secure fisation. They can be removed
later through a buttonhole ncision,



Fic 130 —4, severc comminuted fracture of the distal humerus with
several large fragments Accurate closed reduction of this fracture 15 1mpos-
sible, and open reduction 1s difficult. B, the large medial fragment was fised
to the proxmal shaft with a stainless steel screw, and the capitellum fixed to
this fragment with a threaded wire, Active clbow motion 15 encouraged as
soon as carly heahng can be demonstrated by a-ray. C, showing preservation
of jomnt space six months after injury.
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Fic 133 —Correction of defornuty of the elbow caused by growth arrest
of the lateral humeral condyle

carned out Accurate replacement of the fragment is essential
for restoration of good function (Figs. 131 and 132).

OPEN REDUCTION

The jomt should be opened through an anterior lateral inci-
sion, avoiding injury to the radial nerve. The capsule is incised
and the fragment replaced accurately into the defect at the end
of the humerus. Frequently the reduction is stable in moderate
flexion of the elbow after suture of the soft parts. If the detached
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FRrACTURES OF THE LATERAL CONDYLE IN CHILDREN

The fracture lme is usually oblique, starting on the lateral
epicondylar ridge and extending down and medially into the
midportion of the joint. Usually, the fragment consists of the
lateral half of the epiphyseal plate, a portion of the metaphysis,

Frc. 132 —Old unreduced fracture-dislocation of the lateral condyle ,"f
the humerus of patient aged 31. Injury at the age of 2. There are deformity
and late ulnar nerve palsy.

the entire capitellum and the radial extrermity of the trochlea.
Frequently the fragment 1s rotated laterally out of the joint
through an arc of 180 degrees and flexed forward 90 degrees by
the radial collateral hgament and the extensor muscles of the
forearm. Because of this wide displacement, closed reduction is
rarely successful, and in most instances open reduction should be



F1¢ 134 ~Fracture of the medial cpicondyle of boy, 14, with moderate
displacement, {a) Because of the capsular attachments, this fracture is diffi-
cult to reduce and immobilize without mternal fisation. Open reduction 1s
rcdatively atraumatic and best results are obtamned by this method, (). The
threaded wires were removed when a-rays revealed union, (c).
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portion of the metaphysis is sufficiently large, it is advisable to
fix the fragment with metal pins or screws, which are inserted
m such a manner that neither the articular cartilage nor the
epiphyseal plate is damaged.

The parents of the child should be informed of the possibiity
of growth arrest with progressive lateral deformity, even though
the reduction is accurate (Fig. 133). The late ulnar neurits
associated with asymmetrical growth of the lower humerus, fol-
lowing premature closure of the capitellum epiphysis, has been
discussed in Chapter 13.

AVULSION OF THE MEeDIAL EPICONDYLE

Forceful valgus strains or a blow to the outer surface of the
elbow, with the flexor muscles of the forearm contracting, may
avulse the medial epicondyle epiphysis of the humerus. This may
occur at any age up to the time of closure of the growth plate,
which is usually at about 17 years. The epiphyseal fragment may
be incompletely separated from the shaft or displaced down to
the joint level by pull of the flexor muscles of the forearm. If the
valgus strain is sufficiently great, the medial collateral ligament
is torn, and, as the joint opens on the ulnar side, the epicondyle
may be thrown mto the joint and caught between the ulna and
the trochlea, completely blocking elbow motion.

If the displacement of the fragment is minimal, the elbow
should be immobilized for three weeks in a molded splint and
then function gradually resumed. Displacement of the epicondyle
to the joint level or mto the elbow cavity must be treated by
open operation and accurate replacement of the epiphysis for
restoration of satisfactory function In young children the epiPh)"
sis is small and largely cartilaginous. Because of the attachment
of ligaments and muscles which pull 1t out of position, 1t mlllst
be fixed securely by means of some type of small wire or pin,
even though this does produce additional trauma to the growth
center (Fig. 134).

Accidents in which the arm 1s caught in power-driven ma-



CHAPTER 21

The Humerus

Fractures of the shaft of the humerus may be transverse,
oblique or spiral (Fig. 136). When the fracture occurs in the
lower third or at the level of the lower and middle thirds, the
action of the supraspinatus and the deltoid muscles will result
in slight outward displacement of the proximal fragment. If the
fracture occurs at the level of the upper and middle thirds, it
will fall between the sites of insertion of the pectoralis major
and the deltoid muscles. The pull of the pectoralis muscle will
rotate internally and adduct the upper fragment (Fig. 137). Frac-
tures of the neck of the humerus may result in marked displace-
ment of the fragments. The proximal fragment will be abducted
by the pull of the supraspinatus muscle, while the distal fragment
is adducted by the pectoralis major and may be displaced up
into the axilla by the combined action of the muscles of the arm
and shoulder. The impact from a fall may displace the distal

fragment upward lateral to the humeral head and into the
deltoid muscle,

THE HANGING CAST

The hanging cast, first recommended by John A. Caldwell,
is a simple and satisfactory means of treating most fractures in
the humerus, other than the few which require skeletal traction,
open reduction or shoulder spica casts (Fig. 138). A long arm
cast is applied with the elbow flexed to 90 degrees. If there is

233
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chines may cause open fractures or fracture-dislocations of the
elbow which challenge both the courage and the skill of the
surgeon. If there is a pulse at the wrist, an attempt should be
made to save the arm even though it has been almost com-
pletely avulsed at the elbow. Careful cleansing, débridement,

Fi1c. 135 ~Open lateral and postenor dislocation of the elbow wath minor
avulsion fractures. Dislocation was reduced and the wounds thoroughly
cleansed and closed, with excellent functional recovery.

repair of nerves and tendons, replacement of major fracture
fragments and closure without drainagc may lead to healing by
primary intention (Fig. 135). The surgeon should not decide to
complete the amputation merely because 1t appears that the
chance of saving the arm is too small to justify the effort.
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F1c 137 —Fracture of shaft of the humerus between sites of mscrtion of
pectoralis major and deltord muscles
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marked displacement of fragments, it is desirable to correct the
displacement by manipulation under appropriate anesthesia.
Roentgenographic examinations made in two planes at intervals
of three or four days following the application of this cast (which
is effective only if the patient is able to be reasonably active and
ambulatory) should show gradual improvement in alignment
and position of the fragments. If distraction occurs, the weight

v W3

Fic. 138 ~Left commmuted fracture of muddle and prowmal thirds of
humerus. Treated successfully by means of a hanging cast Right, excellent
alignment obtained

2

1

ap

5

of the cast must be decreased Angulation anteriorly or posteri-
orly can be corrected by adjusting the muslin bandage which is
attached to a plaster loop at the wrist and passed around the
patient’s neck. Lateral or medial angulation of the fragments
can be corrected by attaching a pad of felt or gauze to the cast
to serve as a fulerum for the arm as 1t presses agamnst the side of
the thorax (Fig. 139).

This method of treatment has many advantages. It permits
immediate and continued exercise of the arm at the shoulder
and is far less cumbersome than the abduction splint or the arm
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der should be carried out dady under the supervision of the
physician or a competent physiotherapist.

Fractures in the upper third of the humerus without marked
displacement may be successfully treated by the same method.
If there is marked displacement, with outward angulation and
rotation of the upper fragment, a plaster shoulder spica dressing,
with the arm abducted and externally rotated 90 degrees, should
be applied after reduction by manipulation or traction (Figs.

45" n
m spica cast..
It %%t}«c)tt 15
‘Lleax‘s
18 pulled A use hangd-
medially. ing cask.

Fic 141 —~Adduction fracture of the humerus, just below the surgical neck

140 and 141). After six weeks there will be sufficient unijon to
mamntain apposition and prevent rotation. If necessary, a light
hanging cast may then be substituted for the shoulder spica cast,
and exercise of the shoulder should be carried out each day.
Subsequent care 15 1dentical to that described for fractures of the
shaft of the humerus below the attachment of the pectoralis
major.

Occasonally the distal fragment may be widely displaced,
with the bone end caught in muscle. If there is muscle inter-
position, open reduction is necessary, with internal fixation by
Sfll';l:;x;g plate, by screws alone or by intramedullary nail (Fig,
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and shoulder spica cast. The patient must be cautioned against
sitting with the cast resting on a chair arm. This will defeat the
purpose of the cast and may result in angulation of the fmch.ue
fragments. Night traction, which will both maintain reduction
and relieve pain, may be obtained by incorporating a wire loop

Abduction fracture

of humerus with,
uckion and.
external rotation
of head
Shaft adducred and. Spica cask with. shoulder in
mternally rotated SO° abduction. Forearm
parallel to ,c;mund.

F16 140 —Fracture of the shaft of the humerus above msertion of the
pectoralis major muscle

in the cast at the clbow Thus is attached to weights through a
pulley at the foot of the bed,

Within 10 days the patient should have painless free move-
ment of the arm at the shoulder. Use of the hand should be
encouraged after the first week Healing should be checked by
roentgenograms after six wecks, and if firm union is not appfll:'
ent, the hanging cast treatment should be continued for an addi-
tional four weeks. After removal of the cast, a collar and c.uff
sling should be worn for approximately two weeks, during \vluc:l
time motion and active exeraises for the elbow, wrist and shoul-
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Fic. 143 —Sumple adhesive traction for fracture of the humerus of an infant.

Jation or skeletal traction. A primary radial nerve palsy may be
a second indication for open reduction,

Nonunton of the humerus is relatively uncommon. When it
does occur, union may be obtained by a large tibial onlay graft
fixed with metal screws or cortical and cancellous iliac bone,
Immobilization by a shoulder spica or hanging cast is maintained
untsl solid union is present, as indicated by roentgenograms.
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SHAFT FRacrures mv CmipreN.—Closed fractures of the
humerus in infants or young children may be treated by bandag:
ing the arm to the side of the thorax. If the fracture is oblique,
with over-riding of the fragments, lateral traction, using mole-
skin adhesive, should be applied and maintained until callus can
be demonstrated in the roentgenogram (Fig. 143). This usually
requires about three weeks,

Skeletal traction is indicated in fractures of the humerus when

Fic 1424, smple obhque fracture of middle and distal thuds of
humerus not adequately reduced by hanging cast. B and C, treated by open
reduction, internal fixation by four-screw slotted plate and addition of cancel-
lous bone, resulting in prompt umion and restoration of normal function

t:

there is marked co; ion, with displ it of frag
which cannot be replaced by manipulation or reduced by 2
hanging cast. After reduction of the fracture, a hanging cast may
be adequate to mamtam alignment and length of the bone.
Occasionally continuous skeletal traction must be employed,
preferably with a threaded wire through the proximal ulna.
Open reduction is indicated when muscle tissue is intcrposed
between the fragments and prevents reduction by either mampu-



Fic 144—Comminuted fracture of the proumal end of the humerus
which resulted from a fall on the lateral aspect of the shoulder. The head,
(a), has rotated laterally and distally 45 degrees so as to bndge the proximal
end of the shaft fragment The lesser tubercle, (b), and the greater tubercle,
(<), have been displaced by the head fragment. Normal function of the
shoulder resulted from an open reduction, despite uscpuc necrosxs of the

head. Note high density of head, a), ¢
and ¢), and shaft (d)

P les, (b
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CHAPTER 22

The Shoulder

Thuts piscussion oF mvjumes of the shoulder will be limited to
the following: (1) fractures of the neck of the humerus, (2)
fractures of the greater tuberosity, (3) simple dislocations, (%)
dislocation with avulsion of the greater tuberosity and (5) dis-
location with fracture of the neck of the humerus.

FRACTURES OF THE NECK of the humerus may be impacted,
comminuted or displaced. When comminuted, they are nearly
always associated with fractures of the tuberosities (Fig. 144)-
When displaced, there may be moderate abduction and external
rotation of the head fragment of the humerus. The proximal end
of the distal fragment may be pulled medial to the head up into
the axilla or the surroundmg muscles. If the fracture is impacted,
with minimal dis-alignment, a cuff and collar sling provides
adequate treatment Impacted fractures may show ether abduc-
tion or adduction dis-alignment If esther is marked, there wil
be limitation of motion after union is complete. In elderly pa-
tients, the impaction should not be disturbed even when there i
dis-alignment In other age groups, however, if there is marked
adduction or abduction with umpaction, the fragments should be
separated by breaking up the impaction by traction and manipu-
lation. If, when the alignment has been satisfactorily corrected,
the fragments still interlock sufficiently to prevent displacemeflh
a hanging cast or merely a wrist and neck sling usual].y main-
tains position (Fig 145). An abduction frame or cast is much
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Fraciure of\ F‘rac,ux‘g of
reater tuberele. reater tubercle
fumeral head approgimates with dislocation of
avulsed fragment with. shoulder. Reduce
abduction. of arm disiocation and

mmobilize as below

flexion

Fic 146 —Fracture of greater tuberosity of the humerus and dislocation
of the shoulder The arm 15 abducted and externally rotated to replace the
tuberosity after the dislocation 15 reduced

arm and shoulder portion of the spica should be removed and
the patient instructed m the use of the arm by lifting 1t out of
the cast upward and rotating 1t both internally and eaternally.
Tlus program of exercises should be continued for an additional
period of two weceks, when the cast may be removed. An abduc-
tion arm splint 1s then used while the arm 15 gradually brought
down to the side. Only active exercise or relaxed motion is per-
mussible. Any attempt to stretch forcibly before the eighth week

may again displace the fragment which has not yet become
firmly attached
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more cumbersome and s tolerated less well by the patient. End-
results are often unsatisfactory because of pain and stiffness of
the shoulder. Prolonged physical therapy is required in many
cases to mobilize the shoulder, after which the pain will usually
disappear.

FRACTURES OF THE GREATER TUBEROSITY of the humerus may
be impacted without displacement, or the greater tuberosity may

Fic 145 —Fracture of the surgical neck of the humerus with moderate
impaction, 1n our expenence best treated by the use of a ight hanging cast
and early active motion

be completely torn away, with the insertion of the tendon of the
supraspinatus muscle. A slight infraction or impacted fracture
does not call for plaster immobilization. With separation of a
major portion of the entire tuberosity, the arm should be main-
tained at 90 degree abduction and with the necessary degree of
external rotation in 2 shoulder spica cast (Fig. 146). If the
fragment is not reduced as the humerous 1s abducted, an open
re-position of the greater tuberosity with fixation by a metal
screw is indicated After four weeks 1n a cast, the top half of the
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scapularis and pectoralis major muscles must be overcome to
reduce the head of the humerus to its normal position.

KOCHER’'S MANEUVEN

The Kocher mancuver is most widely used and is a highly
satisfactory method of obtaining reduction. The various steps are
indicated in Figure 148. The patient is placed on a fracture
table or stretcher cart, the wheels of which have been sct in
wooden blacks or braced with sandbags. The surgeon, standing
on the side of the dislocated shoulder, grasps the elbow with one
hand and the wrist with the other, maintaining 90 degree elbow
flexion. Downward traction is made with the hand that grasps
the elbow, and while this is maintained, the patient’s wrist and
forearm are moved slowly outward, externally rotating the
humerus. This 1s not forced, after resistance is reached, for fear
of tearing the subscapularis muscle or producing a fracture of
the neck of the humerus. While the arm is kept in external rota-
tion, the elbow is brought slowly forward in front of the chest
and fixed there by the hand of the surgeon. The fourth step of
the maneuver consists of internal rotation of the humerus by
bringing the hand and forearm across the body toward the oppo-
site shoulder. As the last step of this procedure is completed, the
head of the humerus should slip smoothly into the glenoid fossa.
If the tear in the capsule is very small, so that it constricts around
the neck of the humerus, the procedure may have to be repeated
several times before it is possible to tease the head back through
the capsular rent.

Occasionally this maneuver fails. In such instances, direct
traction on the arm should be applied in a downward and out-
ward direction, while the surgeon produces counterpressure by
placing his stockinged foot in the axilla. The right foot is used
for a right shoulder and the left foot for a left shoulder disloca-
:1}:::1[ 1:,5: taht; 'su;ge}:):] lians l()lac’k and applies irm pressure with

Y gradunligv ,::o \:. dz.ilrlxwir:gx the head of the humerus, the arm
) so that the foot not only presses the
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ACUTE DISLOCATION OF THE SHOULDER occurs most often mn
the anterior direction as a result of the abducted arm being
forced into eaternal rotation until the head of the humerus
ruptures the inferior portion of the capsule and is displaced out
of the glenoid. The dislocation may also be inferior or posterior
(Fig. 147). Inspection of the patient with dislocation of the
shoulder will reveal loss of the rounded contour, which is pro-
duced by the deltoid muscle as it lies over the head of the
humerus and the upper end of the humeral shaft. If the injury

Sulbeoracoid Subglenoid Subspinous
duslocation dtglggoatxon dislocationrare)

Fic 147 —Three types of dislocation of the shoulder

has occurred only a short time prior to the examination, the
patient will be in severe pain. He may be holdmng the hand and
supporting the forearm, with the mjured arm in slight abduction
and forward flexion Attempts to move the arm will be resisted.
It will not be possible to place the hand of the mjured eatremity
on the opposite shoulder

Reduction of dislocation of the shoulder may be accomplished
without an anesthetic Howeser, this 1s a severely painful manip-
ulation, and an anesthetie should be given whenever a trained
assistant 1s available to administer it. Sodium pentothal intra-
venously is highly satisfactory The manipulation should be per-
formed without undue force, smce a fracture of the neck of the
humerus or additional mjury to muscles or ligaments may result
from forced rotation. The commonest position of the head of the
humerus is anterior to the glenoid fossa, and spasm of the sub-
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eatremity, the hand and fingers (and, in this instance, the wrist)
should not be immobilized. Active and vigorous exercises of the
hand and fingers will greatly minimize stiflness in the rest of the
arm. Immobilization should be continued for three weeks. When
motion is permitted, it should be controlled active or relaved
motion only, such as swinging the arm in an ever-widening arc
while the body is bent forward. For at least three months after
the imtial injury, the patient should not be permitted to engage
in sports or other activities which may require a sudden upward
reaching with the arms or to do any work which requires that
the arms be held overhead. A second dislocation within a period
of three months may produce sufficient relaxation of the capsule
to be responsible for chronic recurrence.

Complications of acute dislocation of the shoulder may include
injury to any of the nerves of the brachial plexus, especially
the nerve to the deltoid muscle. Transitory weakness and sensory
disturbances may be present. Pressure of the dislocated head
of the humerus on the axillary blood vessels can produce marked
circulatory changes which require immediate reduction. Pro-
longed vascular disturbances of this type may lead to permanent
damage to the structures of the entire arm.

Old unreduced dislocations of the shoulder require operative
treatment. If only a few weeks have elapsed since the original
jury, continuous skeletal traction or gradually increased trac-
tion on a fracture table, with the patient completely anesthetized,
may obtain reduction. When the dislocation has existed Ionger
than four or five weeks or if the attempt at closed reduction is
unsuccessful, an open operation is mndicated. The shoulder is
exposed through an anterior deltoid incision. The coracoid process
is osteotomized and reflected downward with the short head of
the biceps and coracobrachials muscle. This exposes the sub-
scapularis muscle, which is retracted medially after its tendon is
cut. The anterior capsule can now be opened and the head of the
humerys eaposed. An attempt is made to free the adhesions be-
tween the head and the glenoid. If reduction is not possible, the
greater tuberosity is osteotomized and taken laterally to gain
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head of the humerus upward but serves as a fulerum against the
shaft of the humerus to pry the head out over the lip of the
glenoid.

Direct traction will also reduce subglenoid or posterior glenoid
dislocations. The subglenoid dislocation is frequently transformed

Downward
traction.

External rochion
amntamng
traction

Arm brought Hand placed on
into forced opposite shoulder with
adduction. elbow held close to body

Fic 148 —Kocher’s maneuver for reduction of anterior dislocation of the
head of the humerus

into an anterior or posterior position by the first pull on the arm
and is reduced from that position by direct traction and rotation
or by the Kocher maneuver

When the reduction has been obtained, a heavy cotton pad is
placed in the axilla and the arm is bandaged to the side, with
the hand resting across the chest. As in most njuries of the upper
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extremity, the hand and fingers (and, in this instance, the wrist)
should not be immobilized. Active and vigorous excrcises of the
hand and fingers will greatly minimize stiffness in the rest of the
arm. Immobilization should be continued for three weeks. When
motion is permitted, it should be controlled active or relaxed
motion only, such as swinging the arm in an ever-widening arc
while the body is bent forward. For at least three months after
the initial injury, the patient should not be permitted to engage
in sports or other activitics which may require a sudden upward
reaching with the arms or to do any work which requires that
the arms be held overhead. A second dislocation within a period
of three months may produce sufficient relaxation of the capsule
to be responsible for chronic recurrence.

Complications of acute dislocation of the shoulder may include
injury to any of the nerves of the brachial plexus, especially
the nerve to the deltoid muscle. Transitory weakness and sensory
disturbances may be present. Pressure of the dislocated head
of the humerus on the axillary blood vessels can produce marked
circulatory changes which require immediate reduction. Pro-
longed vascular disturbances of this type may lead to permanent
damage to the structures of the entire arm.

Old unreduced dislocations of the shoulder require operative
treatment. If only a few weeks have elapsed since the original
injury, continuous skeletal traction or gradually increased trac-
tion on a fracture table, with the patient completely anesthetized,
may obtamn reduction. When the dislocation has existed longer
than four or five weeks or if the attempt at closed reduction is
unsuccessful, an open operation is indicated. The shoulder is
exposed through an antenor deltord incision The coracoid process
15 osteotomized and reflected downward with the short head of
the biceps and coracobrachialis muscle This exposes the sub-
scapulans muscle, which is retracted medually after sts tendon is
cut. The anterior capsule can now be opened and the head of the
humerus exposed. An attempt is made to free the adhesions be-
tween the head and the glenoid. If reduction is not possible, the
greater tuberosity is osteotomized and taken l:lterlel)v to gain
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further exposure of the glenoid. Reduction can be effected as
additional adhesions are released. The operation is concluded as
the anterior capsule is repaired, the greater tuberosity sutured
into place and the wound closed in layers. Active motion is
allowed after three weeks.

DisLocaTioN witH AVULSION OF GREATER TUBEROSITY.—
Avulsion of the greater tuberosity occurs in about one third of
the cases of dislocation of the shoulder. Reduction of the dis-
location is carried out as in the uncomplicated cases, but treat-
ment must be administered with the arm held in abduction,
external rotation and forward flexion (Fig. 146). We have no
faith m the metal frames for maintaining this position. It is
simpler to apply a shoulder spica cast, and the position is securely
held. The patient will be more comfortable durin g immobilization.

RECURRENT pIsLocaTIONS of the shoulder are common and are
likely to be seen in epileptic patients who suffer from grand mal
attacks. Many operative procedures have been recommended for
this condition. The Nicola operation has been widely us'ed,
although recurrences following this procedure are relatively lugl}-
The Bankart operation repairs the torn anterior capsule and. is
becoming more widely advised. The pathologic anatomy varies,
and combmed procedures, such as the Putti-Platt, Nlc(?lét-
Magnuson or Bankart-Magnuson, are commonly used to mini-
mize the mcidence of recurrence.

FRACTURE-DISLOCATION of the upper end of the humerus con-
stitutes one of the most difficult of all injuries to the human
skeleton from the standpoint of obtaining and maintaimng 2
satisfactory reduction If the head of the humerus is dislocated
and completely detached from the shaft, closed reduction of the
dislocated head 1s exceedmgly difficult. If attempted, manipula-
tion should be carried out under sufficient anesthesia to obtamn
good muscle relaxation An attempt is made first to reduce .khc
fracture and produce lockimg of the fragments. This requires
accurate determination of the position, including rotation of the
dislocated head. The shaft of the humerus must then be pulled
in a direction that will be n dircet ine with the ]ongxmdina]
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ads of the proaimal or capital fragment. This usually mecans
traction in an upward direction (Fig. 149), with an assistant
holding the scapula down. If the fracture fragments can thus be
interlocked, it may be possible, by continuing the traction, to
bring the head of the humerus back into position in the glenoid

Fic 149 ~Method of reducing some fractures of neck of humerus with
antenor dislocation of head (A) by trachion on elevated arm and careful
manipulation of head by digital pressure (B and C). The method is not
without danger and should be performed with utmost care

fossa. Immobilization may be maintuned by bandaging the anm
to the side in the same position as that used after reducing simple
distocations. If this position permits re-displacement of the frac-
ture, as shown i the roentgenogram, it may be necessary to
maintain traction with the arm abducted 90 degrees.
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further exposure of the glenoid. Reduction can be effected as
additional adhesions are released. The operation is concluded as
the anterior capsule is repaired, the greater tuberosity sutured
into place and the wound closed in layers. Active motion 1s
allowed after three weeks.

DisLocaTioN witi AvuLsioN OF GReaTerR TUBEROSITY.—
Avulsion of the greater tuberosity occurs in about one third of
the cases of dislocation of the shoulder. Reduction of the dis-
location is carried out as in the uncomplicated cases, but treat-
ment must be administered with the arm held in abduction,
external rotation and forward flexion ( Fig. 146). We have no
faith 1n the metal frames for maintaining this position. It 1s
simpler to apply a shoulder spica cast, and the position is securely
held The patient will be more comfortable during immobilization.

RECURRENT DISLOCATIONS of the shoulder are common and are
likely to be seen in epileptic patients who suffer from grand mal
attacks, Many operative procedures have been recommended for
this condition. The Nicola operation has been widely used,
although recurrences following this procedure are relatively high.
The Bankart operation repairs the torn anterior capsule and is
becomng more widely advised. The pathologic anatomy varies,
and combined procedures, such as the Putti-Platt, Nicola-
Magnuson or Bankart-Magnuson, are commonly used to mini-
mize the incidence of recurrence.

FRACTURE-DISLOCATION of the upper end of the humerus con-
stitutes one of the most difficult of all injuries to the human
skeleton from the standpoint of obtaining and maintamning 3
satisfactory reduction. If the head of the humerus is dislocated
and completely detached from the shaft, closed reduction of the
dislocated head 1s exceedmgly difficult. If attempted, manipula-
tion should be carried out under sufficient anesthesia to obtain
good muscle relaxation An attempt is made first to reduce the
fracture and produce locking of the fragments. This requires
accurate determination of the position, including rotation of the
dislocated head. The shaft of the humerus must then be pulled
in a direction that will be m direct line with the longitudmal
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be maintained by a loop of heavy stainless steel wire; or a bone
graft, 5-8 mm. wide and 8-10 em. long, may be cut from the
distal fragment, countersunk in the groove from which it has
been cut and then driven upward into the head of the humerus
across the fracture line. This makes an effective key for locking
the fragments together and also aids in obtaining union of the
fracture. It is best to discard the head fragment if it is com-
minuted or if satisfactory re-position on the shaft cannot be
accomplished.

After open reduction, the arm is immobilized in a shoulder
spica cast for four weeks. In an elderly patient, guarded motion
may be started in three weeks with the arm held in position by
a collar and cuff sling. Active use of the arm must be curtailed
until there is roentgen evidence of union.

Complete fracture-dislocation of the head of the humerus may
result in aseptic necrosis of the head fragment. This occurs fol-
lowng cither open or closed reduction if the fragment is deprived
of its blood supply. Unjon will take place in many of the patients;
and, since the replacement is usually without change in the shape
of the head, prognosis is good. Mild secondary arthritis may
cause some ache mn the joint, but the over-all function is better
than when the head is excised. Excellent shoulder function is
possible although roentgenograms are far from anatomic. Re-
moval of the humeral head or arthrodesis of the shoulder may
be indicated when there is nonunion or severe pain.
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If the foregoing manipulation does not result in re-position of
the humeral head and reduction of the fracture, skeletal traction
by means of a pin inserted through the ulnar crest should be
attempted (Fig. 150). As the proximal end of the humerus is
pulled away from the glenoid, allowing space for the humeral
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Fic. 150.—Fracture-dislocation of the shoulder.

head, an effort is made manually to manipulate the proxlmal
fragment 1ito the glenoid. In our experience, this 1s rarely
accomp]ished.

Open reduction of the fracture-dislocation is imperative if all
attempts to obtam reduction by closed methods fail. The ante-
rior capsule is exposed as described under chronic dislocations
of the shoulder, the head of the humerus is reduced and the
fracture fragments accurately apposed and aligned. Fixation may
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CHAPTER 23

The Clavicle and Scapula

FRACTURE OF THE CLAVICLE Or the collar bone has been too lightly
considered by most surgeons. Malunion with angulation 1s
common, and nonunon is not unusual. Treatment by immobiliz-
ing the entire hand, arm and fingers, especially in older patients,
has resulted in stiffness of the shoulder and sometimes of the
jomts of the hand and fingers as well. For a closed fracture of
the clavicle, immobilization of the arm should rarely be necessary
to maintain a reduction of the fracture. Fractures of the clavicle
are most common in the middle third of the bone. The medial
fragment is pulled upward and slightly posteriorly by the
sternocleidomastoid muscle. The outer fragment is carried down
and forward by the weight of the arm and scapula following
the loss of its supporting mechanism. This deformity produces
a shortening of the distance between the base of the neck and
the tip of the acromion process. The deformity of an unreduced
or a poorly reduced fracture of the clavicle may be particularly
objectionable to a young woman who finds it conspicuous when
she wears a low-cut dress, Strength of the arm and shoulder 1s
diminished permanently by faulty management of this fracture.

Linear fractures without displacement are treated with a simple
ﬁgure-of-cight dressing  With displacement  and shortcmng,
manipulah’\'e reduction must be obtamned, Procaine nfiltration is
the anesthetic of choice. The shoulders are forced upward and
back, and direct manipulation of the fragments is often necessary

254
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drawn backward as well as upward by the bandage. The one
objection to this bandage is that it becomes loosened and mi-
grates upward and must therefore be removed and re-applied
esery few days. The arms are left entirely frce. When the patient
sits or stands up, the pad in the axilla serves as a fulerum over
which the weight of the arm drags, tending to maintain a dis-
traction force in the long axis of the clavicle and preventing
over-riding,

For the older child or the adult, a plaster of paris dressing
should be applied exactly in the same manner as the figure-of-
eight bandage just described (Fig. 151). Beneath the plaster of
paris a few turns of cotton batting bandage are placed around
the shoulders in the form of the figure-of-eight dressing. Felt
padding is required in the axila and must extend beyond the
edges of the plaster dressing, With the surgeon standing behind
the patient, the plaster of paris cast is applied as is a figure-of-
eight bandage, while an assistant pushes upward on the elbow
and backward over the head of the humerus. The surgeon main-
tains pressure with his knee placed on the spine at the base of the
neck between the superior-medial angles of the scapulae, At least
15 to 20 turns of plaster bandage 6 in. wide should be used. As
soon as the dressing has been completed, the patient should be
placed supine, with a thick roll of felt or a sandbag directly under
the spine between his shoulders. The surgeon then applies firm
pressure with the palm of the hand over each shoulder, forcing
them back and up on the roll of felt. This will indent the plaster
n the back where the bandages have crossed in the midline. The
pressure must be maintained until the plaster has set and is
strang enqugh to secure this position. While the patient is in the
supine position, with the shoulders forced back and up, the arm
should be brought as nearly to the side as possible. This method
can be used in the treatment of comminuted, as well as of
simple, fractures (Figs. 152 and 153).

During the first three or four days after a figure-of-eight plaster
dressing has been applied, the patient may suffer some discom-
fort from the pressure against the axillary vessels. This can
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for end-to-end reduction. This position must be maintamed
during immobilization.

Following reduction, immobilization can be maintained m
infants and small children up to 5 years of age by a figure-of-
eight bandage. A pad of absorbent cotton is placed over the
shoulder anteriorly and carried down into the axilla. The surgeon
stands behind the patient and applies the bandage with some
tension, wrapping it around over one shoulder, through the axilla

e frm
, suice

(after passing it over the cotton pad), then up in such a manner
that, as the bandage is tightened, the shoulder is elevated; then
across the back over the top to the opposite shoulder, around the
cotton pad and through the axilla and again up and over until
at least eight to 12 turns have been made. This can be re-
enforced further with 1 in strips of adhesive placed over the
bandage and carried around the entire course of the figure-of-
eight. While each turn of the figure-of-eight bandage is bemng
app]ied, pressure should be made, either with the knee of the
surgeon or by an assistant, over the spine between the shoulder
blades at the base of the neck, so that the shoulders can be
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be relieved at any time simply by abducting the arm and
restmg the elbow on a table or on the arm of a chair. After a
few days the circulation usually adjusts to the pressure so that
the initial discomfort in the arm is no longer present. Pressure
must be reliesed by trimming the cast if swelling of the arm is
moderate or persists.

The period of immobilization varies with the age of the pa-
tient. Four weeks may be sufficient time to immobilize a fracture

Fic 154,—Figure-of-cight web strapping, as shown, is useful for fractures
of clavicle without displ and as y support prior to, and
following ngid fisation by plaster dressing.

of the clavicle of an infant or a child under 5 years of age. Six
weeks’ immobilization should be sufficient for an adolescent or
an adult, and a longer time may be necessary for the patient
past 40. For all patients, immobilization should be continued
until the roentgenogram shows definite osseous union, A web-
strap figure-of-eight bandage may be used during the period of
consolidation after removal of plaster (Fig. 154).

Cluldren and adolescents quickly begin to use the arm on
the side of the fracture, and httle fear need be felt regarding a
frozen shoulder. The middle-aged or elderly patient, because of
paw or fear of pam, may hold the arm motionless at the side
unless the surgeon emphasizes repeatedly the importance of ac-
tual functional use (not mere exercises) of the extremity during



Fic 153 ~Closed fracture of the muddle third of the clavicle with con-
minution and shortemng This fracture was treated with an ambulatory
figure-of-erght plaster cast, and there was early healng and an excellent
anatomic result
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treatment. After about one week, if the patient has been co-
operative, the arm will be surprisingly free from pain; and use
of the estremity will be remarkably good for most purposes, in
spite of the fact that both arms have been held in what appears
to be an awkward position of abduction.

Open reduction is occasionally necessary. It is indicated when
comminuted fragments are widely displaced or rotated and pre-

F1c. 158 ~Restiution of normal alignment with open reduction and
nternal fixation by means of a heavy threaded wire. Union present after
three months No external fiaation.

vent adequate closed reduction. An mtramedullary threaded wire
is the best means for maintamning reduction (Fig. 155 and 156).
After union js complete, the pin 1s removed by exposing the
lateral end in the suprascapular region. Open surgery causes
loss of the hematoma, and there is increased incidence of
nonunion unless bone grafts are placed around the fracture
(Fig, 157).

Ununited fracture of the clavicle is rare and s unlikely to
occur i the fracture is properly treated from the beginmn
When nonunion is present and the alignment is satisfactors;
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Fic 157 —Above, nonunion of fracture of clavicle treated by open reduc-
tion and nternal fixation by ntramedullary rod, a not procedure,
Below, showing falure of union of fracture of mudportion of the clavicle
following this treatment, ends of fragments held apart The addition of
cancellous bone grafts at time of surgery 1s recommended to prevent this
compheation
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it should be treated by open reduction and an onlay tibial
bone graft. An intramedullary wire in conjunction with a bone
graft is used to maintain reduction if the bone ends must be
mobilized to re-align the fracture. Following this operation, a
plaster figure-of-cight cast, as described, should be wom for 10
to 18 weeks, or until the roentgenogram shows good umon

DISLOCATION OF THE STLRNOCLAVICULAR JOINT is less common
than fracture of the clavicle. The acute cases may be treated
best by the same type of dressing used and described for the
treatment of fractures of the clavicle. If the figure-of-eight dress-
ing does not maintain reduction, a shoulder spica cast should
be applied with the arm abducted to 90 degrees and in the
degree of forward flexion and external rotation which offers
the maximum reduction. If manipulative reduction cannot be
obtained, open reduction may be necessary.

The acroyocLavicULAR joINT may be dislocated with ds-
ruption of the coracoclavicular ligaments as a result of falls or
other severe trauma such as may occur when tackling a runner
in football. The injury is readily recognized by the downward
displacement of the scapula together with the arm, the outer end
of the clavicle beng pulled upward. If the injury is confined to
the acromioclavicular joint, the displacement between the clavi-
cle and the acromion process is rather small, with little deformuty.

The presence of slight swelling, tenderness and Iocal pain upon
abduction of the arm should suggest the possibility of a subluxa-
tion of the acromioclavicular jont. Positive evidence of the
degree of injury to the ligaments may be determined by x-raymg
both shoulders with the patient standing and holding a 20 Ib.
weight i each hand Many injuries of this joint go unrecognized
and, without proper treatment, result in painful arthrtis.

A satisfactory end-result can usually be obtained by conserva-
tive treatment of the acute mjury. The mild injuries can be
treated in the following way The arm should be supported by a
sling which elevates the scapula A pad of felt is then placed
over the outer end of the clavicle and a firm adhesive dressing
app]ied. The dressing starts on the back at the level of the waist
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Fic. 137.—Above, nonunion of fracture of clavicle treated by open reduc-
tion and 1nternal fixztion by tntr dullary rod, a not procedurc

Below, showing fallure of union of fracture of midportion of the clavicle
following thus treatment, ends of fragments held apart The addition of
cancellous bone grafts at time of surgery 1s recommended to prevent this
complication
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and is carried upward over the outer end of the clavicle down to
just below the bend of the elbow and back up onto the arm
posteriorly. Whle the dressing is being applied, the arm 1s lifted
at the elbow to elevate the scapula. The frequently used method
of placing only short strips of adhesive criss-cross over the acro-
muoclavicular joint is altogether inadequate for this purpose.

The best conservative method for treating the patient with
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Fic 158 —An effective conservative method for treating an acute disloca-
tion of the acromioclavicular jownt. The forearm cast is necessary for sta'bnh-
zation of the body jacket, effecting a steady corrective force on the clavicle.

high upward nding of the clavicle and complete rupture of the
coracoid clavicular hgaments is shown in Figure 158. Consider-
able downward force is required, not only to reduce the disloca-
tion, but also to hold 1t unmterrupted for the six weeks necessary
for the ligaments to heal. The body jacket will ride up (and the
corrective force be lost) if the arm is not incorporated as a part
of the dressing The patient will be temporarly mcapac:tated by
loss of use of one arm, but this is a small nconvenience for a
cure of the dislocation

This injury 15 difficult to treat successfully. Constant super-
vision is necessary to msure optimal mamtenance of the reduc-
tion. Internal fixation with threaded wires is mdicated when
closed reduction cannot be mamtamed (Fig. 159).

Dislocations of the acromioclavicular articulation, even when
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untreated, may not cause serious disability. There may be com-
plete distocation, including rupture of the coracoid clavicular
ligaments, without much dysfunction. When pain is present and
the paticnt 15 meapacitated because of the chronic dislocation, it
is advisable to repair the coracoid clavieular ligaments with

- Acrornio-clavicular
} separation

é - Z~Z. Downward
e pressure

Valpeawy ban e
Two threaded wires &) w?u:&s. Removi
mserted Wires cut pms Allow full
off under skan. use of arm.

Fic 159 —Repair of acromioclavicular separation,

fascia and at the same time secure the articulation by means of
fascia lata passed through dnll holes and tied securely, and re-
enforced for six to eight weeks with the threaded steel pins
mserted as m Figure 159,

A' ?roccduxe which has become increasingly popular is simple
excision of the outer end of the clavicle. For acute injuries which



266 FRACTURE TREATMENT

should respond to good conservative management, a procedure
that entails the loss of considerable bone substance would not
appear to be justified; but for patients with old, chronic or pam-
ful dislocations, the excision of from 34 to 1 in. of the outer end
of the clavicle (as described and recommended by Mumford)

Ouker clavicle
cexcised

Fic 160 —Mumford has d, d that dsl, of the acrano-
clavicular articulation may be treated successfully by excision of the outer
end of the clavicle The recovery period is three to four weeks

will restore the maxumum of usefulness to the shoulder more
quickly and more surely than will open operation and fascral
suture (Figs. 160 and 161). The result is more satisfactory than
that of arthrodesis of the acromioclavicular joint, because the
latter procedure restricts shoulder motion.

FRACTURES OF THE scapuLa may include the body, the neck or
the coracoid process. Crushing mjuries, such as those which result
from an automobile collision or a fall from a height, may pro-
duce commnution of the blade of the scapula or a spht through-
out its entire length. Attempts are too often made to treat this
relatively self-healing mjury by immobilizing the entire arm at
the szent’s side. Such immobihzation often produces pericapsu-
lar adhesions of the shoulder which are far more difficult to treat
than the fracture atself should have been from the beginning.



Fic 161.~Painful duced disl of the ac joclavicular joint
(aboce), with restriction of shoulder girdle motion, are best treated by
resection of the outer portion of the clavicle (below). Stabihity of the
clavicle 1s muntaned by the coracoclavicular hgaments
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Little, if any, displacement occurs in this injury, and no attempt
need be made to change the position of the fragments. Adhesive
strapping across the shoulder and down over the back of the
scapula to the level of the patient’s waist will furnish all the
immobilization that is needed.

A fracture of the neck of the scapula is much more serious
than a fracture of the body. In this injury, theglenoid fossa is
detached from the body of the scapula, so that the support of the
arm is lost. Fortunately, the glenoid fragment can be readily
controlled by manipulation or fixation of the arm, and nonunion
is uncommon. In the adolescent or young adult, immobilization
should be by means of an abduction arm and body cast for six
weeks. The top of the arm and shoulder portion of the cast
should be removed within three weeks, and exercises of the arm
should be started. Continuous traction may occasionally be neces-
sary for reduction and maintenance of position. For the older
patient, slight malunion is preferable to the potential danger of
immobilization, namely, a frozen shoulder. A Velpeau dressing
is applied for seven days or until the acute traumatic reaction
has subsided. Relaxed motion is then started, with six or eight
exercise periods daily. The arm 1s swung at the shoulder in
gradually increasing circles while the patient bends forward and
to the side. This will be helpful in maintaining shoulder mobility
and in improving the position of the fragments. A sling attached
to the wrist and passed around the neck may be worn during the
mtervals between the exercise periods for approximately two
weeks.

A fracture of the coracoid process will usually repair without
specific treatment, erther by fibrous tissue or by solid bonvy union.
If 1t occurs as a solitary lesion due to direct violence agamnst the
coracoid, no specific treatment 1s necessary. If the fracture is
associated with a dislocation of the acromioclavicular jomt, 1t
may be treated in conjunction with, but always secondary to, the
management of the acromioclavicular mjury. The acromion
process may be excised if 1t interferes with the function of the
shoulder.



PART III
Fractures and Dislocations of

the Lower Limbs






CHAPTER 24

The Hip

Tue uIr 15 A strong and stable joint. Because of its importance
in Jocomotion, any mjury to the hip region requires special care
to assure return of satisfactory function.

TraumaTIC DISLOCATION

Traumatic dislocation of the hip constitutes a major injury
which is rarely produced by the ordinary falls that cause most
fractures in this location. There are three main types, depending
on the direction of displacement of the femur m relation to the
acetabulum:

1. Posterior

a) Iliac—femoral head displaced along lateral surface of
iliac bone
b) Ischial—femoral head lies in region of sciatic notch
2, Anterior
a) Obturator—femoral head lies on obturator membrane
b) Pubic—femoral head lies external to superior ramus of
pubic bone

3. Central—femoral head displaced through acetabulum into

pelvis

The most common cause of posterior dislocation of the hip is
that of a head-on collision of fast-moving motor cars. When the
passenger’s knee strikes the dashboard with the thigh in flexion
and adduction, the head of the femur may be driven backward
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Fic 162—Four types of dislocation of the Iup.



Fic 163 —Reduction of dislocation of the hup.
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out of the acetabulum. The posterior rim of the acetabulum may
be fractured at the same time. The diagnosis is seldom difficult
to make from the history of a severe injury with a characteristic
deformuty. The involved leg appears shortened and is held in
moderate hip flexion, adduction and internal rotation with the
knee resting on the well leg (Fig. 162). Any attempt to moe
the extremity is associated with severe pain and muscle spasm.
This position of the leg should not be confused with that seen
after fracture of the neck of the femur with separation of the
fragments, since in the latter instance the extremity is held in
extension and external rotation.

Reduction of a posterior dislocation of the hip requires com-
plete muscle relaxation, and this is obtained best by a general
anesthetic. We prefer sodium pentothal. The classic maneuver
of Bigelow, illustrated in F; 1gure 163, will rarely fail to result in
re-position of the head of the femur.

Downward traction on the flexed thigh and knee with the
patient lying face down and the involved leg projecting beyond
the end of the table is an alternative method which may be
employed for reduction. Ischial dislocations are treated the same
as the iliac type. Care should be exercised to prevent injury to
the sciatic nerve which occasionally becomes caught anterior t.O
the neck of the femur and prevents closed reduction. The physi-
cian should test the function of this nerve before and following
manipulative treatment of posterior dislocations of the hip.

Anterior dislocations of the hip follow severe blows to the leg
with the extremity in abduction. The obturator type is the most
common, the pubic dislocation represents a greater degree of
upward and anterior displacement of the femur. The leg assumes
a characteristic position of hip flexion, abduction and external
rotation. Reduction may be accomplished by a reverse BlgEI({\V
maneuver, in which the flexed hip with upward traction 1s cir-
cumducted m a clockwise direction to a neutral position of eaten-
sion. A loud click will be heard as the head pops back to position
in the acetabulum.

Central dislocations of the hip are discussed in Chapter 3L
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POSTREDUCTION TREATMENT OF TRAUMATIC
DISLOCATIONS OF THE HIP

Following reduction of a posterior or anterior dislocation of
the hip, the leg should be maintained in traction with Buck’s
extension or on a Thomas splint. Six to 8 Ib. of traction is ade-
quate to present re-dislocation, and a plaster cast is not necessary.
Active motion of the hip and knee may be resumed after two
weeks. Four weeks following the injury, the patient may become

Posterior distocation Dislocation reduced.

of hup with fracture and fragment wired
of the acetabulum m place withh screws.

Fic 164 ~Open operation for accurate reduction and fixation of all large
bular " ded

ambulatory, using crutches. The physician cannot then deter-
mine by physical examination or by roentgenograms whether
the femoral head has mamtamed blood supply adequate for
survival (see Chapter 14), so weight-bearing on the leg should
not be permitted for six months. During this period there will
oceur sufficient atrophy of living bone to enable the surgeon to
determine by study of roentgenograms whether or not the
femoral head 15 alive or necrotic. If the head undergoes uniform
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junes Jncurte dSf;’er:nfmcturfe-d.slocanon of hip m patient with multiple 1=
Large fragment re;.‘lresg::xg rm[? a burming arplane just before 1t crashed
by arrows) was acc Ing about one third of the acetabulum (indicated
H sccuratcly replaced with three screws Eighteen months
after injury roentzenograms demonstrate an apparently viable head with
moderate narrowing of the joint space Full weight-b g had by er-
mutted for six months ght-beaning had been P

276



THE HIP jorid

atrophy of disuse, it is viable. On the other hand, if the roent-
genograms show that the femoral head has retained its onginal
density or is mottled in appearance and stands out in contrast to
the less dense surrounding atrophic living bone of trochanter and
pelvss, the head is necrotic. If the head is dead, two tibial bone
grafts may be inserted through the neck into the head to facili-

Fic 166.—-Roentgenogram 12 months after reduction of postenor disleca-
tion. Note the uregular density with greater density in the summit zone
than n the adjacent bone of the head, neck and pelvis. The jownt space is

narow and unprotected Weight-beanng would result in collapse and
deformuty.

tate its restitution (Fig. 44, p. 103). The patient should continue
to use crutches for walking, without bearing weight on the
affected leg, until there is roentgenographic evidence of complete
transformation of the femoral head. Transformation of the head
may require several years, but the treatment is worth while if a
deformed and painful joint requiring osteotomy, arthroplasty or
arthrodesis of the hup can be prevented.

When this program 1s not followed and the patient 1s per-
mitted to resume walking six weeks after the dislocation, he may



F16. 167 —Complete postenor disl, ized for three montLh'S;

owing to focus of attention on other ) d 1injunes.
damage to femoral head, peroneal nerve X and phlebothromt

mevitably occurred
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have normal function of the hip for six to 10 months cven
though the head has lost its blood supply. Too frequently these
patients will return to the physician with pain and spasm around
the hip and roentgenograms will show late evidence of necrosis
with variable degrees of breakdown of the head.

Complications of dislocations of the hip are: (1) aseptic
necrosis of the femoral head from tearing of major blood vessels
at the time of the injury; (2) displacement of large acetabular
fragments which may require open reduction and internal fixa-
tion (Figs. 164 and 163); (3) myositis ossificans and ossification
of the capsule which occasionally cause marked loss of motion
in the hip joint; (4) injury to the sciatic nerve.

The most frequent severe complication is aseptic necrosis
(Fig. 166). The incidence is high (probably 40 per cent of all
cases), and the crippling end-result may produce marked dis-
ability.

Old unreduced dislocations of the hip offer little hope for a
good result. Rarely can closed reduction be accomplished three
weeks after the dislocation, and open reduction will be followed
by necrosis of the femoral head in most instances (Fig. 167). If
the femoral head can be replaced in the acetabulum, arthrodesis
offers the most favorable prognosis for a stable, pamless weight-
bearing extremity. Arthroplasty has also been advised, but after
this operation a necrotic femoral head may collapse and be ab-
sorbed beneath the vitallium cup. A subtrochanteric osteotomy
is advisable for unreducible dislocations of the hip, with dis-
placement of the femoral shaft medially to improve stabilty.

Fracrures

Fractures n the region of the hip should be divided into two
major groups. (1) fractures that occur within the capsule of the
joint, and (2) those which occur at the base of the neck with
mvolvement of one or both trochanters, The prognosis for union

and restoration of normal function varies considerably in the
two groups,
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The blood supply of the femoral head is derived from the
nutrient branches of the medial and lateral circumflex arteries
which enter the epiphysis after passing beneath the reflection
of the capsule on the neck of the femur and from the arteries
of the round ligament (Figs. 168 and 169). The capsular

NORMAL BLOOD%SUPPLY
HEAD OF FEMUR

Right Hip

Posterior view

Cross section
throudh

acetabulum Capsular branch

b of lateral femoral

O\ circumflex A.

Lateral femoral

circumflex A. Nutrient

branches
to head

Fic 168

vessels are more mmportant than are those of the ligamentum
teres. In intracapsular fractures with displacement, the neck
vessels will be torn. The blood supply lhrough the round ligament
may not be sufficient to nourish the entire femoral head, and
asebnc necrosis will inevitably result unless some of the capsular
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vessels remain intact. Basal neck and intertrochanteric fractures
oceur distal to the hip joint capsule and rarely sever important
arteries.

The acute slipped epiphysis or epiphyseal line fracture, which
occurs in adolescents, takes place within the capsule and may

CHANGES IN BLOOD 'SUPPLY
WITH TRAUMATIC/ DISLOCATION

OF THE HIP

2
& C e
4 {’ Posterior view

Important
capsular
vessels
may be torn”
(Posterior vessels
capsular) insufficient
: . for nutrition
' e rhrainn 7/ of femoral head

Fic 169

leave only the blood supply available by way of the round
hgament. The vessels i the round hgament are of larger caliber
in children than m adults, and comparable fractures in young
individuals carry a more favorable prognosis. Gradual slipping
of the femoral epiphysis probably permits readjustment of the
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blood supply by the capsular vessels and, together with the sup-
ply through the ligamentum teres, no doubt accounts for the low
incidence of delayed necrosis which results from this lesion.

SLIPPING OF THE FEMORAL EPIPHYSIS in adolescents should be
recognized early, before any marked displacement has occurred.
It can be treated successfully by wide abduction and internal
rotation in a plaster cast for four to six months. We prefer
internal fixation with threaded steel pins or a Smith-Petersen
nail because this does not require immobilization of an entire
extremity and therefore permits ambulation with crutches with-
out weight-bearing on the affected hip. The procedure for inser-
tion of the pins or nail is that outlined for intracapsular fractures
of the hip (Fig. 174, p. 291). Weight-bearing may be resumed
when roentgenograms show bony fusion between the head and
the neck. Late development of pain with roentgen evidence of
altered contour of the head suggests the possibility of aseptic
necrosis, and the patient should be treated accordingly by pro-
longed protection against weight-bearing.

TruE Fractunes oF e Fesoran Neck.—These are common
among elderly persons, who are more susceptible to falls, such
as tripping on a rug or slipping in a bathtub. Frequently the
injury results from a fall in which the patient strikes the side
of the hip. Impaction of the fracture fragments may enable the
patient to walk without great difficulty (Fig. 170) However,
unless the fracture 1s recognized and adequately treated within
a few days, displacement, with a poor prognosis, may follow.
Because so many of thesc patients are elderly, the meidence of
death from hypostatic pneumonia or from cardiorenal failure
was high with cast treatment but has been materially reduced by
early ambulation after mtcrnal fisation of the fracture of by
prosthetic arthroplasty

For the elderly and debilitated patient, primary prosthetic
replacement of the femoral head with a metal stem-prusthcsxs is
now a successful and commonly used procedure. Early weight-
bearing 1s permitted and encouraged  with reduction of post-
operatine morbidity and simplification of nursing eare. This
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procedure is not justified for a patient with a life expectancy
of five or more ycars,

No attempt at reduction should be made while there is any
evidence of shock. During the first 24 hours after admission,
Buck's catension may be applied to the leg and the extremity

complete (adducbor&
fracture of neck wil
separstion  Marked

position cﬁxp can be & by
moved, but pamfally Patient cannck maov

Fic 170 ~Position of the leg following intracapsular fractures of the lup.

gradually rotated to a neutral position and supported with sand-
bags. The head of the bed should be kept elesated and the
patient turned at frequent iutervals, i an effort to prevent hypo-
static congestion of the lungs ’
Use of the plaster cast has been abandoned by men who know
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blood supply by the capsular vessels and, together with the sup-
ply through the ligamentum teres, no doubt accounts for the Jow
incidence of delayed necrosis which results from this lesion.

SLIPPING OF THE FEMORAL EPIPHYSIS in adolescents should be
recogmzed early, before any marked displacement has occurred.
It can be treated successfully by wide abduction and internal
rotation in a plaster cast for four to six months. We prefer
internal fixation with threaded steel pins or a Smith-Petersen
nail because this does not require immobilization of an entire
extremity and therefore permits ambulation with crutches with-
out weight-bearing on the affected hip. The procedure for inser-
tion of the pins or nail is that outlined for intracapsular fractures
of the hip (Fig. 174, p. 291). Weight-bearing may be resumed
when roentgenograms show bony fusion between the head and
the neck. Late development of pain with roentgen evidence of
altered contour of the head suggests the possibility of aseptic
necrosis, and the patient should be treated accordingly by pro-
longed protection against weight-bearing.

True Fracrures oF e Feaorar Neck—These are common
among elderly persons, who are more susceptible to falls, such
as tripping on a rug or slipping in a bathtub. Frequently the
injury results from a fall in which the patient strikes the side
of the hip. Impaction of the fracture fragments may enable the
patient to walk without great difficulty (Fig. 170). However,
unless the fracture is recognized and adequately treated within
a few days, displacement, with a poor prognosis, may follow.
Because so many of these patients are elderly, the incidence of
death from hypostatic pneumonia or from cardiorenal fmlure
was high with cast treatment but has been materially reduced by
carly ambulahion after mternal fixation of the fracture of by
prosthetic arthroplasty

For the elderly and debihitated patient, primary prosthetic
replacement of the femoral head with a metal stem-prosthesis is
now a successful and commonh used procedure. Early weight-
bearing 15 permutted and enconraged. with reduction of post-
operatine morbidity and simphfication of nursing carc. This
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procedure is not qustified for a patient with a hife evpectancy
of five or more years.

No attempt at reduction should be made while there is any
evidence of shoch, During the fint 21 hours after admiswion,
Buck's extension may be applicd to the Teg and the extrenmty

Impacted @obducten) Complete add
E&e;cfr;m of reck of) £ra§guc

3 i norTal reol
postion p cen be cxpa! “r‘ ‘f\.d
moved, but paazuly Ferienk cannck move tup

Fic 170 —Position of the leg following intracapsular fractures of the lip.

gradually rotated to a neutral position and supported with sand-
bags. The head of the bed should be kept elevated and the
patient turned at frvquent intersals, in an effort to prevent hvpo-
static congestion of the lungs ’
TT<e of the plaster cast has been abandoned by men who know
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genograms (Dr Hugh McKenna, Chicago). Tlis method may be used for
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terrupting the stenle techmque
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the head of the femur was replaced more direetly on top of
the neck.

REDUCTION OF 'EMORAL NECK FRACTURLS

The method of reduction may be outlined as follows:

1. Direct downward traction in the line of the long axis of
the femur and tibia.

. Abduction of the leg, through an arc of 10 to 20 degrees,
while traction is being maintained.

3. Intemal rotation of the leg until the patella faces medially

(Fig. 171),

This method can be most safely carried out with the patient on
a fracture table with both feet firmly fastened to the traction
stirrups. A wooden perineal post should be used to facilitate the
taking of cln-ck-up roentgenograms. A hospital fracture service
which has the full co-operation of the department of roent-
genology will have portable equipment available for taking both
anteropostenior and lateral roentgenograms of the hip. Satisfac-
tory results in a serics of fracturcs of the neck of the femur
cannot be obtamed without the aid of two-plane roentgen
examinations made immediately after each manipulation to re-
duce the fracture, at various times during the process of internal
fixation and as a final check-up before sending the patient back
to his room,

The arrangement 1s 1deal when two portable x-ray tubes are
provided. One tube should be fastened by special brackets to the
fracture table and placed between the patient’s thighs, with the
opening as close to the inner side of the groin as possible and
directed upward toward the neck of the femur (Fig. 172). This
tube 15 covered with stenle drapes and does not need to be
disturbed when lateral roentgenograms are called for. A cassette
holder for 8 X 10 film 1s placed beneath the hip and so arranged
that it will bhe easy to msert and remove the x-ray cassettes as
anteroposterior films are required. A portable x-ray machine can
be used to take anteroposterior views.

[&]
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LEADBETTERN MANLUVER

Qcceasionally a satisfactory reduction by simple traction, ab-
duction and internal rotation is not obtained, The Leadbetter
mancuver should be used in these cases (Fig. 173). With the
kuee and thigh fleved a little more than 90 degrees, an upward
Lift on the Jeg is made until the pelvis is elevated. The thigh is
intemally circumducted and internally rotated; as the leg is ex-
tended, the internal rotation is maintained and the leg is carried
laterally to & position of 35 degrees abduction, The Leadbetter
test (Fig. 173, D) may then be applied: When the leg is sup-
ported with the heel of the patient’s foot resting on the palm of
the surgeon’s hand, the foot will not rotate externally, but will
remain vertical or turned slightly into internal rotation, if reduc-
tion is satisfactory and one fracture fragment engages the other.

The anteroposterior soentgenogram of the completely reduced
hip should show the head of the femur well up onto the neck,
creating a defimte coxa valga position, and the lesser trochanter
will be almost, if not entirely, hidden behind the shaft of the
femur. The medial cortex of the head fragment should be inside
the projecting cortex of the inferior neck fragment, to give
stability with impaction. If the lesser trochanter shows in
prominent profile m an anteroposterior film, the surgeon can be
reasonably certain that the reduction is not satisfactory and the
internal rotation should be increased.

INTERNAL FIXATION OF FEMORAL NECK

For many years, we preferred and used small threaded steel
pins, inserted without incision of the skin or through a lateral
ineision, for immobilization of fresh intracapsular fractures of
the neck of the femur, These pins effectively maintained immo-
bilization if they were accurately placed after reduction of the
fracture. Difficulty in procuring the best quality of surgical steel
resulted in a lass of confidence in the small threaded steel
pins and the discontinuance of their use except in fractures of



Internal rotation, Lmdb—\;m\x% test of

{naggf“m as reduction Heel of

e raightened treated leg rests
palm of hand withoub

external votation

the 1;111(; 173.~Leadbetter's method of reduction of intracapsular fracture of

288



Michel chp----z;‘ /-E;,_———\.

N2

Fic 174.—Introduction of a Smith-Petersen nail for internal fisation of
intracapsular fractures of the neck of the femur,

2g1

Sruth Petersen naitE



290 FRACTURE TREATMENT

smaller bones and for immobilizing the reduced capital epiphysis
following epiphysiolysis. The lag screw, long wood screws,
partially threaded pins, angle blade plates and other materials
for internal fixation of fractures of the femoral neck have been
satisfactory when used by men who were well trained m the
appropriate techniques. All of these methods have been used
by us at one time or another. We now prefer, and use in most
instances of recent fracture of the intracapsular portion of the
neck of the femur, Smith-Petersen nails. It should be noted
that this nail is most efficiently used when the femoral bone
is not extensively atrophic. The bones of patients who have
been long inactive because of far advanced years may not be
strong enough to prevent the nail from coming out through the
anterior cortex of the neck or through the head of the femur, or
from backing out until the fracture fragments are no Ionger
maintained in position. When dealing with bone of this type, the
use of a three-flange nail and plate which can be attached to
the side of the femur is desirable. With rare exceptions we use
the closed method of reduction of the fracture and insert the
Smith-Petersen nail through a 5 in. lateral incision. Whether or
not the fracture line is exposed, roentgenographic control, with
both lateral and anterior posterior films during the operation,
is essential.

TECHNIQUE (MODIFIGATION OF SMITH-PETERSEN, FIG 174).

1. Place the patient on the fracture table with the uninjured
leg attached to the foot piece.

2. Reduce the fracture by the Leadbetter (Fig. 173) or the
Whitman (Fig. 171) method, or as described on page
9287. With the leg in traction, continue sufficient pull to
keep the leg just taut. E; ve pull will disengag the
fragments The leg is rotated by grasping the thigh and
turning the foot prece so that the patella is directed in-
ward. About 15 degrees of abduction will bring the head
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10.

1L

13.

a Kirschner wire) through each hole into the neck and
head of the femur. One should enter the bone for 4 in.
and the other 833 in. to permit roentgenographic identi-
fication and to give information as to the length of nail
required. The wires are inserted parallel to the floor (if
the evtremity is in proper degree of internal rotation)
and aimed in the direction of the clip marker. The wires
are pushed in (without drilling) until increased resistance
is encountered, indicating that the head fragment has
been reached. The wires are drilled into the head, one
not quite so deep as the other.

Determine the position of the wires by anteroposterior
and lateral roentgenograms. Readjust the length and
position of the wites if one is not located in the center
of the neck and head. Re-check their location roentgen-
ographically. The wires are re-inscrted one at a time,
using the other one in the bone as a guide for the new
direction. Repeat the adjustment of the wires until the
position of one wire is perfect. Do not insert the Smith-
Petersen nail until a guide wire is in the ideal position.
An inadeq nailing is doomed to failure.

Select 2 Smith-Petersen nail of proper length by subtract-
ing the length of guide wire protruding from the femur
from the total length of the wire. The difference repre-
sents the length of the wire inside the bone, and this
length on the anteroposterior roentgenogram is used for
accurate determination of the required length of nail.

. Prepare the femoral cortex at the point where the guide

pin is inserted to accept the three blades of the nail. A
Smith-Petersen nail starter, a cannulated burr designed
for this purpose or a small osteotome may be used.

Insert the Smith-Petersen nail into the femoral neck over
the guide pin. Hold the nail in line with the wire, with
the attached cannulated nail holder, to prevent bending
the guide pin Remove the second guide wire if its posi-
tion interferes with the insertion of the nail; otherwise, it
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fragment into valgus and simultaneously maintain con-
tact between the fragments. Excessive abduction may
create a gap between the head and neck in the medial
half of the fracture. The pelvis is balanced by applying
the necessary amount of traction on the well leg,

. Apply a Michel clip on the skin over Poupart’s ligament

midway between the anterior superior iliac spine and
pubic tubercle. This clip should be identified on the
roentgenograms and is the target toward which the guide
pin will be directed.

. Check reduction by anteroposterior and lateral roentgeno-

grams of the hip. Two portable roentgen umts are in-
dispensable for roentgenographing quickly and without
disturbing the sterile drapes (Fig. 172).

. Scrub the skin for 10 minutes from the nbs to the knee

with soap containing a detergent. Apply an antiseptic.

. Re-position the fracture if roentgenograms do not show

an adequate reduction. Additional traction with pressure
applied to the trochanter to medially displace the femoral
neck will occasionally be necessary. The fracture is
properly reduced when the head is in a position of valgus
with good contact with the neck and when the lesser
trochanter cannot be seen. The skin clip marker 15 placed
over the midpoint of Poupart’s ligament and the surgicﬂl
field is properly draped.

. The skin incision begins over the lateral tip of the greater

trochanter and extends downward 5 in. Incise the fascia
lata. Raise the periosteum and vastus lateralis from the
subtrochanteric portion of the femur. Detach the muscle
at the base of the trochanter for additional exposure.

. Place two % 1n drill holes in the lateral cortex of the

femur 1-1%5 . distal to the base of the greater tro-
chanter. They should be 14 1n, apart and directed toward
the Michel chp which marks on the skin the approximate
focation of the head of the femur.

. Pass a Smith-Petersen nail guide wire (do not substitute



Fic 175.-Typical subcapltal fmcture of femoral neck with external
rotation and sk (A). E t reduction and fixation ob B
with subsequent umon (C and D) and restoration of normal anatomy of
lup. The patient was symptom-free without evidence of necrosis three years
after injury
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may be left in place to minimize the danger of rotation
of the head fragment as the nail is inserted. Remove the
guide wires and check by roentgenogram the position
and depth to which the nail has been inserted. Do not
transfix the end of the nail to the lateral cortex of the
femur. The nail should be free to back out of the femur
as impaction takes place, either with or without absorp-
tion of the bone at the fracture site.

The fragments are impacted with the Smith-Petersen im-
pactor and the wound is closed. Apply a local pressuie
dressing, using Elastoplast part way around the leg.

The patient is returned to bed with 5 Ib. of traction
applied by means of adhesive strips or a threaded pin
through the proximal end of the tibia. This minimizes
musele spasm and controls the position of the extrermty
(prevents sudden external rotary movements which may
disengage the fragments) until active motion 1s possible.
An elderly patient should be up in a wheel chair each
day, while more vigorous persons are kept in bed until
muscle spasm has disappeared. This usually requires five
to seven days.

Repeat roentgen examination 10-14 days after surgery
at which time the femur can be flexed 90 degrees for
the lateral view (Fig. 175). For the anteroposterior
roentgenogram, the eatremity must be rotated internally
so that the entire neck containing the nail can be seen
m profile.

Physically able patients may be discharged from the hos-
pital soon thereafter, walking on the good leg with the
help of crutches. Crutch walking is assisted by build-up
of the heel of the shoe about 14 . on the unipjured
extremity.

Weight-bearing 15 allowed when anteroposterior and Jat-
eral roentgenograms show obliteration of the fracture line
by bone. Rarely does callus form on the surface of the
femoral neck, union occurring m intramedullary bone
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formation instead. Fractures of the neck of the femur
usually require 415 to six months to heal, but occasionally
union takes place in three to 314 months. Consolidation
may be delayed for many months as a result of poor re-
duction, ineffective nail insertion or aseptic necrosis of
the femoral head.

20. The nail is not removed routinely unless it has entered
the hip joint, has cut out of the neck into the surrounding
soft tissues or unless a painful bursa has formed over
the end that protrudes laterally from the shaft of the
femur. Removal of the nail is delayed, unless circum-
stances dictate otherwise, until union takes place.

For those who prefer to use the threaded stainless steel pins,
we submit the following description of the technique which we
have used. The pins may be inserted directly through the skin
and into the bone by a cannulated Yankee drill. The Jandmarks
which were oniginally described for insertion of the Moore nails
are used as guides for insertion of the pins. They are started
as nearly as possible at the four angles of a quadrant which
may be drawn on the skin with iodine or gentian violet at 2
level 114 in, below the tip of the greater trochanter. The drill
and pin are held parallel to the level of the top of the fracture
table, centered against the side of the femur, and are directed,
as one would aim a gun, at a point indicated by a clip on
the skin halfway between the anterior superior spine of the
ilium and the pubic bone. After mserting two pins to a depth
previously determined by measurements on the roentgenograms,
usually about 8 in., anteroposterior and lateral roentgenograms
are again made. The pins should be found to stay well within
the substance of the neck and to enter the head of the femur.
If the roentgenographie check-up shows that the puws are cor-
rectly placed, two additional pins are inserted. If not properly
centered they should be removed and replaced

Ideally, the pins are inserted so that one is anterior, posterior,
superior and inferior 1n the quadrants of the femoral neck. They
should be adjusted for depth by drilhng them slightly forward,
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or withdrawing them, as may be indicated by studymng the roent-
genograms. The points of the pins should not reach the cortex
of the articular surface of the head. Atrophy and absorption at
the line of fracture will mnvariably produce some shortening of
the neck; and if the points of the pins reach too close to the
cortex of the head, they later may protrude through and into
the joint as the absorption takes place.

When final roentgenograms have been made and the positions
of the immobilizing threaded pins have been found to be entirely
satisfactory, the skin is depressed inward toward the trochanter
as far as possible, and each pin is cut off with a heavy nipper.
The skin is then permitted to retract outward, leaving the ends
of the pins buried at a depth of 114 to 2 in. in obese patients
and % to 1 in. in others The ends of the pins cause only slight
discomfort. If the patient complains of them later, they can be
removed, but not less than six months after reduction of the
fracture.

A patient who has been treated by this method requires no
plaster cast and no other form of external immobulization. He
may be permitted to sit up in bed or mn a wheel chair on the
afternoon followimng operation. Within two or three days, a
patient so treated may walk with crutches, assisted by two nurses
or other attendants, if he is strong enough to support his weight
on the well leg, and within a week or two he should be able
to Jeave the hospital

Internal fixation techniques have greatly reduced the cost of
hospatat care for fractures of the neck of the femur. The immedi-
ate activity which they permit 15 undoubtedly an important factor
in the physiologic recovery Weight-bearing is not pernmted
until solid union 15 demonstrated rocntgenographicaﬂy. This
usually requires six months

NONUNION OF FRACTURES of the neck of the femur is usually
the result of poor reduction or inadequate immobilization of the
fracture. Frequently 1t is the result of aseptic necrosis of the
head (sec Chapter 14) Many methods have been described for
treating nonunion of this fracture (Figs 176 and 177). These
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neck of the femur with viable femoral heads The use of a blade plate or

a Smith-Petersen naill with a plate
a lup spiea cast.

attachment nught preclude the use of



300 FRACTURE TREATMENT

vary from extensive reconstruction aperations, some utih'zing the
femoral head (Magnuson and Brackeft), to those in which the
head is removed entirely and the trochanter deflected laterally
or transplanted downward onto the shaft. They are briefly de-
scribed for the purpose of familiarizing the general practitioner

r excised and moved Graft fromiro:
charnter placed

ace moved
head, Groove cut to hold onlay h neck
bone chups e

(Plaster cast) (E1ghic weeks bed rest) (Plaster cast}
ALBEE - CAMPBELL - DICKSON ELLIS JONES
HENDERSOM

Fic 178 ~Other techniques in which a bone graft has been used to ad
in ok hesis in d fr of the hip.

Fracture reduced Tibwal bone Four threaded pins
and two channels 1 %x;\afts inserted natntain wnmoptlse
dnil holes tion No coast

Fic. 179 —Method of of ion of fi of the hip used
by the authors if the femoral head 1s viable It peruts carly ambulation.

or student with possible procedures The exccution of each pro-
cedure requires specsal skill and experience, and a detailed
Prcsentatjon of each method 1s not within the scope of this book.

The result to be hoped for is restoration, as nearly as possible,
of a normal anatomic relationship and good physiologic func-
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tion. Good results have been reported from the use of ti})ial bone
grafts (Figs. 178 and 179). Our original objection to this method
has been that it required long immobilization in a bf)dy and leg
plaster cast of a patient who had already been subjected to an

Fic 180 —Old nonumion of a fracture of the femoral neck treated by
intramedullary autogenous bone gra[%s with threaded wire fixation The
1 3

greater } was d and fixed with a stainless
stecl screw The roentgenogram shows umform atrophy of the head of the
femur and this was interpreted as being idicative of a live head, This pro-
cedure should not be used when necrosis of the femoral head 1s obvious at
the time of operation

extensive period of physical inactivity in the treatment of the
fresh fracture. This attitude has been modified as follows:

We have used, in chosen cases with roentgenographic evidence
of a viable head, an operation for open reduction of the fracture
fragments to obtam a position of accurate apposition and slight
valgus (Fig. 179). Two autogenous tibial bone grafts are in-
serted laterally from below the greater trochanter up through
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the neck and into the head fragment. Four threaded steel pins
are then used to give support and mamtain immoblization while
union is taking place, stimulated by the autogenous and osteo-
genetic effect of the bone grafts (Fig. 180). No cast is needed
(unless the bone 15 too osteoporotic for the pins to maintan the

Fic 181 —Left, nonumon of fracture following manipulation and internal
fixation with Smuth-Petersen nail, with regional aseptic necrosis Umton oc-
curred following placement of tibial bone grafts and subtrochantenc wedge
osteotomy (right) Note that rotation of the head brought viable bone into
the weight-beanng region

reduction), and postoperative hospitalization may be reduced to
three weeks.

Subtrochanteric osteotomy, of the types recommended by
McMurray and by Schanz, 1s a procedure which produces ex-
cellent results (Fig 177, A and B) The McMurray type of
osteotomy is recommended because the technique 1s relatively
simple and the end-results are ughly satisfactory. Either type of
osteotomy requires an additional period of plaster cast 1mmobili-



THE HIP 303

zation of cight to 12 wecks unless some form of internal fixation
is used. A combination flange and plate holds the bones, after
osteotomy and abduction or medial displacement of ﬂu? di‘stal
fragment, without requiring immobilization of the extremity in a

Fic 182.—A subcapital fracture in a woman, 68, united in good position,
but aseptic necross with collapse of the head of the femur followed 20
months later The necrotic femoral head was removed and replaced with an
Austin Moore Vitallum intramedullary prosthesis. The patient left the
hospital walking with crutches and partial wesght-bearing 16 days after the
operation A similar type of prosthesis replacement 1s carried out 1 treating
some fresh subcapital fractures m very elderly and poor nsk patients.

plaster cast. Tibial bone grafts should be used across the fracture
site (Fig. 181).

Nonunion, with or without a viable head, occurring in the
very clderly patient constitutes an indication for use of a metallic
replacement (Fig. 182). We formerly used the re-enforced acrylie
prosthesis modified from Judet, but now use, with much 1m-
proved results, the Eicher stainless steel prosthesis or the Moore
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the neck and into the head fragment. Four threaded steel pins
are then used to give support and maintain immobilization while
union 1s taking place, stimulated by the autogenous and osteo-
genetic effect of the bone grafts (Fig. 180). No cast is needed
(unless the bone is too osteoporotic for the pins to maintain the

Fic 181 —Left, nonunion of fracture following manipulation and internal
fixation with Smuth-Petersen nail, with regional aseptic necrosis. Union oc-
curred following placement of tibial bone grafts and subtrochanteric wedge
osteotomy (right). Note that rotation of the head brought vaable bone mto
the weight-beaning region

reduction), and postoperative hospitalization may be reduced to
three weeks.

Subtrochanteric osteotomy, of the types recommended by
McMurray and by Schanz, is a procedure which produces ex-
ccllent results (Fig 177, A and B) The McMurray type of
osteotomy 1s recommended because the technique is relatively
simple and the end-results are highly satisfactory. Either type of
osteotomy requires an additional period of plaster cast immobli-
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MANAGLMENT

The simplest method of treatment consists  of continuous
Russell traction, with a pin placed through the proximal fourth
of the tibia. Bucks adhesive extension applied to the skin from
the Jower thurd of the thigh downward can be used. but this
requires careful daily supervision to prevent embarrassment of
the circulation and dermatitis from the adhesive and to see that
the traction does not slip off. Traction must be continued for ap-
proximately 12 weeks. The weight applied to the traction must
be sufficient to reduce the fracture completely and to create a
few degrees of coxa valga. If traction is discontinued or weight
is borne before the roentgenograms demonstrate solid union, cona
vara with shortening and a permanently weak hip may result.

For elderly patients who do not tolerate prolonged bed rest,
and for younger patients in economic circumstances not permit-
ting prolonged hospitalization, we prefer open operation with
internal fixation by means of a Smith-Petersen nail with a plate
extension or a flange with plate attached (Fig. 183).

The paticnt is placed on the fracture table with both lower
extremities in strong traction. If the fracture is at the base of the
femoral neck, the injured leg is internally rotated and abducted
15 degrees. In intertrochanteric fractures, the leg is placed in a
neutral position or one of maderate external rotation, depending
on the degree of rotation of the proximal fragment. Antero-
posterior and lateral roentgenograms are then taken in order
that the accuracy of the final reduction may be confirmed.
.'I'he proximal 5 in. of the subtrochanteric portion of the femur
Is exposed through a lateral incision. Guide wires are inserted as
described for the mtroduction of a Smith-Petersen nail in the
treatment of an intracapsular fracture of the femoral neck (Fig,
174). A Smuth-Petersen nail is inserted over the guide wire so
that it traverses the center of the neck and ends deep in the head.
A plate is attached to the end of the nail by a bolt or two nuts
and to the lateral aspect of the femoral shaft by multiple screws.
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Vitallium prosthesis. The posterior lateral incision, described by
Gibson, provides an excellent exposure of the hip joint. The
incision begins at the posterior superior spine of the ilium, is
carried laterally toward the tip of the greater trochanter and
down along the shaft of the femur for a distance of 5 or 6 .
The gluteus maximus muscle is retracted medially, and the
gluteus medius muscle laterally. The abductor muscles are par-
tially detached from the trochanter and reflected proximally
to expose the joint capsule. The necrotic head of the femur
is removed. The prosthesis is inserted with the stem placed
through the base of the femoral neck and down the shaft in a
channe] previously prepared with a broach or drill. Traction for
three to seven days, with the leg abducted 15 degrees and in-
ternally rotated slightly, is sufficient immobihzation. Early am-
bulation 1 a walker or with crutches, while weight bearing is
encouraged, is recommended. Senile, disoriented patients will
require special precautions to prevent acute flexion and addue-
tion of the thigh, since dislocation may occur in this position.

IntERTROCHANTERIC Fracrures.—All fractures of the hip which
are outside the joint capsule have been grouped under the
general heading of basal neck and intertrochanteric fractures.
Fractures which involve the intertrochanteric region may be
oblique along the intertrochanteric lme or eatremely commi-
nuted, involving fragments of both trochanters and the proximal
end of the shaft of the femur. These fractures are produced by
direct trauma They may occur to an occupant of an automobile
which is struck from the side by a rapidly moving car, but most
often the injury is produced by a fall in the home or on a side-
walk. This injury is more common in men than in women;
whereas the reverse 15 true of intracapsular fracture of the neck
of the femur The bone in the region of the greater trochanters
is predominantly cancellous and possesses a rich supply of blood
from many nutrient arteries. Nonunion of fractures in this region
is exceedingly rare. Malunion with coxa vara deformity, how-
ever, occurs very frequently
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types of devices are used for internal fination. We prcf%-r the
Smith-Petersen nail and separate plate because it is less diflicult
to insert the nal into the head when it is not permanently
attached to the plate. This is especially true when the head frag-
ment is in marked external rotation. The results from internal
fxation of intertrochanterie fractures will be satisfactory in a

A}
i

Fic 184.—End It of a displaced intertroch ic fracture treated by
the well-leg tracthon cast method. If open reduction is contrandicated be-
cause of the patient’s conditton or the extreme comminution of the proumal
third of the femur, well-leg traction may be the method of choice.

high percentage of cases regardless of the type of device used for
fixation, provided the patients are carefully selected and the pro-
cedure 15 properly performed.

The well-leg traction splint has proved satisfactory for reduc-
ing and maintaimng good position of basal neck and intertro-
chanteric fractures when the patient’s condition or special cir-
cumstances prohibit open reduction (Fig. 184). Steinmann pins
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Parham bands may be used for additional stability when severe
comminution is present. After closure of the wound and applica-
tion of a local pressure dressing, the patient is returned to bed
and adhesive or skeletal traction is resumed. If the bone is
atrophic, or if there is severe comminution, 1t may be necessary

Fic 183 —Typical comminuted mtertrochantenc fracture {a) with sepa-
ration of the lesser trochanter (b) Treated satisfactorily with a blade plate
and no external immobilization A three-flange naul wath sohd or scparate
plate 15 now the preferred method of treating these fractures.

to continue traction for three to six weeks mn order to avoid
re-displacement of the fracture If the fracture is stable, the
patient may become ambulatory with crutches, without weight
bearing on the involved leg He can then be discharged from
the hospital as soon thereafter as circumstances permit.

The operative procedure will vary slightly when a one-piece
flange, a plate with multiple screws or threaded wires or other
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types of devices are used for internal fisation. We prefer the
Smuth-Petersen nail and separate plate beeause it is less difficult
to insert the nail into the bead when it is not permanently
attached to the plate. This is especially true when the head frag-
ment is in marhed external rotation. The results from internal
faation of intertrochanteric fractures will be satisfactory in a

" ['lcills-l.-Enq-rcsult of a displaced intertrochanteric fracture treated by

c:x vw[-]eg traction cast mcthod. If open reduction is contrandicated be-

ca i;: of the patient’s condition or the extreme comminution of the pronumal
rd of the femur, well-leg traction may be the method of choice.

Iigh percentage of cases regardless of the type of device used for

fixation, provided the patients are carcfully selected and the pro-

cedure is properly performed,

) The \vell-lleg (ra.ction splint has proved satisfactory for reduc-

:;snntzd xr}amlmmng good posttion of basal neck and mtertro-

o ‘nc ractun':s' when the patient’s condition or special cir-
mstances prohibit open reduction (Fig. 184). Stenmann pins
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are drlled through the supramalleolar postions of both tibiac
and long leg casts are applied. After the plaster has set, the ends
of the pins are placed through holes in the metal stirrups of the
well-leg traction splint and the stirrups are attached to the casts
by additional rolls of plaster. The fractured leg is kept in a
neutral or externally rotated position, depending on the degree
of external rotation of the proximal fragment.

The patient can be turned face down in bed or allowed up
in a wheel chair without loss of reduction, The splint is removed
after umon of the fracture has taken place. This requires six to
12 weeks or more.

The well-leg traction splint is safe and effective when Stein-
mann pins are placed through both tibiae. Downward traction
on the injured side 15 obtained by creating an equal pressure
upward on the other leg. If this pressure 15 exerted on the soft
tissues of the plantar aspect of the foot instead of on a Stein-
mann pin through the tibia, a large slough will result. Do not
apply the well-leg traction splint unless Steinmann pins are used
in both tibige.

By using this method, 1t is possible to send the patient home
from the hospital two or three days after the injury. Nursing care
can be administered by other members of the family, who are
instructed in the need of turning the patient several times each
day and getting him up in a chair. We consider this method
less suited for the elderly patient than that of mternal fation,
but it is not techmeally difficult and is more efficient and less
conducive to atrophy and loss of joint function than is the long
spica cast of Whitman. It is also preferred to the Russell traction
method because it permits much greater activity by the patient
and does not require prolonged hospitalization



CHAPTER 25

The Femur

FracTunes oF TiE sHAFT of the femur occur most often in men,
and during the most active period of life. Industrial accidents,
falls from window ledges or scaffoldings, and automobile acci-
dents are responsible for the majority of these injurics, which
may result in transverse, oblique or torsion fractures (Fig. 185).
When the break is produced by severe direct violence, there may
be extreme comminution.

Because the femur is contained within an envelope of large
muscles which are richly supplied with arteries and the bone
itself is highly vascular, fractures of the shaft may result in ex-
cessive hemorrhage with loss of 1 or more liters of blood into
the soft tissues of the thigh. Shock is usually present in varymg
degrees as a result of the injury and the associated blood loss.

The EnerceNcY TrREATMENT of fracture of the femur is most
unportant m securing a satisfactory end-result. No fracture ex-
cept that of the cervical portion of the spine requires more care
mn the initial handling and transportation of the patient. If con-
scious, he will experienice severe pain from any movement of the
jured limb, The patient should be splinted where he falls at
the time of the injury. For safe transportation a Thomas splint
may be applied over the trousers, with traction by means of a
twisted rope extending from a bandage or strap sling around
the ankle. Unless there is evidence of an ijury to the bram,
morphine should be given before the patient is moved. If a

308
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Thomas splint is not available, a bed slat or other board which
will reach from near the axilla to below the foot may be band-
aged securely in place, after the leg is carefully straightened and
aligned as gently as possible. A third method (and one which is
moderately satisfactory) consists of bandaging the two lower
extremities snugly together.

No patient who has sustained a serious injury to the femur

Transverse

Oplique .
fracture with fr'actl‘}m with, | Bedly comrminuted
displacement displacement fractures

Fic 185 —Types of fractures of the shaft of the femur

should ever be picked up hastily, with thigh, knee and spine
flexed, and placed in the rumble or back seat of an automobile.
This is an ambulance case, and the patient should be kept at
the place of njury until a stretcher can be provided or an
ambulance obtained

FRACTURES OF THE SHAFT.—Fractures of the shaft of the femur
in infants are treated by direct overhead traction applied to both
legs (F1g. 186, above) The nfant should be actually lifted by
the suspension until no werght is borne on the back of the sacrum.
This same method is efficient mn the treatment of children up to
7 or 8 years of age (F1g. 187). For the older child and for the
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Fic 186 —Femoral fractures 1n infants and young children.
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adult, Russell traction 1s useful. The foot of the bed is elevated,
and traction is applied only to the injured limb. The Boehler-
Braun splint or a Thomas splint, with or without Pierson attach-
ment for flexion of the knee, adjusted skilfully untl the lower

Fic 187 —~Complete shaft fracture with displacement and shortemng
treated by overhead traction with rapid union m normal nlxgnment In a

child 1t 15 not necessary to obtain
restoration of bone length, because physiologieal growth wxll rcmcdel nnd
correct moderate discrepancies

fragments line up with the upper fragments, will obtain a good
result provided sufficient traction is secured to reduce over-riding
and thus prevent shortening (Fig. 188). A threaded steel pin,
Stemnmann pm or Kuschner wire nserted through the femur,
high enough not to endanger the growth cartilage in children or
the knee joint in either children or adults, provides a means for
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Frc 188.—Skeletal traction for reduction of fractures of the shaft of the
emur,
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adult, Russell traction is useful. The foot of the bed is elevated,
and traction is applied only to the injured limb. The Boehler-
Braun splint or a Thomas splint, with or without Pierson attach-
ment for flexion of the knee, adjusted skilfully until the lower

Fie 187 —Complete shaft fracture with displacement and shortenng,
treated by overhead traction with rapid union in normal algnment. ]?.n
1

child 1t 15 not necessary to obtan d, and St
restoration of bone length, because physiological growth will remodel an
correct moderate discrepancies.

fragments line up with the upper fragments, will obtamn a good
result provided sufficient traction is secured to reduce over-riding
and thus prevent shortening (Fig. 188). A threaded steel pin,
Steinmann pin or Kirschner wire mserted through the femur,
high enough not to endanger the growth cartilage in children or
the knee joint n either children or adults, provides a means for



Fic 190 —~Segmental unstable fracture of the femur treated with an in-
tramedullary rod, a method of internal fixation particularly swtable for such
fractures.
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Fic 189 —Introduction of an mt dullary rod into the femur by retro-
grade method The fracture 1s exposed through lateral incision. A stamless
steel rod of correct size and length is driven upward through the medullary
canal of the proumal fragment, so that the rod pierces the cortex of the
neck just medial to the greater trochanter. A skin inciston is made over the
end of the rod where it presents mn the gluteal region, so that 1t can cmerge
far enough for the other end of the rod to be mtroduced mto the distal
fragment. After the fracture 15 reduced, the rod is driven into the distal
fi to a level ¢ ding to the patella A reamer, (A), 15 used to
enlarge the canal 1f 1t 1s too small to accept the rod or if it 1s obstructe!

by bone.

214
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Fic 191 ~Braun frame method of treating supracondylar fracture of the
emur,
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obtaining skeletal traction which is much more efficient than
Buck’s extension for fractures of this type.

For fractures of the midshaft and junction of upper and middle
thirds of the femur, the intramedullary rod 1s highly efficient
(Figs. 189 and 190). It is the method of choice for the treatment
of uncomplicated fractures of the shaft of the femur, except m
those instances where comminution is so extensive that stability
with the rod cannot be maintained.

When skilfully used, the method gives excellent immobiliza-
tion, maintains the reduction and permits ambulation of the
patient, with active exercise of both the hip and the knee joint
From the standpoint of functional recovery and of obtamning
reduction with a minimal cost for hospital care, this is the prefer-
able method. Risk to the patient is undoubtedly greater than
when only Buck’s extension and Russell traction (or the Boehler-
Braun or Thomas splint) are used. The method should be re-
served for use by men who have had special training in fracture
technique and who are sufficiently skilled to apply it without
undue risk to the patient. Complications from the use of intra-
medullary rods consist of upward or downward migration of the
rod, bending or breaking of the rod, infection and sphtting of
the bone from too large a rod. These can be mmimized by
meticulous technique and proper execution of the procedure.

SUPRACONDYLAR FRACTURE of the femur which does not enter
the knee jomnt may be successfully treated by traction, with a
traction pn placed through the tibia just below the tuberosity
and the knee maintained in a position of flexion on the Boghler-
Braun splmt, or a Thomas splint with Pierson attachment (Figs-
188 and 191). The backward angulation of the distal fragment,
caused by spasm of the gastrocnermius muscle, is sometimes
difficult to correct (Fig. 192) When the reduction has been
obtamed, traction must be mamtained for at least four, and pref-
erably six, weeks, when early callus can be demonstrated in the
roentgenogram (Fig 193). A cast which is confined to the thigh
and the lower leg may then be applied, and the pin in the tibia
may be incorporated to help maintain the reduction.



Fic 193 -Severely comminuted supracondylar fracture of thc distal
femur with of the dyles The d ade-
quate internal fixation. Continuous sl\elelnl traction with a pm tlunugh the
tibla until early union was apparent resulted in umon wath satisfactory
knee jomnt motion
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If treatment has been delayed, simple reduction may be diffi-
cult (Fig. 194). Direct upward traction on the distal femoral
fragment by means of an additional Kirschner or threaded wire
through the distal fragment at 90 degrees to the longitudinal
axis of the femur may be necessary. Open reduction may be
required, particularly if there is a T-fracture with displacement
of the condyles.

An alternate method of internal fixation of a supracondylar
fracture is the use of two Rush pins, inserted upward into the

Lakeral view APview Lakeral view APView
Transverse fracture Oblique fracture
Fic 192.—Posterior lation of the dylar f t of the femur

produced by the pull of the gastrocnemius muscle.

medullary canal of the proximal femur, one from each condyle.
Ths is not feasible if the condyles are split or commmuted.
DISPLACEMENT OF THE LOWER FEMORAL EPIPHYSIS occurs during
childhood. It is 1n reality a shpping at the line of the eplph)’sef']
growth cartilage plate. Most often the epiphysis is pushed ante-
riorly onto the anterior surface of the distal end of the shaft of
the femur (Fig 195). Compression of the femoral artery and
vein over the sharp edge of the distal end of the femoral diaphy-
sis may result 1n serious circulatory disturbance of the foot. If
the slip is not complete, reduction may be obtained by applying
adhesive skin traction and extension of the leg. Dislocations of
this type can also be reduced by manipulation under anesthesia-



Fic. 193 —Severely commmutcd supncondylnr fracture of‘ll:c'dls‘;ﬂl
femur wath ion of the The ace-
Quate jnternal fixation. Continu

ous skeletal traction with a pm through the
tbia untl early umion was apparent resulted in umon with satisfactory
knee joint motion
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Fic. 194.—Fracture n the distal third of the femur through a region of
typical osteitis deformans (Paget's disease) which was treated by an open
reduction and immobilized by a blade plate Closed reduction with skeletal

traction was unsuccessful
"aon



Fie. 195
a chuld of 11.
continucd growth from the epiphyseal plate,

—Complete antenor displacement of distal femoral epiphysis 1
Successfully reduced by closed manipulation, with subsequent
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The procedure requires traction, with the knee held in flexion,
and the reduction is maintained by immobilization of the leg
with the knee flexed at approximately 90 degrees. When the
swelling has subsided, after two to three wecks, the flexion can
be gradually decreased. The cast should be changed every two
weeks until complete extension is obtained. Since this injury
occurs in children, there is little danger of permanent stilfness
1 the knee joint.

UNUNITED FRACTURL OF THE SHAFT of the femur may result
from interposition of muscle between the fragments, cxtensive
comminution, distraction of fragments or inadequate immohli-
zation. When 1t occurs, an open operation is required. Any
tissue which lies between the fracture ends should be removed
and the bone ends freshened and approximated. Accurate appo-
sition of the fragments with restoration of normal length should
be obtained by means of d:rect traction on the fracture table or
by manipulation. A full thickness tibial bone graft should then
be onlaid. This graft should be of adequate length and as wide
as can be obtained from the tibia of the patient without weaken-
ing this bone to the extent that fracture may occur. A metal
plate with at least three screws above and three below the frac-
ture will offer excellent assurance of maintaining alignment and
preventing tors:on. This may be applied directly over the antero-
lateral surface of the femur while the onlay tibial bone graft is
placed just posterior to the plate. Additional fragments of can-
cellous bone or osteoperiosteal bone should be packed around the
line of fracture. A plaster cast, which mcludes the body, the
entire leg and the opposite thigh, 1s then applied. Immobilization
must be maintained until advanced union has occurred between
the fracture fragments and between the graft and the femoral
shaft. This period varies from four to six months.

We prefer to utilize an intramedullary rod for immobilization
and thereby avoid the disadvantages of the hip spica cast when-
ever the location and nature of the nonunion will permit its
insertion (Fig. 33, p 82) The bone ends are exposed and
prcparcd, the rod 1s mserted by the retrograde method; the bone
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grafts arc onlaid and secured in position by circumfercutial loops
of chromic catgut, stainless steel wire or screws.

If, however, the alignment of the bone fragments is normal
but union has failed to develop, the rod may be inserted by the
direct method in which it is passed into the bone just medial to
the tip of the greater trochanter and hammered down the intra-
medullary canal for the desired distance. Bone grafts are applicd
as previously described.

The MALUNITED FRACTURE OF THE SHAFT of the femur may
include angulation with over-riding, producing deformity, short-
ening and permanent disability. Treatment for malunion consists
of open reduction and application of bone grafts, A tourniquet
may be applied at the groin to avoid bleeding and the attendant
shock. To prevent it from slipping down into the field of opera-
tion, the tourniquet may be held in place by first inserting a
Stemmann pin through the skin and fascia, in an anteroposterior
direction, at the level of the tip of the greater trochanter. If the
tourniquet is applied around the thigh and carried up over the
ends of this pin, it will accomplish its purpose with safety and
efficiency. Blood transfusions must be given during the operation
as an additional measure of safety.

The ald fracture line should be opened up by means of sharp
osteotomes. If the over-riding is marked, it may be difficult to
restore the full length. Shortened muscles do not respond to
immediate traction stretch, and care should be taken not to tear
major blood vessels. In most mstances, however, a gradual stretch
on the fracture table will bring about restoration of length when
the shortening has not exceeded 115 m.

The femoral fragments should be carefully realigned, the rota-
tion corrected and an intramedullary rod or metal plate used to
secure the position. An onlay tibial bone graft, such as that used
for any case of nonunion, with additional fragments of cancel-
lous or osteoperiosteal bone from the tibia or ilium packed
am_und the fracture line, will markedly improve the chances of
solid union in the usual period of time. This is a formidable pro-

cedure and should not be attempted by an inexperienced surgeon.



CHAPTER 26

The Knee

Injuries oF THE KNEE include fractures of the patella, the con-
dyles of the femur and the tibial spines and plateaus. Dislocation
of the knee is exceedingly rare (Fig. 196). When it occurs, 1t
must be preceded by rupture of the cruciate ligaments and
usually includes tear and displ it of the I car-
tilages.

Fracrunes oF THE PateLia—These may be closed, open,
transverse or comminuted. The patella is covered on its joint
surface by articular hyaline cartilage. Unless the alignment Pf
this bone 15 accurately restored, an uregular surface will persist
following healing of the fracture. This produces arthritis of the
knee joint by fricion and erosion, as the roughened patella
traverses the femoral groove in flexion and extension of the knee.
Transverse fractures (Fig 197) with the proximal and distal
fragments of approximately equal size should be accurately
reduced and immobilized until union occurs. Comminuted frag-
ments should be excised, and, 1f a major portion or all is involved,
total excision is advisable (Figs. 201 and 202).

An incomplete fracture of the patella, consisting only of a crack
without separation of fragments, is treated by a skin-tight plaster
cast cylinder from the gromn to just above the ankle, molded
firmly over the condyles of the femur to prevent slipping do“fn-
ward (Fig. 198). The patient should be encouraged to walk with
crutches and after three weeks to begin full weight-bearing. The
cast should be worn for four to six weeks.

32%
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A transcerse fracture with wide separation of fragments is
always associated with tearing of the kuce joint capsule on bot'h
sides. In such injurics the joint space is filled with blood. This
type of injury can be treated satisfactorily only by open opera-
tion. It is not an emergency, and the operation may be delayed
until the acute local traumatic reaction has subsided and all

Fic. 196.—-Anterior dislocation of tibia on femur. Reduction in such a
case is not difficult, but the extensive ligamentous and vascular damage
results in permanent imparment.

abrasions have healed. During this interval the leg should be
supported in a posterior splint and kept elevated. A transverse
incision affords the best exposure (Fig. 199). The blood clot and
all small fragments of bone found in the joint should be removed
and the joint surfaces sponged clean with warm, soft, moist
sponges. The capsule should be repaired with chromic catgut
sutures. The fracture surfaces of the patella are accurately
approximated and held in posiion by a heavy braided silk or
steel wire suture passed completely around the two fragments to
hold them together. A plaster cast cylinder from the groin to



u

Fic 197 —For fractures of the patella with asymmetrical fragments and
separation we recommend excision of lesser fragments and suture of the
ps tendon or inf Ligament with chromie catgut or fine wire

to the major fragment Relaxed motion may be permitted after three weeks
and unrestricted activity after two months.
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abore the ankle should then be applied and worn for six weeks.
The patient may be ambulatory, with crutches, but no weight
should be borne on the foot of the injured Jimb for three weeks.
Physical therapy and active motion should be started stx weeks
after surgery. The cast may be bivalved and re-applied after cach
treatment for an additional period of two weeks or until mmscu-
lar control of the knee has been regained.

Comminutcd fractures with one large fragment and several
small fragments are treated by eacision of the small fragments.

. Sk.mhﬁh}:
plaster
Transverse fracture fcr%lr}r'x‘g;;cr
of pekella without thigh to just. abaov
separation of fragments LEE” i Cg)mplcb: ceyd?;lx\\‘sl\%n
Fic. 198.

The quadriceps tendon or the infrapatellar ligament should be
sutured to the large fragment with heavy silk or wire passed
through drill holes in the bone {Figs. 197 and 200). If the patella
is extensively comminuted and there is no major intact fragment,
all fragments should be excised and the infrapatellar ligament
sutured securely to the quadriceps tendon (Figs, 20) and 202).
The advantage of using wire, rather than any other suture
material, lies i the faet that quadriceps setting cxercises may be
started early with Jess danger of separation. Avulsion of either



Fic 197 —For fractures of the patella with asymmetrical fragments and
separation we recommend excision of lesser fragments and suture of the
d tendon or infs Ilar 1 with chromic catgut or fine wire

to the major fragment Relared motion may be permitted after three wechs
and unrestncted activity after two months.
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the quadriceps tendon or the patellar ligament with a small bone
fragment should be treated by removal of the small fragment
and suturing with wire (Figs. 203 and 201),

Fracrunes oF it Coxpyes o mur Fesun—These may
be reduced by manipulation and traction assisted by molding
the fragments with the hands, Harsh compression with a bone
clamp should not be necessary and may produce ses ere contusion
and bruising. Markedly comminuted fractures of the distal end

e

e
~ ‘._'I i
R
c D
Trensverse fracture  Comrunuted Patellar tendon
of patella with fr?émcnts sutured tolarge
fragmentation of extised fragment

onz fragment
Fic. 200.

of the femur, including the articular surfaces, can be molded
into surprisingly good position by continuous traction, using a
threaded steel wire or pin through the tibia just below the tuber-
osity. The knee is held in 45 degree flexion on a Boehler-Braun
frame or a Thomas splint with Pierson attachment. The advan-
tage of the Pierson attachment lies in the fact that it permits
early knee joint motion. If adequate reduction is not obtained
by traction or closed manipulation, open reduction with fixation
of the fragments with a metal flange, metal screws or threaded
wires is necessary. One or both cruciate ligaments may be rup-
tured, and even when surgical repair cannot be accomplished, the
result may be satisfactory if the reduction is adequate and the
quadriceps power is restored by proper resistive exercises.
FRACTURES OF THE TIsIA which extend into the knee joint



A

Transverse fracture Transverse incison
of patellawith tear cxposlr)g fracture
of capsule and sep- and tornleapsule
aration of mengrs

Capsu\e sutured
Frachure red

lns.tep cuhndcr‘
and maint tmnedb h
Circumferentinl g‘omu g
1oop of heavy 5\1}& cxtf_ndcd

Fic. 199 —Purse-stnng suture for fracture of the patella
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is passed through the cruciate ligament at the tip of the sl)i11ous
process aud brought forward through two dnll holes in the
adjacent tibia and tied between the drill holes. The leg slmu.Id
be immobilized in a snug plaster eylinder for six weeks (Fig.
203). i

Fracrungs or THE TiiaL Pratcaus—The weight of the body

Fic. 202 —Severely communuted fracture of patella. Treated by total
evasion and suture of the patellar tendon,

is transmitted from the femur onto the proximal broadened
articular surfaces of the tibja. Fractures of either tibial plateau
or of the femoral condyles may be produced by direct violence
in which the femoral condyles are driven into the contiguous
articulating surfaces of the tibia, Both tibial plateaus may be
fractured simultaneously n a fall from a height. More often
the lateral condyle is broken by direct trauma to the lateral
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A B
N
Badly comminuted Patellar fragments
fracture of patella excised subperiosteally
D
) |
S’/
Quadriceps tendon, Cross-section
and patelr tendon, o
Sutured v ST
Torn capsule repaired tendons.

Fic 201.

include those of the tibial spines and of the tuberositics of the
tibia. The anterior cruciate ligament is attached to the anterior
tibial spine and may be avulsed at the time of injury with
detachment of the spine. Occasionally the fragment may be
satisfactorily reduced by manipulation and the knee immobilized
in 10-30 degrees of flexion. If the fragment cannot be replaced
and maintained m position by a circular plaster dressing, an
open operation should be performed. The fragment should not
De removed. It is accurately replaced, and a No. 2 chromic suture
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aspeet of the hnee, such as occurs when a pedestrian is struck by
the bumper of an automobile. The resulting fracture may 'bc
one of two types. The fracture may begin near the tibial spine
and extend downward and outward with depression of the entire
lateral condyle (Fig. 206). In other instances there is a greater
degree of valgus of the knee and the force is transmitted through
the sharp outer margin of the lateral femoral condyle to the

Avulsion fracture / Two drill holes  Heavy chro-
of tibial spine ‘Placed toside of  mic catgdut
ia) tubercle holds frag-
ment to
\\ tibia
Bone. 2

. Suture passes through
Suture passing thru bone ﬁqamexft if friagmcrg:

is smal
Fic. 205 ~Treatment of avulsion fracture of tibial spine,

central weight-bearing surface of the corresponding half of the
tibial plateau (Fig. 207). This may produce a comminuted frac-
ture of the joint surface. The tibial articular fragments will be
mpacted and driven downward into the cancellous bone of
the upper end of the tibia. The lateral cortex may also be dis-
placed outward, and frequently the lateral semilunar cartilage
is torn and embedded in the comminuted bone. The medial
collateral Ligament may be partially or completely torn. This
added mjury may be overlooked becanse of the valgus de-

formity of the knee which is primarily due to the depression
of the articular surface.



Excise fragénent
Avylsion of and suturt patellar
patellar tendontofront
tendon of patella

Fie. 203.

Avulsion of Excise small upper,
quadriceps bone fragment and
tendon suture téndon to

front of petella

Fic 204
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Fre. 207. —Depressed fmuure of lhe latcml plateau of the tibia without
scparation of a large f (arraws} shauld be
clevated through a window, (y), resulting fmm removal of a tibial bone

grait. Bone, (x), from the tibia is then wedged beneath the elevated
plateau to maintain 1t in the reduced posiion
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F1c 206 —The bumper fracture of the condyle of the tibia.
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Fic. 207.~Depressed fracture of the lateral plateau of the tibia without
separation of a Jarge fragment. The depressed fragments (arrows) should be
dlevated throu” window, (y), resulting from removal of a tibial bone
=it Bon - the tibia 1s then wedged beneath the elevated

wtor tha rodunad mac. e
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F16. 206 —The bumper fracture of the condyle of the tibia.
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Fic 207.~Depressed fracture of the lateral plateau of the tibia without
separation of a Jary

ge fragment. The depressed fragments (arrows) sl'nould be
elevated through a window, ( y), resulung from removal of a tibial bone
graft. Bone, (z), from the tibra is then wedged beneath the elevated
plateau 10 mamtamn it m the reduced position
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The medial plateau is less often fractured, because the inner
aspect of the knee is less exposed to direct violence. Principles
of treatment are the same as for fractures of the lateral plateau.

Fractures of both tibial pl without displ t may be
treated by a long leg plaster cast for six weeks with the patient
ambulatory on crutches. The shoc of the well leg should be
elevated 15 in. Fractures with slight displacement should be
reduced by direct traction on the fracture table with the patient
under a general anesthetic. The condyles may be molded into
position, either manually or with a well padded bone clamp. A
plaster cylinder should be applied after a Kirschner or threaded
wire has been passed through the distal third of the tibia. The
extremity is supported on a Thomas splint, and skeleton traction
should be maintained for six weeks. Prolonged physical therapy
and full co-operation of the patient will be required to mobilize
the knee and restore quadriceps power. If the joint surface of
the tibia cannot be accurately restored by closed treatment, the
patient is entitled to an open reduction (Fig. 208). The fragments
are replaced accurately and fised by means of multiple threaded
wires or a Barr bolt. Active motion is resumed after three weeks,
but weight-bearing must not be attempted for three months.

Fractures with displacement of the entire lateral plateau are
reduced by traction and the use of a redresser. A long leg cast
should be worn for six wecks. This should be followed by phys-
ical therapy. Weight-bearing may be resumed gradually after 12
weeks. Open reduction becomes necessary when adequate re-
position of the fragment cannot be accomplished by closed
methods. The fragment is elevated mto position and fixed with
threaded wires or a bolt. Motion should be resumed after three
weeks, but otherwise the postoperative course is the same as
following closed reduction.

A third type of fracture, m which there is definite depression
of the central surface of the lateral plateau, requires surgical
reconstruction (Fig. 207). Closed reduction cannot elevate the
impacted, depressed bone or reduce the torn and displaced
lateral semilunar cartilage. This reconstruction is difficult, and




Fic. 208.—S, ly d fracture with def of both articul

plateaus. After elevation, grafts were packed in the subarticular arcas
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Fic 209 —Surgical restoration of lateral articular surface
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the results are often not satisfactory even when performed by
the eperienced orthopedic surgeon. However, unless the plateau
is restored and the level of the weight-bearing surface corrected,
the hnee will be unstable from side to side and permanent use
of a long leg brace may be necessary.

The hnee joint, lateral condyle and the proximal fourth of the
medial subcutancous surface of the tibia must be exposed for an
open reduction (Fig. 209).

A lateral parapatellar incision is eatended downward over the
antenor surface of the lateral condyle of the tibia and is cunved
medially below the tubercle to end over the erest of the tibis
The knee joint is opened and the lateral semilunar cartilage is
usually remosed, regardless of ats appearance. This gives a com-
plete caposure of the articular surfaces. A bone graft 214 in.
long and 33 in. wide is removed distal to the tibial tubercle, and
access is thus gained to the interior of the tibia. A large impactor
is passed upward through the opening so that it contacts the
cancellous bone beneath the depressed fracture fragments, The
articular surface is clevated by tapping the lower end of the
impactor After the surface is restored, the bone graft which was
removed is split mto several fragments and these are impacted
beneath the restored articular hone. A Barr bolt may be used if
there is a large lateral fragment which does not otherwise hold
n satisfactory position. The wound is closed in layers and a
loosely padded long leg cast is applied. Motion is permitted after
four weeks, and weight-bearing after three months, Maximwin
motion in the knee joint is not regained for four to six months.

Fractures of the tibial plateau with malunion may be treated
by osteotomy and reconstruction of the joint surface or by
arthrodesis 1f the disruption is too great to justify an attempt to

salvage a mobile joint.

Fracture of the tibial tubercle or epiphyseal separation which
oceurs in adolescents may be treated conservatively by a plaster
of pans dressing from groin to ankle. Marked separation of the
tubercle, as m some avulsion fractures, needs open operation,
accurate replacement and fixation with metal screws or suturcs.
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the results are often not satisfactory even when performed by
the experienced orthopedie surgeon. However, unless the platean
is restored and the level of the weight-bearing susface corrected.
the hnce will be unstable from side to side and permanent use
of a long leg brace may be necessany.

The knee joint, lateral condyle and the provimal fourth of the
medial subcutancous surface of the tibia must be evposed for an
open reduction (P, 209},

A lateral parapatellar meision is extended downward over the
anterior surface of the lateral condyle of the tibia and is cunved
medially below the tubercle to end over the crest of the tibia.
The hnee joint is opened and the Lateral semilunar cartilage is
usually removed, regardless of its appearance. This gives a com.
plete exposure of the articular surfaces. A bone graft 214 in.
long and 34 in. wide is removed distal to the tibial tubercle, and
access s thus gained to the mtenor of the tibia. A large impactor
is passed upward through the opening so that it contacts the
cancellous bone beneath the depressed fracture fragments. The
articular surface is clevated by tappimg the lower end of the
mmpactor. After the surface is restored. the bone graft which was
removed 1s sphit mto several fragments and these are impacted
beneath the restored articular bone. A Barr bolt may be used of
there 1s a large lateral fragment which does not otherwise hold
in satisfactory position The wound is closed in layers and a
looscly padded long leg cast is applicd Motion is permitted after
four weeks, and werght-bearng, after three months, Maximum
motion mn the knee jomnt 15 not regained for four to siv months.

Fractures of the tibul plateau with malunion may be treated
by osteotomy and reconstruction of the joint surface or by
arthrodesis 1f the disruption is too great to justify an attempt to

salvage a mobile jomt

Fracture of the tilnal tubercle or epiphyseal separation wluch
occurs in adolescents may be treated conservatively by a plaster
ft)fbpans dress.mg from grom to ankle. Marked scparation of the
ubercle, as in some avulsion fractures, needs open operation,
Accurate replacement and fixation with metal screws or sutures.



CHAPTER 27

The Leg

Or THE Two BoNEs of the leg, the fibula rarely offers any real
problem from the standpoint of fracture therapy. The fibula
splints the larger weight-bearing bone and helps to re-enforce
and stabilize the foot at the ankle. Isolated fractures in the
proximal three fourths of the fibula do not require immobiliza-
tion for healing The patient may, however, be more comfortable
in a short leg plaster cyhnder or cast including the foot for
10-14 days, after which full function is quickly recovered.
Fractures of the distal fourth of the fibula are usually associated
with injuries at the ankle and they must be treated adequately.
This usually means a cast for six to 10 wecks. These fractures
are discussed in detail in Chapter 28.

Of all the major bones in the human skeleton, the tibia is the
least protected by soft tissue. Its entire anteromedial surface is
covered by skin, subcutancous fascia and periosteum. It 1s sub-
Ject to injury from direct violence and also from torsion strains.
Because it is so superficial 1n its anterior and medial aspects,
fractures of the tibia are frequcnt]y open, and they arc more
often spiral or oblique than transverse.

StaBLE FRACTUREs oF tHE SuarT or Tng Tisia—For the
purpose of treatment, fractures of the tibia may be classified as
stable or unstable. The first can ordinanly be treated conserva-
tively by closed reduction and a plaster cast, while the latter
require continuous traction or a surgical re-position.
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CHAPTER 27

The Leg

OF THE TwO BONEs of the leg, the fibula rarely offers any real
problem from the standpoint of fracture therapy. The fibula
splints the larger weight-bearing bone and helps to re-enforce
and stabilize the foot at the ankle. Isolated fractures in the
proximal three fourths of the fibula do not require immobiliza-
tion for healing. The patient may, however, be more comfortable
in a short leg plaster cylnder or cast including the foot for
10-14 days, after which full function is quickly recovered.
Fractures of the distal fourth of the fibula are usually associated
with injuries at the ankle and they must be treated adequately.
This usually means a cast for six to 10 weeks. These fractures
are discussed in detail in Chapter 28.

Of all the major bones in the human skeleton, the tibia is the
least protected by soft tissue. Its entire anteromedial surface is
covered by skin, subcutaneous fascia and perjosteum. It is sub-
ject to injury from direct violence and also from torsion strains.
Because 1t is so superficial in 1its anterior and medial aspects,
fractures of the tibia are frequently open, and they are more
often spiral or oblique than transverse

SrapLe Fracturcs of tHe Suarr oF Tne Tista—For the
purpose of treatment, fractures of the tibia may be classified as
stable or unstable. The first can ordinarily be treated conservas
tively by closed reduction and a plaster cast, while the Iatter
rcquirc continuous traction or a surgical re-position.
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this purpose (Fig. 211). Two pins should be dnlled through
the tibia just below the level of the tibial tubcerosity, Reduction
is obtained by traction on the fracture table, or the leg is held in
avertical position over the end of the table, with the knee fleved
90 degrees. A plaster cast with minimal padding should be
applied from the groin to the toes. The pins are incorporated
in the cast. While the plaster iy sctting, the surgeon should care-
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UNOLTABLE FRACTURES of TIBIAL SHAFT

REQUIRING OPERATIVE FIXATION

Fie 211

fully adjust the fragments to obtain maximal position, The
patient 1s returned to bed, and the leg 1s elevated on pillows. The
patient 15 permitted to walk with the aid of crutches as soon as
the circulation 15 satssfactory.

If alignment of the tibia is not satisfactory in subsequent
roentgenograms, this may be improved by wedging the cast.
The wedge is executed by cutting the plaster cast two thirds
of the way around, several mnches above the site of angulation.



342 FRACTURE TREATMENT

Stable fractures of the tibia may be transverse, with or with-
out displacement; short oblique fractures, but notched so that
they remain aligned once the fragments are engaged; and undis-
placed oblique fractures with the fibula intact so that leg length
1s maintamed.

Stable fractures of the tibia should be accurately reduced to
restore length and to correct any torsion which may disturb the
normal relationship between the knee and the ankle joint (Fig.
210). If there is no displacement of the fracture fragments, a
plaster cast from the groin to and including the foot will pro-
tect against over-riding or loss of apposition of the fragments.
If the fracture is transverse, with over-riding or with torsion, re-
duction should be attempted by manual traction, with the knee
flexed 90 degrees over the end of a table or m trachion on a
fracture table.

U~sTaBLE FRACTURES OF THE SHAFTS OF THE Tipla AND FIBULA.
—1If the fracture is definitely oblique and there are no fragments
which can be interlocked, it is not possible to maintain length
and adequate bone contact by plaster cast alone.

Three avenues of treatment are available to the physician.
These are skeletal traction, multiple pin fixation and open re-
duction with internal fxation. Circumstances presented by
different patients may dictate the utilization of one method
rather than another A pin for skeletal traction may be placed
through the distal portion of the tibia or the os calcis, depending
on the location of the fracture, with the leg suspended on 2
"Thomas splint Over-riding 15 easily corrected, but it is diffieult
to get side-to-side compression at the site of fracture. Traction
is continued, if the reduction is satisfactory, until there 15 early
roentgen evidence of callus. This does not occur before six
weeks A long leg cast is then applied and the patient may be
ambulatory on crutches

Multiple pin fixation 1s less popular than it was several years
ago, but in properly selected cases one may have quite satisfac-
tory results. One threaded wire or pin may be passed through
the tibia about 1 in. above the ankle joint, a drill being used for
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this purpose (Fig. 211). Two pins <hould be dnlled through
the tibia just below the level of the tibial tuberoty. Reduction
15 obtamed by traction on the fracture table, or the leg is held in
avertical postion over the end of the table, with the knee fleved
90 degrees. A plaster cast with minimal padding should be
applicd from the groin to the toes. The pins are incorporated
m the cast. While the plaster is setting, the surgeon should care-
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fully adjust the fragments to obtam maximal position. The
patient is returned to bed, and the leg is elevated on pillows. The
patient is permitted to walk with the aid of crutches as soon as
the circulation is satisfactory.

If alignment of the tbia 1s not satisfactory in subsequent
foentgenograms, tlhis may be mproved by wedging the cast.
The wedge is executed by cutung the plaster cast two thirds
of the way around, several inches above the site of angulation,



342 FRACTURE TREATMENT

Stable fractures of the tibia may be transverse, with or with-
out displacement; short oblique fractures, but notched so that
they remain aligned once the fragments are engaged; and undis-
placed oblique fractures with the fibula intact so that leg length
is maintained.

Stable fractures of the tibia should be accurately reduced to
restore length and to correct any torsion which may disturb the
normal relationship between the knee and the ankle joint (Fig.
210). If there is no displacement of the fracture fragments, a
plaster cast from the groin to and including the foot will pro-
teet against over-riding or loss of apposition of the fragments
If the fracture is transverse, with over-riding or with torsion, re-
duction should be attempted by manual traction, with the knee
flexed 90 degrees over the end of a table or in traction on a
fracture table,

UNSTABLE FRACTURES oF THE SHAFTs oF TiE Tinta AND Fioura.
~If the fracture is definitely oblique and there are no fragments
which can be interlocked, it is not possible to maintain length
and adequate bone contact by plaster cast alone.

Three avenues of treatment are available to the physician.
These are skeletal traction, multiple pin fixation and open re-
duction with nternal fixation. Circumstances presented by
different patients may dictate the utilization of one method
rather than another. A pin for skeleta] traction may be placed
through the distal portion of the tibia or the os calcis, depending
on the location of the fracture, with the leg suspended on a
Thomas sphnt. Overriding is easily corrected, but it is difficult
to get side-to-side compression at the site of fracture. Traction
is continued, if the reduction 1s satisfactory, until there is early
roentgen evidence of callus This does not occur before six
weeks A long leg cast is then applied and the patient may be
ambulatory on crutches.

Multiple pin fixation 1s less popular than it was several years
ago, but in properly selected cases one may have quite satisfac-
tory results. One threaded wire or pin may be passed through
the tibia about 1 in above the ankle jont, a drill being used for
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this purpose (Fig. 211). Two pim should be dnlled through
the tibia just below the level of the tbial tuberosity. Reduction
is obtained by traction on the fracture table, or the leg is held in
a vertical position over the end of the table, with the knee fleved
90 degrees. A plaster cast with minimal padding should be
applicd from the groin to the toes. The pins are incorporated
in the cast. While the plaster is sctting, the surgeon should care-
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fully adjust the fragments to obtain maximal position, The
Ppatient is returned to bed, and the leg 1s clevated on pillaws, The
patient 1s permitted to walk with the a1d of crutches as soon as
the circulation is satisfactory.

If alignment of the tibia is not satisfactory in subscquent
roentgenograms, this may be improved by wedging the cast
The wedge is executed by cutting the plaster cast two thurds
of the way around, several inches above the site of angulation,
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Fic 212.-Unstable d fracture bilized by int dullary

Lottes nail.

When the cast is then opened, a corrective force will be directed
toward the deformity

Open reduction and internal fixation by means of multiple
screws, a metal plate or mntramedullary rod or rods (Fig. 212),
depending on the obliquity of the bone ends, 1s the third method
of treating unstable tibal fractures Infections are infrequent
but, when they do occur, are serious compheations of surgical
reductions. There 15 little doubt that union is delayed by the
surgical trauma, and nonunion may result from this surgical
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insult. For these reasons the surgeon must be meticulous in his
technique to avoid an infection, and the use of a primary m\l.\.y
bone graft obtained from the same tibia to stimulate ostcogenesis
is exccllent surgical treatment {¥Fig. 213). A \mxg'h-g cast s
routinely applied for external fivation. An alternative method
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4

Fic. 213.—0Oblique fractuse of the tibia through the junction of the suddle
and distal thurds with an oblique communuted fracture of the distal tlurd ot
the fibula The obhque fracture was transfixed wath one screw. A full-thick.
ness bone graft from the adjacent tbia was transhaed with four stunless
steel screws This method is indicated particularly when there has been o
delay of three or four wecks wmn reduction of the fracture

of casting which does not immobilize the knee can be used.
Two threaded wires are placed through the proaimal third of
the tibia near the tuberosity, and these wires are incarporated
in a below-the-knee cast, with nuts and washers on the wire

ends to maintain tautness. Figure 214 illustrates a fracture
treated in this manner.
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Fic 212.-Unstable d fracture bilized by intramedull
Lottes nail

When the cast 1s then opened, a corrective force will be directed
toward the deformity.

Open reduction and internal fixation by means of multiple
screws, a metal plate or intramedullary rod or rods (Fig. 212),
depending on the obliquity of the bone ends, is the third method
of treating unstable tibial fractures. Infections are infrequent
but, when they do occur, are serious complications of surgical
reductions. There is little doubt that union is delayed by the
surgical trauma, and nonunion may result from this surgical



Fig. 215§ 1 fracture in provimal half of tibia and fibula
which rcquu'cd open reduction and internal fixation. Union was slow because
of of the 1 ent but occurted  without  senious

complication
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Immobilization should be continued until the roentgenograms
show positive evidence of union, irrespective of the method of
reduction. Weight-bearing without protection of the cast is per-
mitted only after union has occurred. The total period of dis-
ability following fractures of the middle third of the tibia, with

|

o O

Fic. 214.—An imegular, oblique fracture at juncture of middle and distal
thurds of tibia wath an oblique fracture in proximal third of fbula; treated
by open reduction with internal fixation with two steel screws and a short leg
cast incorporating two threaded pins placed through the proxmal tibia. This
treatment penmutted free active use of the knee while union was in progress.

or without associated fractures of the fbula, and when there
are no postreduction complications, is rarely less than five
months, and one year may be required for complete functional
recovery. Fractures at the level of the lower and middle thirds
may distupt the blood supply and cause a marked delay in
union. Most of these fractures will heal with satisfactory re-
duction and continuous immobilization. A full year may be



Fic. 215.=Severe segmental fracture fn proumal half of b and hlml.x.
which required open reduction and internal fisation, Unton wus slow bocause
of ischemia of the segmentul fragment but occurmed without  sunous
complication,
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required before there is sufficient roentgenographic and clinical
evidence of healing to permit unprotected weight-bearng if
major nutrient blood vessels have been ruptured.

Segmental fractures are best treated by open reduction and
internal fixation when there is instability at one or both fracture
sites (Fig. 215). It is unwise to open shaft fractures with exten-

i

Fic. 216.—Left, 1 inuted fracture distal half of
tibia. Such fractures should not be opened Right, exccllcnt end result which
followed treatment with a metal wire through the proumal tibia and a wire
through the heel, with both wires incorporated in a plaster cast.

sive segmental comminution (Fig 218). Wires placed proximally
and distally will maintain length m these fractures.

Opex FRACTURES of the tibia or fibula should be treated as
deseribed 1 Chapter 11. If the patient is scen within cight
hours after the injury, the wound should be cleansed thoroughly
with soap and water, débrided and then washed out with normal
saline. The surgeon may then use a long leg cast or, 1if the frac-
ture is oblique, the fragments may be held sccurely by stainless
steel screws passed completely through the cortex of cach frag-
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ment. Another atisfactory method is the use of a <dotted metal
plate. With the wound open, aconrate seduction can be abtained
under visual control. The wound should be closwd sathont
suturmg faseid, using alk for the kin but permtting cnough

\ ,B‘ :

fxa:::; ;-3:75:‘!!11('(11011 of treatment for an ublique, open, contaminated
wite deseal stal ¢ u.xd of tbi. The use of two wizes proximally and one
e Getally maintained length and al without bihang the

ee. The fracture lealed without complication,

dlslt?nce to remain between each suture to allow for drainage.
WOunﬁleisueah,]:cnl‘ is dclay:l:d beyond 10-12 hours or if the
complished severely contaminated, thorough cleansing is ac-

Plished, the fracture reduced and the position maintained

by threaded pi ;i N
st (Fig, 217{1).115 proaimally and distally incorporated in the
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required before there is sufficient roentgenographic and clinical
evidence of healing to permit unprotected weight-bearing if
major nutrient blood vessels have been ruptured.

Segmental fractures are best treated by open reduction and
internal fixation when there is instabality at one or both fracture
sites (Fig. 215). It is unwise to open shaft fractures with exten-

Fic 216.—Left, extensively comminuted fracture involving distal half of
tibia, Such fractures should not be opened. Right, excellent end-result which
followed treatment with a metal wire through the proximal tibia and a wire
through the heel, with both wires incorporated n a plaster cast

sive segmental comminution (Fig. 216). Wires placed proximally
and distally will maintain length in these fractures.

Opex FRACTURES of the tibia or fibula should be treated as
described m Chapter 11. If the patient is seen within eight
hours after the injury, the wound should be cleansed thoroughly
with soap and water, débrided and then washed out with normal
saline. The surgeon may then use a long leg cast or, if the frac-
ture is oblicue, the fragments may be held securely by stamnless
steel screws passed completely through the cortex of cach frag-



CHAPTER 28

The Ankle

Tue askLe JoINT is formed by the articulation of the astragalus
with the distal ends of the tibia and fibula. In addition, there is
a small but distinct joint between the tibia and the fibula, just
proximal to the ankle joint, that frequently  communicates
directly with the primary joint space. Stability of the ankle is
dependent upon the continwity of the ligaments and maintenance
of the mortise formed by the tibia and fibula. The malleoli
limit medial, lateral and rotary motion of the foot on the leg.
Fractures which alter these relationships must be accurately
reduced if the patient is to recover normal use of the ankle,
Inadequate reduction with instability leads invariably to trau-
matic arthntis.

Injuries to the ankle consist of varying combinations of frac-
tures of the distal articular surface of the tibia, the malleoli and
the astragalus, dislocations of the astragalar-tibial-fibular joint,
and spramns of either the medial or the lateral ligaments.

Fracrunes oF Tie ANKLE have been divided into specific
groups according to the direction into which the foot is displaced
by the mjury. Abduction fractures occur when the foot 1s di-
rected outward (mnto ralgus) by a force applied to the lateral
aspect of the leg or the medial side of the foot. When the foot is
forcibly directed medually (into varus), a so-called adduction
fracture results. In a pure abduction or adduction fracture, either
both malleoli are broken (bimalleolar fracture) or one malleolus
15 fractured and the opposite collateral ligament is ruptured or

351
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In NonunioN of fractures of both bones of the leg, the fibula
can be ignored. ('This applies to acute closed fractures also.) For
nonunion of the tibia, a bone graft may be cut from the major
fragment and used as an inlay or onlay graft across the fracture
line. Such grafts should be large and should be re-enforced with
additional osteoperiosteal or cancellous bone placed around the
line of fracture.

The treatment of INFECTED FRAcTURES of the tibia is the
same as that of infected fractures or chronic osteomyeltis else-
where, Devitalized fragments of bone or sequestra are removed.
All infected tissue that can be definitely identified is excised.
The position and alignment of the fragments is improved as
much as possible without forced manipulation. The wound
should be spread open with loose folds of petrolatum gauze. The
cast should extend from the groin to the base of the toes and
must not be windowed. Unless the drainage 15 excessive or the
odor extreme, the cast is changed infrequently. The appropriate
antibiotic should be used after sensitivity tests have been ob-
tained on cultures from the wound.

In fractures with osteomyelitis, healing may occur with proper
surgery and antibiotic therapy. With nonunion, late bone gmfting
is necessary for healing but should not be attempted until the
infection has been completely quiescent for at least three months.
Frequently, plastic procedures are necessary to restore adequate
skin coverage prior to bone grafting,
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Fic 218.~Eversion or abduction fractures of the ankle.
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partly torn. Ordinanily, additional forces come mto play in these
two main types of ankle fractures. If the injury which forces the
foot mto marked abduction or adduction also causes the foot to
be directed backward, a fracture of the posterior lip of the
articular surface of the tibia may occur with or without a pos-
terior dislocation of the foot to a varying degree. A fracture
involving both malleoli as well as the posterior surface of the
tibia (posterior malleolus) is known as a trimalleolar or Cotton
fracture. On the other hand, when the fracture force thrusts the
foot forward on the tiba, the anterior lip of the tibia may be
fractured, along with one or both maileoli.

Rotational forces through the ankle joint mortise produce
oblique, rather than transverse, fractures of the malleoli, and a
combination of fractures and ligamentous injuries similar to those
of the pure abduction or adduction injuries.

Force directed downward through the tibia onto the foot may
result in a fracture of the os calcis. Not infrequently, when the
calcaneus is spared, there occurs a severely comminuted fracture
of the distal articular surface of the tibia.

The treatment of ankle fractures is simplified if the physician
will analyze the component parts of any given fracture and the
forces which created them. Reduction is accomplished by manip-
ulations which reverse these forces.

Aspuction FracTures oF e ANkLE~—As the foot is forced
into abduction, the lateral surface of the body of the astragalus
compresses the medial aspect of the lateral malleolus and the
medial (deltord) Ligament is placed under tension. If the de-
forming force stops here, there may oceur a sprain of the deltoid
ligament. More frequently the astragalus continues 1ts outward
path and knocks off the lateral malleolus by direct contact. The
fracture of the fibula will be obhque if the foot also rotates in a
clockwise direction The deltoid ligament may rupture but is
more likely to remain intact and produce an avulsion fracture of
the medial malleolus Posterior or posterior-lateral dislocation of
the foot, with or without a fracture of the posterior malleolus,
may occur as the force expends itself Abduction injuries of the
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TREATMENT OF ABDUCTION FRACTURES

Sumple fractures of the lateral malleotus without displacement
should be immolnlized for six weeks in a short leg cast in which
a walking iron may be incorporated for carly weight-bearing,
If the malleolus is displaced laterally to even a slight degree,
accurate reduction must be obtained to restore the joint mortise
to its normal position. Bimalleolar abduction or Pott’s fractures
may be reduced as illustrated in Figure 219. The anesthesia of

Fic. 220.~Fracture of distal tlird of fibula (@) and medial malleclus
(b) with mod displ of the malleolar fragment. When closed
reduction does not mawtan accurate postion of a large medial malleolar
fragment, open reduction and accurate internal fivation of the medial
malleolus with a stanless steel screw 1s definitely to be recommended (c).
As a rule, the fibular fracture requires no special attention,

choice is sodwm pentothal intravenously, although procame may
be mjected into the fracture sites Flex the knee to 90 degrees
while an assistant applies countertraction by pulling up on the
tibia. Grasp the foot by the heel and forefoot and apply down-
ward traction, while molding the foot medially and forward
under the tibia. The foot should be dorsiflexed to 90 degrees and
forced into suffictent varus as a short leg cast is applied. The
ankle jomt mortise 1s restored to normal by molding the plaster
over the mallech with the flat of the hands and compressing
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ankle may produce the following combinations of fractures (Fig.
218):
1. Fracture of the lateral malleolus.
2. Fracture of the lateral malleolus and rupture of the deltoid
ligament.
8. Fracture of the medial and lateral malleoli (bimalleolar or
Pott’s fracture).

}—\\
After plartarflexion, dorsiflex A
and adduct. foot (rotate medially)

Mold foot. |

o adduction,

¢ in cast

Fic 219.—Treatment of eversion fracture of the ankle.

4. Fracture of medial, lateral and posterior malleoli (trimal-

leolar or Cotton fracture).

5. Any combination of the foregoing with lateral or posterior-

lateral dislocation of the foot.

The diagnosis of an abduction fracture is seldom difficult to
make. The history of an abduction mnjury followed by pain, loss
of function of the ankle, swelling, tenderess over the malleoli,
with or without displacement of the foot, will indicate a fracture
of the ankle joint. Roentgenograms taken in the anteroposterior,
lateral and oblique views will disclose the exact nature of the
fracture.
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TREATMENT OF ABDUCTION FRACTURES

Sunple fractures of the lateral malleolus without displacement
should be immobilized for six weeks in a short leg cast in which
a walking iron may be incorporated for carly weight-bearing.
If the mafleolus is displaced laterally to cven a slight degree,
accurate reduction must be obtained to restore the joint mortise
to its normal position. Bimalleolar abduction er Potl's fractures
may be reduced as illustrated in Figure 219, The anesthesia of

Fi6, 220 ~Fracture of distal third of Gbula (a) and medial malleolus
(b) with moderate displacement of the malleolar fragment. When closed
{educﬂon does not maintain accurate postion of o large medial malleolar

open red and internal fixation of the medial
malleolus with a stanless steel screw is defintely to be recomniended (€
As a rule, the fbular fracture rcquires no speaal attention.

cho{ce is sodium pentothal intravenously, although procame may
be }njected into the fracture sites. Flex the knee to 90 dcgrct;s
w.'b.de an assistant applics countertraction by pulling up on the
tibia. Grasp the foot by the heel and forefoot and apply down-
ward traction, while molding the foot medially and “forward
under the tibia. The foot should be dorsiflexed to 90 degrees and
forced'into suffictent varus as a short leg cast is apphed The
ankle jomt mortise is restored to normal by molding the plaster
over the malleoli with the flat of the hands and compressing



F1c_221.—Severe tnmalleolar fracture with lateral and postenor disloca-
tion. The dislocation was easily reduced, and the postenor fragment remamed
in proper posihon without internal fisation The medial malleolus was re-
placed with a stamnless steel screw Al fractures united, as shown below.
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them together. A pad of felt over the malleoli and heel will help
to prevent pain or necrosis from pressure. Check-up roentgeno-
grams should be taken; and if the reduction is not accurate, it
must be repeated, to obtain exact re-position of the fragments.
Tersistent Jateral displacement of the astragatus of a0 mere than
1 in. is very likely to lead to degencrative changes and per-
manent disability in this weight-bearing joint.

If the patient complains of pain over a bony prominence, the
cast should be windowed, to relieve the pressure. Keep the
patient in bed with the foot elevated ou millows to reduce the
degree of swelling.

Frequently, the medial malleolus is widely displaced and
cannot be restored to its normal position. Open reduction and
mternal fixation of the malleolar fragment is then indicated
(Fig. 220). 1t is unnceessary to obtain anatomic reduction of the
fibular fracture unless the intra-articular portion of the lateral
malleolus happens to be involved.

A snug, padded short leg cast is required to maintain the
reduction. The original plaster is changed after 10-14 days.
Roentgenograms should be obtained to determine the position
of the fragments alter each cast change. After reduction of the
fracture, the patient may be ambulatory with the aid of erutches.
We do not advise weight-bearing in the cast except in isolated
undisplaced or otherwise stable fractures of the malleoli.
Roentgenograms should be taken at six weeks; and »f there is
e\:rldence of union, the cast may be removed. If there is insuffi-
cient callus around the fracture, the cast should be continued
for another four weeks, at which time roentgenograms  are
repeated.

Normal function should be achieved within four to six months
froTn the time of inury if reduction is accurate and union is
solid Physical therapy will hasten recovery of motion of the foot

and ankle, Full weight-bearing may be permitted as tolerated
by the patient.
te;f}:'xll?alleglar ( Cotton) f‘mcturcs may be reduced by the same
que described for bimalleolar fractures with dislocation of
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the foot The foot must be immobilized in extreme dorsiflexion
to tighten the posterior capsule of the ankle and hold down the
posterior lip fragment of the tibia to which the capsule js at-
tached. Maximal dorsiflexion of the foot is obtained with the
knee flexed to 90 degrees to relax the Achilles tendon, Tibial
fragments containing one fourth or more of the articular surface
must be accurately replaced to restore the continuity of the joint
surface and prevent recurrent posterior dislocation of the foot
(Fig. 221). Open reduction and fisation of the fragment by metal
screws is indicated 1f accurate re-position cannot be accomplished
by manipulation. Smaller fragments are unimportant unless they
encroach on the joint. The postreduction treatment is the same
as for Pott’s fractures, but weight-bearing should be delayed for
10-14 weeks after reduction of the fracture.

AppuctioN FRACTURES OF THE ANKLE Joint.—Adduction frac-
tures are produced by a force which drives the astragalus
medially against the medial malleclus and places the lateral liga-
ment of the ankle under tension (Fig. 222). If the force is
checked here, only a sprain of the ankle may result. On the other
hand, 1f the force continues, any onc of the following combina-
tions of fractures may result:

1. Smmple fracture of the medial mallcolus.

2. Fracture, with medial displacement, of the medial malleo-
lus and rupture of the Jateral higament or avulsion of the
lateral malleolus

3. Fracture of the medial, lateral and posterior malleoli with
dislocation of the foot (Cotton type).

Treatment of adduction fractures of the ankle is similar to
that described for abduction fractures, but the directions of the
forces applied m the mampulations are reversed. After down-
ward traction on the foat, the dislocation may be corrected by
bringing the foot beneath the tibn, and a short leg cast should
be applicd while molding the malleoh and mamtaining at least
90 degree dorsiflexion of the foot (Fig. 223). Occasionally 1t will
be necessary to plantar flex the foot before applying downward
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Fic 222 —Inversion or adduction fractures of the ankle.
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the foot. The foot must be immobilized in extreme dorsiflexion
to tighten the posterior capsule of the ankle and hold down the
posterior lip fragment of the tibia to which the capsule is at-
tached. Maximal dorsiflexion of the foot is obtained with the
knee flexed to 90 degrees to relax the Achilles tendon. Tibial
fragments containing one fourth or more of the articular surface
must be accurately replaced to restore the continuity of the joint
surface and prevent recurrent posterior dislocation of the foot
(Fig. 221). Open reduction and fixation of the fragment by metal
screws is indicated if accurate re-position cannot be accomplished
by manipulation. Smaller fragments are unimportant unless they
encroach on the joint. The postreduction treatment is the same
as for Pott’s fractures, but weight-bearing should be delayed for
10-14 weeks after reduction of the fracture.

Avpuction FrRACTURES OF THE ANkLe JomNT.—Adduction frac-
tures are produced by a force which drives the astragalus
medially against the medial malleolus and places the lateral liga-
ment of the ankle under tension (Fig 222). If the force is
checked here, only a sprain of the ankle may result. Ou the other
hand, if the force continues, any one of the following combina-
tions of fractures may result:

1. Simple fracture of the medial mallcolus.

2. Fracture, with medial displacement, of the medial malleo-
lus and rupture of the lateral ligament or avulsion of the
lateral malleolus.

8. Fracture of the medial, lateral and posterior malleoli with
dislocation of the foot (Cotton type).

Treatment of adduction fractures of the ankle is similar to
that described for abduction fractures, but the directions of the
forces apphed in the mampulations are reversed. After down-
ward traction on the foot, the dislocation may be corrected by
bringing the foot beneath the tibia, and a short leg cast should
be :\pphcd while molding the malleoh and maintaming at least
90 degree dorsifleaton of the foot (Fig, 223). Occasionally 1t will
be necessary to plantar flex the foot before applying downward
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and forward traction in order o clear the astragalus from the
posterior surface of the tibia when there is marked posterior and
proaimal dislocation. The postreduction treatment consists of cast
immolilization for six to 10 wecks followed by physical therapy
and gradual weight-bearing. The importance of accurate redue-
tion of ankle joint fractures must again be emphiasized. .\ poor
reduction will not result in the restoration of normal ankle
function.

FracTunLs oF ANTLIMOR MARGIN 0F DISTAL ARTICULAR SUnvace
of e Tmsta—When the foot is dislocated anteriorly instead
of postersorly as an isolated injury or in conjunction with an
abduction or adduction fracture of the ankle, a fragment of
varying size may be sheared from the distal anterior margin of
the tibia. Accurate re-position may be obtained by manipulation.
The anterior dislocation of the foot reduces without difficulty,
and the tibia) fragment should then be molded into position.
Plantar fleajon of the foot may be necessary to pull the fragment
down through the medium of the attachments of the anterior
capsule. The foot should be immobilized in the reduced position
for six weeks. Open reduction will be required when there is no
prospect that adequate reduction can be obtained by the closed
method

CoapzunuTen Fracturcs ofF DisTaL ARTICULAR Sunrace oF
THE Tista.—This injury occurs when the astragalus and the distal
end of the tibia are driven together with great violence. When
a patient falls from a height and lands on his feet, the impact is
most marked on the os caleis, astragalus and tibia, Such injuries
have been a frequent result of aircraft crash landings.

Physical examination shows diffuse enlargement of the lower
end of the leg, broadening of the ankle, loss of normal relation-
ship of medial and lateral maileoli, local tenderness over the
tibia, false motion and crepitus. A pressure dressing, using large
amounts of cotton or multiple gauze fluffs beneath a loose fitting
plaster cast will help minimize the swelling, which may be severe
::";?ncglc:clz‘tiol;{'nﬁluistlers or even gangrene. Skeletal traction with

gh the os calcis and with the leg supported
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Fic. 223.—Reduction and unmobihzation of imversion bimallcolar fracture.
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and forsard trachon i order to dear the astragalus from the
postenior susface of the tibia when thae ds marked postenor and
proaimal dulocation. The pastreduction treatment consists of cast
smmobilization for sia to 10 weeks followed by physical therapy
and gradual weight-hearmg, The importance of accnrate redue:
tion of ankle joint fracturey munt again be emphasized. A poor
reduction will not gewlt in the testoration of normal ankle
function,

FracTunes or AN12u08 MABGIN 01 Distat ARTICULAR SURrace
or mE Tima.~When the foot 1v dislocated antetiorly instead
of posteriorly as an jsolated mjury or in conjunction with an
abduction or adduction fracture of the ankle, a4 fragment of
varying size may be sheared from the distal anterior margin of
the tibia. Accurate re-position may be obtained by manipulation.
The anterior dislocation of the foot reduces without difficulty,
and the tibial fragment should then be molded into position.
Plantar flexion of the foot may be necessary to pull the fragment
down through the medium of the attachments of the anterior
capsule. The foot should be immobilized in the reduced position
for six weeks. Open reduction wall be required when there is no
prospect that adequate reduction can be obtained by the closed
method. !

Coxzusvrin Fracruies of DisTal ARTICULAR SUnwact or
THE Tiia.~This injury oceurs when the astragalus and the distal
end of the tibia are driven together with great violence. When
a patient falls from a height and lands on his feet, the impact is
r}llloft marked on the os caleis, astragalus and tibia. Such injuries

“;i l:‘:; -'1 frcl.{uuft result of :'zircm[t crash landings.
end (})’f e T:an;;nntilo‘n 'shuws diffuse enlargement of the lu}\'cr
ship of medi%l :::03 {.n‘lilg of the ulllkll.'. loss of normal relation-
bl falss molion} da erxl malleoli, local tcnd':'rnc:,s 9\'ur the
amotunts of cotton, an crlglmus. A pressure dressing, using lalfgc
Dlaster cast sl 1 lm' mu .np.]u gauze flufls bcnl.“.lth a loose fitting
with cireulaty ;)E’p minimize the swelling, which may be severe

a pin placed 13') listers or even gangrene. ’Skclcml traction with
rough the os caleis and with the leg supported
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on a Braun frame is good origmal treatment (Fig. 224). Severe
comminution and impaction of the fragments may preclude an
adequate restitution of the joint surface by traction alone. In
such cases, open reduction will be necessary (Fig. 223). This
procedure is technically difficult and should be undertaken only
by a surgeon who is highly skilled in bone surgery. Primary

Communuted
fracture of
distal avticu-
lar surface
of tibia

in cast on Braun
frx Traction pin thru
os calcis iricorporated
n cast Traction main-
tained for 6 weeks

Fic 224 —Treatment of a severely comminuted fracture of the distal end
of the ibia and fbula by skeletal traction on the Braun frame

arthrodesis of the ankle is indicated in selected cases when the
derangement of the jomnt is severe and a painless functioning
ankle cannot be expected to follow conservative management
or open reduction.

Duastasts oF Distal TIBIOFIBULAR JoINT.—Separation of the
distal tibiofibular jomt occurs with certain abduction injuries of
the ankle. Fractures of the lower third of the shaft of the fibula
and of the medial malleolus frequently accompany the diastasis
between the tibia and the fibula In other instances, the malleoli
remain intact and the deltoid ligament is ruptured as the tibia
and fibula separate and the foot displaces laterally.



Fic 225-Scverely comninuted, open tnmalleolar fracture, treated by
cleansing, debndement, fination of reduced fragments with threaded pws,
and pnmary closure
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on a Braun frame is good original treatment (Fig. 224), Severe
comminution and impaction of the fragments may preclude an
adequate restitution of the joint surface by traction alone. In
such cases, open reduction will be necessary (Fig. 225). This
procedure is technically difficult and should be undertaken only
by a surgeon who is highly skilled in bone surgery. Primary

Communuted
fracture of
distal articu-
iar surface
of tibia

n cast on Braun
f Traction pin thry
o3 calcis incorporated
mn cast. Traction main-
taned for 6 weeks

Fig 224 —Treatment of a severely comminuted fracture of the distal end
of the tibia and fibula by skeletal traction on the Braun frame

arthrodesis of the ankle is indicated in selected cases when the
derangement of the jomt is severe and a painless functioning
ankle cannot be espected to follow conservative management
or open reduction.

Diastasis or Distar TisiorisuLan Jonr.—Separation of the
distal tibiofibular joint occurs with certain abduction injuries of
the ankle. Fractures of the lower third of the shaft of the fibula
and of the medial malleolus frequently accompany the diastasis
between the tibia and the fibula In other instances, the mallcoli
remam tact and the deltoid ligament is ruptured as the tibia
and fibula separate and the foot displaces laterally.
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Reduction may be accomplished under general anesthesia by
molding the tibia and fibula together with the foot pushed medi-
ally and in moderate varus. This position should be maintained
by a short leg cast for six weeks. Open reduction with fixation
of the fibula to the tibia by a long metal screw or threaded pin

F16 226 —Comminuted oblique fracture of the distal tibia wath separation
between the tiba and fbula. It is dufficult to mamntain satisfactory reduchon

of the til ion by closed methods. The 1l shows screw
fixation of the tibial fracture wath a Barr bolt through the tibia and fibula to
tatn correct jomnt rel. 1

is advisable when closed reduction is unsuccessful (Fig. 226).
Persistent diastasis with broadening of the ankle mortise wll
result in an unstable and pamful weight-bearning joint Arthrod-
ests of the ankle may be necessarvy to restore stability and pain-
less function.

NONUNION OF THE MEDIAL MALLEOLUS is & common compli-
cation of fractures imvolving the ankle This occurs if reduction
of the origmal fracture is inadequate. but it is also seen in spite
of excellent re-position of the fragment A simple method of
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treating this nonunion has been included in this book because
the technique described is not difficult and can be carried out
by any competent surgeon (Fig. 227). It is well to remember,
howener, that this operation includes opening into the ankle joint
and that careless technique may lead to local mfection, suppura-
tive arthnitis and a residual painful or ankylosed joint.
MarunTEp FRACTURLS OF THE ANKLE.—-In instances of mal-
unton of ankle joint fractures, the end-results will include trav-

Fic 228 ~Left, deformity of the ankle with lateral displacement of the
mortise and nonunion of the medial malleolus, Right, showing the correction
which was obtained wath an osteotomy through the distal fibula and replace-
ment of the medial malleolus with a bone graft to assure union. Mild
arthntic changes are present, but the function and prognosis were greatly
improved

matie arthritis because of breakdown and roughenming of articular
surfaces. The treatment of choice 15 arthrodesis of the ankle
joint. Arthrodesis 15 accomplished by excision of articular car-
tilage until bleeding bone is exposed: approximation of the
astragalus to the tibra with the foot in a corrected position, and
a bone graft cut from the tibia and mortised into and across the
front of the joint The foot must be placed in a position that is
anatomically correct for strength and weight-bearing. In a male,
the foot is immobilized for arthrodesis in 10 degrees of equinus.
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treating this nonunion has been included in this book because
the technique described is not difficult and can be carried out
by any competent surgeon (Fig. 227). It is well to remember,
however, that this operation includes opening into the ankle jomt
and that careless technique may lead to local infection, suppura-
tive arthnitis and a residual painful or ankylosed jomt.
Mavrunitep FracTurcs oF THE ANKLE—In instances of mal-
union of ankle joint fractures, the end-results will include trau-

Fic 228 —Left, deformuty of the ankle with lateral displacement of the
mortise and of the medial malleolus Right, showing the correction

which was obtained with an osteotomy through the distal fibula and replace-
ment of the medial malleolus with a bone graft to assure umon Mild
arthntic changes are present, but the function and prognosis were greatly
improved

matic arthntis because of breakdown and roughening of articular
surfaces. The treatment of choice 1s arthrodesis of the ankle
jomt. Arthrodesis is accomplished by excision of articular car-
tilage until bleeding bone is exposed, approximation of the
astragalus to the tibia with the foot 1 a corrected position, and
a bone graft cut from the tibia and mortised into and across the
front of the joint. The foot must be placed in a position that is
anatomically correct for strength and weight-bearing. In a male,
the foot is immebilized for arthrodests in 10 degrees of equinus.
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Occasionally the defornity may be corrected by osteotomy
(Fig. 228); but when irreversible arthritic changes are present,
arthrodesis of the ankle is required. This permuts full plantar
surface weight-bearing in shoes with average heels. The surgeon
must ascertain from a female patient the height of heels she
desires to wear following surgery, and the degree of equinus
should be determined accordingly. A minimum of 14 weeks 1
required for solid union, but weight-bearing in a short leg cast
with a walking iron may be permitted after six weeks. An
excellent gait is possible after ankle joint fusion if the foot has
been placed in proper relationship to the tibia and the midtarsal
joints are mobile.

SPRAIN.—A spram is an injury to the ligaments. The lateral
higaments are injured most often because the range of motion
and instability of the foot is greatest from the lateral toward the
medial side On the other hand, valgus motion is limited by the
anatomic arrangement of the subastragalar joint and the size
and tautness of the deltoid (combined medial) ligament. A rela-
tively greater force is required to abduct the foot and injure the
medial ligament as compared with the ease with which the foot
may be thrown into adduction by stepping on a stone or rough
pavement (Figs. 229 and 230).

The injury to the ligaments may vary from a tear of a few
fibers to complete rupture or an avulsion chip fracture of the
malleolus to which a ligament 15 attached. The treatment and
prognosis depend on an accurate evaluation of the extent of
the 1njury.

This 15 best determined by roentgenograms which will also dis-
close the presence or absence of a fracture. If the area of tender-
ness is over the lateral aspect of the talus, the anterior talofibular
ligament is probably injured and an anteroposterior roentgeno-
gram is taken with the foot in equinus and forced adduction.
If this ligament alone has been ruptured, the ankle joint is less
stable than normal with the foot in equinus. There is increased
mobility of the subtalar joint, however, if the roentgenogram 1s
taken with the foot at 90 degrees to the tibia.
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When the tenderness is over the lateral aspect of the calcaneus,
a tear of the calcaneofibular ligament is suspected and the antero-
posterior roentgenogram is taken with the foot in forced varus
and the talus at 90 degrees with the tibia. There is increased
motion in the subtalar joint and a slight increase in the ankle
joint if the ligament is torn. The talotibial joint is essentially
stable if the roentgenogram is taken with the foot in equinus.
When both the calcaneofibular and anterior talofibular liga-
mepts are ruptured, the ankle and subtalar joints are bl
with the foot at either 90 degrees or in equinus. The talus will
move out of the mortise of the tibia and fibula and leave a gap
between the tibia and the talus on the side of the tom ligaments.
Minor sprains may be associated with outstanding pain, dis-
abilitv and swelling caused by hemorrhage. The patient may
have meager svmptoms for 30 minutes to several hours after the
injury, after which the pain becomes severe and walking on the
foot is impossible. Minor sprains may be treated by the local
infiltration of 5-10 cc. of 1 per cent procaine into the tender
areas and the application of an adhesive tape splint (Fig. 231).
Crutches should be used only if severe pain prevents the patient
from bearing full weight on the eatremity. The adhesive strap-
ping should be worn from seven to 14 days. If the patient is
co-operative and continues to be active with weight-bearing,
there will be little swelling after this splinting is discontinued.
One-quarter inch heel elevation on the side of the ligament in-
jury will give the patient a feeling of security and guard against
muld trauma and pain associated with walking on uneven ground.
Complete supture of an ankle joint ligament should be treated
by six weeks of plaster of paris cast immobilization (Fig. 232).
The patient may bear weight in the cast. A heel wedge of 3/16
1o 14 in. offers further protection to the healing ligaments after
the cast is discarded. A chronic. recurrent sprain of the ankle
may be the late mamnfestation of an acute rupture which was not
roperly diagnosed or adequately treated and may require surgi-
cal repair of the injured higament. Other sprains are caused by
internal derangement of the ankle joint in which a projection of
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tissue becomes caught between the astragalus and the latera]
malleolus. The treatment consists of excision of the ofending
tissue.

In OPEX FRACTURES OR IN FRACTURE-DISLoCATIONS of the anlle,
the wound must be carefullv excised. the joint irrigated with
warm normal saline solution, the capsule ¢losed and the skin
sutured loosely. if conditions permit (see Chapter 11). One
should not hesitate to use screws or pins to control the position
of the fragments. The subsequent treatment should be by plaster

e%?m%;% e

Fic. 2340 for of add def followizg

partial prowth arrest of the tibia. the result of a fracture which caused 2
bone bridge to form across the epiphyseal growth cartilage.

cast immobilization in a position which will maintain the re-
duction.

INjeriEs OF TBE GRowTn CarmiLace—-The automobile, the
bicyele and competitive sports all contnbute to the problem of
injuries of the growth cartilages of children. With the exception
of the elbow and wrist. the ankle is the most common site of
epiphyseal fractures or traumatic displacements. Following a
fracture that includes the growth cartilage zone at the distal end
of the tibia as well as a portion of the shaft, regardless of how
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accurate the reduction, growth disturbance may follow (Fig.
233). Growth arrest of a portion of the distal cpiphyseal car-
tilage may produce a marked varus or valgus deformity, depend-
ing on which portion of the epiphyseal plate is imolved.

Treatment of the deformuty caused by such premature fusion
of the tibial cpiphysis may include osteotomy (Fig. 234), fol-
lowed by an operation to arrest growth completely in the postion
of the epiphyscal cartilage which is still functioning. This surgical
arrest of growth is accomplished by excising a segment of the
cpiphyseal cartifage and bridging between the epiphysis and the
metaphysis with a tibial bone graft. Growth of the distal end of
the fibula must be arrested at the same time. When this opera-
tion is carried out on one leg, mequality of leg length may be
prevented or minimized by performing epiphyscodesis of the
opposite distal tibial and fibular epiphyses.



CHAPTER 29

The Foot

DisaBitiTy RESULTING FrOM fractures, sprams or dislocations of
the foot is often far in excess of what one might expect
from studying the imtial injury. Loss of motion between the
midtarsal jomts or the tarsal-metatarsal joints as a result of ad-
hesions which form after any of the aforementioned injuries may
produce so much pam and disabulity that the patient becomes a
chronic invalid. Presence of adhesions in the foot 15 not uncom-
mon after major mjuries to other regions of the limb which
require long immobilization of the foot as a part of the treatment.
Following any long period of plaster cast immobilization, there
is circulatory edema after the cast has been removed. Much of
the disabihity associated with cast immobilization, or that
following a specific mjury to the foot, can be prevented by
co-operation between patient and surgeon. The use of a walking
iron, the molding of the cast beneath the weight-beaning surface
of the foot, so that support 15 given to both the metatarsal and
the longitudinal arch, and carly active motion will greatly reduce
the incidence of serious disability.

Fracture oF THE Os Cavrcs —This is the most challenging
of all the problems of mjury to single bones of the foot No
fracture, with the exception of that of the neck of the femur,
has yiclded more consistently unsatisfactory results in the hands
of the average surgeon. It should be remembered that every
fracture of the os calcis which results from a fall from a height
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is hikely to be associated with an fojury to the spae (Fig. 233)
and should routinely call for examination and posably roentgen
study of the other foot and of the spine. In ditect weight-beanng
lme, the tibia articulates with the astragalus and the astragaius
with the os calows. In severe crushing fractures, the astragalus
may be doven completely thiough the os caleis to occupy a

tell frong bkt cauting
{racture oL G CC.Cil,y
apatus crd Wt

R

Hréb tuen an. ﬁ;d’/ ack kmnfes Lands on outstretched
o calas Lutrbo-dorsal hands Colles' fracture
racture spane fracture

an=
Fic 235, —Mcchamsm of prxduction of os ealus fractures and commonly
assocated injunes

position inferior to it on the plantar surface of the foot (Fig,
236). Impacted fractures of the os caleis may be overlooked in
the mtial examination. ’

A comprehensive study of the os calcis fractures in which they
\erre classified with regard to the different types was made by
Vlda! and adop(cd by Bochler, The three significant groups are:
(1) lsglaxed fracture without joint injury, {(2) comminuted frac-
:Ur:}il\vlth fninimal joint injury, such as a erack through the body
vithout displacement, or fracture of the outer wall and the body,
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Fic 236.—A thurd degree fracture of the os caleis. The astragalus has
been dnien down betwcen the fragments Prognosis for a satisfactory
functional recovery 1s not good

with a reduction of the tuber-joint angle but no crushing into
the jomt; and (3) comminuted fracture with severe jomnt injury,
with reduced tuber-joint angle and displacement or crushing of
portions of the body From the standpoint of treatment, each of
these three types of fracture necessitates special consideration.

The problem mn general. howeer, is to restore the tuber-joint
angle, reduce the transverse diameter approximately to normal
and replace the joint surfaces as accurately as possible. It is im-
possible to diagnose, plan or carry out treatment intelligently
and accurately without having roentgenograms that are made in
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Te fracture it may he reduced to 5 or 10 degrees or obliter-
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ated altogether, Occasionally it is even reversed. This disturbance
of the tuber-joint angle weakens or seriously interferes with the
action of the gastrocnemius muscle.

Treatment.—Correction of fractures of the os calcis requires
skill and experience. Time of the reduction depends to a con-
siderable extent on how soon after the injury the patient is seea
by the fracture surgeon. If swelling has not yet become excessive,
the fracture may be reduced at once. Should the patient be

Fic 238 —Typical blistening and bleb formation which occurs with 0s
calais fractures that are not promptly treated with padded pressure dressings.

delayed m reachng the hospital and swelling is excessive,
avascular blisterng and bleb formation frequently result (Fig:
238). A massive pressure dressing should be applied from the
toes to midcalf, the limb elevated, the foot of the bed raised
and attempts at reduction deferred until swelling subsides
(Fig. 289).

Fractures of the os calcis without loss of the tuber-joint angle
or spread of the os caleis or extensive comminution of an articu-
lar surface may be treated without any attempt at reduction
(Fig. 240). A plaster cast should be applied, extending from
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just back of the toes to the tibial tubercle, A walking iron should
be placed in the cast and the patient encouraged to bear ‘u'm-
cient weight to balance himself, but not attempt any walking
without crutches for six wecks. At the end of this time the cast
15 remor ed and an clastic bandage is applied to prevent evcessive
edema. The patient should then continue with crutches while
gradually increasing weight-bearing.

If the fracture includes a spread of the os caleis without loss
of tuber-joint angle, a re-dresser should be applied and the os

Fic. 239.~Elastic bandage pressure dressing to help reduce swelling that
follows fracture of the os calcss.

caleis firmly compressed from side to side. The C-shaped re-
dresser should be placed beneath the lateral malleolus. (It is
wise to test the normal foot first, to determine the thickness of
the normal os caleis, together with the soft tissue covering,) The
clamp is rapidly closed to the mark on the measuring device
which corresponds to that of the normal heel, then rapidly
opened. If pressure is more than momentary, necrosis of the
tissues may result. It is not necessary to place a thick felt pad
over the os calcis if the procedure is performed swiftly and
skilfully.

Hornizontal incomplete fractures of the proximal third of the
tuber portion of the os calcis are called “beak” fractures (Fig.
241). The fragment can usually be molded downward into place



. Fic 240 —Sunple fracture through the body of the os calcis with min-
imal mvolvement of the subtalar jomnt, treated by simple casting for 10
wechs Protectine weight-beaning 1n a walking cast was permitted during the
final six weeks of immobilization,
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ix weeks. When manual

pin may be passed trans.

\cr.sdy through the soft tissues abme the fragment and down.
ward traction will usually reduce the angulated fragment.

Another infrequent but distinctly different fracture of the os

calcis consists of a vertical break in its tuber postion with the

posterior fragment pulled upward by the gastrocnemius and

soleus muscles. Reduction is readily accomplished by a single

w
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Fie. 241 —Mummal fracture of the tuber portion of the os calets.

pin which is used as a lever and then incorporated in the short
leg cast to prevent re-displacement of the fragment. Union is
sufficiently advanced at six wecks to allow partial weight-bearing
with crutches for an additional four weeks. Care must be
exercised to avoid pressure necrosis of the soft tissues by the pin.
This predisposes to infection along the pin tract which is a most
unfortunate complication for the patient.

Accurate reduction of comminuted fractures of the os calcis,
with excessive upward displacement of the tuber fragment,
broadening of the body and minimal involvement of the joint
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surfaces, is most readily accomplished by means of skeletal trac-
tion and fiaation. A Bochler os calcis frame (Fig. 212}, or one
of the newer types of fracture tables, may be used. In the Boehler
method the thigh is flexed 43-50 degrees and the knee at least
45 degrees, with a padded bar or strong sling supporting the Jeg
just above the knce. A Steinmann pin is then placed though the
os calcis near the site of inscrtion of the Achilles tendon, and
another pin through the distal third of the tibia. Traction is
applied dircctly in line with the tibia by a tumbuckle or the
ratchet apparatus of the fracture table. This traction must be
sufficient to restore the tuber-joint angle. When it is apparent
that this angle has been restored, the direction of pull is shifted
down and back to obtain Jengthening of the os caleis (Fig. 213).
A Bochler re-dresser is then applied, as recommended in the
preceding section, and the widening of the os caleis rapidly
corrected by tightening the clamp.

A cast is applied while traction is maintained, and both pins
are incorporated in the plaster. The cast is carefully molded
over pads of felt placed below the malleoli. The transfixion pins
should not be removed for six weeks, during which time the
patient may be ambulatory on crutches. Roentgenograms should
be made after reduction and again within one week after the
cast is applied. At the end of six weeks the pins and cast are
removed. Roentgenograms should be made and a new cast ap-
plied, incorporating a walking iron. Weight-bearing may then
be permitted. When the second cast 1s removed, 12 weeks after
the first reduction, an elastic bandage should be applied to con-
trol or prevent excessive edema. If the patient is moderately
active during the period while 1mmobilization is being main-
tamned, frst by the pins and cast, and later by the cast alone,
there will be comparatively lttle atrophy of disuse, and the
patient may be able to return to work within fve months of the
time of injury.

Fractures of the os calcis which disrupt the articular surface
for the subtalar joint carry the least favorable prognosis of this
group of injuries. They are ordinarily associated with broaden-



F16 243 —Fracture of the os caleis Above, note the marked widemng
and shortening of the neck portion Below left, restoration of the tuber-joint
angle by skeletal traction. Below nght, restoration of length after moldng
the communuted fragments beneath the malleoli with a Boehler re-dresser.
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Fic 244.—Fracture of the os calas wath loss of the tuber-joint angle and
marked depression and rotation of the calcaneal jont surface, A. Treated
surgically by restoration of the ﬂrthLu' surface and the use of I)onc grafts
packed snugly beneath the el B. For I C allus-
trates the normal opposite subtalar joint

ing of the tuber portion of the os calcis and a decrease in the
tuber jomt angle. Two types of fractures of the joint surface are
frequently encountered. In one the articular cartilage and vary.
g sized fragments of bone are rotated downward and forward
as much as 90 degrees so as to be impacted into the adjacent
cancellous bone (Fig. 244). The second type consists of a hori-
zontal fracture along the superior aspect of the os calcis which
extends forward to emerge anteriorly and distally to the subtalar
Jjomnt The articular end of the fragment is rotated downward so
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that the joint surface faces in the direction of the toes, while the
other end is displaced upward. This results in a V-shaped defect
similar to a “beak” fracture, except that it is longer and contains
varying sized portions of the articular cartilage. There is no way
to restore the contour of the os calcis and to reconstruct the sub-
talar joint except by open reduction.

For open reduction or subtalar fusion, an incision begins be-

Fic 245 —Fracture through neck of talus with medial displacement of
head portion The posiion was mmproved by closed manipulation, and there
was satisfactory healing and no aseptic necrosis.

hind the fibula, 3 in above the lateral malleolus, and extends
distally over the lateral aspect of the os calcis to end at the
calcaneocuboid jomt. The peroneus longus and brevis tendons
are mobilized and retracted after cutting their tendon sheaths
and the supenior and inferior peroneal retinaculum. The cal-
caneofibular ligament and the trochlear process of the os calcis
are exposed in the wound. The lateral broadening of the os calcis
in comminuted fractures is in part due to a fracture and separa-
tion of the trochlear process and the adjacent cortex. This frag-
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ment is retracted laterally and the subtalar joint is exposed as a
linear incision is made in the calcancofibular ligament. The
impacted fragment is clevated by means of a chisel and the
articular surface replaced accurately. A moderate sized defect
remains in the os calcis below the clevated fragment and is filled
by means of a bone graft from the tibia ot lium (Fig. 214 B).
The graft holds the articular fragment in position. The wound is
closed in layers and a short leg cast is wom for three months,

Late disabling arthntis often results following this procedure.
Therefore a primary subtalar arthrodesis is recommended for
these severe fractures which merit open reduction. The tech-
nique consists of restoration of the fragments as described, and
remosal of the articular cartilage from the talus and caleancus.
Cancellous and cortical bone chips should be pached into the
joint space.

FRACTUIES OF THE TALUS are uncommon, owing to the pro-
tected position of the talus in the ankle joint mortise. The
posterior tubercle of the talus may be fractured by forcible
plantar flexion of the foot. Such a fracture usually produces few
symptoms; but if symptomatic, the loose fragment should be
surgically removed. The diagnosis must be carefully determined
by comparison of rocntgenograms of both fect, since a separa-
tion of this portion of the bone may be a congenital, bilateral
anomaly.

The most common fracture is through the neck of the talus
(Fig, 245). This may be an isolated fracture or may accompany-
g a fracture of the os caleis. A simple transverse fracture
through the neck without significant displacement may be treated
by closed reduction and immobilization in a cast with the foot
at 90 degrees. With sigmificant displacement of the distal head
fragment the nutrient vessels may be disrupted, with subsequent
avascular necrosis of the body fragment. Roentgenologic changes
in the body of the astragalus may be evident six or eight weeks
following the mjury, and if present, tibiotalar arthrodesis is
recommended.

A severe crushing fracture of the talus with dislocation may
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be treated by complete excision of the talus or by a pantalar
fusion between the tibia, talus, os calcis and navicular bones.
Conservative treatment of talus fractures requires immobiliza-
tion in a plaster cast for a period of eight to 10 weeks.
MIDTARSAL FRACTURE-DISLOCATIONS occur when the foot is
rigidly fixed and the full body leverage is thrown against this

F1c. 246 —A medal subtalar and talonavicular dislocation. Reduction fre-
quently requires strong skeletal traction or, occasionally, an open reduction.

fulerum. The dislocation may occur between the talus and navic-
ular and between the talus and os calcis (Fig. 246). Immediate
reduction can usually be obtained, but if the reduction is de-
layed, powerful skeletal traction with a pin through the meta-
tarsals and possibly a second pin through the os calcis may be
necessary. Old, unreduced dislocations must be treated by open
reduction and a triple arthrodes:s.

FRACTURES OF THE MipTarsaL Bones or THE Foot.—These
bones consist of the cuboid, scaphoid and three cuneiforms. A
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fracture should be reduced as accurately as possible by manip-
ulation under complete anesthesia. The arch and normal contour
of the foot are molded and a plaster cast dressing is applied
(Fig. 247). Weight-bearing should be permitted aftes the sce-
ond, or at latest the third week.

Injuries with or without roentgenographically demonstrable
Iracture of the scaphoid bone are sometimes followed by com-
plete disintegration of the bone, owing to aseptic necrosis. This is

\
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,F1c. 247 —The cast should e molded to support the foot
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usually spoken of as Koehler's disease. When it 1s present, the
foot should be protected from weight-bearing, A plaster Loot
should be worn until the roentgenograms show marked improve-
ment in the appearance of this bone.

TarsaL-MeTaTARSAL DISLOCATIONS (Fig, 248) with or without
marginal articular fractures are not uncommon. Complete restora-
tion of position by closed reduction is difficult and usually
requires strong skeletal traction through each of the five meta-
tarsals. Persistent Jateral displacement produces abduction of the
forefoot and a painful valgoplanus deformity, Correction of this
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be treated by complete excision of the talus or by a pantalar
fusion between the tibia, talus, os calcis and navicular bones.
Conservative treatment of talus fractures requires immobiliza-
tion in a plaster cast for a period of eight to 10 weeks.
MIDTARSAL FRACTURE-DISLOCATIONS occur when the foot is
rigidly fised and the full body leverage is thrown against this

e

Fic 246 --A medual subtalar and talonavicular dislocation Red: fre-
quently requires strong skeletal traction or, occasionally, an open reduction.

fulcrum. The dislocation may oceur between the talus and navie-
ular and between the talus and os calcis (Fig. 246). Immediate
reduction can usually be obtamed; but if the reduction is de-
layed, powerful skeletal traction with a pin through the meta-
tarsals and possibly a second pin through the os calcis may be
necessary. Old, unreduced dislocations must be treated by open
reduction and a triple arthrodesis

FRACTURES OF THE MipramrsaL Bones oF Tue FooT.—These
bones consist of the cuboid, scaphoid and three cuneiforms. A
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of Kirschner wires or special wire elips are introduced through
the tough tissue at the distal ends of the toes of the respective
fractured or dislocated metatarsal bones. Attachment of traction
to the toenails is painful and should not be used. A plaster cast
from the tibial tubercle downward to include the metatarsal
region is then applicd. .\ wire Joop made from an old coat hanger

Skeletal trac
for displec
frectures of
metatavsals

Rt
2841

Fic 249 ~Obhque or over-riding fractures of the metatarsals.

1s incorporated in the cast i such a way that it extends about
3. beyond the ends of the toes. Rubber bands are then applied
to produce continuous traction on the toes. In fracture-disloca.
tion, it may be necessary to do an open operation or to introduce
a steel pm to fix the distal fracture fragment of the metatarsal
while traction is made on the toe to reduce the metatarsal-
phalangeal articulation. This traction is maintamed for three
weeks, at the end of which time the traction wires may be
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deformity may require open reduction; and if the reduction has
been delayed for several weeks, surgical fusion between the
cuneiform bones and the metatarsals is necessary.

Fractures of any one or of all of the five metatarsal bones may
be either transverse or oblique. They may occur in the cancellous
region of the distal ends of these bones as a result of the strain
during walking, Fractures of the shafts of the metatarsals are
sometimes followed by over-riding, and a combination fracture

Fic 248 —Tarsal ! lateral dislocation of the second, thid,
fourth and £ifth metatarsals. Closed reduction was unsuccessful 1 accom-
phshing an adequate reduction.

of the shaft with dislocation of the memtarsal-pha]angeal joint
is exceedingly difficult to treat effectively. The metatarsal bones
must be restored to length. If there is over-niding, there is no
way of obtaining an effective grasp of the bone by ordinary
casts or splints. Such fractures produce serious disability if they
are not recognized and reduced and the reduction mamntamed
until healing takes place.

Reduction of fractures with displacement or of fracture-
dislocations of the metatarsals and metatarsal-phalangeal joints
is best obtained by traction (Figs. 249 and 250). Short pieces
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Fractures and Dislocations

of the Trunk
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Fic. 250—0blque fractures of second, third, fourth and fifth metatarsals
with moderate lateral displacement Length was regamed and alignment
mamntamed by skeletal traction to a coat hanger wire loop and a cast until
heahing callus was evident

removed. The patient continues to use a plaster cast with a
walking won for a further period of three weeks.

FRACTURES OF THE PHALANGES of the toes without displace-
ment rarely require definitive treatment Splinting to adjacent
uninjured toes usvally suffices. If there is displacement with over-
riding, continuous traction, as already descnibed, should be used.
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The Spine

COMPRESSION FIACTURES OF THE sPINE Tesult from injuries which
forcibly place the body into a position of extreme flesion. Auto-
mobile accidents, train wrecks and high falls cause the majority
of these injurics. One or more vertebral bodies may be crushed
with varying degrees of comminution (Fig. 251). These
fractures are mure common in the dorsolumbar spine from the
tenth dorsal to the fourth Inmbar vertebra, The fracture de-
formity in the dorsal spine is usually less severe, owing to
fiation provided by the ribs and intercostal muscles and
ligamcnts. Hyperextension fractures are less common; but with
disruption of the posterior arch or pedicles, displacement of
the column alignment may occur with injury to the spinal cord
or nerve roots. Fracture-dislocation may transect the cord, with
permanent paralysis below the level of injury. The cervical
spine is subject to sprains, strains, compression fractures, exten-
sion fractures and dislocations The use of the term “whiplash
injury” is mentioned only to be condemned. This is a legal term,
frequently used by attorneys, and is not a medical diagnosis.
An injury of the cervical spine should be carefully evaluated
and a diagnosis estabhshed with consideration of the mechanism
of injury and the objective findings.

INyunies oF THE DORSOLUMBAR SPINE

CorpRrussion oR FLEx1oN FRacrunes 1N THE DORSOLUAMBAR
Spine.—These fractures deserve reduction and proper immobiliza~

397
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Withs simple compression of a vertebra, a satisfactory redue-
tion can be obtained in must instances by hyperextension, The
method is effcctive becanse the powerful vertical fibers of the
annulus fibrosus and  the anterior Jongitudinal ligament are
usually intact and tend to pull the bone fragments back into
position when the spine is extended, With badly comminuted or
markedly impacted fractures, complete restoration is impossible,
but a degree of improsement in position will result. In central
fractures with crushing-in of the articular plate over the central

Fie. 252~Sunple mcthiod of reduction of a compression fracture of the
spine and appl of the hypereatension Jacket,

portion of the weight-bearing surface of the vertebral bodies,
o reduction can be anticipated, since there are no strong
fibrous attachments between the vertebral bodies centrally.
The neoucrion of compression fractures may be obtained by
several dufferent methods. The Watson-Jones technique is the
simplest and probably the most efficient. The patient is placed
face down upon two tables in such a way that the tables come
together undemeath the abdomen at the level of the fractured
vertebral body. The tables are slowly drawn apart until only the
Paticnt’s legs to the midthigh rest on one table while the arms
and chin rest on the other (Fig 252). An assistant must hold
the arms securely m position while a second assistant holds the
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Fic 251 —Moderate compression fracture of first lumbar vertebra, un-
recogmzed and without attempt at reduction Spontaneous fusion 1§
occurnng The spine became elmcally asymptomatic.

tion. The reduction 1s not an emergency procedure, and the
general well-being of the paticnt must be considered. Simple
measures to obtain gradual hyperextension with the patient
supine may be used for a few days. One useful method is for
the patient to be placed with his head at the foot of a Gatch
bed and the knee break elevator used for gradual hyperextension.
If ileus 1s present or develops, this should be controlled, by
enemas, rectal tube, small doses of surgical pitressin or other
routine measures, before the patient 1s subjected to a radical
reduction and cast immobilization.
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manipulative reduction, Wath simple bed rest and hy perestension
exercises the pam wsually disappears within three or four weeks,
and normal activity may be gradually resumed. One of the
hyperestension braces may be satisfactonly used, particularly
if more than one vertebra iv compressed or if there is osteo-
porosis of other sertebrae,

Old unreduced compression fructures of the spine cannot be
changed by manipulation, and varying degrees of osteo-arthritis
may result, If conservative measures, such as an active exercise
program and protection with a brace for a reasonable period of
time, do not alleviate the objective disability, surgical arthrode-
sis is recommended. The spinous processes and laminae are
decorticated, the facets excised, and adequate bone grafts used
to obtain & fusion. The fusion must extend from at least one full
vertebra above and one full vertebra below the primary de-
formity.

Hyromexressiox Fractus.—Sudden severe hyperetension of
the spine may cause fractures of the facets, pedicles, laminae
Or spinous processes or avulsion-type fractures of the vertebrae.
Treatment is usually rather simple, unless there is a rotation
deformity with disturbance of the spinal canal. The torso 1s
immobilized in the normal postural position for at least three
months.  Arthritic disability may result if there has been
mechanical disruption of the articular facets.

Fracrure-DisLocarions.—Minor fracture-dislocations may oc-
cur without spinal cord injury, but the subsequent danger of
further slipping with neurological damage is ever present. A
spinal fusion operation is indicated after obtaining as much
reduction as possible.

In many acute fracture-dislocations there will be evidence of
spinal cord involvement. Every effort should be made to deter-
Mmine whether there 1s a complete transection or possibly a simple
bruise of the cord with partial paralysis. If total paralysis 1s
Present below the level of fracture, an exploratory laminectomy
1s recommended If the paralysts is only partial, the patient may
be observed for several days. With improvement the conservative
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legs. The weight of the patient produces hyperextension of the
spine as the body sags between the two tables. The surgeon may
then place the heel of his hand against the most prominent
spinous process and, by gentle pressure, assist the reduction.
A plaster cast 15 then applied, reaching to the stemal notch in
front above and to the symphysis below. The cast should be
padded with a thin layer of felt over the posterior spinous
processes, the crests of the ilium and the sternum. The cast is
more comfortable and can be more neatly trimmed if stockmette
is pulled over the trunk before reduction is started.

The Davis method is also quite satisfactory. The patient is
placed face down on a canvas sling 6 in. wide, and the feet are
gradually elevated to obtain the desired overextension of the
spine. The reduction is again assisted manually and a cast
applied.

Following this type of reduction, many patients will develop
ileus from the added trauma of the reduction and retroperitoneal
hemorrhage. Control of this complication may require aggressive
measures, as previously mentioned. Progressive activity is
strongly recommended with the patient ambulatory withm a
few days. Hyperextension exercises are started, and the patient
is instructed to continue a full program of exercise following
discharge from the hospital

Inadequate reduction and completely ineffective casts are the
two outstanding causes of the poor results so often observed.
To obtain good immobilization, the cast must extend so high
and so low in front that it cannot afford any real comfort, and
the patient will invariably object. He must be told in advance,
and may have to be reminded again and again, that the purpose
of the cast is to splint his broken back rather than to give com-
fort. As a rule, patients are not able to return to active work
for from six to 10 months after fractures of the spine. The
onginal cast may be maintamed for from three to four months.
If removed earlier, the spme should be protected with a hyper-
extension brace of the Baker or Jewett type.

Traumatic fractures of the upper dorsal spine rarely require
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hase of the odontoid process with or without forward displace-
ment of the atlas (Fig. 253). Without sigmficant displacement
this fracture may be unrecognized unless proper anteroposterior
xray views are made through the open mouth. It can be treated
by head halter traction followed by immobilization in a plaster
dressing for three months. Recent fractures with forward dis-

Fic 253 ~Fracture-dislocation between first and second cervical verte-
brae. The odontaid process 1s fractured at its base and there is an antenor
lateral displacement of the first cervical onto the second cenvical vertebra. 7
Strong, carcfully controlled. shiletal tong traction is required for reduction

placement are readily reduced by skeletal traction and moderate
extension of the cervical spme (Fig. 254). Plaster cast immobili-
zation must be continued for about four months. Nonunion of
the odontoid may persist without objective clinical disability.
In untreated cases with persistent dlsplnccment and rcpeated
subluxations, surgical fusion to the occiput may be required.
This arthrodesis sigmficantly reduces the motion of the cervical
spine. Dislocation of the atlas on the ais is a serious injury and
usually produces injury to the spinal cord.
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course is continued, but with increase in paralysis an exploratory
laminectomy should be accomplished. The laminectomy is of
little value unless performed in an early stage following the
injury. A complete spinal block, as shown by the Queckenstedt
test, 1s an indication for operation.

FRACTURES OF THE Processes.—Simple fractures of the trans-
verse or posterior spinous processes usually require no special
treatment other than rest in bed for 10-14 days, or untl the
acute soreness in the muscle subsides. Isolated fractures of
these processes cause little disability and are often unrecogmzed
without interruption of the patient’s occupation. Casting is over-
treatment and results i chronic stiffness and fibromyositis. A
canvas lumbosacral belt may reduce soreness if the patient
continues to remam active. Occasionally these patients have
tender trigger zones which persist for some time. These persistent
local complaints may often be relieved by careful injection of
1 per cent procaine and infiltration with 1 or 2 cc. of hydro-
cortisone. Nonunion of transverse process fractures is not indica-
tive of disability. If a nonunion of a spinous process fracture
persists with disability, the superficial fragment should be
removed surgically.

INyuriEs oF THE CERVICAL SPINE

FRACTURES AND DISLOCATIONS OF THE CERVICAL SPINE commonly
occur as a result of diving into shallow water and in severe
vehicle accidents These mjuries are not unusual for men in
trammg for mechanized warfare and as parachute jumpers.

A fracture of the atlas is rare and is usually caused by a duect
fall on the head The narrow part of the wing may be broken,
with separation of the lateral masses and distortion of the
articulations. A fracture mn this location should be treated with
skeletal traction until all pain and soreness have subsided,
followed by fixation in a full Mmerva plaster cast for three to
four months. Pain and restriction of motion may persist.

The most common fracture of the axis 1s a fracture through the
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is unilateral facet displacement, reduction by sheletal traction
may be obtained. Reduction by manipulation under ancesthesia
is occasionally recommended, but the danger of transection of
the spinal cord as a result of sich a manipulation is sufficient

ANy =)
AARNENNE

SRR

Z

N/

Fic. 255 ~Cast immolnlization of the ccrvical or upper thoracic spine.

to make ¢ven the most courageous surgeon hesitate. Strong and
conli.nuous skeletal traction will often succeed where forced
manipulation has failed. With progressive or complete paralysis,
an open operation is indicated, but this should not be attempted
by a surgeon without proper experience. The displaced facets
may be locked in a forward position, requiring removal of a
portion of the inferior articular facet in order to reduce the
superior facet which had been displaced forward. To be effec-
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COMPRESSION FRACTURES OF THE CERVICAL VERTEBRAL BODIES
VITHOUT DISLOCATION may be reduced with 10 days or two weeks
of skeletal skull traction in moderate hyperextension (Fig. 254).
Such injuries are rarely associated with injury of the cord, and
hey are occasionally unrecognized. The cast (Fig. 255) should
e applied with the head and neck in traction and hyperexten-

Crutchfield tonds
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Fic. 254.~Skeletal traction 15 morc cfficient than head halter traction and
s better tolerated by the patient.

sion. This 15 easily accomplished with the special devices avail-
able with each of the newer fracture tables.
FRACTURE-DISLOCATIONS are much more serious because of the
frequency of cord damage in these injuries. If both articular
facets are displaced at the same level, there may be complete
spival cord paralysis, either immediately or within the subse-
quent three or four hours Rarely, a complcte displacement may
occur without neurological findings (Fig. 256). If the injury is
in the upper cervical region, death is almost certamn. If there
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The higher the fracture or the dislocation in the cervieal spine,
the greater the incidence of injury to the spinal cord. More
fractures of the cervical spine ocenr at the level of the fourth
to the sixth vertebral bodics than at all other Tevels combined.

Alter six wecks Lo three months the plaster cast for immobiliz-
ing the cenvical spine, following dislocation or fracture, may be

—

Fic. 257 —Front and side views of an efficient, light brace for support
of canvacal spine injuncs Many modifications of this type of support are
avallable, A stable brace 1s much more efficient than the usual felt collar.

removed and protectne immobilization be continued by use of
a carefully fitted cervical spine brace (Fig, 257). It is imperative
that this brace be stable in order to maintam the head in a
resting neutral position.

SusLuxations without fracture can usually be reduced by
traction with skull calipers A subluxation is an incomplete
articular displacement. It is important to be certain that an actual
displacement 1s present, since m a certain peicentage of the
population there is a normal forward position of C2 on C8,
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Fic 256 —Antenor fracture-dislocation between the fourth and the fifth
cervical vertebrae The nature of this mjury was not recogmzed until four
weeks after mjury The patient was free of neurological findings, a cast
was applied for three months, and spontancous union occurred through the
hematoma antenorly Patient remamned neurologically normal

tive, the lammectomy must be performed within a few hours
after injury. Occasionally, fragments of bone mmpinging upon
the cord may be identified and removed. Primary fusion across
the area of facet displ t 15 reec ded if the patient’s
condition permits. Postoperativelv, skeletal traction 15 continued
with calipers mn the calvarmum The traction may be continued
for several weeks while the course of the neurological impairment
is observed. When this condition 1s stabilized, a cast, which is
carefully molded to the chin, oceiput, back of the neck, shoulders
and trunk, is applied and the patient may gradually become

ambulatory.
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The Pelvis

FRACTURES OF THE PLLVIS occur as a result of direct violence,
They are occasionally associated with injuries which result from
automobile accidents or from falls from considerable heights,
with the individual stnking on the lower part of the back.
Fractures of the sacrum are much less common than are those
of the 1liae, pubic or ischial bones. A crushing injury sometimes
results in multiple fractures with separation of the pubic bones
at the symphysis and of the sacro-iliac articulations. There may
be associated injuries to the urethra or bladder and paralysis
of some of the sacral nerves, with loss of urinary contrel and
sexual power. Local pam and inabilty to stand or walk are
outstanding symptoms

Unpispracep Fractunes of the ilium or of a pubic or ischial
ramus may be treated by adhesive strapping and rest in bed;
they will heal within three to six weehs. If the fracture is
umlateral, the patient may begin walking, using crutches and
bearing weight on the leg of the uninjured side, within three
weeks after the mjury occurs, but at least six weeks should elapse
before weight is borne on the side of the fracture,

Major rracrures of the ilium, ischium and pubis, with associ-
ated separation of the pubic bones or of the sacro-iliac joints,
constitute severe njuries. If the fracture is of the compression
type with inward displacement of the fragments, traction should
be applied to the leg of the side which is upwardly disp]nced.
Twenty to 30 Ib of weight may be necessary, and should be
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C3 on C4, or C4 on C5 as an anatomical variation. All minor
displacements should be carefully evaluated and co-ordinated
with the clinical examination. A simple sprain may produce
muscle spasm, and the X-ray picture may then simulate a sub-
luxation. After reduction of a true subluxation, a plaster cast
should be worn for six or eight weeks and protection continued,
as active motion is resumed, by use of a cervical spine brace.
Old, unrecognized, unreduced subluxations with pain and neu-
ritic findings require cervical spine fusion for relief.

SPRAINS AND sTRAINS of the cervical spine are becoming more
common because of the increased horsepower in automobiles
and the supereffectiveness of power brakes. Any of the mter-
vertebral ligaments may be sprained, and synovial reactions may
occur m the articulations of the cervical spine. When the head
is snapped suddenly backward, as when a car is struck forcibly
from behind, the anterior longitudinal ligament may be separated
with local hemorrhage. In the same type of accident the posterior
spinous processes are suddenly jammed together, and this may
produce an unrecognized crack fracture or a chronic fibrositis
in the interspinous space.

The short intervertebral muscles may be straned. The majority
of these mjuries of the cervical spine do not receive proper,
early evaluation and conservative care. The patient frequently
does not complam of disability for several hours to several days
after the mjury There are two possible explanations for this.
One explanation for the delay in complaint is the realization of
the possibility of monetary compensation for the injury. The
physiological explanation would be the presence of regonal
edema with subsequent fibrosis secondary to continued use of
strained and sprained hgaments and muscles. These minor in-
juries of the cervical spine, if scen within the first few days
after injury, deserve careful examimation and therapy. With
objective findings the patient should be treated with rest, head
halter traction, physical therapy and progressive exercise.
Hospitalization may be indicated. Early treatment may prevent
the development of a chronic neck-shoulder-arm syndrome.
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there is any asymmetry due to upsward displacement, traction
should be n'ppli;-d on the leg of that side and continned until 'lhc
displacement s reduced (Fig, 261). During traction the patient
is hept supported in a pelvie sling. By increasing the pull on
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Fic 259 —Combined traction for reduction of a central fracture of the
acetabulum,

the sling ropes, the patient may be hfted without great dis-
comfort for use of the bedpan,

Sciatic nerve injury 1s a common complication of fractures
of the illum which enter the sciatic notch, It may also result
from fractures of the acetabulum in which the fractured
fragments are displaced medially In such cases the sciatic
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maintained until the upward displacement 1s corrected. If lateral
traction is required, well-leg traction (Fig. 258) or trochanteric
traction (Fig. 259) may be very cffective for proper reduction.
No binder or pelvic sling should be used for the side-to-side
compression fractures. The patient should be made as comfort-
able as possible on a fracture bed which has arrangements for

Sacroiliac

B h
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reduction e < >
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Fic. 258 —Effective method of 1 I fract: disle

of the pelvis. A Sternmann pin should be used in the tibia of the well leg
as well as in the tibia of the mvolved side, as illustrated

the use of the bedpan. For a woman in the child-beaning age,
special effort should be made to obtain anatomic restoration
of all of the fragments involving the birth canal.

YWhen the fracture is produced by force directed antero-
posteriorly against the pelvic bones, there may be wide separa-
tion at the symphysis, with displacement of sacro-iliac joints
and lateral displacement of fracture fragments (Fig. 260). If
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If the catheter passes readily into the bladder but no fluid is
obtained, the bladder has probably been ruptured. As soon as
shock has been combated, operation is imperative for repair of
the injured bladder.

CLNTRAL DISLOCATION OF THE 1p is not & common injury, The
primary injury is a comminuted fracture of the central portion of
the acctabulum with displacement of fragments into the pelvis
(Fig, 262). The fracture results from a severe blow to the lateral
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Fic. 261.-The pelvic sling is contrandicated when the fracture frag-
ments are medually displaced.

aspect of the greater trochanter region and is most often incurred
in automobile accidents. The force is transmitted through the
femoral neck and head to the acetabulum. The femoral head
will protrude into the pelvis to a varying degree.

Reduction cannot be accomplished by downward traction
through the femur. If the head is deeply displaced, it may be-
come hooked on the inferior margin of the fractured acetabulum,
and lateral traction will be required to withdraw the head from
the pelvis. Traction is best obtained by weights attached by rope
and pulley to a screw securely fixed in the greater trochanter and
adjacent neck of the femur (Fig, 259). The traction pull should
be in line with the long axis of the femoral neck. After the head
of the femur has cleared the pelvis, downward traction should
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nerve should be exposed in the region of the sciatic notch and
bone fragments which may be compressing the nerve should
be removed. Great care should be used to avoid injury to the
superior gluteal artery.

Persistent dislocations through the pubis and sacro-iliac joints

[
F1c 260.—0ld unreduced and ununited fracture of shum with wide

separation of pubic symphysis and partial paralysis of sciatic nerve,
woman, aged 30.

are usually disabling, and painless stability is afforded by sacro-
iliac fusion.

Genito-urinary plications are frequently present Immedi-
ately following any compression or crushing fracture of the
pelvis, the patient should be catheterized to determine whether
there has been serious injury to the urethra or bladder. If
obstruction prevents introduction of the catheter into the blad-
der, the urethra has been crushed If the catheter enters the blad-
der and bloody urine is obtained, the bladder has been mjured.




THE PELVIS 415

be increased to correet upward displacement and o maintain
the reduction, The well-leg countertraction splint can be used
for reduction and immolilization of this fracture, and alwo for
other fracture displacements of the pelvis (Fig. 253). If soft
tissue connections remain intact between the fragments of the
acetabulum and the femur, the displaced fragments will follow
the lateral course of the head of the femur as it is reduced by
the traction and come to rest in position, with restoration of the
floor of the acctabulum. Occasionally, lateral traction will not
mobilize the ischial fragments and the head of the femur will be
pulled laterally out of the hip joint. When this occurs, traction
must be reduced to position the femoral head in what remains
of the acetabulum, Open reduction through an extraperitoneal
route with an incision along the iliac crest is a procedure which
should be undertaken only by the well trained fracture surgeon,

Postreduction care consists of bed rest and maintenance of
traction for six wechs, when physical therapy may be started to
mobulize the hip and knee. Weight-bearing on the involved hip
should not be permitted for six months, although the patient
may be ambulatory on crutches after eight weeks. During this
interval of walking without weight-bearing, active exercise of the
extremity should be encouraged.

The round ligament and artery may be torn in a central dis-
location of the hip. If nutrition to the head by way of the cap-
sular vessels is insufficient to maintain viability, the head will
undergo aseptic necrosis. Patients with this injury should have
roentgenograms at intervals of three months for at least one year
in order that aseptic necrosis may be recognized and treated
when it does occur. The prognosis is determined by the accuracy
of reduction of the acetabulum and the incidence of necrosis of
the femoral head. Degenerative arthritis secondary to this injury
may be anticipated f the acetabulum heals with an uneven
articular surface. The patient should be warned that this is a
common result of central dislocation of the hip. A painful and
disrupted hip jomt should be treated by arthrodesis or Vitallium
cup arthroplasty.



Fic 262 —Above, severe fracture lving Bl with
of head of femur into pelvis and partial paralysis of sciatic nerve 1 man,
aged 27. At operation the sharp bone fragment near the sciabic notch was
found to be impaling the sciatic nerve Below, reduction of displaced femoral
head with only shght improvement of displaced fracture fragments
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the air is absorbed within a few days. Pueumothorax with dysp-
nea, due to collapse or compression of the lung, should be treated
by repeated aspiration of the air or by inscrtion of a cathcter,
with the end of the tube from the catheter immersed under a
few inches of water. Treatment should be consenvative in the
presence of blood in the plenral cavity, which may be due to

H?};nfa'mxm about ==
™ racture - Adhesive crosses midhine,front
ected with and A
lg}’a novocaang badéipjx\rl‘)cg’g%%\.durlnq

Fic 263 —Treatment of open fractures of the nbs by local infiltration of
and ad ah )

hemorrhage from an intercostal artery or from the lung. The
bleeding may last for several days, and until it has presumably
stopped no attempt should be made to remove the blood unless
there is respiratory embarrassment. In open fractures, all open
breaks in the skin or lacerations of the chest wall should be
débrided with the same care that is essential to obtaining good
results in the treatment of any open fracture. The wound should
be closed without burying any catgut, using only silk for the skin.

DousLEe FracTures of all or nearly all of the ribs on one side
will occasionally occur, with extensive crushing-in of the chest
wall (Fig. 264). This injury is usually associated with partial



CHAPTER 32

The Ribs and Sternum

THE RIBS

Fracrures oF THE Ribs, often multiple, are common in adults
and rare in children. They occur as a result of direct violence
from a fall or a blow. They are sometimes complicated by
separation of the costal cartilages. Costochondral dislocation
without fracture may also occur. The patient may complain of
pam in the chest, which is made worse by deep breathing or
coughing, Though it rarely happens, the fractured rib may
perforate the pleura and the lung, creating either emphysema
or collapse of the lung.

Rib fractures can usually be demonstrated by roentgenogram.
An incomplete fracture with no displacement may be difficult
to 1dentify, and separation of the costochondral junction without
gross displacement cannot be diagnosed roentgenologically.

SiMPLE FRACTURES of the ribs without infection and without
underlymg pathology or injury to the lung usually heal whether
treated or not The patient can be made much more comfortable,
however, by adhesive strapping or bandaging of the chest. When
adhesive strapping is applied, 1t should extend from the mpple
line on the side opposite the fracture to beyond the axillary
border of the scapula on the back of the opposite side. Injection
of 3 cc. of 1 per cent procane into the hematoma at the site of
each fracture before applymg the adhesive strapping adds to the
patient’s comfort {Fig. 263). ]

Unless infection develops, emphysema can be ignored because
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Fic 266 ~Bilateral nb cage fractures with hemothorax and respiratory
shock Above, steel pins inserted bllatemlly for stabilization and traction.
Below, Mlustrating traction, positive p: Y through Y}
and catheter ntrathoracic suction. (Courtesy of Dr Jerome chd.)




Fic 264 —Left, mul
Right, treated by a chest binder and respiratory esercises, with healing.
Moderate deformuty is present, but patient is asymptomatic with nommal
respiratory exchange.

1 ! nb fr; of the right thorax,

Double fractures

of T1bs with par- Rubber bath sponges strapped
tial collapse of~ over with adhesive tape to col-
lunq lapse and stabilize chest wall

Frc 265 —~Treatment of double fractures of the nbs and the associated
collapse of the chest wall.
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Fic 266 —Bilateral nb cage fractures with hemothorax and respiratory
shock Above, steel pins inserted bilaterally for stabihization and traction,
Below, llustrating traction, positive pressure breathing through tracheotomy
and catheter intrathoracic sucton (Courtesy of Dr. Jerome Head.)
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or total atelectasis of the lung, since on inspiration the chest
wall collapses and insufficient negative pressure can develop in
the pleural cavity to expand the lung, The chest wall must be
stabilized by a tight binding or strapping incorporating three or
four rubber sponges over the site of the fractures (Fig. 265).
This dressing should be replaced daily, if necessary, to maintain
some rigidity of the thoracic cage, and it is not to be removed
until there is clinical and roentgenographic evidence of union.
This usually requires four weeks, The use of blow bottles will
facilitate re-expansion of the lung.

MULTIPLE BILATERAL RIB FRACTURES cause paradoxical depres-
sion of the sternum and require special care. Compression would
be disastrous. The sternum must be stabilized to the rib cage,
and this is best accomplished by skeletal suspension (Fig. 266).
This is continued for three or four weeks or until therapeutic
trial shows sufficient fixation for normal chest expansion. A
tracheotomy and mechanical respiratory breathing aids may be
required for adequate vital exchange.

THE STERNUM

The commonest cause of fracture of the stemum is a head-on
collision of an automobile and another moving car or a stationary
object, m which the driver js thrown forward with great force
against the steering wheel. Another type of sternum fracture,
seen much less frequently, is that sustained in conjunction with
fractures of the vertebrae, produced by marked jackknife flexion
of the trunk. A mechanic working underneath a car may suffer
this combined injury if the jack turns over or breaks and the car
comes down on his head and shoulders, doubling him sharply
forward. A common location of this fracture 1s at the junction
of the manubrium and gladiolus.

The sternum has a good deal of resilience. Cracks without
complete separation of fragments may cause no serious disability.
In complete fracture with separation, there may be difficulty in
breathing and pain deep in the mediastinum as well as super-
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ficially. A lateral roentgenogram may show the fracturc; the
anteroposterior view is usually of little value. Fractures of the
sternum are often associated with injuries of the ribs, clavicle,
scapula or spine.

Open fracture of the sternum is especially dangerous because
infection may develop, and if this happens, mediastinitis will
almost certainly follow and is likely to be fatal. Treatment of
fractures of the sternum without displacement consists of sest in
bed. If the fracture is incomplete, adhesive strapping may be all
that is required. For marked comminution with displacement of
fragments, reduction should be attempted by hyperextending the
spine, with the arms held overhead. A shoulder figure-of-eight
plaster cast dressing, such as that used in fractures of the clavicle,
carried down over the chest to the level of the tenth rib, affords
a satisfactory method of immobilization. The patient should lie
with a sandbag placed between the scapulac until the cast has
firmly set, and he should be kept in bed until there is no longer
pain on movement or deep hreathing,
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CHAPTER 33

The Bones of the Face and Skull

THE FACE

FracTures oF FACIAL BoxEs, alone or combined with injuries to
the soft tissues, are generally produced by direct violence, such
as blows by fists or blunt objects or from automobilc accidents.
The character and extent of these injuries will vary, depending
on the type of object and force of the trauma.

Before treating any fracture the soft tissue injuries should be
given prompt attention with meticulous care. Tissue loss results
in gross deformities which are extremely difficult for future
repair, and so one must be most cautious in débridement and
try to save all viable tissue.

Accurate reduction of all facial and jaw bone fractures is
important in order to prevent disfigurement, which often results
from malunions,

Generat, EMERGENCY TREATMENT.—~(1) Control hemorrhage
by immediate clamping or ligation of vessels or by application
of pressure. Bleeding from the nose or nasopharynx may require
nasal or postnasal packing. Skull fractures should be ruled out
at this time (2) Prevent traumatic shock or shock due to
hemorrhage by keeping the patient warm and quiet, eliminating
pam by sedation and replacing major blood loss by transfusion.

It is of utmost importance to maintain an adequate arway
in severe injuries to the lower jaw. This can be accomplished
quickly by protraction of the tongue and by placing the patient
either in a prone position or 1 an upright position with the head
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flexed forward. A Mosher Lifesaver can be introduced into the
larynx; and, when indicated, a tracheotomy should be immedi-
ately performed.

Fracrures oF Tie ManpLe.—~The mandible is the largest
bone of the face. Through its attachments at the temporoman-
dibular joint and by the action of its musculature of mastication,
the mouth is opened and closed. Therefore, the primary aim in
treating fractures of the mandible is maintenance of proper
occlusion so that the act of chewing can be performed. When
proper occlusion of the teeth is attained, asymmetries and dis-
figurements will be avoided.

The most common sites for mandibular fractures are near the
symphysis, the ascending ramus and the neck of the condyle.
Clinically, diagnosis is established by false motion in the jaw
and inability to bring the teeth into proper occlusion. Pain on
opening and closing the mouth, particularly when trying to chew
food, is also significant. Before treatment is undertaken, the
clinical diagnosis should be substantiated by roentgenograms.

Occlusion of the teeth should serve as a guide for fracture
reduction. When the teeth are immobilized in proper occlusion,
the fragments are considered in correct alignment. Any method
of reduction should be based on this fact. If not, resulting de-
formitics can affect facial symmetry and cause improper
dentition.

Uncomplicated fractures of the mandible, where teeth are
present, can be reduced by gentle manipulation of the fragments
into proper occlusion. The position is maintained by intramaxl-
lary wiring (use 26 or 28 gauge stainless-steel wire). Rubber
bands are used with the wire for intermaxillary traction and
fixation.

In edentulous individuals or when teeth are too few, modifica-
tions of treatment are necessary, with the use of arch bars or
circumferential winng (Fig. 267). These modifications vary from
the use of the patient’s own dentures to open reduction with
direct wiring, or external splints, such as the Roger Anderson
or the Kirschner, wired through the body of the mandible.
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The period of fixation varies from 4 to 8 weehs, depending
on the type and location of the fracture. During this period,
aray chechup should be made for maintenance of reduction.

Good dental hygiene is a necessity. The teeth, wires and bands
should be cleaned by gentle brushing. Mouth wash can be used
to remove food particles and refresh the mouth.

Dict should be maintained with high caloric liquids. At no
time should the patient open his mouth or attempt to chew.

Fic 267 ~Fracture through body of mandible with coronod process
fracture on oppogte side 1n edentulous patient, Open reduction and internal
fixation was necessary for adequate fixation,

Complications of jaw fractures, other than malunjon combined
with malocelusion, can be classified as early or late.

The early complications are: primary hemorrhage, asphyxia
and infection, Infection can appear easly and be due to faulty
position of fragments, the intrusion of soft tissuc and the
presence of a foreign body or teeth in line of the fracture. If
the symptoms persist after incision and drainage of an abscess
one should suspect bone infection. '

The late plications include ost yeliti

which rarely
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occurs in simple fractures. It is most common in comminuted
open fractures associated with soft tissue destruction. It can be
the aftermath of improper early treatment.

YWhen 1oentgenograms reveal the presence of a sequestrum, it
is removed by exposing the mandible through a submandibular
incision. The mandible should be immobilized to assist healing.

Ununited fractures of the jaw, without infection or after infec-
tion has been healed for several months, can be successfully
treated by a bone graft taken from the tibia or ifium and inlaid
across the fracture line. If, through sequestration, a full thickness
portion of the mandible has been lost, a graft (removed from
the crest of the ilium) which accurately matches the defect in
the bone can be placed in the defect with the ends overlapping
each fragment of the jaw.

Fractures which have healed with extreme malunion and mal-
occlusion are not suitable for refracture to try to obtain better
position. It may be advisable to remove the teeth and replace
them with a d Occasionally, y of the ascending
ramus and correction of mandibular protrusion or retraction is
necessary.

DisLocaTioN oF TiE TEMPOROMANDIBULAR JoINT.—This can
oceur during the act of yawning, during an attempt to bite into
an apple or orange or as a result of direct violence. It may be
associated with fracture. Simple dislocation is recognized by the
patient’s inability to close his jaw and his difficulty in swallowing.
If the examunation is made a few minutes after the accident,
there will be pain and spasm of the pterygoid muscle. Palpation
reveals dislocation of the mandibular head.

1t is relatively easy to reduce dislocations of the temporoman-
dibular articulation. The surgeon’s thumbs, carefully wrapped
in cotton or a towel, are placed in the mouth, pressing down-
ward on the angles of the jaws while his fingers are raising the
chin. Reduction occurs with a sharp snap combined with a
sudden contraction of the muscles of mastication. If the thumbs
are not protected, the patient’s teeth can Iacerate them severely.

Following a single umlateral dislocation, no bandage or ym-
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mobilization is necessary. If the dislocation was bilateral, a firm
bandage should be wrapped around the parietal bone from be-
neath the chin.

Fracrune-DisLocation.—Open operation may be required to
reduce the dislocation. This 1s followed by treatment of the
fracture as described for the treatment of a closed fracture.

Fracrunes or nie Zycoaa.—The zygoma is an important part
of the facial framework. It gnes contour to the check. The
zygoma articulates with four bones: the frontal, sphenoid, tem-
poral and the maxilla. It helps form the floor of the orbit, the
maxillary sinus and the zygomatic and temporal fossac. It pro-
vides attachment for the masseter, temporalis muscles and
muscles of facial expression,

The striking feature of zygomatic fractures is the resulting
one-sided flatness of the face. The distortion is often concealed
by soft tissue swelling, which hides fractures that might go
undiagnosed until the swelling subsides. Therefore, x-rays should
be taken because they are often the only means of establishing
the presence of a fracture. Diplopia may be present, produced
by edema of soft tissues and extra-ocular muscles. This usually
is transitory. Permanent diplopia is a serious complication and
occurs in comminuted fractures due to damage of Tenon’s capsule
and distortion of the ocular suspensory ligaments.

The methods most commonly used i treatment of zygomatic
fractuses are the Gilles' (temporal approach) and the oral ap-
proach.

Temporal Approach —An incision is made in the edge of the
hairline just in front of the upper edge of the ear, down to the
temporal fascia. The temporal fascia is incised and fibers of the
temporal muscle exposed. A plane is found between the fascia
and the muscle which leads dircctly under the zygomatic arch
to the medial surface of the bone. A long, flat elevator is inserted
and the fragments clevated into position. A distinct click can
usually be heard. Palpation helps determine the contour by
comparison with the opposite side.

Oral Approach.—Through a sublabial approach, an incision
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is made in the mucosa over the canine fossa. The anterior wall
of the maxillary sinus is exposed. Spicules of bone and old blood
clots are removed from the maxillary sinus. The bones are then
elevated into position. Generally, these bones have to be main-
tained in position with packing of petrolatum-impregnated
gauze. A naso-antral opening is made and the packing pulled
out through the nose.

The packing is removed in from three to four days, but it may
remain longer without sequelae, unless infection is manifest.

Neglected zygomatic fractures cause asymmetry of the face
with resulting psychological problems.

Fracrures of THE Maxira.—These fractures, although less
common than those of the mandible (in a ratio of about 1 to 4)
are more complicated. They are best treated by those with
specialized training,

The maxlla is attached to the skull by the lateral walls of
the intraorbital space. This space is limited laterally by the
medial walls of the orbit, anteriorly by the nasal process of the
frontal bone, the frontal processes of the maxilla and nasal bones
and posteriorly by the body of the sphenoid. Laterally, the
maxilla is flanked by the zygomatic bones, which connect it to
the lateral aspects of the skull.

The middle portion of the face, despite its many attachments,
remains relatively free from the skull, and because of the
pneumatization of the bones, it retains a degree of elasticity.
Therefore, considerable violence is needed to detach the maxilla
from the skull.

A fractured maxilla 1s usually movable when pressure is
exerted against the upper mcisors. The face becomes elongated.
There is generally bilateral edema of the face and eyes. The
diagnosis is made by clinical examination along with roentgeno-

ams which give valuable wformation by revealng direction
of fracture lines. X-rays can also uncover other unsuspeclcd

fractures.
The general care is similar to that for patients with fractures
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of the mandible. Intracranial injurics should be ruled out before
attempting immobilization.

These fractures heal quichly, and so reduction and immobiliza.
tion should net be long delayed. Because of variations in the
type of fracture that can occur, the treatnent is based on the
available points of fixation. The specific method of immobiliza-
tion depends on these findings. The object of immobhilization of
maxillary fragments is to bring the teeth into proper occlusio.
and to restore contour of the alveolar processes and palate.

In partial fractures of the manlla, with the teeth in good
occlusion, wirmg of the teeth, using the mandible as a splint.
will suffice.

In transverse manillary fractures (generally a complete separa-
tion of the lower maxillary fragments from their attachment to
the rest of the maxilla, or separation of the maailla from the
skull) the line of fracture is close to horizontal and can be
situated at various levels. The fragment position will vary and
might be free-floating. This type is best treated through com-
pression, using a skull cap connected by elastics to a plaster
mold under the chin. The skull cap can be an ordinary surgeon’s
cap. The chin picce is made by molding a slab of plaster over
a piece of felt which is fitted to the chin, with a strip of muslin
placed between felt and plaster. The amount of traction is
adjusted by means of the elastic. If the bite is poor, the teeth
can be fixed with wires and bands into proper occlusion.

Nasar Fracrungs—~The external nose is partly bony and
partly cartilaginous. The upper bony part consists of paired nasal
bones which articulate with processes of the frontal and maxil-
lary bones. The lower part of the nasal pyramid is largely
cartilaginous. The major cartilages are the two upper lateral
cartilages, the two lower lateral, and the median septal cartilage.
The line of displacement 15 determined by the direction and
force of the traumatizing object.

A lateral blow can result in a simple fracture of one nasal
bone. It can include the frontal process of the maulla, causing
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a depression of one side of the nose; or the entire bony arch
may be dislocated from its attachment at the base and deviated
to one side. A direct blow to the bridge of the nose can fracture
the frail inferior edge of the nasal bone.

Injuries or dislocations of the septal cartilage can occur inde-
pendently or with fractures of the nasal bones.

The diagnosis of nasal bone fractures should be determined by
a careful history, clinical examination and x-ray evaluation.

Most fractures should be reduced early, before onset of
swelling, except in cases of suspected head injuries.

Reduction can be accomplished under local anesthesia by
blocking the external nasal nerves and the infra-orbital nerves
through use of 10 per cent cocame intranasally and external in-
fltration of 1 per cent novocaine. General anesthesia should be
used for children.

Following anesthesia, most simple fractures can be reduced
with a rubber-covered Kelly forceps or similar blunt instrument
intranasally, combined with external manipulation. This 15 fol-
lowed by intranasal packing with petrolatum-impregnated gauze
and external sphnting of the nose. Types of splints that can be
used are made of aluminum or copper. Stent’s composition is
often used. The splints are held n position by external taping.
Packing 15 removed in 48-72 hours and splints in six to 12 days.

Injuries to the nasal septum should be cared for at the same
time. If the septum has been deviated, it should be realigned
in the midline with the Ash forceps. This prevents deformities
and obstruction of the nasal airway, which may necessitate future
submucous resection.

Late complications are external deformuties and deviations
of the nasal septum, which not only result in gross disfigurement
but also impair nasal respiration. Deformities can vary and
include twisted or scoliotic nose, saddle or depressed nose or
dislocated septum. These are the result of mismanagement or
neg]ected injuries of the nose, and such patients often develop
psychological symptoms, requuring reconstructive surgery for
functional and cosmetic correction.
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THE SKULL

Fracruncs oF Tz Bosrs or min: Cawvamust—~These pre-
sent almost no problem from the standpoint of treatment. Much
ado is made over the fact that the roentgenogram shows frac-
tures in the bones of the skull, but such injuries are of far less
significance than is the question of the extent of damage to the
brain which often accompanics them. Furthermore, concussion
of the brain or more serious brain injury may occur when there
is no fracture of the shull. Every injury to the head must be
considercd as possibly related to a brain injury, whether the skull
is fractured or not.

Heap Injumes.—Carefully planned management of head in-
juries, whether or not there 1s a fracture of the calvarium, will
reduce the mortality rate by 25-50 per cent. The most dangerous
period is the first six hours. The following outline of treatment
is recommended:

L Transfer the patient from stretcher to bed. Place him
between blankets and apply heat.

. Make a roentgen exanunation of every head injury, but
not until evidence of cerebral shock has subsided.

. Suture scalp wounds.

. Do not transfer the patient from one ward to another or
to another hospital.

. Avoid oversedation. Do not give morpline; morphine
masks the picture and adds to respiratory depression.
Examine the eyegrounds for evidence of edema.

. Stimulate if necessary, but do not depend on stimulants
and sedation as the sole treatment.

. Make a spinal puncture if the patient becomes increas-
ingly stuporous.

Intravenous administration of sucrose, 50 cc. of 50 per

cent solution, 15 the best means of restoring blood volume

in shock. An additional 200-800 cc. of isotonic sodium
chloride should be used if indicated. Overcoming the
shock, not the dehydration, is the sole purpose here.

2
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10. Blood plasma or blood transfusion should be given if
shock is profound or if there is hemorrhage from associ-
ated injuries.

11. Oxygen therapy will tide many a patient over this dan-
gerous period.

12. Postural drainage or the employment of an aspirator is
always indicated when the air passages are obstructed.

Fic 268 —S. ly i d d d fracture of frontal bone and
orbit, which d ive surgery for debrid d elevation of the
fracture fi Mod, spastic_ hemi resulted from

brain damage.

13. Antitetanus, antigas and other prophylactic serums may
contribute additional insult. Their administration should
be delayed at least six hours after injury.

14. Watch and record the pulse, respiratory rate and blood
pressure every 30 minutes to one hour and the tempera-
ture every one to two hours; observe changes m the
pupils and reflexes.

Basal Skull Fractures.—Fractures of the vault of the calvarium
are less likely to be associated with intracranial trauma than
are fractures at the base of the skull. Symptoms of basal skull
fracture may include bleeding from the ears or nose and
relatively minor local evidence of trauma There may be more
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damage to the brain than wath multiple fractures of the vault of
the shull, which result from more severe violence, If the patient
sunvives the injury to the brain, the fracture of the shull will
heal without manipulation or immobilization.

Severely depressed fractuscs of the skull may carry a portion
of the bone deep into the brain tissue, requiring open operation
and clevation of the depressed fragments (Fig. 268). Symptoms
of acute intracranial pressure are indications for decompression
operations. They not only relieve the pressure but permit inspec-
tion of major brain surfaces and of the arteries and veins which
may have been damaged, so that hemorrhage may be controlled
by ligation.

Open fractures of the skull which are associated with lacera-
tion of the scalp (or with insolvement of the sinuses, an orbit or
the inner car) may lead to infection unless they are dealt with
adequately, When the open fracture includes laceration of the
scalp, careful cleansing, débridement and suture should be
carried out as soon as treatment for shock has been instituted.

BONES OF I'ACE AND SKULL
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P

Braces
for cenvical spine injuries, 407
in congemtal pseudarthroas, 127
after fracture Yu:ahng, 62
Brain
concussion, narcotics in, 27
1 shull fractures, 433, 435
Braun frame- for supmcond)lar frac-
ture, 3186, 317°
Braun sphint. for traction, 38
Buck’s extension, 36, 37°, 275, 305
Bursitis: radial-humeral, 208 f.

o]

Calaium: in fracture treatment, 77 f.,

Calculi, renal. prevention of, 98 ff.
Calvanum: fractures of, 433
Capitellum
E.xctums, 214 ff,
open reduction, 2135 £, 227°
grow(h ancsl, 91 ...3

21¢*
Carcinoma: pathologic fractures with
116, 120°, 121°
Causalga, 174
cervical block for, 94°
Casts, sec Plaster casts
Chest V-Vl:i":' collapse 1n nb fractures,
Chuldren, see also Growth arrest
elbow strans and contusions, 204
femoral epiphysis
lower—displacement, 318, 321°
sllppmg of, 281 f.
fractur
bmh, 20,124
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Note.—An asterisk (°) following a page number indicates an ilustration.

A
Abdomen: distention with
treatment, 55
Acetabulum
fractures

with d
nto pelvxs, 411' 413 E 414

leus—

fractures
abduction, 351, 352 f,, 353°
‘\bduc\mn Ztgeatment, 954°,

adducnon, 351, 358, 359°
adductmn—ueah'nent 358 £,

meay'eolar, 351 ‘f

with }upf dislocat

relauon to hup dislocation, 271
Adhesive dressing, for muld acromio-
clavicular jomnt, 262
Adhesive strapping
for ankle sprains, 370, 371°
in nib fractures, 418, 417°
Alcohol _anesthesia _for fracture re-
duction, 34 f
Ambulation, early, 43
Amputation
1 gas gangrene, 74
thumb, 128
Anesthesia for reduction
alcohol, techmque, 34 f
for elderly pahents with hip frac-
ture, 283
general, 32 f.
mtravenous 32f,34f
local, 8
technique of, 34
reg\onal

asepnc necrosis of, 114°, 115
composithon of, 351
deformmty
from malunion--correction, 366°
from tibial growth arrest, 374°,

fracture-dislocations, 374

., 354°%
355 £
commmuted 361 f., 362°,
363°,
Cotton, 35"

forces m, 851 f,
malunion — arthrodesis for, 366

of medial malleolus, 355°, 857

medial _malleolus — nonunion,
364 ., 365°

open, 374

sphinting, first aid, 29°

tnmalleol

tnmalleolar — treatment, 366°

growth camlage injunes, 374 f.

mjures, 331 ff

ligaments supporting, 369°
rupture of, 370, 372°

mme?x?;(;nk stresses and strams of,

plaster cast for, 48°
sprams, 868 £, 371°
roentgen shldJes, 368, 370
rupture of hgaments, 370 372°
treatment of, 870, 371°
Artentes brachual, contusion, 92 £.
Anhnus»traumahc, 47, 101
\nth“c;ntral dislocanon of hup,

436
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juries, 204, .
loss of joint motion, with smalunion
of humerus, 93*
strains and contusions, 204
tennis, 206
Embolism, fat: control of, 69
Endocnine therapy: for (r.ulmu. v

.3
Lpicondy liis, 200
Epiphyses
displacetucnts
at buth, 120 .
femoral, 318, 321°*
distal radial
fracture-dislocations of, 177 f.
growth arrest, lu. 182 £
imjunes of, 160
growth arrest, 96 f., 97¢, 101
ubnal, 371 £,
slipped, 20, 281 £,
Ether. for fracture reduttivn, 32
Esuases
arm, n;sfmc(urcs of humeral neck,

of fingers, with fracture, l’}l

gluteus medius, 58, 59°, 60*

with hanging cast, 230 ..3"‘

h}pc;rbxlcnuon n'spinal Fractures,
0

during smmobibzation, 58 ﬂ
quadniceps, 58, 59°, 60°*
resishive active, 61
F
Face—[mcluxes, 425

False motion. 1n diagnosis, 26
‘emur

aseplie necrosis of head, 102 £,
03°, 104°

chmcal mamfestations, 107 .
with ]\1_})7 d\slocauons. 103' 111

lusltolomcal chnnges, 105 ff,
with 3 £
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angulation, contection by wedg-
ing cast, |
cancegency teeatment of, 309 £
intctnal fivation, 51
nonunion, treatment, 794, §2¢
splinting, first ad, 20°, 309 £,
traction for, 39°
fracturcs=birth, 1214 §.
fracturcs—intesttochanteric, 504 &,
with ascptic necrasis, 111
intarnal fiaation, 19¢, 51
I'ndun‘-mlucapmhr. with ne-
crosds of head, 105*
prostheus for head in nonunion,
303

fracturcs—neck, 252 I, 283

internal fixatton—Suuth-Patarsen
techmque, 290 £, 291°, 293°

internal fisation—stunless stecl
pins for, 296 4f,

Leadbelter mancuver, 288¢, 289

nuuumon—op(mhons for, 297°*
298 Ik,

pmslhms for femoral head m,

o

reduction methods, 287
reduction technques, 283 .,
25¢°

roentgen study dunng reduc-
tion, 256°, 287, 292 ff.
traction for, 38 IE.
fractures—shaft
mlg;ml fixalion of, 311°, 315°,
6

malunion, 323

spica cast, -48°

traction for, 310§, 313°
tmé:tile for—in cluldren, 310,

types of, 309, 310°

ununited, 322 f.
fmclurcs—supmcondylar, 316 ff

col‘nmmuled

111 '
nonunion with, 111
soentgen diagnosis, 104° £
blood supply of head, 280 §f
condyles—fractures, 3”9 331 f.
cplphyfés, lower - dxsp]acement,

fracmmx, 309 £

dcslmcuon of neck—
prosthetic replacement, 120°,
123

Fibula~fractures, 340
nonumon, 350
open, 348 f
segmental, 347°
with tiba, 342 .
traction for, 39°
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Children (cont.)
of clancle—managcmcnl

femoral shaft, 310, 311°
forearm, 187 £.
greenshick, 20, 187 ff.
of humeral lateral condyle,
227¢, 228 ff.
of humeral shaft, 240 £,
of hu.merous, distal end, 220 £,
malunon,
of radial head, 212°, 213
of radws, 190°, 199
supracondylar, "of humerous —
reduction, 220, 222°
growth cartifage in ankle, injury

256,

to, 96
length of immobilization for, 57
Circulation
under cast, 53
disturbances
leading to gangrene, 97 f.
sympathetic block for, 98
restoration, following healing, 59
Clavicle
acmrmodnﬂ\'lculnx

joint  injurmes,

excision of outer end, for acro-
mioclavicular dislocation, 265
f., 267°

fractures, 254 f
in children, 236
immobilization penod, 259 #
nonumon of, 263°
open reduction, 261
splinting, first aid, 28°
unumted, 261 f.
Colles” fracture, 152, 165 &
commnuted, continuous traction
for, 169°, 170, 171°

FRACTURE TREATMENT
Constipation: during immobilization,
55

Coracond process, fractures, 268
Cotton fracture, 352

Crepitation: in d;a

Crutchfi cld tcngs for slmll traction,

39°
Cubitus m]gus from humerus injury,

bone: pathologic fractures
, 116, 119°

b
method: for reduction of
pmn] fractures, 400
: in open f »
67 °, 69 f.
DeLorme skate, 60
Drplopia: 1n zygoma fractures, 428
Dislocations
of acmmioclancular joint, 262 f,

Cysts,

Danis

of acromxoclnnculax jomnt—unre-

acute, of shou]der 246

of atlas, 402

of cervical spine, 402

of elbow, 207, 208°

of fingers, 136°

of jaw, 428 £.

of knee, 324, 325°

of Junate bone, 149 £,
metacarpal-phalangeal joints, 145
of sternoclavicular joint, 262
tarsal-metatarsal, 391 {., 392°¢

of lemporomand:bular joint, 428 £.
thumb, 139°

E
Ecchymosis in diagnosts, 26
Edema, sce Swellbng

hips, 201, 205°

ccmplicanons, 173 f Elbow
dunng bil
deformity fi th t of
mnmoblhuhum 167 £, 168°, 170, O meral candyin . cormec

172°,
malunion, 114 £
mech:dmsm, 877° 1t
postreduchion caxe, T
reduction, 166°,
reversed, 175° ff l"S‘
Concussion- narcotics in, 27

humeral condyle — correction,
099°

distocation, 207, 208°
fracture-dislocations, 230 ff.
fractures

plaster cast for, 48°

traction for, 39°

ulnar nenve palsy in, 91
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O pack mathiod, 71, 72
open mclliod of treatment, 69,
24
prmary closure, 68 f, 71 {.
reconstruction procedutes, 70°,
71
tctanus complicating, 74 .
wound management, 06 L,
G6i*, L I5f
pathologic, 116 fI.
pathology of, 17 fI.
reduction of, 30 ff.
anesthesia for, 32 ff,
smple, sce cJoved
transportation of patient, 31
transverse, 18
reduction, 36

G
Gangrene
complicating fracture, 97 f.
gas, with open fractures, 73 f.
lumbar sympathetic block for, 95°
Gas bacdllus antitoxin: 1 open frace
tures, 69,
Gases, anesthetic, for fracture re-
duction, 32
Gemtourinary tract: injuncs, with
pelvic fractures, 412 f.
Gilles” approach: in zygoma frac-
tures,
Crafts, bone
in aseptic necrosis of femoral head,
03 .,

1 aseptic necrosis following hip
dislocations, 112
for malumion, 83°, 101
in nonumon, 77, 81 ff
of carpal navicular, 160 f
of femoral shaft, 322 f
of forearm fractures, 203
of hip fractures, 300°, 301 f.
wlay, 84°
onlay tibial, 81°
sbding inlay, techmrque, 84*
Crowth arrest
m cluldren, 96 f.
of hugsral lateral condyle, 229°,

surgical, 97°
of tibia, affecting anlle, 374 f

41
H

Hand
didlocations, 131 {1
excrawes after fracture healing, 58
fractures, 131 .
regional ancsthesia, 33
Head mjuries: management of, 1334,
{leat: fn aftertecatment, 60 f.
Hematoma. in fracture healing, 21
Heomorhage
emcrgency control of, 87 .
in funoral shaft fractures, 309
with fracture, 20
in shock—treatment, 87
Hip, see also Femur
{:lood supply of, 280 ff,
dislocations, 271 {L., 413 f.
anterior, 272%, 271
aseplic necrows wath, 102, 111
fp, 277, 278°%, 279
Blood supply with, 281°
central, 413 ff,, 414%
posterior, 271, 272*
postreduction treatment, 275 T,
reduction of, 273%, 274
types, 271

unreduced, 2
fractures, 279 ff.
fractures—intertrochanteric, 304 ff.

comunnuted, internal  fivation

for, 305 if.

comuunuted, well-leg traction

splint for, 307
fractures — intracapsular, 282 f,
283°

mternal fixation, 49, 51
Leadbetter mancuver, 288¢, 289
reduction, 284°
unumted—operations for, 297°,
208 ff, 299° f.
ununited—prosthesis for femoral
head in, 303 f.
spica cast, 48
Humerus
avulsion
of greater tuberosity with shoul-
der dislocation, 251
of medial epicondyle, 230 ff
fracture-dislocation of upper end,
250 ff, 252°

fractutes, 233 £,
abduction, 238°
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Fingers, see also Metacarpals, Pha-
langes
avulsion of estendor tendon, 146
surgical xepazr of,
baseball, 148 f.
exercises, 58 f.
fractures, 131 ff.
emergency wound management,
181 &

traction for, 134
mallet, 146 f.
regional anesthesia, 33
sprains, subluxations or disloca-
tions, 138
Furst aid, 27 ff.
in face and skull fractures, 425 f.
in head injuries, 433 f.
in open fractures, 63 f.
Fixation, internal: of fractures, 36 ff.
with bone grafts, 81
comminuted, of clavicle, 260°, 2
communuted_intertrochanterid, of
hup, 305 &,
of femoral neck, 289 ff.
of femoral shait, 314° £, 316
of forearm, 198
of humeral shaft, 239, 240°
indications for, 47 £.
means of, 49 K.
for metacarpal fracture, 142°, 143
in Monteggia fracture, 200, 202°
of olecranon, 218
of radial head, 1n children, 213
of tibial shaft, 3439, 344 £, 346°
Flud therapy
m head m;unes, 433
m shock, 8
Fluoroscopy. 26 42

dxslocahons 390

FRACTURE TREATMENT

plaster cast for, 48°
Forearm—fracturcs, 162 ff., 184 ff.
see also Radius; Ulna
of both bones—trcalmeut, 188 L
in children, 187 ff.
fragment displacement in, 184 f.
ternal fixation, 5
oblique (unstable} or
minuted, 195°,
nonunion i, 197, 203
open reduction, 198
plaster cast for, 48°
postreduction case, 196 £,
reduction, 38
splinting, first aid, 28°
traction for, 39°
Fracture-cislocation, 18, 19° (see
also under :peaﬁt sites)
Fractures, see also specific sites
after-treatment, 58 ff.
angulation, correction by wedging
cast, 40 f., 41°
bisth, 20, 124 f£.
closed, 17
communuted, 17, 18°
nonumon of, treatment, 80°
complications, 85
compound, see open
defimitions of, 17
delayed union, 77 f.
ditagnosis of, 25 £.
displaced, 17 18*
emergency ueatment of, 27 fi.
epiphyseal, 2!
forces producing, 17 f.
greenstick, 20
healing
rate, 56 f.
stages in, 21 £
lmmcbxlxzauon, 43 £

cor-

tarsal-metatarsal, 391 £, 392° lmpg:ucsga a3
reduction,
dxsplacemcntasxg. 33595 fractures, hftmg of pauent wiath, 81
i nonumion,
S Pemty o Gsa losure, 72, 76
early secon closure,
of metatarsals, 392 f, 394° eme}r,gc ey c;‘z' 4

of mudtarsal bones, 390 {

of os calcis, 376

of talus, 388%, 389 f.
injuries, 376 f.

f.
gas gangrenc complicating, 73
hospatal care, 64 £.
1mmobudization, 687, 63
infected, open ‘method for, 72
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osteomy ditis, 64°
fractures of, 340 fl.
reduction, 36
splinting, first wd, 29°
Lculmnlxln. pathologic fracturcs with,
1]

Ligaments
of aukle jont, 369°
nupture of, 370, 372°
corav’r‘)(c}l‘a\-nculax — disruption, 262,

of Ibow, strains, 204
Lunate, carpal
aseptic necrosis of, 115
dislocation of, 148 f.
immobihization, 152 f.
postenor, 153
reduction, 149 {I., 150*
traction, 151°, 152
unreduced. 155
Lungs- \;\;Alh nb fractures, 416, 417,

420
Lymphosarcoma. pathologic fracture
with, 122

M

Malunon, 100 f.
bone grafts for, §2°, 101
of Colles” fracture, 174 f
Mandible~fractures, 426 ff, 427°
Mam{)}ulauon
to break up adhesions, 61 .
for malunion, 100
for reduction, 36
Massage. after healing, 60 f.
Maxlla fractures, 430 f
Metacarpals
fractures
multiple, 141 f
neck, 143 f, 144°¢
oblique or spiral without dis-
placement, 143°
post-reduction care, 145
of shaft, 140 f, 141°
traction for, 39°

fiest, 137 ff
second to fifth, 141 £
Metatarsals
fracture-dislocations, 390 f
fractures, 390, 392 f , 394°
traction for, 39°, 392 £, 393°

443
Montegma's  fradure, 2100,
3
Marpliine
1 emcrrency treatmant, 27, 31,63
in biead injutics, 133
for <hack, 87
Mumfitd  opetation:  for acromio-
clavicutar dislocation, 266°
Muscles
attophicd, 1edoration of, 61 (
forcarm, affecting fracture frag-
ments, 184 ., 165¢
paralyus, from nenve injury, 91
spasin, tn diagnosts, 26
My doma, multiple: pathologic frac-
tures with, 116, 117¢
My outis osaficans traumatica, 96
from lip dilocations, 279

200,

N
Nals
Lottes, i.n tbial shaft fracture,
i

Snuth-Ptersen, 49, 51
1n communuted ntertrochanteric
fracture, 305 If.
for internal fixation of femoral
neck, 200 ff, 291
Navicular, carpal
aseplic nﬁgmus of, 112 £, 113°%,

blood supply of, 157¢
fractures, 156 ff.
with dislocations of lunate, 153,
154°

nonumon, 158 ff., 160°
treatment, 156°, 157 f.
Necrosts, aseptie of bone, 53, 102

, 115
of astragalus, 114°, 115
of carpal lunate, 115
of carpal navicular, 112 ff, 158°,

1 .
of femoral head, 102 £, 103°,
104° f,
with central Tup dislocations,
415
with fracture-dislocation of hu-
meral head, 253

of Iunate bone, 155
of tarsal scaphoid, 391
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Humerus (cont.)}
adduction, 239°
of capnellum, 214 ff.
of distal end in child; 220 ff,

FRACTURE TREATMENT

and rate of healng, 56 f.
Impaction, fecal: preventing, 55
Infection

1 fracture, 93

of éllstal end—comminuted, 224
of gxeater tuberosity, 244 f,
of lateral condylc in children,

malumon, 99" 100 f.

of neck, 242 ff,, 243°, 244°

of neck—with antenor disloca-
tion of head, 251°

nonunion, 241

open reduction, 239, 240 f.

radsxglanen'e njury complicating,

of shaft, 233 ff.
of shaft at birth, 124
of shaft m children, 240 f
of shaft—comminuted, 236°
sphnting, first axd, 28°
supracondylar, 219 ff.
supracondylar — nntenorly dis-
placed, 219
supracondylar — postenorly dis-
placed, 219 f.,
T- or Y- mlercondylar, 224 f,
225°
T- or Y- supracondylar, 225°
traction for 39°, 223°, 240
types of, 234° £
njunes, sprca cast for, 48°
relationships of epxmnd)lcs and
olecranon, 205°
Hydrocortisone
infiltration for fractures of spinal
processes, 402
injection
for epicondylitis, 206
for radial-humeral bursitis, 207
Hyperextension ]acket for spimal
fractures, 399°
1
Ileus: treatment, 55, 398, 400
Tium—fractures, 409 f, 412°
Immobilization, 43 ff
emergency, 27, 287, 20¢
exercise during,
m fracture healing, 22 f
of open fractures, 63°, 69

with jaw fractures, 427

in open fracture, 17, 47, 63 ff.

and rate of fracture healmg, 56
Intramedullary rods for internal fixa-

tion, 51
with bone grafts, for nonunion, 81,
o0

in femoral shaft fractures, 314°,
315°, 316

Isc)lium—frnctmés, 409 f.

J
Jaw—fractures, 426 ff., 427°
complications, 427 f.
ununuted, 428
Jomnts
acmmxoclavlcul;u‘—dxslocahon, 262
unreduc:
distal hbloﬁbulax—dxastasls 362
mflammation, from skeletal trac-
tion pins, 38
mctacnrp:d phalangeal — disloca-
tion, 139 £, 145 f.

“428 £,

ng fracture, 96
K

Kienbock's disease, 155

Knee, see also Patella
bumper fracture of, 333, 334°
dislocation, 324, 325°
ijunes, 324

L
Laminectomy, eaploratory, 401 £.
Leadbetter maneuser, 288°, 289

34
deformity, from open fracture and
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Pemallin therapy, 63, 69, 75
Phalanges
fractures—traction for, 39*
of hant
distal, fracturcs of, 133
middle, fractures of, 134 f,
o
proximal, fractures of, 132 fI.,
133*

of tocs—fracturcs, 3
Physical lhcrapy a[(rr fr.uhm: heal-
ing, 5!
Picrson allachmcnl with Thomas
splint, 38°,
Pins, metal
for fixation of femoral neck, 269
insertion mcs m sheletal traction,

mu)uplc. lor frnc(un.s of ubial
shalt, 342 £, 313°, 316°
for olecranon fracture, 216, 217°
in plaster dressings, 36, 45 ff.
or oblique fracture of forearm,
197,198
steel
with bone grafts, for nonunion
of hip fracture, 300°, 301
fot fixation of femoral neck,

Slcmma
for “beak” fractures of os calas,
383

in skelctal traction, 36
with well-leg tracton splint,

f
Plagter casts, 45 £,
for acromxoclzncul.u jomnt disloca-
264
m ;mk!e Iractures, 354°, 355 fI.,

apphcauon technique of, 46°
nreas4éo be protected Irom, 44°,

for Bennett fracture, 138° £

curculation under, 53

for Colles fracture, 167, 168°

for forearm fractures, 194°, 195 f.

hanging, for fractures of humerus,
225°%, 23

for mallet finger, 146°

for metacaspal injunes, 137, 138¢

for o5 calcis fractures, 380 f.,
383°, 384°

445

p‘ddmg lmdcr, He, 4
ain under, 3
}ul’ patt"J [raduu‘t, 321, 327°,

for plml;mgml fracture, l')’ 134
shoulder spica, 238¢, 219*
for fractuze of greater lubﬂnu!y
of humerous, 241 {., 215°
for supracondylar fractures of
humecrus, 220, 231°
skull cap, for manlia fractuses, 431
for spinal fracturcs, 399*, 400,
105

swellking under, 53, 54°

for thumb fractures, 137

for tibial fractures, 311°, 313, 315
wedging,

turning of pahcnu with, 52 f.

types of, 13*

wedging, technique, 10 fF., 41

well-legg traction, for hip fmclurcs,

Plaster drcssmgs
ascular, 45
for carpal navicular fracture,
157
figure-of-eight
fornclmiclc fracture, 255°, 236°,
25

for finges sprains and dislocations,
for metacarpal fractures, 143°,
Plates, metal: for internal fixation,

in humeral shaft fracture, 240°
for tibral shaft fractures, 313°,

344
Pneum%nau, llyposlnuc: preventing,

Pneumothorax: 1n nb fractures, 417
Pott’s fracture, 854, 3
Pressure dressings: 1n o5 calas hnc-
ture treatment, 380, 381°
Pressure sores, 98
Procaine
bleck
cervical, techmque, 94*
for fracture reduction, 33
lumbar, technique, 95°
mfiltration for ankle sprains, 370
mjection
for epicondyhtis, 206



444 .

Nernves
penpheral
injunes with fracture, 89 f.
severed, repair of, 90°
radial-injuries wath' fracture, 89°
sacral?)gx]ury with pelvic fmc(ures,

sciatic—1njuries

with hip dislocations, 279

with pelvic fractures, 411 f.
sympathetic block

cervical, technique, 94°

for mcu]atory sturhnnccs, 98

lumbar, techmque,

to prevent gangrene, 98
ulnar~palsy with elbow fracture,

FRACTURE TREATMENT
tuber-joint angle and, 378 ff.,
379° '

Ossification: traumatic, compheating
fracture, 9
Ostaitis deformans
femoral shaft fracture wath, 320*
pathologic fractures with, 116
Osteitis fibrosa: pathologic fractures
with,
Osteo-arthntis, 107
Osteogenesis xmperfec[a
intrautenne fractures wath, 135 £,
pathologlc fracture with, 1i7¢
s pathologxc f
116
Osteomyehus, 60, 93

91, 224 with fractures of tibia, 350
Neuntis with jaw fractures, 427 £.
acute, 90 f. pathologic fractures with, 116
secondary, 91 Osteoporosis, senile: pathologic frac-
Neuromz\ 1m late ulnar nerve palsy, tures with, 116
Oslcotomy
Nicola i for 279, 299°, 302 £,
shoulder dislocations, 250 wedge

Nonunion, 80
with aseptic necrosis, 111
causes of, 20, 22, 48, 47, 56, 77
of spimal process fractures, 402
Nose fractures, 431 £,
Nursing care, 52 ff.
o]
QObstipation. control of, 55
Olecranon—fractures, 205°, 216 f,
with displacement of triceps frag-
ment, 218°
1mmcg)blhzauon 1n eatension, 215°,

21
nonumon, 218°, 219
open reducuon, 2186, 217°
Os calas—fractures, 376 ff
asm\galus m, 877, 878°
“beak,” , 383°
comminuted, 377 £
crculatory disturbances with, 98
open reduction, 387°, 388 f.
treatment, 383 ff, 384“ 386°,

7°
of jont surface, 385 £, 387¢
mechanism, .
tgenograms 1n, 37
zgil;hng, first aid, 29'
treatment, 380 ff 382

of humerous, 229°
of radius, 183°

Paget’s disease, see Osteitsis defor-

Palsy, nerve

acute, 90 f,

late, 91
Parafin baths, 136 f
Paralysis

1schemic, 91 f

ture, 91 £, 924

Patella—fractures, 324

commmuted, S"’6°
331°

33
transverse, 324, 325 f, 327°
open rcduchon, 325, ’328°
Pelvis—fractures, 4
dislocations wath, 413
gcm!cunnary complications with,
412

4
327, 3829°,

scilatic nerve m)ury with, 411 f.
shng for, 411, 413

traction for, 109 i, 410°, 411°
undisplaced, 409
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Spine
cenvacal, dnjunies of, 102 41
dormlum'lmr, wunes of
lmdnrmdn\‘x mum 397, 101 (
HITIE
traction inr‘ .)9', 404
fractures, 597
of atlas, 102 f
curvieal, 397,
cord damagc in, .;‘h, 101 4f.
lumbodorsal-mechanism, 377
plaslu’. casts for, 399%, 400,

of procesws, 402
of upper dorsal spine, 100 f.
frncluxcs—compumun. 397
fmctu{)cs — compression, cervical,
402

fractuses—compression, dorsolum-
bar cast for, 399°, §
reduction, 399 ., 399*
unreduced, 401
fractures — hyperestennion, 397,
401
injury—~first a:d, 30°, 31
sprains and strams, 108
subluxations, 407 f.
Sphnts, see also speaific dedices
adhesne tapc—fur ankle sprains,
370, 371°
in first aid, 27, 28°, 29¢
for forearm fractures, 195 f.
molded plaster, 45
fornlolccranon Iracture, 217°,

for n:a‘sa_l fractures, 432

an 1

307 .
yucc:ng toard, contraindications, 43

Spramns

cenvical spine, 408

of finger jounts, 136

of wnst, 148
Sternum. fractures, 420 f,
Strains. of cervical spine, 408
Subluxations

of acromioclavicular jont, 262

cervical spine, 407 f.

of finger joints, 136

SudecX's ateophy, 91 8,
Swelling
undet cast, 33, 54°
after  fmmobihzation,
59
local, in fractuse diagnosis, 23
in os calds fracture pressure
dressdngs for, 350, 351%
S}tin;,omy;h.n pathologic fractures
with,

treatiment,

Tabes dul!\.dis: pathologic fractuses
with,
Talus: fractures of, 345%, 357 £
Tecth: in jaw fractures, 128 £,
Tendons
avulsion
of eatensor of finger, 116 £,
in patellar fracture, suluu- of,
27 {f., 329°, 330°,
of mups. alg
ruptured
complicating fractures, 93 f.
Tenosynonitis. from sheletal traction
pins or wires, 38
Tetanus, 1 open fractures
yeophy Laxis, 69, 74 £
Thomas splint
with Buck's cxtumun, 37°, 275
m first aid, 27, 28*
with Pierson attachment, 38°%, 47
in femoral shaft fractures, 313°,

316
Thumb
dislocation, 139* £
fractures, 137 f.
preservation—importance, 132

angulation, correction by wedg-
g cast, 41°

avulsion—of spines and tuberosi-
tes, 329 §, 333°

burth, 125°

of distal articular surface, 352

of distal asticular surface~com-
rmnuted, 361 {f.

double, infernal fixation, 50°

eatending into knco, 329 &

with fibula, 342 ff

growth arrest with, 96 f, 97°,
373°, 374 £

wnfected, 350
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Procaine {cont.)
m fracture of spinal processes,
402

for radial-humeral bursitis, 207

n nb fractures, 416, 417°
Processes, spinal* fractures of, 402
Pscudarthrosxs, congemtal: of tibia,

12

Pubis—fractures, 409 ff

Putti-Platt procedure for recurrent
shoulder dislocations, 250

"

Radius
anatomy at wmnst, 162 ff., 164°
dislocation of hcnd with fracture
of ulna, 20
epiphysis
distal, injunes of, 180°
fracture- dlslocahons, 177 ff
growth arrest, 177, 182
fractures
of distal end, 162 £, 163°
of ldlstnl end—n children, 190°,

9
of distal end—marginal, 177,
178°
of head and neck, 209, 210°,
2192

212 f
of shaft, 184 ff., 199
of ulna and, 184 ff
of ulna and—in adults, 193 £
of ulna and—m children, 187 ff
myunes of distal end, 163%
resection of head, 211°, 213
Reduction of frncturns, 36 1
anesthesia for, 32 ff
open, objections to, 47
satisfactory, factors m, 4() f
Ribs—fractures, 416 f
double, 417 f,
multlp]e bnlatcral 419" 420
Rickets lgathologlc fractures with,
Rods, intramedullary, see
medullary rods
Roentgenograms
1n asephic necross, 104 £, 112
in fracture diagnosis, 26
dunng fracture trcatment, 42
dunng reduction of femoral neck,
286°, 287, i

Intra-

Russell traction, & 88 f., 505

FRACTURE TREATMENT

S
Sacrum—fractures, 409
Scaphoid, carpal, see Navicular,
carpal

Scnphmd tarsal aseptic necrosis of,

Sc'\pula
acronuoclavicular
262 ff,

fractures, 266 f.
Screws. for internal fisation,
of unstable tbial shaft fmcturc,
343°, 344 £, 346°

joint  injunes,

Shock
complicating fracturcs
pnmary, 86
secondary, 86 f.
1 head myuncs-—healmcnt 433 f.
1n open fractures, treatment, 63
priumary, emergency treatment, 27

signs of 86
Shoulder, sce also Humerus
dislocations
acute, 246
with avulsmn of greater tuberosity,
250

with fracture of greater tuber-
cle, 245°
recurrent, 250
unreduced, 249 f
“frozen,” with Colles’ fracture,
173 f.
injuries, 242
spica cast for, 48°
Shull
fractures, 433 £
traction for cervical fracture-dis-
locations,
Skull cap: plaster, for jaw fractures,

Shng
collax and cuff, 208
lup, for pelvic fractures, 413°
Smuth-Petersen techmque. for inter-
nal fixation of fcmoml neck,
290 ff, 291°, 295°
Sodium pcntolhal: for fracture re-
uction, 32
Soutter traction, 151°
Spinal block. in treatment of frac-
tures of extremitics, 33
Spinal cord injury, 397, 401 f
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Tibia (cont.)
nonunion, 78%, 350
nonunion—treatment, §4°
open, 348 f.
open—with_ mfecuon and non-

union,

osteomyehitis with, 3!
plaster cast for, 48' 8 41
of éaslat?us, 331 &, §34%, 335°,

of plateaus—malunion, 339
of plalenus—red\xctmn, 334° £,

FRACTURE TREATMENT

of radius and, 184 f.

of radius and—in adults, 193 £,

of radius and—in children, 187 .
Union, delayed, 77 ff.

causes of, 22, 47, 56

treatment, 78

\2
Vasospasrx:: sympathetic block for,

Vertcbrae, see also Spine
compression fractures, 397, 3987,

of i ~
tion, 338°, 33

of shaft—segmental 347°, 348

of shaft—stable, 340 ff., d41°

of shaft—unstable, 342 ]

traction for, 39°, 342

of J(ubel'cle, 339

duction of, 399
melhurr(x) pflates~ for internal firation,
50 f.

Vitamuns
D, for fmcturcs wath rickets, ¢tc.,

m fracmre treatment, 77 £, 78
Vi

0sis, ], 126°,

127
Toes, see also Metatarsals
fractuxes of, 39

regional anesthesxa, 33
Tourmquets, 31, 64
Traction

adheswc, 386, 37°
in hulmcral fracture in children,

continuous, 38, 47

head halter, 404°

Russell, 38 f., 305

skeletal, 36
in cervical spine mnjuries, 404*
sites for pm insertion, 38, 39°,

skull, for cervical fracture-disloca-
tons,

Soutter, for carpal dislocations,
1

txochantcnc, ger pelvie fractures,
10,

Tumors, glant cell pathologic frac-
s wath,
U

Ulcer, tropic: pre\-enuon, 52
Ulna—fractures, 184 ff,

Montegga, 200 ff

muscles affecting fmgment dis-

placement, 184 f, 4
of olecranon, 205°, 218 ﬂ

causes cf 53
comphcahng fracture, 91 f., 92°

\\'2
Vatson-Jones method: for reduction
of spinal fractures, 399 f.
Web suappmg—ﬂgure-of—exght. for
fractures of clavicle, 259*
Whitman reduction of eracapSulAr
hip fracture, 284°
Wires, multiple: for internal fixation,

Wounds
open—management, 66 ff., 67*
emergency care,
shack, 88
Wrist
anatomic relationships, 162, 164°
asepticisnecrosxs of, 112 £, 113°,

communuted fracture

plaster cast for, 48°

traction for, 39°
deformity from growth arrest of

radial epiphysis, 183

dislocation, 149 ff.
P penlun:u—, 152°, 153 f, 154°
ractur

splmung, first aid, 28°
spran, 148

Zygoma: fractures of, 429 f.






