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PREFACE

The present work has been prepared mn an attempt to bridge the gap between the
small handbook of fracture management and the encyclopedic volume encompass-
ng material pnmanly of mterest to the specialist It makes no pretense of being
etther a roentgenographic atlas or a complete tretise on fractures or fracture
therapy The book 1s the outcome of the problems confronting the intern or resident
n the emergency ward of a large hospital, when the urgent call makes a ready
reference work of largely pictorial nature highly desirable

In accordance with the basic therapeutic principle of alignmg the axis of the
distal fragment with that of the proximal, the various fractures have been analyzed
and discussed pnmarily 1n the light of their axtal malalignments The clinical con-
sequences and the roentgenographic recogmtion of the vanous axial alignments
have been descmbed The clinical matenal and nlustrations have been chosen to
explamn most clearly the emergency dragnosis and defimtive treatment of the more
commonly observed fractures

The umversal use of the x-ray for the purpose of diagnosts has reduced detailed
history-taking, careful analysts of probable causative mechanisms, and clinically
diagnostic cnteria largely to the level of acadermc exercises Such matenal has
therefore been either deemphasized or entirely omitted We believe that the con-
sideration of pathologic fractures, of the multiple spontaneous fractures character-
istic of certain metaboliz disturbances, of fracture complications such as fat em-
bolism, thrombophlebitis, pulmonary mfarctions, and other problems falls more
appropriately within the purview of larger reference works

This volume 1s particularly planned for the medical student and the surgical
house officer, those at the begimming of their study of fractures as well as the
general pracutioner who does not devote full time to the treatment of fractures
and to whom a fracture 15 a small and frequently unexpected part of practice Jt
will achseve 1ts purpose 1f 1t aids these physicians 1n taking care of the pattent and,
where possible, of the fracture itself through the vanous phases of fracture manage-
ment

In the two years during which the present work was completed, a pgraufymgly
large number of persons have given the writers much 1 the way of wise counsel,
generous aid, and above all else, steady encouragement to see the job through
It would be unfair both to them and to the reader to list all their names here We
cannot, however let the opportunity pass entirely without expressing to our friends,
named and unnamed our grateful thanks

We cannot adequately express to Pearl S Milch our gratitude and kind feelings
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CHAPTER I

Emergency Care

In the emergency situation, too much attention 1s paid to the fracture and far too
Iittle directed to the patient as a whole Cranocerebral, intrathoracic, or mntraab-
dominal trauma 15 not infrequently associated with severe or multtple njunes 1
which fractures are hikely to occur and must be sought n every fracture These are
often asymptomatic m the beginning, and narcotics or other drugs that may mask
or exacerbate symptoms resulttng from mjuries m these regions should not be ad-
munistered until the possibility of such trauma has been unequivocally excluded

GENERAL CARE OF THE PATIENT

The welfare of the patient as a whole takes precedence over the treatment of
any fracture Primanly, this mvolves (1) preservation of a properly functroming
airway (2) control of hemorrhage, and (3) prevention of shock

In an unconscious patient mamntenance of an adequate arway may require
nothing more complicated than placing the patient m a semiprone position In this
position, asprration of bronchial secretions and vonutus or dropping back of the
tongue 1s least Iikely to occur If the tongue persistently drops back against the
pharyngeal wall 1t must be pulled forward and, if necessary, held forward by a
suture or clamp through its tup

The patency of the arway may be preserved by the nsertion of an oropharyn-~
geal nasopharyngeal or endotracheal tube, winch should be secured to the pa-
unents head Where there 1s evidence of laryngeal obstruction emergency tracheot-
omy may be necessary This should be performed through a longitudinal meision
just above the episternal notch Where a partially patent airway suggests the prob-
able necessity of a subsequent tracheotomy, this should be performed as soon as
the indication anses through an elective, transverse thyroid type of ncision

Control of hemorrhage 1s the next most important consideration with respect to
mantenance of the patents circulating blood volume, the prevention of shock
and management of the local wound ’

3
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4 GENERAL CONSIDERATIONS

Considerable stress has been Iaid upon the use of a tonrmiquet by vanous civil
groups and almost all nonprofessional people have come to rely and to insist upon
this method of obtaming hemostasis 1n mstances of acute hemorshage Indeed, many
professional people, including some physicians, have ndicated that a tourniquet
should be used to secure hemostasts 1 acute hemorrhage, with the provision that
the tourmquet be loosened or removed peniodically to prevent ischemia Both views
are 1t complete vanance with established surgical precepts A tourmquet, to be ef-
fective, must occinde all major and collnteral arterial channels to the penphery and
by design, therefore, 1ts use produces total ischerma distal to the pont of applica-
tion

Tatermuttent release of a tourmquet, when once apphed, does nothung more
than permut the recurrence of the exsanguinatmg hemorrhage for the control of
which the tourmquet was apphed 1n the first place Blood flow to peripheral cells
1s esseptially not mncreased by this procedure What httle blood may get to the
peniphery usually passes through arteriovenons compensatory anastomoses, partially
or entirely bvpassing the penpheral capillary bed, 15 v part diluted by pooled
venous blood contaiming metabohic products of hypoxic tissue, some of which are
deleteriously vasoactive, and may be markedly slowed down owimng to attempted
passage through wrreversibly damaged peripheral vascular channels

There appears little wndication for the use of a tourmiquet m the majonty of
acutely bleeding traumatic wounds In those few mstances in which a tourmquet 15
idicated as a hfesaving procedure, 1t must not be released until defimtive surgical
mtervention can be mmmediately corrective In this circumstance, the tournquet
should be placed as closely proximal to the wound as 1s possible to effect total dis
tal ischerma and the physician, the patient, and the patient’s family must be fully
prepared for the eventual possible sacnfice of the hmb Esxpenence i two world
wars, numerous armed conflicts, and civil disnasters has amply demonstrated that
the use of a tourmquet matenally increases the amount of wlumate tissue destruc-
tiont dramatically mitigates any subsequent attempts to preserve the Jocal blood
supply and adds httle, »f anything to what mught be obtamed more efficaciously by
the use of other methods of hemostasis There 1s no question but that the loss of
precious time mvolved in seeking and applying suitable tourmquets and the fength
of tsime for which they have been applied has caused considerably more loss of hfe
and imb than would have been expended had the less dramatic but more praoper
method of compression been ongnally nstituted Firm, constant, and unsformly
apphed pressure such as may be readily exerted by any volumnous stenle dressing

15 the least damaging to tissues most conveniently contrived, and 1n every way the
most s isf ictory means of attaiing hemostasts 1 acute hemorrhage

A detuled account of the ¥nown and postulated mechamsms 1 the develop-
ment of chnical shock 1s not germane to the present discussion It 1s, however im-
portant to recall that shock ts pnmanly a mamfestation of a decrease mn effective
circul sting blood volume and that its most adequate method of prevention and
treatnient 1s by the restoration of the blood volume Chimcally, the shock syndrome
classic v mimfested by tachycwdia hypotenston, and cold hyperhydrosis of the
shan does not asually appear vt there has been a loss of about 30 per cent of the
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effective circuliting blood volume Such 1 patient presents a systolic blood pressure
of 100 or Iess mm of mercury, 1 penipheral pulse of dimimished volume mtensity,
and a tachycardin of at least 100 beats per mmnute
The amount of blood replaccment necessiry m1y be roughly gauged by the
clntcal response to a simgle unit, 500 ml of blood If the response 1s unsatisfactory,
one or more additional units may have to be admimistered Where there 1s evidence
or suspicton of continuing nternal hemorrhage repeated transfusion 1s necessary
until surgical control can be accomphished
A rough chmcal method for gauging the volume of blood to be replaced m
young adults was developed by Brtish workers durtng World War I This method
1s based upon the hand volume equivalent of injured extremity tissues Abrasions,
contustons, lacerations, ecchymoses, and other discolorations of the skin, marked
swelling of the subcutancous and other soft tissues, presence of broken bones, and
loss of contractihty of the muscles mn the region of the extremity mjury are the
cotena used Small wounds, defined as those with less than one hand volume equiv-
alent of myured tissue, are most frequently associated with blood losses of less than
10 per cent of the preinjury volume Medmm wounds, those in which one to three
hand volume equivalents of extremuty tissue have been injured, are assoctated gen-
erally with a 20 to 40 per cent blood volume loss Large wounds, those with three
to five hand volume equivalents of imjured tissue, usually show a correspondmg
blood loss of about 40 per cent of the premjury volume Very large wounds,
which more than five hand volume equivalents of tissue are mjured, are usually as-
sociated with blood Josses approximating 50 per cent of the total premjury blood
volume and, even when very promptly dealt with, are not mifrequently associated
with rrreversible shock and death
Patients estimated to have sustained small wounds, less than one hand volume
equivalent, require at most onte umt of whole blood 1n the emergency period In
medwm-sized wounds, containmg one to three hand volume equivalents of damaged
tissue, the patient will require at least two or three umts of whole blood, and m
large wounds, with more than three hand volume equivalents of damaged tissue,
five or more units of blood will usually have to be administered The mnmum re-
placement requrements are about equal, therefore, to the hand volume equivalents
of damaged tissue
Irrespective of these usual requirements, which are based upon wartime ex-
periences with British troops, 1t 1s better to estimate the blood Joss directly 1n every
indwvidual case Many laboratory methods have been devised to resalve this prob-
fem These range from weighing the sponges used to cover the wound to a number
of different dye and 1sotope technics The hand volume technic 1s of value 1n the
t{r:a‘;mdent of mass casualties and especially during the first half hour after mpury
wvidual cases 1t 15 probably better to use more precise methods, based upon
body weight and normal blood volume values
the 22??}?}1:’:3; vo:]umg m the average pattent can be fairly well estimated from
cont of the pros n 1v11] tuals have a total blood volume equal to about 8 to 9 per
Body went y werght and a plasma volume of roughly 4 to 5 per cent of theyr
y weight expressed in Mlograms In the normal male, total blood volume
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amounts to about 70 ml per kilogram of body weight, plasma volume equals about
39 ml per kilogram, and red cell mass about 30 ml per kilogram In most normal
females, total blood volume 1s about 65 m! per kilogram, plasma volume about 37
ml per kiogram, and red cell mass about 27 ml per kilogram of body weight The
normal hematocnit reading 1n males 1s about 43 per cent and about 42 per cent 1n
females, but this may vary sigmificantly in different geographical areas

Fairly accurate determunation of a given patient s blood volume defict, 1n terms
of the normal, may be obtamed by a determination of the total protem, hemoglobin
concentration, or the hematocrit value of the peripheral blood Although the value
of the figures thus obtamed may be somewhat distorted by acute changes i body
flurd dynamics and by the actual difference between large vessel and average body
hematocrit readings, these discrepancies may be overlooked for routine climcal
purposes

If 1t be assumed that a steady state exists at the ume that the blood studies are
performed and that this steady state 15 1n equilibrium with the premjury state, 1t 1
posstble to estimate very rapidly the patient s actual blood volume and, hence, the
requrements for restoration of normal blood volume by employing the dilution
principle CoVy = GV, In this C, represents the normal hematocnt reading, total
protemn, or hemoglobin concentration and ¥, the normal blood volume, plasma
volume, or red cell mass C, and V, represent the corresponding parameters of the
postinjury peniod The application of this method may be 1llustrated by the follow-
g hypothetical case

A 70 kg man was admitted to the emergency ward after an automobile accident
m which he sustained an estimated four hand volume compound, commnuted
fracture of the left femoral shaft The blood pressure was 90 systolic 50 diastolic
The pulse was rapid and thready at 140 beats per munute The hematocrit reading
was 30 per cent The patient was given 500 ml of blood plasma, was placed on
shock blocks, and the fracture was splinted by a Thomas splint Despite the plasma
the patient remained 1n shock and the question arose as to the nature and quantity
of fluds to be administered

On the basis of the hand volume estimate of the local wound, this patient
should have been given at least four umts of whole blood On the basis of body
weight, the normal estmated blood volume was about 4,900 ml (70 ml per
hilogram body weight) Employing the dilution principle, and observed and normal
hematocrit readings,

Col o = iV,
(43) X (3 900) = (30) X (V"))
Whence,
T, =17023ml

and the blood volume deficit equals ¥V, — ¥V,
] =7023 — 4900 = 2123 m}

Had this deficit been supphed by bank blood with an estimated hematocrit
s duc of 40 per cent he should have received 850 ml of packed red cells and 1 270
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ml of plisma Since 500 mi of plasma had previously been admimstered, the re-
muning deficit consisted of approximately 850 ml of packed red cells and 770 ml
of plasmn

In all situations of loss of effective circuliting blood volume, the important
consideratton 1s to determune the volume of this loss rapidly and to replace 1t ex-
peditiously The most effective solution in replicement therapy 1s whole blood
Whole or lyophihized plasma, salt-poor human serum albumun, or synthetic plasma
volume expanders are 1t best only of palhntive value In the final analysis there 15
only one substitute for blood, wnd that 1s blood tself

Once emergency resuscitattve methods have been wmstituted and the patients
general condition has been evaluated, attention may be directed to the care of
the fracture iself Before any attempt at treatment 1s undertaken, 1t 1s essential
to determmne the status of the circulation distal to the site of fracture Impair-
ment of the peripheral circulation may be due to actual Joss of continuity of the
arterial supply, to vasomotor spasm, to compression of the artery by an ex-
cessively large hematoma, or to compression by the fractured fragments Appro-
priate measures to re-establish the peripheral circulation such as sympathetic
ganghon blockade or release of the deep fascta must be wstituted immediately
Where the malalignment at the fracture site 1s deemed to be the cause of the cir-
culatory impairments, gentle traction may serve to avoid loss of the imb

SPLINTING OF FRACTURES

Motion between the contiguous ends of a fractured bone gives nise to chnical
signs and symptoms of a false point of motion and bone crepitus Whether 1t be for
didactic reasons or for the purpose of demonstrating the presence or degree of com-
pleteness of a dissolution of osseous continuity, such motion 1s to be strictly and
categonically shunned It imposes addittonal mjury upon tissues already severely
traumatized and further delays tissue anabolism and wound repair It 1s painful,
tends to precipitate or exacerbate shock, may lead to irreparable damage to neigh-
boring vessels, nerves, and other soft tissues, predisposes nonumon by the mter-
position of soft tissues between the adjacent margins of the fracture, and to a
greater or lesser degree disrupts the hematoma upon the mntegrity of which primary
unson of the fracture 15 predicated

Recogmtion of these facts has thus led to the categorical injunction to ¢ splint
them where they e and, as a corollary, to transport the patient as expeditiously
and with as httle additional trauma as possible to a point where definitive therap;
both for the patient and for the fracture, may be mstituted ¥

Sphnting has several distinct advantages and virtually alone subserves most of
the prime functions of first medical-md care of fractures It protects the fractured
bone fragments and adjacent soft tissues from further njury, thus reducing thy
possibility of converting closed nto open fractures It prevem,s additiopal heg :
thage fram both osseous and soft tissue vessels, reduces pan, lessens the t dmOr-
toward shock, obviates the accumulation of excessive amau;lts f bl Z mecion
debns  and exudate, aids 1n & ing the d on ol blood, necrotic

of contaminated or
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frankly infected material, and permuts normal healing processes to supervene upon
the myury without untoward or unnecessary delay

Sphnting can be performed practically pamlessly at almost any time within the
first half hour or so following fracture, the period of time during which the patient
experiences numbness 1n the affected part ( localized wound shock ’) and, usually,
an absence of reflex spasm of neighboring muscles ( phystological splinting’)
which at a later time, may matenally ncrease the difficulty in reduction of the

Fic 1 Prefabricated splints (4) Right angled splint lined with
sponge rubber for immobilization of the leg and foot (B) Metallic
spiint for Colles fracture (C) Metallic night angled splint for 1m
mobilization of the elbow region

fracture Gentle traction at the time of sphinting 1s desirable Traction however
15 a double-edeed sword and excessive traction erther 1n duration or intensity may
cause as much additional trauma as does the dehberate elicitation of bony crepitus

In long bone fractures emergency splinting can be rendily effected by means of
a branch cane board or any other material of adequate dimensions and sufliciently
melastic to prevent motion or axial malalignment Wherever possible however it 1s
preferable to use splints that are specifically designed for use in the various ina
tomical regions and that are usually available commercially (Fig 1)

Fractures of the femur are best splinted by means of a Thomas full ring splint
(Fig 2) or the Hodgen half ning_sptint The ring should be adequately padded to
prevent pain and abrasion from pressure agamst the 1schium and pubis The ankle
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1s well padded so that triction may be apphicd without impurng the circulation of
the foot The splint 1s shipped over the extremty without removing the patient’s
clothing and the traction straps are tied to the end of the splint to afford gentle
traction at the fracture site (Fig 3) The limb s supported on 1 towel or canvas

Ty N
A .' \ /I\

pus—

>

1

=
! i
. L

i 2 Thomas full nng splint The nn

g must be well padded
firm abutment against the ischiui and the pubis Intrinsic tralc,:uon m;; g:rg};!
tained through a Spanish windlass attached to the distal end of the splint Th
leg should be supported on a towel or canvas pinned to the sides of the splmte

pinned to the sides of the sphint Where a Thomas s
phint 15 not available,
1mm1r_:bxhrzatmn may be obtained by bandaging both himbs together femporary
or fractures of the leg, a gutter splint or an ordinar
s y pillow su t
and posteriorly by slats of wood and secured to the himb by s:mplepé):\:zidb]::l?;g"ey

a pillow and sides sphint (Fig 4), or tract
, 10n exerted
afford efficient means of immobilization ried through 2 Thomas splun
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Fic 3 Collins hitch Details of a method whereby traction may be exerted on the
lower extrermty without mmpainng circulation The free ends of the Collins hitch are
secured to the end of the Thomas splint and traction may be increased by twisting the
ends of the hitch to make a Spanish windlass

Fic 4 Pilow and sides sphint A pillow re enforced with
slats of wood and fastened about the leg and foot by means
of a gauze bandage makes a convement and readily available
sphint for simple immobilization without traction of the foot
and leg
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In fractures of the upper cxtremity, traction can be applied through the Jones
humerus sphnt (Fig 5) mn the same manner s the Thomas sphint 1s utiized for
femoral fractures Fractures of the humeral shaft c1n also be immobilized 1n a
simple coaptation sphint (Figs 6 and 7) or by swathing agunst the thorax Frac-
tures at both shoulder and elbow joints can be treated m the same manner Fracture
of the forearm, wnst, or hand may be smmobihized on a simple board splint (Fig
8) where more appropriate means are not available Emergency immobihization of

AN ‘

Fic 5 Jones humerus splint /
The splint ts shipped over the arm

1

and the ning 1s firmly fixed n the R
axilla The elbow 1s flexed to a nght i / \ ] i
angle and the forearm 1s supported ’ ‘\ .
1

¢

i the splint Gentle traction may be el A .
exerted by traction stnips attached to H'
the arm Al L

pelvic girdle fractures 1s best afforded by swathing 1n a sheet or blanket Fractures
of the clavicle can be temporanly immobilized by a sling that serves to remove the
weight of the arm from the site of the fracture

Suspected fractures of the vertebral column present particular problems insofar
as possible injury to the underlying spinal cord 1s concerned These patients should
not be lifted onto any support but should rather be rolled very gently into position
for transportation without any eflort at correcting the malposition In suspected
muries of the thoracic or lumbar spine the patient may be transported 1n either
the prone or supme posiion The prone position may present some difficulty as
regards pulmonary ventilation This may be overcome by placing two Jongitudinally
rolled blankets on either side of the chest under the shoulders
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Fi6 6 Coaptation sphint This 1s made by facing one
side of a wooden sphint with adhesne tape and shtting the
reverse side so that the sphint can be cuned 1o fit the surface
of the rounded extremuty

Fic 7 Coaptation sphnt applied for frac
ture of the humeral shaft Axal alignment 1s
d by the app! of the splnt to

the outer surface of the humerus where 1t s
fixed by adhesne tape or a gauze bandage A
simple bandage shing to the wnst has been
added to support the hand wnst and forearm



EMERGENCY CARE 13

In fractures of the cervical spine, the supme position must be employed This
can be obtaned by plcing 1 smnll folded blanket between the shoulders so as to
pernut shght hyperextenston of the head

As a genern! rule, there should be no attempts at correction of any fracture
deformuty at the scene of an mjury, save msofar as the deformity may directly relate

Fic 8 Forearm and wrnist board splint This 1s
adequate for temporary immobilization of any frac
ture of the forearm wnst or hand The splint 1s
padded and fixed to the forearm Extra padding
should be added so as to preserve the hollow of the
palm of the hand The thumb should be left free
and 1n the position of opposition

to obvious 1nterference with the major blood supply to a specific anatomical region,
reduction should be deferred until such time as the patient can be seen at an nstitu-
tion where adequate supportive roentgenographic, anesthetic and therapeutic
facilities are available Once a sphint has been applied for temporary immobilization,
1t should not be removed for any purpose, mcluding roentgenography, until defini-
tive therapy 1s undertaken



CHAPTER 2

Axial Malalignments

The skeletal framework serves to mamtain the configuration of the body and to
afford attachment for its motivating musculature From a kimestological point of
view the bony structures act as a series of lever arms to which forces suppled by
muscles are apphied The joints act as fulcra about which the levers move mn order
to alter length for the purposeful application of motor power Such purposeful
action 1s dependent upon the development of muscle patterns that are adapted to
an established relationship between the bones and jomts of the given individual
Fractures solutions of contimuty in the bony framework disturb the configura-
tion of the body and impair the function of the muscle motors that attach to the
separate bones Any change in the relationship existing between these lever arms
and fulcra tmplies not only a loss in the mechanical efficiency of the attached motors
but alters the possibility of performing desired -cts and determines the need for re-
education to establish a new cerebral pattern fashioned to meet the altered physical
conditions
Solution of contmnuity 1n a bone will occur whenever the force applied exceeds
its ultimate strength  which 1s, by defimtion greater than the measurable elastic
Iimit  of the bone The exact nature of the fracture that may result from any force
ts not predictable except 1n an academic manner In any given instance the resuit-
g fracture will depend on at least two immeasurable vartables first the ultimate
strength  of the bone which 1n turn 1s dependent upon the age of the bone jts
flud content and nts relative porosity among other factors and second the fractyr-
ing force which will depend upon the magmtude and rate of application of the
force the direction 1 which it 1s apphed and the area over which the impact
occurs Except 1n a laboratory experiment these factors are indetermin ible 1n any
specific mstance This accounts for the diversity of fracture lmes seen 1n so called
typical fractures as well as for the diversity of conditions that may follow an appar
ently stmilar injury Thus a fall on the outstretched hand may result n (1) Colles
fracture (2) fracture of the carpal scaphord (3) dislocations of the carpal sem;
lunar, (4) Monteggia s fracture (5) fracture of the radiwal head, (6) dislocation
14
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of the elbow, (7) supracondylr fracture of the humerus, (8) fracture of either
humeral condyle, (9) fracture of the shaft of the humerus, (10) fracture of the
surgical nech of the humerus, (11) dislocation of the shoulder, (12) fracture of
the glenoid, and (13) fracture of the clvicle Similarly, 1 1l Ianding on the feet
may lead to (1) = fracture of the os calcss, (2) fracture of the astragalus, (3)
fracture of the ankle, (4) fracture of the tibial shaft, (5) fracture of the t1ibial con-
dyles, (6) fracture of the femoral shaft, (7) fracture of the femoral neck, (8)
fracture of the acetbulum, or (9) a fracture of the vertebral column

In the preroentgen era, elaboration of clinical methods was necessary for
accurate diagnosis of a suspected fracture and for evaluation of the therapeutic
result Since the development and the widespread use of the x-ray, the value of
clinical examination has been largely supplanted by the proper roentgenographic
diagnosis Indeed, failure to obtan adequate roentgenographic examinations both
before and after undertaking the treatment of a fracture has come to be looked
upon as neglectful of the patient s welfare

Routine roentgenography should be taken of all skeletal parts where njury 1s
suspected It represents the only permanent record of actual imjury, permts the
recognition of often unsuspected fractures, and 1s the only chinical method by
means of which mmor avulsion fractures and spramn fractures may be differ-
entiated with accuracy from the “sprams with which they have been and still are
frequently confused The roentgenogram s of value not only 1 defimtively estab-
hshing the presence of a fracture but, more importantly, in determining the exact
nature of the displacement, 1f any exists, between the fractured fragments of the
bone

Displacement of the fractured fragment is important n that 1t results m a
change 1n the axial alignment of the bone A solution of continuty in bone may
occur without gross axwal displacement, as n subperiosteal fractures or i the
mulder degrees of so called torus and green-stick fractures or may occur with gross
axial displacement of the distal portion of the fractured bone with respect to the
proximal portion The former present little need for reduction, while the Iatter
necessitate recognition of the deforrty and realignment prior to immobilization

Axial malahgnments 1n this latter type of fracture can be of four and only four
types (1) hneal malalignments, (2) transpositional malalignments, (3) torsional
malalignments, and (4) angulational malahgnments (Fig 9)

LINEAL MALALIGNMENTS

A hineal axial malahgnment 15 charactenized by an actual, measurable change
in the length of the fractured bone Increase in bone length may result from exces-
sive traction or nterposition of soft tissues between the contiguous margtns of the
fracture decrease may result from mmpaction of the fractured ends one nto the
other or from actual Joss of osseous substance In all instances there 1s no altera-
tion in the relationship between the axes of motion of the joint surfaces at either
end of the fractured bone Irrespective of the direction of the line of fracture, the
diameters of the fractured bone ends are mirror 1mages of each other and the c(;rxex
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Fic ¢ Axal fal Lmeal 1al are charactenized by actual

lengtheming or shortentng of the bone owing to distraction or impaction without any

other change in at fiup or axial
posittonal s are ch 1zed by parallel displacement of the
axits of the distal fragn with a ligible but shght m the fength of the

affected bone and a corresponding change i the relationship of the articular surfaces at

either end of the bone
Torsional malalignment results from rotation of the distal fragment with respeet to
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Fi6 10 Lineal and transpositional
malahgnment Overnding of the distal
fragment results from a parallel dis
placement charactenistic of transposi
tion and an upward displacement, char-
actenistic of the Imeal malalignment

JR—y e

of one fragment may be traced contmuously mto that of the other Roentgeno-
graphically, this type of axial malalignment 1s readily identifiable on ordinary
anteroposterior and lateral x-ray films as a separation or telescoping of the bone
fragments The anatomical axes of both fragments are collinear Overriding of the

fragments with shorteming of the bone 1s the result of a combmed lineal and trans-
positional malalignment (Fig 10)

TRANSPOSITIONAL MALALIGNMENTS

A transpositional axial malalignment 1s characterized by a parallel displacement
of the anatomical axis of the distal fragment As in the lineal type of malalignment
there 15 no change m the cross-sectional diameter of the fractured bone ends and
no angular alteration between the axes of motion of the jomnt surf ices at opposite
ends of the bone There 1s however a defimte shifung to one side or the other of

the proximal fragment There 1s no change m the length of the bone but there 1s an
angular change between the axes of motion of the proximal and distal articular surfaces

Angulational malalignments are characterized by angulation of the axes of the
proxmmal and distal portions of the bone There 1s a consequential shortening of the

mrolved bone with a comvergence of the planes of the opposite articular surfaces
toward the concavity of the angulation
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Fic 11 Transpost
tronal malalignment Angle
a 15 the measure of the axial
mnchnation that has resulted
from transposition of the
central pomnt of the distal
fragment from A to D In
the right angled tnangle
AAD 1 (AD) 1s obviously
larger than! (AA4 ) theong
nal length of the bone
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Fic 12 Transpositional malalignment
Double step formation on opposite sides of
the hine of fracture m a femur previously
ankylosed at the hip

Fic 13 Step formation in transpositional and
torsional malalignments In transpositional malalign
ments A4 the axis of the fragments are parallel
and double step formation appears on opposite sides
of the fracture line In torsional malalignments &
when the axes of the fragments are collinear double
step formation appears only on the same side of the
fracture line
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the distal articular surface of the fractured bone and, as 1 result, n mconsequential
\ncrease m the length of the bone (Fig 11) Roentgenographically, the axes of
both fragments are no longer collinear but are parallel Because of this, a double
step formation between the corresponding cortices of the fragments appears on
opposite sides of the fracture line (Fig 12) In this respect, this malalignment
differs from the type of step formation occsionally seen in torsional malahgnments
(Fig 13)

TORSIONAL MALALIGNMENTS

A torsional axral malalignment 1s characterized by an angular change between
the axes of motion of the proxumal and distal articular surfaces of a fractured bone

A

)t

Fic 14 Step formation 1in torsional malalignments In
torsional malalignments smgle step formation occurs when
lateral cortex of the distal fragment 15 aligned with the lat
eral cortex of the proxmmal fragment There 1s shght dis
placement of the central axis but only 2 single step forma
tion When the central axes of both fragments are collinear
a double step formation on the same side of the fracture Iine
15 formed C D

The anatomical axes of the fragments may be exther collinear, with the formation
of a double step formation on the same side of the fracture lme, or parallel with
the formation of a single step (Fig 14)

This type of step formation results from the fact that long bones are normally
either polygonal or ellipsoidal and that therr cut surfaces present major and mimor
geometncal axes Twisting of a bone fragment with the application of a minor axis of
one fragment to the major axis of the other results i a cross-sectional incongruence,
mn which the steps represent the difference n length between the major and minor
axes of the opposing surfaces of the fractured fragments (Fig 15)

In acute fractures, the appearance on the roentgenogram of ths cross-sectional
incongruence presents positive evidence of the existence of a torsional malalign-
ment which may be easily recogmzed 1n a roentgenogram taken only of the frac-
tured region (Frgs 16 and 17) Once healing has been mmtiated, however, and the
appearance of step formation has become obliterated by excess callus formation, the
presence of a torsional malahignment can only be diagnosed on a roentgenogram
that shows borh arucular surfaces of the fractured bone Onl

y m this way can
torsion be differentiated from rotation
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It 15 especially smportant to differentiate between torsion and rotation of the
bone Torsion mvolves 2 change within the bone 4 rotation of one part of the
bone with respect to the other part Torston ymplies an alteration in the axial ahgn-
ment of the bone ends and necessanly mvolves a change m the function of the
fever arm Rotation, such as occurs in the motion of the radiss around the ulna,
mvolves merely a change i the relative position of the bone as a whole
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Fic 15 Step formation and cross
sectional ncongruence  Cross sectional
mcongruence the result of torsion occurs
when the mmor axis of one fracture sur
face 18 apphed to the major axis of the
juxtaposed fracture surface This can only
anse as a consequence of the torston of
one frigment with respect to the other
Single step formation appears when the
cortex of one fragment 1 ahgnment
with the cortex of the other fragment
(A) Double step formatton appears when
the central axes of both fragments are col
hnear (8} This type of double step for
matwon with the step on the same side of
the fracture hne 15 to be differentiated
from the double step formation seen tn
transpositional malalignments where the
step formation 15 on opposite sides of the
fracture hine (C)
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Fic 16 Cross secional mcongruence i torsional malabignments
Torston s frequently misapprehended as a transpositional malal i
as 1n supracondylar fractures here represented by a transverse osteotomy
of the lower end of the humerus In the anteroposterior views A the
distal fragment 1s either n good alignment or displaced laterally to a
shght degree In the lateral views B however it 1s evident that there 1s
no correspondence between the adjacent surfaces of the fractured frag
ments thus wmdicating the presence of torstonal rather than a transposs
tional malahignment  {Reproduced from Mich H  Osteotomy of rthe
Long Bones Charles C Thomas Springfield Iff 1947 )

[ UUTUU VU

21



22 GENERAL CONSIDERATIONS

The forearm 1s particularly mstructive and clmically important n tius respect
In the normal anteroposterior view of the completely suptnated forearm, the cor-
onod process and the stylosd process of the ulna e n the axis of the shaft and
are not readily vissalized The raduus, on the other hand, displavs a medial projec-
ton of the bicsprial tuberosity with a Niteral projection of its styloxd process In
the lateral view the bones of the supmated forearm reverse thewr appearance The
coronord process of the ulna projects forwird and the ulnar stylord bachward The

Fic 17 Torstonal malalignment  Subtro
chantenic fracture of the femur with external
rotathion of the distal fractured fragment The
heid and neck of the femur are seen n therr
normal positions but the lesser trochanter i
abnormally prominent

previously noted progections of the rads however largely disappear since they
now Le m the axs of the shaft

When rotation of the bone occurs as when the radius 1s 1 nud pronation the
upper and lower end of the radiss will present an appearance compatible with therr
degree of rotation (Fig 18) When rorsion occurs the vpper end of the bone will
present an appearance that is normal for the particular roentgenographic exposure
while the lower end will present an oblique or Interal appearance depending upon
the existing degree of torson (Figs 19 and 20)

ANGULATIONAL MALALIGNMENTS

An angulational aval malalignment ss characterized by angulation of the ana-
tomical axes of the fractured bone This may cccur m any plane In the coronal
plane angulations may occur either medially or laterlly If the distal fragment s
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Fic I8  Anteropostenor and lateral views of the normal forearm On the antero
postenor view of the supinated forearm A4 the coronoid and styloid processes of the
ulna are not visualized The biciprtal tuberosity and the styloid process of the radius
are on opposite sides of the bone On the lateral view of the supinated forcarm B
the coronoid and styloid processes of the ulna appear on opposite sides of the bone
while the bicipital tuberosity and radial stylord process are not visualized On the an
teroposterior view of the forearm tn mud pronation C none of these four processes 1s
clearly visualized On the lateral view D all four can be seen depending upon the de

gree of rotation
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The forearm s particularly mstructinve and chimenlly important sn this respect
In the normal anteraposterior view of the completely supinated forearm, the cor-
onowd process and the styloid process of the uina lie i the axs of the shaft and
are not readily visuihzed The radius on the other hind, displays a medial projec-
ton of the bicipital tuberosity with a lateral progection of its styloid process In
the lateral view, the bones of the supmated forearm reverse thewr appearance The
coronard process of the ulna projects forward and the ulnar stylotd bickward The

5

Fio 17  Torsional malalignment Subtro
chantenic fracture of the femur with cxternal
rotation of the duistal fractured frapment The
hiad and pech of the femur are seen m ther
normal posiions but the lesser trochanter
abnormally pronunent

previously noted projections of the radws however largely disippear since they
now he i the axis of the shaft

When roration of the bone occurs as when the radius 1» 1 nud pronation the
upper and lower end of the radwus will present an appearance compatible with thesr
degree of rotation (Fig 18) When torsion accurs the upper end of the bone will
present an appearance that 1s normal for the particular roentgenographic expasure
while the lower end will present an oblique or fateral appearance depending upon
the existing degree of torsion (Figs 19 and 20)

ANCGULATIONAL MALALIGNMENTS

An angulational axial malahgnment 1s characterized by angulation of the ana-
tomical axes of the fractured bane This mav occur m any plane In the coronal
plane angulations may occur erther medtally or lateratly I the distal fragment 1
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Fic 20 Torsional malalignment 1n a healed
fracture of the forcarm The ulna has been properly
aligned Step formation 15 seen n the radws but can
be differentiated from that of a transposittonal mal
ahgnment only by the fact that the upper end of the
radius presents 1ts normal anteroposterior view

while the lower end presents its normal lateral ap
pearance

angulated medially a varus or adduction deformity occurs, with the apex of the
angle of defornity directed laterally (Fig 21) If the distal fragment 1s angulated
laterally, a valgus or abduction deformuty occurs with the apex of the angle of de-
formuty dirccted medially (Fig 22) In the sagireal plane, angulations may occur
either antenorly or posteriorly If the distal fragment 1s angulated antertorly, a
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Fig 19 Rotation and torsion of the radms In A the normal
ameroposterior view of the radiws discloses both the stylod proc
ess and the brapital tuberosity on opposite sides of the bone In
B the normal lateral appearance of the radms s simujar to that
seen on the normal anteroposterior view of the radws rotated mto
mud pronation  Nether the stylowd process nor the biespial o
berosity 1s vistalized In C the bone has been transected and the
distal fragment rotated nmety degrees The upper eod of the radus
presents us normal anjeropostentor view while the lower end
presents the normal lateral view In O the upper end of the radius
presents ds pormal lateral view while the lower end presents the
normat postero aittertor view indicative of nwmety degrees of ro
1ation of the distat fragment The rotaton of the distal fragment m
C and D represents the torsonal makalignment



AXIAL MALALIGNMLNTS 27

4
i A
Ti6 24 Parallax phenomenon Two views of a fractured
forearm taken sequentially with change only in the direction
of the central x ray beam The forearm was immobilized tn a

plaster of Pans cast and the apparent change 1n alignment at
the fracture site 1s a projective tlusion
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Fi6 21 Angulational malalignment Fic 22 Angulational mal
Coxa vara deformity due to adduction frac alignment There 15 an abduction
ture of the neck of the femur The distal fracture of the shaft of the femur
fragment consisting of the entire femoral The distal fragment s angulated
shaft 1s angulated medially The apex of laterally the apex of the angle of
the angular deformty 1s directed laterally the deformity 1s directed medially

Fic 23 Angulational malalignment
There s an extension type of fracture of
the lower end of the radius with posterior
angulation of the distal fragment The apex
of the angle of deformuty is directed an
tenorly

26
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Fic 24 Parallax phenomenon Two views of a fractured
forearm taken sequentially with change only n the direction
of the central x ray beam The forearm was immobilized 1n a
plaster of Paris cast and the apparent change 1n alignment at
the fracture site is a projective 1llusion
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Fi6 25 Parallax phenomenon Displacement of the projec
tion of a probe fixed to the outer surface of a plaster cast dis
closes immediately that the x ray film was taken n different post
tions and that any apparent change 1 alignment may be a pro
jective 1llusion A change 1n axiil alignment without a change n
the posion of the projection of the probe would be significant
Left view anteroposterior Right a lateral view
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FiI6 26 Parallax phenomenon The large circular outline represents the plaster
mold immobilizing a trniangular and rectangular bone The solid circle on the surface
of the plaster mold represeats the metallic marker or probe In 4 and C, the x ray
tube has been displaced and the projection of the metallic marker has been displaced
to opposite sides In B the marker and its projectton lie 1n the central x ray beam (Re

produced from Milch H Osteotomy of the Long Bones Charles C Thomas, Spring
field 11 1947)

flexzon type of deformity develops if the distal fragment 1s angulated posteriorly, an
extension type of deformity develops (Fig 23)

A defimte measurable shortening of the bone occurs 1n all angulational axial
malalignments As a consequence of this, 1t 1s tmperative to correct angulational axial
malalignments at the apex of the angle of deformity Correction at any other point
necessarily results n additional shortening of the bone Furthermore, the change in
the anatomical axes of the two fragments that charactenize angulational malalign-
ments 1mposes a corresponding change 1n the relationship of the axes of motion of
the joints at the opposite ends of the involved bone

While angulational malalignments are usually readily recogmzed on segmental
x-ray views of the fracture area, it must not be forgotten that the roentgenogram
1s only 1 projective phenomenon Since angles are not projective phenomena, par-
ticular care must be given to the roentgenographic evaluation of the angular de-
formities Rotation of the lmb as a whole an alteration 1n the direction of the
central x ray beam or a change n the position of the film casette 1n sequential
roentgenograms may not infrequently lead to erroneous conclusions as to possible
changes 1n the degree of angulation of the fragments (Fig 24) Such conclusions
may be of considerable sigmificance not only 1n their surgrcal mdications but also
with respect to their medicolegal implications

The proper care of any fracture requires the taking of frequent checkup x-ray
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Fic 25 Parallax phenomenon Displacement of the projec
tion of a probe fixed to the outer surface of a plaster cast dis
closes immediately that the x ray film was taken i different pos:
tions and that any apparent change wn alignment may be a pro
jective 1llusion A change m axial aignment without a change n
the position of the projection of the probe would be significant
Left view anteroposterior Right a lateral view



CHAPTER 3

Epiphyseal Injuries

EPIPHYSEAL SIPARATIONS

Epiphyseal separations must be considered s speciil types of fracture They are,
obviously, seen only 1n youngsters before closure of the epiphyseal line has oc-
curred and are characterized by the fact that the fracture line follows the course of
the growth zone (Figs 27 and 28) Occasionally 1t 1s difficult to differentiate
between variations in the normal process of ossification tnd frankly pathological
conditions (Fig 29) It 1s, therefore, extremely important to bear clearly in mind
the usual time of appearance and closure of the various cpiphyses (Fig 30)
Because of their nherent growth potentialities, separition of epiphyses must be
reduced as soon 1nd as accurately as possible Frulure to secure precise mnatomical
reduction, however, does not i stself lead to impurment n growth Simple shear-
Ing off of the epiphyseal plate, with the production of 1 trinspositional or torsional
g\:loﬁhglnment, does not constantly result 1n interference with normal growth Angu-
Slonsnaal malalignments nvariably result in an axial change, while lineal compres-
: most always result 1n early closure of the epiphyseal plate with marked
055 1n the ultimate growth of the bone
gm“]ril:h:t i’}‘]‘"’e epiphysis 1s compressed synchondrosis results with loss of normal
whole (F) gleplphyseal line The consequence 1s a shortening of the bone as 1
osever ags b f) Where only a portion of the epiphyseal plate has been injured
portion ’of o rellcturcs that traverse the epiphysenl line perpendicularly, only that
notmal growt}e) Pillle which has been injured may undergo synchondrosis  while
1S 15 2 ap uI\Ztl oclcur 1n the rest of the growing zone (Fig 32) The result of
osteotomy ungul t hl:na d}::formxty that 1s amenable to correction only by repe ited
of the unaffected ;l_’t‘P f)’Sl‘f has closed normally Surgical obliteration or stapling
Permanent o part of the epiphyseal plate 1s to be disparaged as leadig to
ss 1n length of the affected bone
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films It 15 important however, to be certamn that the fracture sue s exposed to
both the x ray beam and the film casette m precisely sdentical positsons at each
examunation The only means of obtaung absolute assurance of identical exposures
15 by mcorporatng a radsoopague matenial such as a metal ware or probe, on
the outer surface of the immobshizing cast (Fig 25) By the physical principle of
paraflax, any shufting of the projection of the wire or probe on the x-ray film as
compared with the ongmal films 1s positive evidence that there has been a change
1 the rlationship between the x-ray tube, the fracture and the film casette (Fip
26) Any conclusion as to change m angular relationshsp of the bone fragments 1s
completely v ahidated under these circumstances

Stripped of all detals the essence of fracture treatment 15 the careful analysis
of the deformity of each fracture into one or more types of axial malalignment, the
correction of each of these malahgnments nd retentton of the corrected position
unti healing has occurred (Table 1)

TABLE | —~SuMMARY OF AXIML MALALIGNMENTS

Laneal Tranvpontionad Torsional {ngulational
Fflective bone  Increased  Neghgible Unchanged Deereased
length ar crense
deereased
Cross sectional  Absent Absent Present Absent
weongruence {snsppheable)
Anatomend as  Collinear Paraltel Parallel Collinear Angulated
Mechameal 1as Unchanged  Changed Neghgible Unchanged Changed
charge
Pype of atep Nonc Touble Double None

Single
forsm ition {opposite stdes) (same snide} {same side)




CHAPTER 3

Epiphyseal Injuries

Eririysi Al St pARATIONS

Epiphyseal separations must be considercd s speal types of fricture They are,
obviausly, seen only in voungsters before closure of the epiphyset hine has oc-
curred and are charactenized by the {act that the fracture hne follows the course of
the growth zone (Figs 27 and 28) Occrsionddly nt 15 difficult to differentiate
between varsations n the normal process of ossificatrion nd frankly pathological
conditions (Fig 29) It 1s therefore, extremely important to her clerly mnd
the usual time of appearance and closure of the vanous epiphyses (Fig 30)

Because of their inherent growth potents ihities, scphration of epiphyses must be
reduced as soon and as accurately as possible Farluse to secure precise matomical
reduction, however, does not i stself lend to impurment in growth Sumple shear-
ing off of the epiphyseal plate, with the productson of 1 transposition 1} or torsionl
;“a‘ahgﬂmcm does not constantly result in mterference with normai growth Angu-
ational malalignments invarnibly result 1n an 1al change, while hnenl compres-
;mns almost always result n early closure of the epiphysend plate with marhed
oss m the ultimate prowth of the bone

¥f the entire epiphysts 1s compressed synchondrosis results with lovs of normal
fvf}\'::;;h(? this epiphyseal line The consequence 1s 1 shortening of the bone 15 a
howeser li ,ilr)ra::{,}lzt:t:::); avpomo}:x of m‘: epiphysent plate has been mpured
portion of the plate which h"i; f;NH . cpn;:l yseat ine perpendiculrly only that
rormal growth as been mpured may undergo synchondross while
this s o angulatxog?cf‘:jr fm the rest of the growng zone (Fig 32) The result of
osteotomy umt the cﬂp - }fyt;:m!:tlys (ni; nc: men x&)lc to catrection only by repeated
of the unaffected ot tho. e :\;c l!no;n:a y Suré;xc'nl obliter wion or stipling
permanent loss i length of the xxf’fcpctzd ;)on‘:: e o e disptid s lewding to
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Fic 28 Upper femoral epiphys
olysis The neck and shaft of the
femur have rotated externally The
capital femoral epiphysis still articu
lates with the acetabulum There 1s
some upward displacement of the
femoral

Fic 27 Epiphyseal separa
- tion of the upper end of the
humerus The capital humeral
epiphysis has been sheared off
from the shaft of the bone The
upper end of the shaft articulates
with the glenoid while the cap
ital epiphysis 1s displaced laterally

Fic 29 Bipartite epiphysis mn a
normal shoulder Both normal halves of
the capital humeral epiphysis are seen
and simulate a fracture The medial
larger half usually appears at the age of
seven weeks The lateral half does not
appear until the age of two years but
usually umtes with the humeral shaft
long before the medial half
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Fic 30 Normal developmeat of centers of ossification for the epiph
yses and thewr time of closure (Reproduced from Camp 1 D and Cilley
E I L. Bone Osstfication Chart Am J Roentgenol 26 905, 1931 )
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Fic 27 Eptphyseal separa
N tion of the upper end of the
humerus The capital humeral
epiphysis has been sheared off
from the shaft of the bone The
upper end of the shaft articulates
with the glenoid while the cap
1tal epiphysis 13 displaced laterally

Fic 28 Upper femoral epiphys
olysis The neck and shaft of the
femur have rotated externally The
capital femoral epiphysis still articu
lates with the acetabulum There 15
some upward displacement of the
femoral

Fi6 29 Bipartite epiphysis i a
norma) shoulder Both normal halves of
the capital humeral epiphysis are seen
and simulate a fracture The medial
larger half usually appears at the age of
seven weeks The lateral half does not
appear until the age of two years but
usually unites with the humeral shaft
long before the med:al half
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Leiriiyst At PSFUDARTHROSIS

Normally, epiphysenl separations henl by the deposition of periosteal and paros-
teal caltus, wlule the hine of fracture itself 1s obliterited 1n the normal process of
endochondral bone growth Pscudarthrosis formation almost never occurs except in
those cases 1 which the smnil epiphysenl frapment s fixed to the 1djcent joint by
ankylosis In such event, immobilization must be continued untl complete healing
has occurred Early motion will lead to the trnsfer of mobility from the normal
region of the ankylosed joint to the site of epiphysenl sepirition This 1s scen 1n
mstances where an effort his been made to fuse 1 joint before closure of the adja-
cent cpiphyseal line In many eases 1t accounts for the reported farture of arthrodes-
ng operations, 1s n tubcrculosss of the hip, where motion at the epiphyseal plate
has been nusapprehended ns fulure of surgical fusion (Fig 33)

Fi6 33  Epiphyseal pscudar
throsis at the upper end of the
femur  Following arthrodesis of
the hip excessive mobility which
was attnbuted to failure of fusion
was noted This was subsequently
shown to be due to the develop
ment of a pseudarthrosts at the
level of the widened epiphyseal
space  Complete union occurred
following simple immobilization 1n
a plaster of Pans spica (Repro
duced from Milch H Epiphvseal
pseudarthrosis J Bone & Jowmnt
Surg 24 653 1942)
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Fi6 31 Bilateral synchondrosis of the lower radial epiphysis Following a fall on
the outstretched hands the epiphyseal plate was compressed radial growth was impaired
with subsequent overgrowth of the ulna (Reproduced from Milch H Bilateral post
traumatic ulno cuneiform articulation Am J Radiwology 61 80 1949 )

Fic 32 Synchondrosls of the lower
tibial epiphy Fo d
fracture of the medial malleolus ‘and the
medial half of the lower tibial epiphysts
growth in the medial half of the epiphysis
was retarded with subsequent relative over
growth of the fibula and the development
of a varus deformty
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The total amount of bone tissue lost 1s 1 result of mjury 1s 1 function not only
of the direct effects of mechanieal violence to the bone cells, but also of the effects
of impurment of the o scous airculition that results from the fricture The shafts
of the long bones arc supphied through five different cireulations (1) an anas-
tomosing plexus of periostenl vessels, generly longitudinilly disposed 1long the
anatomical axis of the bone, mterconnected by Volkmanns canal twigs, which
jom the perioste™ systems more or less transversely, (2) nn outer circumferential
layer of transversely disposed vesscls lying within the outer cortex of the bone, (3)
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F16 34 Blood supply of the long bones (Reproduced from Starr, k. W Delayed
Union n Fractures of the Long Bones C V Mosby Co St Lows 1947 )

the Haversian systems, longitudinally arranged within the cortex, (4) an wmner cir-
cumferential layer lying just beneath the mner layers of the cortex, and (5) the
endosteal nutnient and metaphyseal vessels that ramify both within the narrow and
the inner third of the cortex (Fig 34) When a bone 1s broken, the pattern of its
blood supply 1s disrupted at the line of fracture but the area of resulting 1schemic
fiecrosts 1s less than might be expected Since the periosteal plexus supplies the
outer one half to two thirds of the cortex while the mam supply of the shaft 15
denived from ramifications of the metaphyseal and nutnient arterv plexuses an ade.

quate collateral circulation 15 usually present in each fractured fragment so th: ;
only a few millimeters of the bone on either side of the fracture line an:tuz\lii

undergo necrosis Tissue flwd reaches bone cells by diffusion through the t y
canalicul: radiating out from each lacuna 1n which the bone cells are entmpp,grg



CHAPTER 4

Healing of Fractures

Despite a rather considerable hterature on the 1natomical structure of normal and
transplanted bone little 1s known about the response of bone to trauma or the
intimate mechanisms of its repair Only shght attention has been directed to some
of the gross in vitro properties of ntact bone and, although something has been
learned about the chemical anatomy of normal bone muneral much remams,
brologcally constdered to be discovered

While the actual physiology of bone mnjury and bone repair remains Jargely un-
elucidated much worthwhile information has been obtained at the hustological
level At this level, 1t 1s convenient to think of the sequence of events following bone
mpury such as a fracture, as presenting five more or less distmet phases (1)
immediate effects of direct trauma (2) clotting of the fracture hematoma and
reactive inflammation, (3) formation of the fibrous callus (4) formation of the
bony callus and (5) reconstruction of bone All these phases must be considered
n the light of the fact that, strictly speaking bone never regenerates It 15 rather
replaced m a process that 1s continuous from practically the very moment of mjury
As 1n other mjuries 1t 1s charactenzed by a reactive inflammatory phase and a
phase of revascularization and connective tissue repair Repair 1n bone differs from
the repair of defects 1n other tissues, however, 1n that the reparative matrx bridg-
ing the defect 1n bone tissue must subsequently undergo mineralization and at a
later time complete reorganization into normal bone

InMMEDIATE EFFECTS OF TRAUMA

When a fracture occurs as a consequence of the impact of an mjuring force, a
certain amount of bone as well as adjacent soft tissue 1s directly destroyed In
general the direct effects of the mjury will depend upon the physical nature and
properties of the impacting force as well as the character of the tissue upon which
the force 1s expended The tissues directly subject to the force disintegrate and
undergo various degenerative phenomen+t It 1s the neighboring tissues not directly
subject to the adverse effects of the mjunng force that survive and play the
dominant roles 1n the immediate reparative processes
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Fic 35 Phases of fracture healing The hematoma 4 1s gradually invaded by
fibrous connective tissue that begins m the subperiosteal and intramedullary portions of
the hematoma, B Subsequently primary bone develops in the periosteal callus while
fibrocartilaginous callus appears 1n the region of the parosteal callus surrounding the
fractured bone ends C Following this new bone formation occurs in the region of
the endosteal and Jater the parosteal callus D wiile fibrous and fibrocartilagmous
callus persists in the nterfragmentary portion of the callus Fmally bony callus forma
tion proceeds until all regions of the callus are united to form the pnimary bony callus
E In general the sequence of events 1s the development of fibrous callus followed by
bony callus in the subpenosteal region then the endosteal region later the parosteal
region and finally in the mterfragmentary portion of the original fracture hematoma
A fibrocartilaginous phase may appear and persist n the region of the parosteal callus
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The great majonity of these bone cells are not more than 0 I mm , and only a few
are as much as 0 20 to 025 mm away from a capilliry Only those cells from 0 1
to 025 mm away from a capillary bed on either side of the fracture Iine are ikely
to undergo 1schemic necrosis

Immediately after the mnjury, and as a result of the disruption of the blood
supply to the bone and neighboring soft tissues, there 1s an outpouring of blood
that leads to the formation of a hematoma between and around the fractured bone
ends The shape and extent of the hematoma are 1n large part dependent upon the
integrity of the peniosteum In the young where the peniosteum of the long bones
1s thick, strong, highly elastic, and firmly attached at the epiphyseal lines, the
periosteum 1s more Lkely to strnip than to tear and, as a consequence a spindle-
shaped hematoma 1s formed, thickest at the level of the fracture and tapenng at
either end In adults, where the periosteum 1s less elastic and hence tears more
readily, the hematoma 1s apt to be more diffuse The intramedullary portion of the
hematoma 1n both children and adults will depend to a large extent upon the loca-
tion of the fracture In the tubular portion of the bone 1t will extend for a vanable
distance up and down the narrow cavity, whereas in the spongy portiont of the
bone as n the small flat membrane bones the hematoma will be diffused through-
out the bone

CLOTTING OF THE HEMATOMA AND REACTIVE INFLAMMATION

Hemorrhage into and around the site of the fracture continues until the pressure
within the hematoma cavity equals or exceeds the hydrostatic pressure within the
ruptured vessels that at the same time undergo reactive vasoconstriction retraction
of the elastic tissues within therr walls, and thrombus formation Between twelve
and twenty four hours after fracture blood clot formation may be seen beginning
about the periphery of the hematoma and gradually progressing centnipetally At
the end of the first day after fracture the interfragmentary hematoma 1s usually
entirely coagulated Occastonally, the central portion of the hematoma may not
completely clot and 1t 1s sometimes possible to find a clear serosangumneous fiud
at the central portion of the hematoma even several weeks after fracture (Fig 354)

Within twenty four to thirty-six hours after injury the first histological signs
of reparr phenomena become apparent There 1s evidence of autolysts and absorp
tion of the dead or dying bone and degenerating soft tissues within the hematoma
With the formation of the hematoma, mnflammatory changes are imtiated m both
the neighboning bony and soft tissues The primary response 1s vascular, leading
to the characteristic cardinal signs of inflammation but this 1s closely followed by
the typical cellular response that completes the pattern of mflammation

These processes dominate the histological pattern of the first twenty-four to
thirty-six hours of the postinjury period n closed fractures When a wound 1n the
overlying skin communicates with the fracture site so that the fracture 1s frankly
contamnated and potentially mfected essentially the same sequence of events takes
place though the process 1s complicated by the effects of microbial multiplication
and additional tissue destruction
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TornATION oF Privtary Bovy Cavius

When the seaffolding provided by the fibrous-fibrociztil iginous callus has been
completed, two to three wechs following fracture, the remunder of the process af
bone repair 15 charactenized by replicement of this elus Tor purposes of descrip-
won 1t 15 comement to divide the primary bony ¢iffus into several different com-
ponents on the bisis of thewr uswd tme “nd wite of ppenrnee, 13 well 15 the natuse
of the bony replicement that takes place The first portion of the bany callus to
appear 1s almost entrely intramenthranous n ongn 1t appenrs first as the perios-
teal ellus and Iter s the endostent entlus (Fig 350)

The smtramembranous portion of the bony callus 1s chiractenzed by the develop-
ment of an * osteogenetic front  consisting of prmwtive marrow osteoblasts and
new blood vessels

The osteagenic front develops first m the penosteal callus and proceeds toward
the region of the paroste it calius As st advances into the fibrous callus, absorption
of old cellular bone occurs and new bone 1s deposited on the old trabecular
surfaces The trabecwlse 1 the penosteal callus are more or less parallel to one
another and obhque to the anatomical axs of the bone Subsequently, the ntra-
medullary portion of the bony caltus 1s formed by means of iregularly arranged
trabeculae of new bone that act to seal off the medullary cavity from the mnterfrag-
mentary portion of the callus

While the osteogenic front 1s advancing fibrocartidage nd occasionally even
hyalme cartifage differentsate 1n the region of the parosteal callus Dependmg 1n
large part upon the degree of motion or mechamcal stress that exsts between the
fragments bone formation 1n this region 15 largely of the endochondral type
True endochondral bone formation 15 wsually deferred, however, untd the -
tramembranous bone formation n the periosteal callus approaches the cartilage
of the parosteal callus Complete endochondral ossification of parosteal cartifagin-
ous callus takes place, but citilagnous sslands or dense cartslage bands may
persist even after invasion by the osteogemic front The occurrence of cartilage 15
more common m the partosteal callus, which forms first ind umtes the outer
cortical surfaces of the two fractured fragments, thamn mn the mterfragmentary
portion that forms last

Ossification of the mterfrag ary portion of the fibrous callus begins only
when other portions of the bony callus e welt developed This portion of the

callus 15 largely mtramembranous in nature nlthough scattered sslands of fibro-
cartilage or hyahne cartilage which mav have been formed undergo endochondrat
ossification

Absorption of the necrotic fracture fragments continues unti late n the healing
sequence and primary bony callus formation 15 not completed untd all these
Processes have termunated The end result, the primary bony callus, 1s usually com-
pleted about five to seven weeks fter the myury has been sustamed Mineralization
s however sull wcomplete at this time The bony callus sull casts a relatively
faint shadow on the roentgenogram and on section, can easily be cut by the scalpel
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FormaTioN or THE FiBrous CALLUS

The nflimmatory and exudative changes characteristic of the first several
hours following fracture become more prominent after twenty-four to forty-eight
hours There 1s considerable histological eviaence of phagocytosis and removal of
cellular debris Within the bone itself, the much debated osteoclasts, other foreign
body giant cells, and the cells characteristic of chronic mflammation appear
Although some osteoclasts may be seen mn the region of the interfragmentary
hematoma, the osteoclastic cellular response 1s most pronounced along, and often
confined to, the mner walls of the shaft of the bone at a considerable distance
from the actuat Iine of fracture

At the same time, orgamization of the hematom+ and formation of granulation
tissue begin Blood vessels proliferate and invade the margins of the blood clot
Surrounding connective tissue cells 1long with the prolferation of new capillanes
follow closely, and usually at the end of the first week following fracture the hema-
toma has become largely replaced by slowly maturing fibrous connective tissue
(Fig 35B) Admixed within the connective tissue there s often some fibrocarti
laginous and hyaline c.rtilagmous tissue In the interstices of this tissue, wandering
cells, histrocytes, and adventitial cells denved both from the undifferentiated
mesenchyme and from cells normally found close to small arterioles and capillanies
are seen Bars of osteord tissue, which may be seen s early as seventy two hours
after fracture are now well developed

There 15 considerable discussion among histologists as to the actual ongin of
the cartilngmous elements found in the orgamized hematoma Some believe that
cartilage appears as a consequence of metaplasin of normally undifferentiated
pleuripotenttal connective tissue cells Others are of the oprion that a process of
mduction or true metamorphosis occurs At any rate, between seven and ten days
following fracture fibrous and fibrocartilaginous callus has formed to replace the
ongmal hematoma 1nd to join the contiguous portions of the fractured bone This
fibrous callus like the hematoma tends to be spindle-shaped 1s broadest at the
center 1nd narrowest at the distal extremities It extends for a considerable distance
along the two large fragments filling the cleft between the fragments and sealing
the marrow cavty of each fragment more or less completely by two ¢c e
spindles of reparative tissue

Signs of inflammation persist m the tissue at this ime but, n the mterim, have
come to play a histologically less significant role Chronic mflammatory cells pre-
dommate throughout the continumg healing process Maximal fibrous and fibro-
cartilaginous callus formation occurs at approximately two to three weeks sub
sequent to the fracture At this time there 1s marked evidence of osteord tissue
deposition throughout the callus (Fig 35C) Osteoid that had been deposited as
early as seventy-two hours after fracture 15 almost :mmediately mineralized Two to
three weeks after injury narrow osteord borders may be seen on most of the surviv-

ing and newly prohferating bony trabeculae though formation of the bony callus
1s not completed until several weeks thereafter




Fi6 36 Delayed umon in multiple
fractures of the leg Normal development
of the callus has occurred in the fibular
fractures as well as 1n the lower of the two
fractures of the tibra In the upper tibial
fracturc however there 1s delayed umon
but no evidence of nonunion
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Fic 37 Nonunton of tial
fracture Longitudinal section of
bone removed from the tibia 1n
Fig 36 after nonunion had de-
veloped at the site of the upper
uibral fracture The bony callus
the lower fracture 1s complete In
the upper fracture the interfrag
mentary portion of the callus does
not exist and the union between
the periosteal and parosteal callus
1s cartilaginous A bone graft was
mserted
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Complete mineralization of the primary callus does not occur until two to three
weeks later (Fig 35E)

FORMATION OF THE SECONDARY BoNy CALLUS

Reorgamization of the irregularly arranged, coarse bony trabeculae charactenizes
the formation of the secondary bony callus At about six to eight weeks after frac-
ture, when the gap between the fragments has been closed by means of the primary
bony callus, the bony trabeculae closest to the hne of fracture gradually increase
n thickness by deposition of concentric lamellae of bone Instead of actively grow-
ing polygonal shaped osteoblasts that Iie immediately beneath the newly deposited
bone trabeculae 1n the outer portions of the callus, the older bony trabeculae mn
the mnermost parts of the callus become lined with spindle shaped osteoblasts and
osteocytes The coarse fibrllar bone of the primary bony callus 1s gradually re-
sorbed and replaced by means of mature lamellated compact bone with discrete
Haversian systems and the medullary cavity 1s gradually re established Completion
of the process of reorgamization and reconstruction of the normal architecture of
the bone may take as long as one or two years

All these processes of normal fracture healing depend upon the formatron of an
adequate nterfragmentary hematoma, the mamtenance of end to end contact
between the fractured fragments and relative immobility of the fragments during
the process of healing Early motion between the fragments leads to fracture of the
hematoma and impairment of the process of fibrous callus formation This, 1n turn,
leads to excessive fibrous tissue formation and to the development of fibrocartilage
which may 1n turn eventuate 1n delayed union or nonunion

DELAYED UNION AND NONUNION OF FRACTURES

While the ttme schedule for the mmtiation of the vanious stages in bone repair
comcides approximately with that noted above, there 1s no absolute period of time
within which normal healing may properly be said to occur Generally speaking
healing will occur earlier in the bones of children than in those of adults will occur
sooner 1n spongy bone than in compact bone, and will occur more readily in the
small bones, such as the finger than m the long bones, such as the femur

The processes of healing are essentially the same in both normal and delayed
bone repair Certam bones such as the lower third of the tibia the carpal scaphord
the femoral nech mid portion of the humerus and the clavicle seem to mamfest
a predilection for delayed healing Many different causes have been advanced to
explain this tendency These include nadequate blood supply resultmg from injury
of the surrounding soft parts with inadequate formation of an nterfragmentary
hematoma, excessive traction with loss of bony contact between the fractured ends
and mnadequate immobilization Roentgenographically the fracture site appears
mndolent and there 1s a lack of the normal progress of deposttion of radiopaque
material across the fracture ine The fractured ends however are still irregular
hazy and show no evidence of excessive sclerosis (Figs 36 and 37) Completely
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to nterfere with the hematoma and the appositton of the bone ends Infection
usually tends actually to destroy the hemitomn, but n some cases it may Iater
establish n involucrum and thus restore the continuity of the bone

True nonunion 15 dingnosed on the basis of both its roentgenographic ap-
pearance and the persistence of 1 false pomt of motion The fractured ends appear
rounded, are well defined, and are usunlly excessively sclerotic in appearance (Fig
38) They may be umted by n fibrous sheath or 1 true cavity filled with synovial
flmd may exist between the ends of the bone, so that 2 true joint 1s formed In such
mstances, any possibibity of further hehing cannot be contemplated unless the con-
ditions of 1n acute fracture are re-estiblished This usunlly involves operative inter-
vention, which my be accomplished by (1) drilling of the bone ends, (2) excision
of the fibrous callus 7nd unsealing of the medullary cavity, or (3) bone grafting
The placing of a bone grait satisfies all these conditions and has the additional ad-
vantage of affording a relatively firm means of internal fixation
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Fic 38 Nonunion of the ubia The ad
Jacent surfaces of the fractured fragments
have been parttally absorbed and there 1s a¢
tual loss of bony substance between the frac
tured ends The bone ends are sclerotic and
thetr medullary canals are sealed off The
fibula has markedly hypertrophied and has as
sumed part of the function of suppost previ
ously performed by the tiha

normAl umon 1< still possible i such cases provided the disturbing factors are elimt
nated Immobihization must be maintamned and, 1n lower extremitv fractures dis-
traction of the bone fragment can be overcome and callus formation sttmulated by
werght bearing

Nonumon may result from excessive prolongation of the period of healing but
may alo be due to interposition of soft tissue, mfection interference with the
mechanism of blood clotting or other unknown factors such as operate mn the cases
of congemital pseudarthroses Essentially all these factors excrt ther mfluence by
tmpatrment of the formation of the normal blood clot between the fractured frag
ments The effect of wnterposition of soft tissues between the bone ends 1s such as
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Fic 39 Sudecks syndrome There 1s well
marhed lacunar type of osteoporosis n the
phalanges and metacarpal heads of the index
and middle fingers This type of bone atrophy
s characteristically seen in conditions where
there 15 vasodilatation and arteriovenous shunts

firmatory evidence of the existence of the Sudeck’s syndrome 1t 1s not pathog-
nomonic and other conditions such s tuberculosis or atrophy of disuse, may
simulate 1t (Fig 41)

The generally accepted pathophysiology of the condition 1s that of arteriolar
dilatation with 1ncreased peripheral blood flow This accounts for the roentgeno-
graphic appearance of the lacunar type of osteoporosis that may be due to the
development of the same type of arteriovenous shunts as are present sn Paget s

disease of bone This mught also account for the charactertstic throbbing nature of
the pamn of which the patient usually complains



CHAPTER 5

Sudeck’s Syndrome

In 1900 Sudeck first described a condition that has since appeared in the literature
under a variety of names traumatic osteoporosis, chromc posttraumatic edema,
posttraumatic peripheral trophoneurosss, reflex sympathetic dystrophy, and post-
traumatic atrophy of bone Each of these designations emphasizes one or another
aspect of the chinrcal picture that, 1n truth, combines all these different phases

The condition anises after selatively minor mjuries such as sprams, spram
fractures and avulsions or fractures of the distal portions of an extremuty It seldom
anises m consequence of trauma resulting in fracture of the long bones or frank
mjury to the large neurovascular structures The sevenity of the reaction appears
to bear no relation to the severity of the mjury Relatively mmor trauma may lead
to a prolonged disability that has been called a minor causalga ” The mild cases
usually subside spontaneously within several weeks but the more severe cases may
require as much as a year to resolve and some cases may persist permanently with
intractable pain swelling and stiffness of the imb

The syndrome 1s characterized by pam vasomotor disturbances particularly
edema mcreased pertpheral blood flow and later by a pecubar lacunar type of
bone atrophy that may eventuate 1n a diffuse atrophy of the entire bone The first
symptom 1s almost nvanably that of pamn Paimn 1s usually continuous and of 2
throbbing or burming nature In the beginning 1t 1s localized to the mvolved portion
of the extremity but may later spread centrally to involve the entire extrermty the
trunk or even the opposite unaffected Itmb The skin 1s at first charactenstically
red and warm owing to arteniolar vasodilatation with mcreased blood flow through
the extremity As the condition becomes chronic however the skin assumes a cold
cyanotic glossy appearance although blood flow determmations mdicate a con-
tinuance of increased flow The perarticular edema which 15 prmanly Jocalized
may later spread and lead to marked hmutation of motion

Several weeks after the icidence of the mjury roentgenograms of the mvolved
region present signs of a lacunar spotty osteoporosts that has been considered
charactenistic of the condiion (Figs 39 and 40) While the x ray affords con-
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substance * that causes vasodilatation by stimulation of visodilator cfferent fibers
1n the dorsal root system Sympathectomy, by mereasing the rte and total volume
of blood flow, would thus ¢t to dilute this substance and, hence, Iead to ameliora-
tron of the pun The fourth theory assumes that the charnctenistic arteriolar vaso-
didatation 1s 1ssocited with concomutnt constriction of the capalfary bed Tahken
n congunctron with the fact that there 1s incrensed blood flow, this could be possible
only m the event that arteriovenous shunts, such as nught be indicated on the basts
of the roentgen 1ppearance of the bone, had developed Throbbing pun mught
then be explaned by the abstruction offered by the constricted capillary bed, and
rehef of pamn following sympathectomy, by overcomng of the obstruction

Irrespectine of the detuls of the actual mechamsm  there 1s no doubt but that
mnterruption of the sympathetic fibers 1s distinetly beneficial The crux of the chnical
problem 1s the avoidance of the disability that development of the chronic phase of
the syndrome entuls In the earlier stages, treatment should be directed to the con-
trot of pain by careful and rgid immobikizatton 1f pun persists, 1t should be com-
batted by local and paravertebral ganglionic blocks Sympathectomy, howerer, 1s
useless except n those cases 1n which temporary relief has been obtamed by these
methods

There appears to be a predisposition of certain patients to the development of
Sudeck s syndrome, but there 1s no objective method of predetermmning the Iikeli-
hood of 1ts occurrence The only safe method 1s that of prevention by careful atten-
tion to the immobihization of what might appear to be mmor mjunes
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Fic 40 Sudeck s syndrome The characteristic Jacunar type
of bone atrophy 1s present m the lower end of the tibia the tarsal
bones and the metatarsal bases

Fic 41 Tuberculosis of the wrist
There 1s a lacunar type of bone atrophy
which 1s somewhat suggestive of that
seen mn Sudecks syndrome The dif
ferentiation must be made on other
than roentgenographic evidence

A number of different theories have been evolved to explaimn the relef of pamn
following sympathectomy despite the fact that there 15 persistence or even 1n
crease 1 artenolar dilatation and peripheral blood flow One of these 15 based upon
the assumption that both the pamn and the vasodilatation are mediated by sym-
pathetic efferent vasodilator fibers This 1s however negated by the fact that sym-
pathectomy relieves the pain without abolishing vasodilatation Another postulates
that pamn which 1s the cause of the vasodilatation 1s transmutted through sym
pathetic afferent fibers Were this the case sympathectomy would, to be sure, re
lieve the pamn but should at the same time lead to subsidence of vasodilatation
Thus 1s clearly not the case

A third theory 1s based upon the assumption of a locally acting diffusable pamn
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of the surgeon For this rcison, it 1s often desirnble to muntun position after an
attempt 1t reduction by means of 1 hght plaster mold, which may be either skin-
tight or held to the shin by means of elstic or ghuze bandages, pending rocntgeno-
graphic visualization

Mampulation, however, 1s not always practical or 1pphicable even when there
1s a distal fragment of sufficient size to control The swelling of soft tissues by
hemorrhage or cdemn, the existence of cutancous defects or blebs, marked over-
nding of the bony fragments, or the presence of a heavy lhyer of muscles frequently
vitiates the most shilled efforts 2t manual replacement of the fragments In these
instances, either sheletal or skin traction must be apphed

TRACTION

Theoretically, traction for the purpose of reduction should be of an order of
magmitude commensurate with, but not appreciably greater than, the strength of the
muscles that cross the fracture line Practically, however, 1t will be found that
traction required for adequate reduction must be somewhat greater than the
strength of the muscles 1n the vicimity of the fracture site, while traction for main-
tenance of position following reduction should be less than the strength of the
surrounding muscles The most convemsent method for determumng the precise
amount of weight to be added to the traction apparatus 15 to add weights succes-
swvely until the fracture cin either be felt to have been actually reduced or until
the roentgenogram shows 1t to have been reduced

In this context, 1t 1s absolutely necessary that frequent roentgenograms be made
of the fracture site, including films of both ends of the bone, to rule out the develop-
ment of postreduction axial malalignments

Traction esther for reduction or for maimntenance, may be applied rapidly by
means of screw action as when the fracture table 1s used m conjunction with
manual replacement of the fractured fragment, or more slowly by means of skin
or skeletal traction

SKIN TRACTION

A most convement and effective means of obtaining skin traction can be accom-
phished by facing the adhesive or moleshin traction strips with a layer of sponge
rubber approximately one-half inch thick The sponge rubber side of the traction
strip 1s applied durectly to the washed skin and held agamst the part by elastic or
gauze bandages (Figs 42 and 43) The numerous air pockets of the sponge rubber
act as effective vacuum cups to mamtain skin adhesion and afford satisfactory
mechanical traction while obviating the drawbacks inherent 1n other methods of
skin traction

Skin traction cannot however be used satisfactorily where the weight neces-
sary to counteract the muscular pull exceeds twenty-five pounds Furthermore
skin traction has the disadvantage that 1t cannot be used where the skin 1s contused



CHAPTER 6

Reduction of Fractures

Reduction of a fracture may be accomplished either by closed, nonoperative, or
by open, surgical methods Closed reduction, particularly in uncomplicated, simple
(closed) fractures may be obtained either by manpulation of the fragments, by
traction on the distal fragment, or by a combimation of these methods

CLOSED REDUCTION
MANIPULATION

Mampulation has the advantage of permitung early and accurate adjustment of
the axial relationship of the distal to the proximal fragment without the potential
danger of contaminating the fracture wound Manipulative reduction involves “lay-
mg on of the hands’ in a literal sense The fracture ends must be palpated and
grasped between the fingers of the surgeon The proximal fragment should be held
fixed preferably by the nondominant hand the distal fragment should if loose be
grasped by the dommant hand and be pulled pushed, or levered nto a position
where the fracture ends are 1n contact and the normal axial ahgnment 1s re-estab-
hished Where the distl fragment 1s impacted the impaction must be broken loose
This may be accomplished by manual traction m the direction of the anatomical
axis of the distal fragment or by alternatingly bending the fragment in opposite
directions

Properly executed under either local or general anesthesia, mampulative meth-
ods effect correction of the axial malalignment n many fractures It 1s, however
possible only when the fragments are sufficiently large to permut of accurate control
of the alignment by palpation and involves careful attention to the anatomical con
figuration of both fragments of the bone

Roentgenographic and fluoroscopic control of the manipulative procedure 1s an
absolute sine qua non despite the fact that these methods and flucroscopy i par-
ticular, carry with them the distinct disadvantage of radiation effects on the hands
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Fic 43 Appucanon of skin traction Moleshin traction stnps with a
buckle are applied to either side of the leg and are held m posttion by a
circular bandage The buckles are attached to the footplate from which the
traction weights are suspended A pillow 1s placed beneath the knee and leg
to mamtain extension of the hmb and to prevent pressure on the heel The

foot of the bed should be elevated to augment the countertraction afforded
by the body weight

SKELETAL TRACTION

Skeletal traction, m which a nul pm, or wire transfixes one or both of the
fractured fragments 1s without doubt the more efficient means of obtaining axil
alignment but 1t carrses with 1t the unquestioned potential danger of nfection and
necrosis at the sites of insertion of the transfixion device In contradistinction to
skin traction where the force 1s only indirectly applied to the affected bone, skeletal
traction permuts direct application of the traction weights The primary purpose of
skeletal traction 1s <erved by transfixion of the distal fragment of the fractured bone
by means of a Kirschner wire Steinman pin or stirrup to which the traction
weights 1re applied (Figs 44 and 45) Where the condition of the shin directly over
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or abraded or where there 1s bullous, cutaneous edema It should never be used
where encircling bandages required to fix the traction strips to cutaneous reas may
further jeopardize nn already embarrassed circulation

In some clinics, custom h1s dictated that careful shin preparation should pre-
cede the application of skin traction and, nccordingly, considerable effort has often
been directed to shaving of the shin and the npplication of either tncture of benzoim
or various adhestve substances It will be found that careful washing of the shin
surface, prefuribly with a surface acting detergent, followed by careful drymng of
the area provides n satisfactory method of skin preparation for the application of

A B D E

Fic 42 Skin traction matenals B 1s the outer surface of the moleshin traction
strrp fitted with a buckle for the application of the traction weights € 1s the ner sur
face of the traction stnip which 1s faced with sponge rubber for pplication directly
agamst the shin The traction stnps are held aganst the skin by 4 gauze bandages D
elstic bandage or E neuroroll gauze

shin traction It obviites many of the hazards that shavmg and coverng the shin
surface mmvolve Superficial infection beneath the traction strips occurs morc
frequently after the shin has been abraded by careful shaving followed by the
application of 1 nonporous adhesive matera! than under those conditions m which
the unabraded uncontused shin 1s covered by a materral as relatively porous as 1s
moleshin or adhesnve tipe Simularly perspiration which tends to decrease the ad
hesion of traction strips to the skin by causing collections of pools of sweat be
tween the shin surface and the traction strap s less ikely under moleskin or adhe
sive tipe than under the chemrcal films of the various commercially available
adhesise and sk protecting substances If it 1s nevertheless desired to use these
materals i the application of shin triction 1t 1s important to linnt the aren of their
apphcation to the shin areas to which the traction strips are to be applied and
never to cover the entire circumference of the part
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Fic 43 Application of skin traction Moleskhin traction strps with a
buckle arc applhied to erther side of the leg and are held in posttion by a
arcular bandage The buckles are attached to the footplate from which the
traction weights are suspended A pillow 1s placed beneath the hnee and leg
to mawmntain extension of the imb and to prevent pressure on the heel The

foot of the bed should be elevated to augment the countertraction afforded
by the body weight

SKELETAL TRACTION

Skeletal traction, 1n which 1 nail pin or wire transfixes one or both of the
fractured fragments 1s without doubt the more efficient means of obtaiming axial
alignment but 1t carnies with 1t the unquestioned potential danger of nfection and
necrosis at the sites of msertion of the transfixion device In contradistinction to
sk traction where the force 1s only indirectly applied to the affected bone, sheletal
traction permits direct appheation of the traction weights The primary purpose of
sheletal traction 1s served by transfixton of the distal fragment of the fractured bone
by means of a Kirschner wire, Steinman pin or stirrup to which the traction
weights are apphed (Figs 44 and 45) Where the condition of the shin directly over



STEINMAN PIN
AND CHUCK BOW
(TRACTOR)

Fic 44 Stenman nails 1nd traction bow
After passage through the bone the Steinman
nai 1s locked 1n the traction bow Weights can
be attached through hooks passed through the
perforations 1n the tension screw

Fic 45 Os calcis tongs The prongs are
mserted directly into the bone Applcation of
weights to the oposite end of the tongs serves
to firmly fix the prong 1n the cortex

54
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the fricture site 15 such s to preclude nsertion into the distn) fragment, sheletal
trnction my be effected across the neighboring jomt by mscrtion of the transfixion
wire or pin 1nto the adjreent portion of the distally located bone (sce below)

The nsertion of wires or other devices for skeletal traction should be under-
taken only after shin preparation commensurate with that of ny other surgical
procedure Tor cleansing, 1 surface-acting detergent alonc 1s sufficient, but 1n some
chimes alternating nlcohol and benzalhomum sponges or 1odine and vlcohol spoanges
are preferred The detuls are not very mmportant so long s 1t 1s remembered that
from a microbiologicnl pomt of view there 1s only a difference n the size of the
operatie wound between preparation of the skan for sheletal traction fixation and
preparation of the skin for open, operative reduction of the fracture

Transfixion pins or wires should be selected for strength, clasticity, and outside
diameter with reference to the dimeter of the bone mn which they are to be used
To avoid the danger of pressure necrosis at the site of entry and emergence, small
longitudimAl skin incistons may be made 1t these pomts This 15, however, usually
not necessary Pms may be nserted directly through the shin at the selected stte
without preliminary inciston 1f the skin 1s stretched shghtly 1n a direction opposed
to the direction of the ultimate traction force

The pin may be mserted by either a hand or electric dnll When an electric
dnll 15 vsed the rotatory speed of the dnll chuch should be carefully controlled and
reduced so as to avoid binding nd burming of the skin as well as burning of the
bone through which the drill point passes Burming of the bone 1s the most com-
mon cause for necrosis about the pin 1n 1ts bony canal and predisposes to nsecure
fixation of the fragment and possible secondary wnfection In like manner burmng
and necrosis of the skin may lead to nfection about the pin and thus to secondarv
wfection of the bone

It 1s essential that the direction of the pin be carefully checked and controlled

before and after penetration of the opposite cortex of the bone 1o be transfixed To
prevent angulation the transfixion pin should be mserted at right angles to the long
axis of the distal fragment and, to prevent rotation, exactly i the frontal plane of
the bone Unless abeolutely right-angled transfixion can be assured, the value of the
sheletal traction obtamed will be largely mitigated and will require constant re-
adstment The wire or pin should be drilled and not hammered through the bone,
to prevent splitting of the opposite cortex The traction stirrup to which the werghts
are apphed should be placed as close to the bone as the thickness of the surround-
g musculature and the local condition of the shin will permit Where plaster of
Parns 1s used to encase the distal portion of the extremity 1t 1s desirable to include
the pin ends 1n the plaster of Paris cast so as to prevent excesswve lateral motion

When pin fixation 1s used mn the upper extremity 1t may be mnserted through the
lower condylar region of the humerus, through the base of the olecranon process
through the lower end of the radws or through the metacarpals (Fig 46)

For fractures of the lower end of the femur the pin may be mnserted above.the.
ffvntiyl%rhﬂare or 1f this 15 1mpossible through the upper M the
re,]ix:‘\l;neotlbml tubercle This fatter pomnt of nsertion carries with 1t the danger of

f the co\llmemlyhginents of the knee jomnt and should not be used over
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prolonged periods of time For fractures of the leg, the transfixion pin may be m
serted just above the ankle jomt or through the os calcs (Fig 47) Prolonged use
of skeletal traction 1s possible only where there 1s firm cortical bone to support the
weight Spongy bone 1s useful only for shorter periods of time smce the pmn cuts
through the relatively lower resistant bone

FIG 46 Major sites for the insertton
of skeletal traction wires in the upper ex
tremity (A4) Through the lower end of the
humerus just above the medial condyle
and midway between 1ts antersor and pos
tertor surfaces (B) Through the olecranon
one inch below the tip of the olecranon
process and about one half inch beneath
lke kin surface (C) Through the lower

\(En of the forcarm between one mch and
+

¢ and a half inches above the tip of the

dial styloild mudway between its anterior
and posterior borders and rmpaling the ulna
1if possible (D) Through the metacarpal
heads about one half inch above the mud
portion of the head of the metacarpal to
the ndex finger The second and third or
the second through the fourth metacarpal
heads should be transfixed leaving the
thumb free

Protection of the skin about the points of entry and exit of the transfixing wires
varies n different chnes Simply covering the skin immediately about the drill holes
with collodion covering this with a small pledget of gauze soaked with collodion
and then placing a small square of sponge rubber over the gauze has proved a rea-
sonably satisfactory method Corks or rubber stoppers placed over the ends of the
transfixing wires cut beyond the traction bow will protect the patient as well as
the nursig and medical personnel involved n the patient s later care
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F G 47 Major sites for the insertion of skeletal
traction wires in the lower extremity (A4) Through
the lower end of the femur just above the promi-
nence of the latcral condyle about one and a half
inches above the articular surface and mudway be
twee1 the anterior and posterior surfaces of the
bone (B) Through the upper end of the ubma
about a half inch below the prominence of the tibial
tubercle and three quarters of an inch behind the
antertor surface of the tibial crest (C) Through the
lower end of the tibia just above the prominence
of the medial malleolus and midway between its
anterior and posterior borders (D) Through the os
calcis about three quarters of an inch below the
tip of the lateral malleclus and about three quarters
of an wmch behind the axis of the fibula

Prophylactic antiseptic and antibiotic solutions have no place 1n local treatment
about the transfiing pins If serious mfection ultimately ensues, the trentment of
choice 15 removal of the pins or wires Osteomyelitis, if 1t develops, 1s treated as 1s
osteomyehitis due to other causes

Sheletal traction may be used 1n infected fractures provided the traction 1s 1n-
serted sufficiently distant from the site of the infection It 1s preferable in these fric-
tures however, to mnsert the transfixing pins 1n an adjacent bone

Buck s EXTENSION

Buck s extenston 1s the basic method of skm tract:
tenistically traction exerted along the longitudinal axis oofn th(: iiv:l?lzd Ietxis, e
means of laterally and medially fixed traction strips The traction st NN
either of adhesive tape or moleshin adhesive (for adults about three 1n hrlpb BTN
that are held to the shin by means of a crreularly applied elagy, bC e o)
fixation of the adhesive strips can be obtained by sphitting the u o bandie Butte
tion strps longitudinally and spreading them shight] pper end of th traes

s
the skin surface } S0 85 f0 cover a wider ap 1 (¢
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prolonged periods of time For fractures of the leg, the transfixion pin may be in
serted just above the ankle joint or through the os caless (Fig 47) Prolonged use
of skeletal traction 15 possible only where there 15 firm cortical bone to support the
weight Spongy bone 1s useful only for shorter periods of time since the pin cuts
through the relatively lower resistant bone

Fic 46 Major sites for the insertion
of skeletal traction wires 1n the upper ex
tremity (A) Through the Jower end of the
humerus just above the medial condyle
and midway between its anterior and pos
terior surfaces (B) Through the olecranon
one inch below the tip of the olecranon
process and about one half inch beneath
the skin surface (C) Through the Iower

CEH of the forearm between one inch and
¢ and a half inches above the tip of the
dial styloid mudway between 1ts anterior
and postenior borders and impalmg the ulna
if possible (D) Through the metacarpal
heads about one half inch above the md
portion of the head of the metacarpal to
the mndex finger The second and third or
the second through the fourth metacarpal
heads should be transfixed leaving the
thumb free

Protection of the skin about the pomts of entry and exit of the transfixing wires
varnes 1 different chinics Simply covering the skin immediately about the dnll holes
with colledion covening this with a small pledget of gauze soaked with collodion,
and then placing a small square of sponge rubber over the gauze has proved a rea
sonably satisfactory method Corks or rubber stoppers placed over the ends of the
transfixing wires cut beyond the traction bow will protect the patient as well as
the nursing and medical personnel involved in the patient s Iater care
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be somew hat miigated by clevating the foot of the bed on shock blocks and should
be done 1n 1l cases 1 which Buck’s extenston 1s used In prtients with congestive
heart fulure, care must be taken to noid elevating the extremity above the level of
the night atrum lest the congestive fulure be exacerbated To prevent foot drop, a
footboard should be incorporated

Mobtr1rp Buck's EXTENSION

Additional countertriction can be achicved without increasing the clevation of
the bed by applying 2 Thomas or = Jones splint to the extrenuty and exerting trac-
tion agunst the sphint (g 49)

Fic 49 Modified Bucks extension A humerus
sphint has been fixed to the extension rod and applied
snugly against the axifla to act as countertraction Trac-
tion on the arm 1s obtained by a Buck’s extension over
a pulley fixed to the extenston rod beyond the sphnt
(Courtesy of Gilbert Hyde Chick Co )

While angulational and hineal malalignments are usually amenable to the longi-
tudmal force exerted through Buck s extension apparatus, 1t 15 frequently necessary
to counteract a tendency toward torsion or transposition This can be accomplished
by properly placed sandbags, Cole pressure pads attached to the splint, or by mov~
able derotating forces acting over pulleys but at nght angles to the primary traction
Where 1t 1s desirable to preserve mobifity of an Intervening joint, as the elbow joint

in fractures of the humerus or the knee jomt i fractures of the femur, methods of
balanced suspension must be used
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Since traction causes the skin overlying a fracture to be displaced somewhat
dustally, the upper limzt of the traction strips should be placed just at the level of the
fracture Dustally, the strips should extend beyond the it of the extremity so as
to permit of therr attachment to a spreader by means of which weight traction may
be exerted The spreader should be sufficiently wide to prevent pressure agamst the
bony prominences of the distal joint of the fractured extremity Occasionally 1t may
be desirable to further protect these reglons by placing either a coul of rolled stock-
nette or loosely apphed felt pads over the bony projections The same objectives

Fic 48 Bucks extension Traction strips are secured to each
leg from just above the ankle joint A combmation footplate and
spreader to which the tractton weight 1s attached has been
buckled to each traction strip to prevent pressure on the ankle
jomnt and dropped foot Pillows should be placed under the legs
and knees and the foot of the bed should be elevated (Courtesy
of Gilbert Hyde Chick Co )

may be obtamed by wrapping the joint with ordmary gauze and then incorporating
the ends of the traction strips m the bandage This protects the bony prominence of
the jomt, permuts motion of the jomnt and, at the same time, fixes the most distal
end of the traction strips so as to mummize slipping

Although Buck s extension apparatus can be assembled quickly 1t has been
found more convenient to have its component parts prepared i advance Moleskin
strps of sufficient length are fitted with small buckles Metal spreaders with leather
straps or wooden spreaders with a central hole to accommodate the traction rope
are fitted with leather straps that can be attached to the buckles on the moleskin
traction strips

In the use of the classic Buck s extension apparatus, the weight of the body acts
as countertraction There s, consequently, a tendency of the body to be pulled
down toward the foot of the bed with loss of the effective traction force This can
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Fic 51 Balanced suspension for fracture of the humerus A modified Bucks
extension has been apphed o the arm for traction purposes The forearm 15 flexed to
a nght angle and 15 suspended from an overhead frame by simple Bucks edtenwion,
which permits motion of the clbow while maintaing traction on the arm A hand
gnp should be ancorporated to permit motion of the fingers
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Fi16 52 Balanced suspunsion for fracture of the femur Traction s exerted through
a pin transfixing the fower end of the femur The himb rests on a Thomas sphnt with
a Pearson attachment to permit motion at the hnee joint The foot of the bed should
be elevated to prevent downward shding of the patient and afford additional counter-
traction An overhead bar should be attached to the frame to facihitate nursing care
(Courtesy of Guibert Hyde Chick Co )
61
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BALANCED SUSPENSION TRACTION

Balanced suspension mvolves the setting up of an overhead frame to which
pulleys over which the traction ropes may be passed, are suspended It 1s used
mamly 1n the treatment of fractures of the lower extremuty (Fig 50) or of the
humerus (Fig 51) Many different types of overhead frames have been devised and
are available commercially The prototype, the Balkan frame, consists of four up-
nights to which crosspieces for fixing the pulleys are attached

Fic 50 Balanced suspension for fracture of the femur The thigh 1s supported
on a Thomas splint which 1s suspended from the overhead frame The leg 1s supported
on a Pearson attachment to the Thomas splint to allow motron at the kunee jomt
Traction 1s mamtamed on the femur by sheletal traction applied through a transtibral
pin The foot of the bed should be elevated (See also Figs 368 369 and 370)
(Courtesy of Gilbert Hyde Chick Co )

The purpose of balanced suspension i the lower extremty 1s to permit longi
tudinal traction on a femur that 1s held in slight flexion (Fig 52) This counteracts
the tendency toward angulation that ordmary Buck’s extension mught effect In
addition 1t permits mobality of the panent m bed without loss of the traction force
and thus matenally increases the ease of nursing care A Thomas or a Hodgen splint
1s applied and 1s balanced 1n 1 posttion of flexion by ropes attached to both ends of
the splint A single balancing weight sufficiently great to mamtam the desired de
gree of flexion may be suspended from the frame over the nvolved extremity by
means of a single rope passing over two pulleys and attached to either end of the
splint This 1s sometimes disturbing to the prtient and in this event, each end of the
splint may be suspended by separate weights passing over the pulleys attached to
the end of the frame so that the weights are suspended over each end of the bed
Traction on the fractured Iimb 1s then exerted by means of Buck s extension strips
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t suspenswon for fracture of the humerus A modified Bucks
exteils(;nnsilms E:l: ;‘:ﬂmd ‘:f; the arm for trachion purposes The forearm s flexed to
a nght angle and 15 suspended from an overhead trame by sunple Bucks extenﬁmnd
which permits motion of the clbow while mamtamng traction on the arm A han
gup should be incorporated to pesmt motion of the fingers
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Fie 52 Balanced suspension for fracture of the femur Trachion 15 exerted through
a pin transfixing the lower end of the femur The himb rests on a Thomas sphint with
a Pearson attachment to pertut motion at the knee jomnt The foot of the bed should
be elevated to prevent downward shiding of the patient and afford addstional counter-
traction  An overhead bar should be attachud to the frame 1o facihtate nursing care
{Courtesy of Githert Hyde Chick Co )
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Fic 53  Skeletal traction for fracture of the humerus A
Kurschner wire has been passed through the olecranon process
and traction weights are suspended over a pulley The elbow 15
supported 1n a night angle position by a wnist cuff A hand grip
to permit motion of the fingers has been mcorporated

that are attached 1n the usual manner The strips may be attached either to the end
of the splint to give fixed traction or over an additional pulley with the weight hang-
g over the foot of the bed

Where shun traction cannot be used, skeletal traction using a Steinman pmn or
occastonally a Kirschner wire may be employed in the same apparatus and with the
same objectives (Fig 53)

When 1t 1s destred to mamntain mobility of the knee joint, a Pearson attachment
1s affixed to the Thomas splint permuttng flexion of the knee In this event the at-
tachment must be separately supported by a rope passing over a pulley, thus per-
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mitting the patient passnely to flex and extend the knee by pulling on the rope A
footboard must be fixed to the Pearson attachment to prevent foot drop A hand
grip should be supplied 1t the upper end of the frime to permit the patient to move
about 1n bed in A1l instances of balanced suspension for the lower extremuty

In the upper extremuty, the Balkan frame 1s not absolutely necessary Skin trac-
tion m1y be apphied to the humerus in the usual manner over 1 pulley attached to
the side of the bed or over 1 modificd Thomns (Murriy-Jones) sphint, as in the
Jower extremity To preserve motion of the clbow, 1 second set of Buck’s extension
strips 1s apphied (sce Tig 51) The elbow 1s flexed to ninety degrees and the trac-
ton rope 15 suspended over 1 pulley with sufficient weight (usually two to five
pounds) to support the forcarm This permuts motton of the elbow without disturb-
ng the traction exerted on the fractured humerus by the primary set of Buck’s ex-
tension strips It 15 extremely mmportant to mcorporate 1 hand grip 1n the second
set of extension strips so as to permut motion of the fingers The finger grip can be
readily made by suspending several well padded tongue depressors from the proxi-
mal side of the rope 1ttached to the spreader The bed should be elevated on shock
blocks on the side of the bed over which the traction 1s being exerted in a manner
comparable to that used for elevating the foot of the bed i the lower extrermty
;Fhe cardinal princtple 1n each 1s the use of the patient’s body as 1 countertraction
orce

BRYANT's TRACTION

Special attention must be directed to that form of extension traction applied
with the thigh 1n flexion on the trunk which has its specific field of usefulness 1n
fractures of the femur 1n children Because of the attitude of umiversal flexion 1n
which the fetus develops extension of the thigh is limited by the action of the
thopsoas muscle and the Y-shaped ligament of Bigelow In the postnatal period the
thigh begins gradually to extend until 1t makes with a line joining the anteror supe-
nor ihac spine and the 1schial tuberosity (Nelaton s ine) a downward and back-
ward opeming angle of fifty degrees This pelvifermoral angle 1s fairly constant 1n all
ages and n both sexes and determines the hmit of extension of the thigh on the
pelvis Further extension of the thigh takes place as a result of flexion of the pelvis
and thus accounts for the development of the normal lumbar lordosis

In the young child before adaptive flexion of the pelvis has occurred the thigh
1s 1n a position of flexion with respect to the pelvis and any effort at the application
of extension traction serves to create forward angulation at the site of fracture mn
the femoral shaft To overcome this Bryant apphed traction on the distal fragment
m the axal direction of the proximal fragment Although Bryant ongmally sus-
pended only the mvolved femur, better control of the patient and the fracture can
be obtamned by suspending both the wnjured and the uninjured extremities 1 the
overhead traction apparatus

Ordmary Buck s extension strips are apphed to both legs and are held agamst
the skin i the usual manner The traction rope for each leg 1s passed over a single
pulley and weights sufficient to just raise the child s buttocks from the mattress :!I;re
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Fic 54 Bryants tracton Bucks extension traction
strips are applied to each leg and each s separately suspended
by wesghts from the overhead frame The combined werghts
are just suffictent to rasse the child s buttocks from the bed
so that the weight of the trunk acts as countertraction A
restraiming sheet about the chest may be necessary to control
the child in the traction apparatus Even when only one ex
tremuty 1s affected both legs should be mcorporated mto the
traction apparatus to obtain maximal traction {Courtesy of
Gilbert Hyde Chick Co )

suspended over the end of the bed In this manner the weight of the child s body
provides countertraction (Fig 54)

MOoDIFIED BRYANT 5 TRACTION

Classic Bryants traction apparatus requires constant attention and therefore
prolonged hospitalization Where hospitalization 1s impossible, a portable modifi
cation of Bryants traction has been devised A plaster body jacket 1s appled from
the mipple line to just above the ingunal fold anterrorly and from below the angle
of the scapula to the tliac crests posteriorly As in the preparation of all body casts
several folded towels are placed anteriorly beneath the padding during the applt
cation of the cast Removal of the towels after the cast has been completed avords
the necessity of subsequently cutting a wmdow over the abdomen and weakemng of
the cast A long steel rod bent at ninety degrees is incorporated n the plaster
jacket and at the distal end of the rod which projects beyond the sole of the child s
foot a loop 1s made for the attachment of a traction rope When the cast has set
and dnied the Buck s extenston traction strips are fastened to the upper end of the
projecting steel rod which acts n lieu of an overhead frame The traction rope may
be fixed directly to the rod or by the mcorporation of elastic bands or rubber tub
g between the rope and the rod, elastic traction may be exerted (Fig 55) Asmn
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ordmars Buch s extenston, the triction must be of sufficient magnitude to secure
end to-end apposition of the frigments Although this 1s the 1deal method of treat-
ment end to-end apposition 1s not essentiil i children and provided lincal align-
ment 15 attamned, even 1 <hight amount of overstding of the frigments s tolerable

Thus affords a simple method of extension traction that s self-contamned so that
the child can be moved and cleansed in the flexed positon Moreover, 1t permits the
ascumption of the seated position <o that the leg stself mav be brought below the
level of the heart without m any manner disturbing the contmnuance of traction

This 1s especially important 1n the heht of a number of reported instances n
which crculatons disturbances leading even to gangrene have been reported fol-
lowing the use of overhead traction Experimental evidence seems to indicate that

—

Fic 55 Pornable Bryants traction A
plaster of Pans bodv cast has beea apphed
and a steel rod Eent at mnetv degrees has
been incorporated in the jachet Bucks ex
tenston strips are apphed to the leg and trac
tion 15 made 1n the flexed position over the
end of the steel rod (Reproduced from
Midch H  Portable eurenmty traction for
children J Bone & Jommt Surg 191134
1937)

the pnmary cause of the circulatory impairment has been the reduction m periph-
eral blood pressure owmng to elevation of the mb bevond the pont at which the
hvdrostatic force of the heart can supply adequate blood to the distal structures
Other factors such as tight bandaging and hvperextension of the knee unquestion-
ably play a secondary role The method of self-contaned Bruant s traction noted
above seems to offer a simple solution to the dilemma that classic Brvant s traction
1mposes

RUSSELL s TracTION

Russell s traction 1s almost specifically mndicated 1 the treatment of fractures of
the femoral shaft m the adult By allowmng the apphcation of longitudinal traction
with the hip in flexion 1t mimimzes the tendency toward forward a;zulatlon exerted
tion 1s applied onl to the leg 1t 15 especrally valuable n lestons of the femur where
the condition of the skin of the thigh prevents the direct attachment of traction
by the hip flexors when traction 15 applied 1n complete extension Because the trac
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Fic 54 Bryants trachon Bucks extension traction
strips are applied to each leg and each 1s separately suspended
by weights from the overhead frame The combined wetghts
are just sufficient to raise the child s buttocks from the bed
so that the weight of the trunk acts as countertraction A
restraimng sheet about the chest may be necessary to control
the child 1n the traction apparatus Even when only one ex
tremity 1s affected both legs should be mcorporated into the
traction apparatus to obtain maxmmal traction (Courtesy of
Gilbert Hyde Chick Co )

suspended over the end of the bed In this manner, the weight of the child s body
provides countertraction (Fig 54)

MobIFIED BRYANT s TRACTION

Classic Bryant s traction apparatus requires constant attention and therefore
prolonged hospitaization Where hospitalization 1s impossible a portable modifi
cation of Bryants traction has been devised A plaster body jacket 15 apphed from
the mipple line to just above the mgunal fold antertorly and from below the angle
of the scapula to the 1hac crests posteriorly As in the preparation of all body casts
several folded towels are placed anteniorly beneath the padding during the apph
cation of the cast Removal of the towels after the cast has been completed avords
the necessity of subsequently cutting a window over the abdomen and weakening of
the cast A long steel rod bent at mmnety degrees 1s incorporated n the plaster
jacket and at the distal end of the rod which projects beyond the sole of the child s
foot, a loop 1s made for the attachment of a traction rope When the cast has set
and dned the Buch s extenston traction strips are fastened to the upper end of the
projecting steel rod, which acts in heu of an overhead frame The traction rope may
be fixed directly to the rod or by the ncorporation of elastic bands or rubber tub-
ing between the rope and the rod elastic traction may be exerted (Fig 55) Asin
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being cxerted along the tbtn The actunl force of reduction s the resultant of the
parallelogram of forces thus constituted nnd will be 1n the longitudinal axis of the
fiexed fractured femur

Efficient use of Russell’s traction depends upon meticulous attention to the me-
chamenl setup The overhend pulley must be 1t the level of the tibral tubercle The
other pullies over which the traction foree 1s to be effected must all lic 1n the same
vertical plane as the leg and the shing supporting the lower end of the femur must
be moved distally or proximnlly so that the distal fragment lies 1n the normal axis
of the fractured femur Thus, all tendency toward angulition 1t the site of fracture
1s eiminated Where the force necessary to restore Iength and prevent angulation 1t
the site of fracture exceeds twenty-five pounds, sheletal traction 1s untvoidable Bal-
anced suspension traction with a Sternmann pin mnserted at the level of the tibial
tubercle must be employed

DunLop s TRACTION

Dunlop s traction 1s specifically apphcable to the treatment of supracondylar
fractures of the humerus in children Tt accomphishes reduction of the small distal
fragment and minimizes the additional nisk of Volkmann’s 1schemia that treatment
m the position of acute flexion imposes Its man drawback s that 1t necessitates
hospitalization for a period of three weeks until callus has formed Thereafter, the

Fic 57 Dunlops traction Bucks extension
strips are attached to the forearm, and a six pound
weight 15 suspended over a pulley so elevated as to
fex the elbow 1o about thrty five degrees A coun
terweighted sling with three pounds of weight 1s
placed over the distal end of the humerus above the
fracture site to prevent elevation of the entire
arm  (Reproduced from Dunlop J Transcondylar

fractures of the humerus J Bone & J
21159 1939) omt Surg
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strps As a result of the mechanical advantage offered by the double pulley on the
footpiece, the traction force on the skin 1s exactly double that of the attached
weights

Russell s traction differs from the usual type of longitudinal traction in that its
force 15 exerted not 1n the direction of the primary pull, but rather along the result
ant of the forces exerted by the upward pull of the femoral sing and the longitud:
nal pull of Buck’s extension In Russells traction Buck’s extension strips are ap
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Fic 56 Russells tracion The overhead pulley 15 placed diectly above the tibial
tubercle The sling beneath the Jower end of the femur 1s attached to a rope that passes
through the overhead pulley and then over a set of double pulleys at the foot of the
bed to medate traction The traction force 1s consequently exactly twice that of the
attached weights A pillow should be placed beneath the knee and the foot of the bed
should be elevated (Courtesy of Gilbert Hyde Chick Co )

plied to the leg below the level of the knee joint and are attached to a spreader on
the distal side of which a pulley 1s fixed A shing 1s then applied under the lower end
of the femur to support the knee joint From this sling, the traction rope passes
overhead across a pulley fixed directly above the level of the tibial tubercle The
traction rope then passes downward to another pulley fixed to a crossbar at the foot
of the bed From this the traction rope passes proximally to the pulley fixed to the
Buch s extension spreader and then distally to another pulley from which the trac
tion werght 1s suspended (Fig 56)

The resulting action of this pulley system 1s that an upward force 1s exerted by
the sling agamst the lower end of the femur to bring the distal fragment 1n align
ment with the flexed upper femur while at the same time a longitudinal force 1s
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bemg exerted along the tibin The actual force of reduction 1s the resultant of the
parallclogeam of forces thus constituted and will be m the longitudinal axis of the
flexed fractured femur

Efficient use of Russell's traction depends upon meticulous attention to the me-
chamenl setup The overhead pulley must be 9t the level of the ttbeal tubercle The
other pullies over which the triction force 15 1o be effected must all lic tn the same
vertical plane ns the leg and the sling supporting the lower end of the femur must
be moved distally or proumnlly so that the distal fragment hes n the normal axis
of the frictured femur Thus, all tendency toward angulation 1t the site of fracture
1s ehmimated Where the force necessary to restore length and prevent angulation 1t
the site of fricture exceeds twenty five pounds, skeletal traction 1s unavoidable Bal-
anced suspension traction with 1 Steinmann pin anserted at the level of the tiial
tubercle must be employed

Duntor’s TRACTION

Dunlop s traction 1s specifically appheable to the treatment of supracondylar
fractures of the humerus 1n children It accomplishes reduction of the small distal
fragment and minimizes the additional nisk of Volkmann’s 1schemin that trertment
m the position of acute flexion imposes Its mamn drawback s that it necessitates
hospitalization for a period of three weehs until ¢allus has formed Thereafter, the

Fic 57 Dunlops traction Bucks extension
stnips are attached to the forearm and a six pound
weight 1s suspended over a pulley so elevated as to
flex the elbow to about thurty five degrees A coun
terweighted sling with three pounds of weight s
placed over the distal end of the humerus above the
fracture site to prevent elevation of the entire
arm  (Reproduced from Duntop J Transcondylar
fractures of the humerus J Bone & Jom¢ Surg
21159 1939)
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arm 1s supported n a shing 1nd motion 1s started Buck s extension strips are at
tached to the forearm and a six-pound weight 1s suspended over a pulley so elevated
that the forearm 1s flexed to about thirty-five degrees from the fully extended post
tion of the arm To prevent upward displacement of the entire arm, a counterwerght
of about three pounds 1s suspended from a shing around the upper fragment of the
humerus There 1s Ittle danger of relaxation of the ligaments about the elbow be-
cause the actual reduction 15 mediated through the action of the olecranon against
the lower fragment of the humerus (Fig 57)

WELL-LEG COUNTERTRACTION METHOD

Anderson’s well leg countertraction method has espectal application 1n frac
tures mvolving the lower extremity and may be used 1n certamn fractures of the pel-
vis not otherwise amenable to closed treatment The method mvolves the use of a
special traction device (Fig 58) A long leg plaster of Paris cylinder 1s applied to
the opposite unaffected leg The splint agatnst which traction 15 exerted by the
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FIc 58 Wellleg countertraction apparatus
The shorter stirrup 1s for attachment to the Stem
man pm that 1s nserted mto the affected leg The
longer stirrup 1s used to effect countertraction on the
well leg (Courtesy of Dr Roger Anderson )
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stirrup 15 incorporited nto the well feg erst A Stemman pin ss then inserted 1nto
the bi1 2t 1 point two fingers’ bredth 1bove the tip of the mednl mllcolus The
wounds of entrince nd exit of the Stemman pm are dressed with plan gauze
bandage and 2 plaster of Pans boot 1s spphied from the toes to withm five inches of
the knee jomnt incorporating the projecting ends of the pin i the cast The stirrup
portion of the 1pparitus 1s then attiched to the ends of the Stetnman pin and 15
held to the plaster cast by an additiontl turn of plister bandage The lever arm at-
tached 10 the teaction stirrup ss then fixed to the well log, splint and serew traction is
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Fic 59 Well leg countertraction apparatus (A) A transfixion pin 1s mserted just
above the malleol: on the affected side If desired a pin may also be inserted below
the condylar flare on the well side though this 1s not essential (B) A short plaster
of Paris boot to below the knee incorporating the transmalleolar pin 1s applied on
the affected side A long plaster of Paris cast extending well up on the thigh with the
knee 10 extension 1s applicd to the well leg (C) The short stirrup 1s attached to the
transmalleofar pin and tncorporated in the plaster boot The long stirrup with the
transverse lever arm and the screw attachment 1s incorporated 1n the long plaster cast
on the well leg The lever arm 1s then attached to the short boot (D) By means of the
screw on the well side traction 1s exerted until the fracture 1s reduced

made on the affected limb until the legs are parallel and the lever arm 1 perpen-
dicular to the axis of the leg (Fig 59) The accuracy of the reduction must be
checked by x-ray examunation and the screw traction modified to mcrease or de-
crease 1ts pull depending on the character of the reduction The patient may be per-
mitted to sit up i bed and even m a wheel chair withm forty-eight hours of the
application of the apparatus Beyond occastonal check by the x ray to determine the

posttion of the fragments, no treatment 1s necessary until removal of the traction
1s decided upon

OPEN REDUCTION AND INTERNAL FIXATION

Open reduction of fractures has the merit of permutting firm fixation of the frac-
ture site By permutting relatively early use of the neighboring jomts, stiffness from
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arm 15 supported 1n a shng and motion 1s started Buck’s extension strips are at
tached to the forearm and a six-pound weight 1s suspended over a pulley so elevated
that the forearm 1s flexed to about thirty-five degrees from the fully extended posi
tion of the arm To prevent upward displacement of the entire arm, a counterweight
of about three pounds 1s suspended from a sling around the upper fragment of the
humerus There 15 little danger of relaxation of the ligaments about the elbow be-
cause the actual reduction 1s mediated through the action of the olecranon agatmst
the lower fragment of the humerus (Fig 57)

WELL-LEG COUNTERTRACTION METHOD

Andersons well-leg countertraction method has especial application n frac-
tures wnvolving the lower extremity and may be used in certamn fractures of the pel-
vis not otherwise amenable to closed treatment The method involves the use of a
special traction device (Fig 58) A long leg plaster of Pans cylinder 1s applied to
the opposite unaffected leg The splint agamnst which traction 1s exerted by the
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Fic 58 Wellleg countertraction apparatus
The shorter stirrup 1s for attachment to the Stein
man pimn that 1s serted mto the affected leg The
longer stirrup 15 used to effect countertraction on the
well leg (Courtesy of Dr Roger Anderson )
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the plates must be fixed to the bone through previously made drill holes, the diim-
cter of which s shightly less than the outsde dirmeter of the screw or bolt To pre-
vent burning of the bone and subsequent loss of nigid fixation, the rotary speed of
the dnill chuck should be reduced nd the dnlf point should be cooled by frequent
irngations with saline Both cortices must be perfornted nd the screw or threaded
bolt must be mserted directly 1n the path of the drill hole

While the threaded bolt a1nd nut mny be mserted 1t any desired angle in relation
to the Line of fracture, the screw should be inserted at nght angles to the fracture
lme The length of the screw to be used should be measured and should be just

Fic 60 Metallic fixaton devices
(A) Lane plate (B) Smith Petersen
trflanged nail (C) Eggers type plate
{D) Blount Moore anguiated blade
plate (E) Parham band

sufficient to engage and penetrate the opposite cortex In short, oblique fractures
one or more screws usually suffice for firm fixation In long oblique fractures with
relatively little displacement fixation may be obtamned by multiple screws or by
encirclement with heawily chromicized catgut kangaroo tendon steel wire, or the
metallic Parham band Since encirclement mav lead to direct pressure nec,rosm of
the bone as well as to localized crrculatory impairment fixation 1n these cases as
well as 1 transverse and certamn severely commimuted fractures of the shaft ref-
erenttally may be obtained by the use of metallic plates P
Usually straight these plates are available in different shapes for different types
of fractures and afford convement and excellent means of internat 1mmob1hzatypc
Occasionally the excessively firm fixation that these plates assure has bee on
sidered responsible for delayed unton or nonunion by preventing bone-| . cone

to bone c
tact durning the penod of resorption of the adjacent fractured surface; o

s To obvinte
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capsular contracture and muscle atrophy 1s avoided and relatively rapid functional
rehabilitation of the limb and the patient as a whole can be effected Open reduc
tion has the disadvantage, on the other hand, that a simple fracture 15 converted
into an open, contammnated wound, at least potentially capable of becoming 1
fected Statsstically, this likelthood 1s mimimal and should be considered as less of a
deterrent than 1s the cosmetic aspect of the end result

A long ugly scar on the arm of a laborer 1s certainly not to be destred, but even
a good-looking scar on the arm of a young lady should be scrupulously avoided if
at all possible Where there are no medicil contraindications, the social status and
the psychological response of the patient must be given adequate consideration
Where at all possible and practical, operation should be avoided, where unavold
able, the surgical mcision should be so placed as to be as mconspicuous as possible
The routine use of operative wmtervention 1 fracture therapy, to the neglect of
older, classic methods of closed reduction 1s to be deplored

Generally speaking, open reduction 1s not mndicated m chuldren, except mn such
situations as the fracture dislocations of the humeral condyles In adults operative
intervention may be justified m (1) intraarticulir fractures, where anatomical
alignment 15 essentral, (2) fractures of the shaft of long bones in which alignment
cannot be obtamed, or, having been accomplished, cannot be retained, (3) com
pound fractures, (4) pathological fractures of the long bones in which pan cannot
be relieved by other means of immobilization, (5) fractures i which experience
has demonstrated that delayed umon or nonumon frequently occurs, and (6) frac
tures m which the general condition of the patient 1s such as to contraindicate bed
rest for the period of time usually required to obtamn union by closed methods

Open reduction of fractures ivolves two distinct procedures (1) exposure of
the fracture site and reduction of the fracture by either manual or traction methods
and (2) fixation of the fracture site Exposure of the line of fracture 1s accom-
plished preferably through muscle retracting incisions so planned as to avoid 1m
portant neurovascular structures Reduction 1s effected by manual traction using
bone hooks or bone holding forceps, or by screw traction on the fracture table
Whle longitudmal axial ahgnment 15 usually readily achieved, particular care must
be exercised to avoid torsional malalignment Fixation of the reduced fragments
may be obtained by (1) intercortical fixation, (2) intramedullary fixation, or (3)
bone grafting

INTERCORTICAL FIXATION DEVICES

Vanous mechanical aids have been employed m the mternal fixation of frac-
tures (Fig 60) These devices usually are composed of SMO stainless steel or
vitallium, which are electrolytically nert and may be left m the tissues permanently
They should be inserted 1n such positions as to afford adequate fixation and be easy
of removal if complications necessitating their extraction should anse

The simplest of these are Lane plates flanged nails of the type devised by
Smith-Petersen, blade plates Parham bands, self-tapping screws, and threaded bolts
and nuts The last two devices may be hammered or screwed directly into bone but
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The method should not be used, s1ve s the last resort an fractures in children
In 2dults it s especritly useful in the trentment of persistent nonumion, 10 patho-
logical frictures crused by neoplsms wn multiple fractures, and 1 fractures with
1oss of bony substance At the onset fections m or tbout the fracture were con-
sidered contrundications to ntrimedutiany fivation Recent expenence with war
fractures however, has demonstrated the fict that mtramedullry nuling may be
sucvessfully undertahen m cases m winch there 1s infechion of the soft tissue about
the wound or esen 4 Jow grade ostaiis swithin the bone, provided that adequate
debndement wath delayed closure of the wound 1s undertahen concomutant with the
administration of pproprinte mmubiotics In wstances of frank purulent ostecomye-
litss, the use of the intrimeduliary nml s contrundicated

The nait oniginally described by Kuntscher has since been supplinted bv a num-
ber of different types of mtrameduliary nds spearfically designed for the treatment
of the different Jong bones (Figs 62 wnd 63) Proper use of any wiramedultary nail
depends upon careful selection with respect to sts Jength n relation to the length of
the bone as well as to the mternal diameter of the medulfary cavity of the bone mto
which the nasl 55 to be mscrted Whale 1t 15 possible to thread the vanious fracture
fragments over the natl without exposure of the fracture site (bhind nathing), as 15
done 1n European chmes a small incision over the fracture hoe smmesusably faciti~
tates penetration and correct direction of the nait mto the distal fragment Particu-
far care must be exercised to avord torsionsl malahgnment

In the femur tibsa and ulny, the mtrumedullary nail 15 probably best inserted
from above downward after making 1 prelimmary dnill hole at the upper end of the
bone In the radws and probably also m the humerus the nail 1s best inserted from
below upward In the hbia the pomnt of entrance of the nmt should be 2t 2bout the
level of the tibial tubercle and the dnll hole of entrance should be made obliquely
so as to permst of parallel msertion of the nail into the medullary cavity

It 15 only natural that a method that ehmimates the need for constant attention
to traction which reduces the period of hospitalization and mimmzes the dancer
of nonumon should have receved such general approbation and use The method
1s however not without its hmitations +nd should not be undertaken except 1n an
operating room completely equpped for the management of 1l compheations that
may possibly anse Despite its abvious allure intramedullary nathing should be per-

formed only for definste mdications that cannot be met by more conservative closed
methods

Bone GRAFTS

Bone grafts offer no special advantage over other methods of internal fixation
n most long bone fractures but may be extremely valuable 1 fractures of the short
bones n pathological fracturcs ansing i association with bemgn tumors of bone
and m fractures where o actual Joss of bony substance or nonumon has occurrcd,
Cortreal bone prafis are best adapted to firm fixttion of the fractused fragments
but they have little osteogenmic value since most of the cells ultimately die Cancel-
tous bone grafts on the other hand have htle stabihizing value but since therr cells
sunvive for the most part they passess great osteogenic capacities It is, therefzere
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this plates (Eggers) have been manufactured in which the screw holes are elliptical
rather than round This allegedly permuts some sliding of the fracture fragments
and, therefore, end-to-end bony contact even during the period of bone resorption

Wherever possible the plate should be applied subpertosteally 1n such manner
that the md-pomnt of the plate directly overlies the line of fracture The upper half
of the plate should be fixed to the proximal fragment drectly 1n 1ts Jongitudinal
axis The distal fragment 1s then held against the Jower half of the plate in correct
anatomucal ahgnment by means of a bone holding clamp (Lowman clamp, Hey
Groves forceps) The clamp 1s removed only after the plate has been firmly secured
to the distal fragment by an 1dequate number at least two, of self tapping screws

In fractures 1n which one fragment 1s msufficiently long to permit the use of a
straight metalhe plate, but in which the distal fragment 1s not large enough to afford
adequate purchase fixation of the smaller fragment may be achieved by the use of
an angulated blade plate (Blount-Moore) This type of fixation has been used
specifically n fractures at the upper and lower ends of the femur and in fractures
at the upper end of the humerus

INTRAMEDULLARY FIXATION DEVICES

The treatment of severely communuted or multiple fractures in the same bone
may be extremely complicated and has lead to the development of the technic of in
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Fic 61 Ku her type of intr dullary nail (A) dnll for reamung the mntra
medullary cavity (B) mserter (C) different sizes of nail (D) extractor (Courtesy of
the Orthopedic E )

tramedullary fixation Though this method had been described earher 1t w1s popu
larized during World War II by Kuntscher in Vienna (Fig 61)

The ntramedullary nail method has the advantage of using a preformed ana-
tomical channel for purposes of fixatton It has acquired wide populanty since it
reduces the period of necessary hospitahization and permuts of earlier motion of
neighboring joints While 1t does reduce the period of hospitalization 1t neither
accelerates nor retards the biological rate of the repair process itself
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The method should not be used save 2s the 11st resort, 1n fractures m chuldren
In adults 1t 15 especnlly useful in the treatment of peraistent nonunton, 1n patho-
Togteal fractures caused by ncoplisms i multiple fractures, nd 1n frictures with
foss of bomy substince At the onset infections 1n or about the fricture were con-
sidered contrundicitions to mtramedullnry fixation Reeent experience with war
fractures however has demonstrited the fict thit mtrameduollary nuling may be
successfully undertahen in cases in which there s ifection of the soft tissuc about
the wound or csen 1 low grade osteitis within the bone, provided that adequte
debndement with delyed closure of the wound 1s undertthen conconntant with the
admimistration of approprinte antibiotics In mstances of frank purulent osteomye-
litss the use of the mtrimedullary nul s contrmundicated

The nail onginally described by kuntscher has since been supplanted by 1 num-
ber of different types of intrimedullary natls, specifically designed for the trettment
of the different long bones (Tigs 62 and 63) Proper use of any mtrimedullary nail
depends upon careful selection with respect to ts length in relation to the length of
the bone as well as to the internal dinmeter of the medullary cavity of the bone into
which the nul 1s to be mserted Whle 1t 15 possible to thrend the varous fracture
fragments over the nn} without exposure of the fracture site (blind nuling), as 1s
done n European clinics, a small mciston over the fracture line immeasurably facih-
tates penetration and carrect direction of the nail mto the distal fragment Particu-
lar care must be exercised to avoid torsional malalignment

In the femur tibin and ulna, the intrimedullary nail 1s probably best mnserted
from above downward after making 1 preliminary dull hole t the upper end of the
bone In the radius and probably also in the humerus the nail 1s best mserted from
below upward In the tthia the pomt of entrance of the nail should be at about the
level of the tibial tubercle and the dnll hole of entrance should be made obliquely
$0 as to permt of parllel insertion of the nail into the medullary cavity

It 15 only natural that a method that elimmnates the need for constant attention
to traction, which reduces the period of hospitalization and mrmmizes the danger
of nonunion, should have received such general approbation and use The method
1s however not without its limitations and should not be undertaken except 1n an
operating room completely equipped for the management of 11l complications that
may possibly anse Despite 1ts obvious allure sntramedullary narling should be per-

forn;led only for defimte dications that cannot be met by more conservative closed
methods

Bone GRAFTS

Bone grafts offer no special advantage over other methods of nternal fixation
In most long bone fractures but may be extremely valuable in fractures of the short
bones n pathological fractures ansing n association with benign tumors of bone
and in fractures where an actual loss of bony substance or nonunton has occurrEd‘
Cortical bone grafts are best adapted to firm fixation of the fractured frapm
:Jut they have htele osteogemc value since most of the cells ultimately die (gja:::;
:ll:j ::nrc grafts on the other hand have Iittle stabilizing value but since their cell;
or the most part they possess great osteogenic capacities Tt 1s therefore
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this, plates (Eggers) have been manuf ictured 1in which the screw holes are elliptical
rather than round This allegedly permits some shding of the fracture fragments
and, therefore, end-to end bony contact even during the pertod of bone resorption

Wherever possible, the plate should be applied subperiosteally tn such manner
that the mid-point of the plate directly overlies the line of fracture The upper half
of the plate should be fixed to the proximal fragment directly 1 1ts longitudinal
axts The distal fragment 1s then held aganst the lower half of the plate 1n correct
anatomical alignment by means of a bone-holding clamp (Lowman clamp, Hey
Groves forceps) The clamp 1s removed onlv after the plate has been firmly secured
to the distal fragment by an adequ ite number, at least two, of self tapping screws

In fractures n which one fragment 1s mnsufficiently long to permt the use of a
straight metallic plate, but m which the distal fragment 1s not large enough to afford
adequate purchase, fixation of the smaller fragment mAy be achieved by the use of
an angulated blade plate (Blount-Moore) This type of fixation has been used
specifically 1n fractures at the upper and lower ends of the femur and in fractures
at the upper end of the humerus

INTRAMEDULLARY FIXATION DEVICES

The treatment of severely communuted or multiple fractures mn the same bone
may be extremely complicated and has lead to the development of the technc of 1n

Fic 61 kuntscher type of mtramedullary nail (A4) dull for reammg the wtra
medullary cavity (B) inserter (C) different sizes of nail (D) extractor (Courtesy of
the Orthopedic Equipment Company )

tramedullary fixation Though this method had been described earlier, 1t was popu-
larized duning World War 11 by huntscher in Vienna (Fig 61)

The intramedullary nail method has the advantage of usmg a preformed ana
tomical channel for purposes of fixation It has acquired wide populanty smnce 1t
reduces the period of necessary hospitalization and permits of earlier motion of
neighboring joints While 1t does reduce the period of hospitalization 1t neither
accelerates nor retards the biological rate of the repair process itself
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The method should not be used save ns the 1st resort, mn frictures in children
In ndults 1t 1s cspecrlly useful mn the tre tment of persistent nonunion 1 patho-
logical fractures caused by neoplisms, m multiple frictures, and in fractures with
loss of bony substance At the onset, infections 1n or about the fricture were con-
sidered contrundications to intrimedullnry fixition Reeent experience with war
fractures, however has demonstrited the fict that intramedullary nuling my be
successfully undertaken m eases 0 which there 1s infection of the soft tissue 1bout
the wound or cven 1 low grade ostetis within the bone, provided that adequate
debnidement with delnyed closure of the wound 1s undertihen concomitant with the
adminsstration of appropriate antibiotics In instances of frank purulent ostecomye-
liis the use of the intramedullary nul 1s contrundicited
The nail originally described by huntscher has since been supplanted by 1 num-
ber of different types of intrimedullary nuls specsfically designed for the treatment
of the different long bones (Figs 62 and 63) Proper use of any intrimedull iry nul
depends upon careful selection with respect to its length n relation to the length of
the bone as well ns to the internl dinmeter of the medullary cavity of the bone mto
which the nail 15 to be inserted Winle 1t 1s possible to thrend the vanious fricture
fragments over the nul without exposure of the fracture site (blind nuling), s 1s
done 1n European chimies 2 small incision over the fracture line immeasurably facili-
tates penetration and correct direction of the nul mto the distal fragment  Particu-
lar care must be exercised to avoid torsionl malalignment
In the femur tbiv, 1nd ulny, the intramedullary noul 1s probably best inserted
from above downward fter making 1 preltminary drill hole 1t the upper end of the
bone In the radws and probably 1so i the humerus, the naul 1s best inserted from
below upward In the tibin the point of entrance of the nail should be at about the
level of the tbial tubercle and the drill hole of entrance should be made obliquely
$0 as to permit of parallel insertion of the nul into the medullary cavity
It 15 only natural that a method that elimmates the need for constant attention
to traction which reduces the period of hospitalization and mimmuzes the danger
of nonumion should have received such general approbation and use The method
:p::::’:;e‘ro:“(:tcthht‘)ut 1ts imitations 4nd should not be undertiken except in an
may pocably ans:m];)) etely equipped for the management of A1l complications that
espite 1ts obvious allure intramedultary nailing should be per-

f
n(:;ﬁ',ff; only for definite indications that cannot be met by more conservative closed
S

BoNE GRATTS

n :Oi?ioi‘;‘:zr;ﬁfcr no special advantage over other methods of internal fixation
bones. m patholo lmlﬂ;_lrcs, but may be extremely valuable in fractures of the short
and in fractures “gh&;ﬂ ractures ansing 1 assoctation with bemign tumors of bone
Cortical bone pe re an actual loss of bony substince or nonunion has occurred
but they hase Jule o;llr: best adapted to firm fixation of the fractured fragments
Tous bone grafts on thcog;mc value sice most of the cells ultimately die Cancel-
survise for the m other hand have little stabihizing value but since their cells

0st part they possess great osteogenic capacities Tt s, therefore
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this plates (Eggers) have been manufactured in which the screw holes are elliptical
rather than round This allegedly permits some shding of the fracture fragments
and, therefore, end-to end bony contact even during the period of bone resorption

Wherever possible, the plate should be applied subperiosteally n such manner
that the mid pomt of the plate directly overhies the line of fracture The upper halt
of the plate should be fixed to the proximal fragment directly 1 1ts longitudinal
axis The distal fragment 1s then held aganst the lower half of the plate in correct
anatomical alignment by means of a bone holding clamp (Lowman clamp Hey
Groves forceps) The clamp 1s removed only after the plate hns been firmly secured
to the distal fragment by an adequate number, at Jeast two, of self tapping screws

In fractures m which one fragment 1s insufficiently long to permit the use of 2
straight metallic plate, but in which the distal fragment 1s not large enough to afford
adequate purchase, fixation of the smaller fragment may be achieved by the use of
an angulated blade plate (Blount Moore) This type of fixation has been used
specifically 1n fractures at the upper and lower ends of the femur and in fractures
at the upper end of the humerus

INTRAMEDULLARY FIXATION DEVICES

The treatment of severely comminuted or multiple fractures in the same bone
may be extremely complicated and has lead to the development of the technic of n

[— :

11—

Fic 61 Kuntscher type of intramedullary nail (A4) dnll for reamng the mntra
medullary cavity (B) inserter (C) different sizes of naill (D) extractor (Courtesy of
the Orthopedic Eq Company )

tramedullary fixation Though this method had been described earler, 1t was popu
lanized during World War II by Kuntscher in Vienna (Fig 61)

The intramedullary nail method has the advantage of using a preformed ana
tomical channel for purposes of fixation It has acquired wide populartty since it
reduces the period of necessary hospitalization and permits of earher motion of
neighboring jomnts While 1t does reduce the period of hospitalization, 1t nerther
accelerates nor retards the biological rate of the repair process itself



RIDUCTION Of FRACTURLS 75

CROSS SECTION

Fic 63 Different types of intramedullary naids First shown the Lottes nail
particularly adapted for fixation of tibial fractures Second the Schneider four flanged
intramedullary nail Third the triangular vom Saal intramedullary nail in sizes suitable
for humerus radius and ulna Fourth the diamond shaped Hansen Street nail (Courtesy
of Zimmer Manufacturing Company )

frequently desirable to use a combination of both of these methods, either afone or
1n conjunction with other metallic fixation devices

Cortical bone prafts may be denved from autogenous homologous, or anti-
genically mnactivated heterologous bone but cancellous grafts are best dertved from
autogenous sources Autogenous bone from the tibia may be used to achieve both
types of graft in a single specimen When taken, however, 1t 1s important that the
crest of the tibia be left intact lest fracture of the tibia occur at the donor site (Fig
64) In addition, pam that 1s annoying and frequently persistent 1n the donor site
and cosmetic disfigurement of the leg make this source less desirable than the 1liac
crest where abundant amounts of cancellous bone can be obtained with mtnimal
difficulty and discomfort Cancellous bone 1s more abundant n the region of the
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RACK TWO RACK THREE RACK FOUR

SMALL BONES
CLAVICLE

JAW
METACARPALS
ETC.

Diameler 3/32 insh

RADIUS ULNA

NECK HUMERUS
CONDYLES HUMERUS
CLAVICLE

ANKLE RECION
Diameter 1/8 insh

HUMERUS TIBIA
SUPRACONDYLAR FEMUR
Diameter 316 insh

FEMUR TIBIA
Diameter 14 ineh

Fic 62 Rush type of intramedullary nail {Courtesy of the Bentvon Company }
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16 65 Onlay bone graft Either 1 single
or a double onlwy graft may be used The sur
face to which the graft ss to be apphied should
be made fint by an osteotome The screws for
fising the only graft to the host site should be
sufficiently Jong to engage the opposite cortex
of the host or of the second onivy praft

osteotome to obviate any bone necrosis that mght anse as a result of burning from
the use of a saw The medullary cavity 1s then freed of scar tissue and the graft 1s
firmly fixed to the bleeding surface of the host bone by means of self tapping screws
that should engage the graft and both cortices of the host bone (Fig 65)
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Fic 64 “Method of obtaming cortical bone
graft A single or double bladed saw mav be
used to obtan a section of the cortical bone
from the tilia The tibal crest should be avoided
<0 as fo mummze the danger of subsequent
fracture of the donor bone The bed for im
plantation should be made narrower by the
thickness of the san blade to allow of soug
apposition of the graft

posterior than m the anterior superior ihac spme though either mav be used
Ideally a segment of only the outer table of bone should be remored subpenoste-
ally preferably en masse and care shouid be taken to suture the overlying muscles
to the margmns of the surgical defect 1n the thum Cancellous bone thus obtaned 18
packed subperiosteally 1nto all the interstices between the cut ends of the fractured
bone

Several different methods of corncal bone graftng have been employed but all
are basically either (1) nlay grafts or (2) onlay grafts Inlay grafts mvolve the
preparation of a host bed 1n either fragment of bone by the use of a double bladed
rotary or reaiprocating saw  The bone graft mav be obtained from the tibia or bone
bank and should be of sufficient width to fit the host bed snugly To assure this the
distance between the two parallel saw blades should be made shghtly Yarger in cut-
ting the graft than m prepanng the host site If this 1s not done the graft will be
narrower than the host area by the thickness of the saw blades and will requite fixa
tion to the host area by <elf-tapping screws which should be long enough to engage
the cortex of the graft as well as the opposite host cortex

This tvpe of mlav graft even with screw fixatuon has not proved as sausfactory
as the massne sigle or double onlay tvpe of graft used alone or 1n conjunction with
metaihc plating (Fig 202) Befort. applying the onlay graft 1 wide flat bed on the
<urface of the adjacent cortices of the fractured fragments 15 prepared using a broad
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The dessgnntion plaster casts 55, 1n fret, v misnomer The basic materil used
m the preparation of 1 ¢t 1, phster, buk the completed cast uself 15 not plaster,
but gypsum The distnction 15 of more than pedantic importange, for the difference
betwcen the two products cefines precssely the bisic mechinism both plster
manufacture and plister setting

When water 15 dded to phister, setting occurs and gy psum 1s formed

CaSO, 410 4+ IO =CS0,20 0
{phister) {p pum)

The reverse reaction involvng the heating of niturily occurning gypsum repre-
sents the basic process in plaster manufacture

Although st does represent what are believed to be the basie reactions, this
simphfied version 15 howeser, far from a complete picture of the chemucal events
mvolved At one time or another, owng in part to confusion n attempts at cor~
refating the vanous observed properties of gypsum and ws dehydration produets,
several other vameues of compounds have been recogmzed CaSO, 2HO
CaS0, 1. H O and CasS0Q,, and at least two forms of the dihydrate, three forms of
the hemihydrate, and four different nhydrites have been postulated or allegedly
desenibed  Crystaliogrnphically, however, no such array of vaneties has been identi-
fied

More recently six substances m the calosum sulphate-water system have been
found to have charactenstic crystallographic patterns and umque and reproducible
thermodynamic properties one dihydrate, two hemihydrates, two soluble anhy-~
dntes and one nsoluble anhydrite

CarciumM SULPHATE DintypRate (CaSQ 2H.O)

The dihydrate occurs m nature either as the fine gramed compact mass of crystals
kniown as gypsum or as large transparent crystals called selenste Both vaneties have
the same thermodynamc properties and the same monochme prismatie crystal form
The crystal contams four to eight molecules i the unmit cell with layers of calcium
atoms and sulphate groups separated by sheets of water molecufes The water mole
cules occupy important positions 1t the crystal lattice and all the dehydration prod
uets of the naturally occurnmg dihydrate have distmetly different x ray powder dif
fraction patterns Thus dehydration 1nvolves not merely the physical removal of water
but the actual destruction of the charactenstic crystal lattice atself

Carcium SuLeuare HEMmmyDRATE (CaS0O ¥H O)

The hemihydrate ss the only Jower hydrate of caloum sulphate whose wdentity
has been estabhished with any degree of certainty The crystal 1s a deformed monoe
clnic form with twelve molecules m the uat cell It possesses great stabiluty since the
calelm atoms and sulphate groups are arranged sn such & manner that strong forces
cxist between the calcum atoms of one layer and the sulphate groups of adjacent
layers Water molecutes exist 1n channels within the lattice but the distances are
greater and hence the forces less between water and the CaSO molecules
;;h: :e;v.een Ca and Sf) radicals Thus 1t s not surprising that 1n caloum sulphate

emthydrate 1 contr 1on to cal {phate dihydrate
water within the crystal can be removed without tesulunz; w themclz:]::xciz;rr: 2; :::




CHAPTER 7

Plaster of Paris

Splints for the relief of pain and immobilization of fractures were employed as
far back as we have knowledge, and the earliest of medical records testify to the
great attention given to the perplexing problems presented by the aftermath of
skeletal trauma Bandages stiffened with various gums and clays were probably the
first means of skeletal immobilization Hippocrates evidently used bandages smeared
with cerate and resin and mn the Middle Ages barber-surgeons were well versed mn
the egg-white technics long used to saturate cloths that were to be wound securely
about fractured extremities

Although plaster had been extensively used as construction material by the
carltest of known civilizations (and had even been used by the mhabitants of the
Tigns and Euphrates valleys to enclose broken limbs) the use of plaster per se,
did not enter the medical armanentarium until the mneteenth century Hubenthal
m France first used plaster of Paris to mold solid casts of extremities with reduced
fractures It was not however until the conclusion of the Crimean War that there
was a general knowledge of plaster of Panis bandages

In 1852 Matthysen a medical officer in the Dutch army, described a hight yet
durable plaster sphint expressly for the immobilization of war fractures The basic
principles had been elaborated some twenty years previously by Baron Suetin
senior medical officer of the Belgian army who had described a starched apparatus _
consistimg of cotton pads bandages and pasteboard splnts mpregnated with
starch Combiming the technics of Suetin and Hubenthal, Matthysen s first plaster of
Parns bandage was composed of a coarse-meshed cotton material into the interstices
of which plaster had been rubbed As such 1t was essentially identical with the
plaster dressings now 1 use

CHEMISTRY OF PLASTER
Despite many advances in the manufacture of plaster bandages over the past
century very little has been added to knowledge of the detarled structure and ther-

modynamic properties of plaster
78
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The designation  plaster csts 15, 11 fact, 4 nusnomer The basic material used
1 the preparation of 1 cast 15 plaster, but the completed cast ttself 1s not plaster,
but gypsum The distinction 15 of more than pedantic import ince, for the difference
betwcen the two products defines precisely the bisic mechanssm o both plaster
manuficture and plister setting

When water 1s added to plaster, setting occurs and gypsum 1s formed

CaS0, 1311 O + 1,110 = CaS0, 211 O
(plaster) (g psum)

The reverse reaction, 1mvolving the heating of nturilly occurring gypsum, repre-
sents the basic process 1 plaster manuficture

Although 1t does represent what are beheved to be the basic reactions, this
simplified version 15, however, far from 1 complete picture of the chemical events
mvolved At one time or another, owing n pirt to confusion tn attempts at cor-
relating the various observed properties of gypsum and tts dehydration products,
several other vanieties of compounds have been recogmzed, CaSO, 2H O,
CaSO, ¥ H O and CaSO,, and at least two forms of the dihydrate, three forms of
the hemihydrate and four different anhydntes have been postulated or allegedly
described Crystallographically, however, no such array of varieties has been identi-
fied

More recently, six substances in the calcium sulphate-water system have been
found to have charactenstic crystallographic patterns and umque and reproducible
thermodynamic properties one dihydrate, two hemihydrates, two soluble anhy-
dnites, and one msoluble anhydnte

CaLctum SULPHATE DiHYDRATE (CaSOs 2H O)

The dihydrate occurs n nature either as the fine gramed compact mass of crystals
known as gypsum or as large transparent crystals called selemite Both varieties have
the same thermodynamie properties and the same monoclinic prismatic crystal form
The crystal contamns four to eight molecules 1 the umt cell with layers of calcium
atoms and sulphate groups separated by sheets of water molecules The water mole
cules occupy smportant positions 1n the crystal lattice and all the dehydration prod
Kf.\cts of the naturally occurring dihydrate have distinctly different x ray powder dif
bracnon patterns Thus dehydration involves not merely the physical removal of water

ut the actual destruction of the characteristic crystal lattice utself

CaLciuM SULPHATE HEMIHYDRATE (CaSO ¥HO)

T:;Znhzz;gd;“: 1s the only Jower hydrate of calcrum sulphate whose tdentity
¢ form wnl:sxeel with any degree of certanty The crystal 1s a deformed mono
Jam atome an:‘v s[:'le ‘r]no]ecules in the unit cell It possesses great stability since the
exist between the cal phate groups are arranged in such a manner that strong forces
layers Water mol alclum atoms of one layer and the sulphate groups of ady

greater and l:o ecul;s exist 1n channels within the lattice but the distances are
than between Cancedt e forces less between water and the CaSO, molecules
hemibydrate 1 ci:‘rsf) radicals Thus 1t 15 not surprising that 1 caleim sulphate

‘on to Iphate dihydra;
water withmn the crystal can be removed without resulunz lnxfhemde]::?rsltxc[t)le: gf“ :ll::

has
eliny
calc:

d
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crystal lattice Moreover, the hemihydrate can accommodate greater or lesser amounts
of water than required by the formula without serious alteration 1n the crystal struc
ture

A stable form of the hemihydrate alpha hemihydrate 1s produced when the di
hvdrate 1s placed 1n a nearly saturated steam atmosphere When this does not prevail
or when the dihydrate 13 dehydrated m a vacuum at about 100 C a less stable com
pound beta hemibydrate pc definitelv diff propertics 1s produced Cast
ing plasters are virtually exclusively of the alpha variety, whereas wall plasters con
tam relatively large amounts of the beta hermhydrate

ANHYDROUS CALCIUM SULPHATE (CaSQ)

Three forms of anhydrous calcium suiphate have been recognized 1nsoluble
(natural) anhydnte alpha soluble anhydnte and beta soluble anhydnte The latter
two are further dehydration products of alpha hemthydrate and beta hemihydrate
Insoluble anhvdnte has the most stable atomic arrangement of any of the calcium
sulphates but fails to take up water at any apprectabh. rate and probably plays no
mportant role, 1f anv at all n casting plaster

{a sol ) CaS0, CaS0, (a sol)

(e sol) CaSO. »uH 0‘_-—- CaS0, 2H20 — ——2CaS0, (insol }

Thus plaster of Pans consists largely of calcium sulphate alpha hemihydrate
contamming greater or lesser amounts of water than required by the formula and some
minor quantitics of the anhydntes When placed 1n water plaster undergoes a char
actenstic change known as setting which 1s chemically characterized by the formation
of calelum sulphate dihydrate or gypsum Dependent upon the surrounding atmos
phere and temperature the gypsum cast 1n turn may partially dry yielding grester
or lesser proportions of anhydrite crystals among the characteristic calcium sulphate
dihydrate crystals of the cast

PLASTLR BANDAGE

Ongmally plaster bandages were m1de by dusting powdered plaster of Paris on
cut strps of cnnoline and rolhing up the material thus prepared to form a bandage
roll which was later wet and apphed The bandages were fairly cheap to prepare
and accordingly it was the custom for private physicians and hospitals to prepare
their own plaster dressings The rolls had to be wound fairly tightly to obviate ex-
cessive Joss of plaster from the dry roll duning storage and handling 1nd conse-
quently, they were slow to wet did not wet uniformly and almost never wet com
pletelv A rather considerable amount of plaster was lost durmg this process and the
entire procedure was somewhat less than pleisant for the surgeon and much less
than aesthetic for the patient Owing to the long wetting time the resulting cast re-
quired a slow setting type of plaster and reltvely long penods of time for setting
This not infrequently made maintenance of the postreduction position of the frac-
tured fragments a somewhat tedious and not always successful task
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Retarder substances such 15 ammal hairs, were frequently used to prevent
sctung from occurring durimg the time of Apphicition of the plister bandges Crys-
tallime accelerator substances, such s s1lt or gypsum atself, were often 1dded to
seed the gypsum mass of the enst and hience to mncrewse the rate t which sctung
progtessed immeduately nfter the plster bindages hnd been applicd Unless per-
formed with considerble cnre, hosever the resulting cast frequently was laminated
and weak 1nd tended to flour or onton skin

Commercially avashble hard corted bandages overcime some of the disad-
vantages of these loose-coted dressings These are currently in general use and are
compased of crinoline or open mesh starch size gauze, which 1 coated with
slurrv of powdered plaster ‘They contun set-controlling agents nd a materral that
binds the plaster m the dry state to the gauze The bandage has the advantage that
the plaster 1s directly adherent to the fabnc, 15 readily and uniformly wettable 1 &
few seconds has a low plaster loss, and permts of the preprration of a stronger
cast with @ predictable wnd controliable seting time  In contradistinction to the
earhier homemade loose-coated plaster bandages, when water s expressed from
hard-coated bandages, httle water remuns in excess of that required (about 21 per
cent) to hydrate the plaster to form gypsum, and hence optimum cast strength may
be obtuned

The crinoline or gauze contnbutes hittle or no addiional strength to the cast in
ordmary hard-coated bandages 1nd serves solely the function of conveying wet
plaster to the extremity or trunk to be immobilized Hospttal crinolines usually are
three, four or six nches wide although other widths are also commerciailv avai-
able The fabne has thirty-two by twentv-eight threads per square inch m most
bandages marketed today, though some firms also prepare crinolines or gize with
twenty-eight by twenty-four thrends per square inch

Two general tvpes of bonding agent are used m hard-coated bandages One 15
a <o-called dry binder such as methyl cellulose, that 15 water-soluble and has httle
or no bonding action save m the dry state The wet binder 15 a water-mnsoluble
matenal exemphfied by polyvinyl acetate that both assists mn holding the plaster
on the drv bandage and prevents excessive loss of plaster when the roll 15 squeezed
out after wetting

The slurry of powdered plaster 15 apphed to the gauze, dried out and cut to
desred proportions by machme Early manufacturing procedures used a sturry m
an orgamic hqud such as acetic acid or 95 per cent aleohol n order to avord
aquecus sturry solvents that would cause the plaster to set duning manufacture

More recently the plaster slurry 1s made 1n water contanmng 1 to 2 per cent wm-
monm borate, which prevents setung of the plrster As the water 1s dried from the
coated gauze the ammomum borite decomposes with the liberation of ammonsa
so that there 15 no interference with the set of the plaster m the finished product
The setting time of most hard coated plaster bandages 1s controlled by a mate-
nal such as potassium sulphate or freshly ground gypsum Occasionall
hibitors such as sodum eitrate are vosetm
incorporated into the plister
S 2ot o o s e
y tigh convistency plaster (fugh consistency 1n that
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a relatively large proportion of water was required in order to obtain a free flowing
plaster water slurry) At the present time, the best plasters are high density, low
consistency 1n which little excess water 1s required to obtain a soft mixture of plas
ter Consequently, less water 1s present m the resulting gypsum cast, the cast s of
denser structure and 1s stronger

Recently a considerable improvement in plaster bandages has been accom
plished through the mncorporation of a water-insoluble melamine-formaldehyde
resin it the bandage with the plaster The resin 1s cold-setting and 1n the presence
of a catalyst, polymerizes, 1s the plaster 1s setting and the cast drying to bond the
gypsum particles to each other and to the gauze backing The resulting cast 1s es-
sentially a structural unit much like Hubenthal s origmal solid plaster of Pars cast
m which both the gypsum and the gauze contributed to the ultimate strength of the
cast The resm-polymer-gypsum combination thus produces a cast of tremendously
increased strength per umit mass as compared with casts produced from ordinary
hard coated plaster bandages The melamine plasters may either be prepared as
such or by dipping ordinary hard-coated plaster bandages into an aqueous solution
of the resin rather than wetting the plaster n ordmary water

In addition to possessing the advantages of increased strength per umit mass
and hence the desirable attribuie of being hghter for equivalent tasks, casts made
from melamme formaldehyde plasters demonstrate some shght antibactersal ac
tivity owing to their formaldehyde content They also have the decided advantage
of beng relatively immune to the deleterious softening and weakening effects of
moisture, water and urine, since the resin becomes water-insoluble as 1t polymer-
1zes

Against these advantages however are the disadvantages that the resin plaster
bandages are somewhat more expensive than ordinary plaster bandages, have a
somewhat greater tendency during storage to be adversely affected by excessive
heat and morsture and in chinical practice, may occastonally be responsible for var
tous cutaneous hypersensitivity phenomena as a consequence of their formaldehyde
content

APPLICATION OF PLASTER OF PARIS

Plaster of Pans splints may be made from commercially available plaster slabs
function 1s tmmobilization either of the parts of a single bone as after a fracture
or of the jomt between two bones It may also be employed in the correction of
slight axial malalignments in the prevent:on and treatment of soft tissue contrac-
tures across joints or paradoxical as it may superficially appear n mcreasing
mobility of a joint

In fractures classical practice dictates that the plaster cast be of sufficient ex-
tent to icorporate both the joint above and the jomnt below the site of fracture For
adequate immobilization of a jornt the cast must be sufficiently extensive to secure
a firm hold on both the proximal and distal bones and should incorporate at Jeast
half the total length of each of the bones Immobilization may be obtamed by use
of plaster sphnts or cylinders The other functions of plaster can only be subserved
by the construction of cylinders since plaster splints do not permut of wedging or
of the apphcation of elastic force
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SAIN PRITARATION

Preparation of the shin priot to cast mmmobihization should be hinuted 1 closed
fractures to careful washing of the shin surface, preferably with 1 surface acting
detergent, followed by carefut drymg of the ren to be encased in the cist In most
mstances, other procedures, such as the applicttion of benzon or other adhesive
compounds, serve no uscful function tnd may, by affording n mechanicn] barner
to sweat and sebaceous gland secretions, give rise to undesirble side effects

Fic 66 Matenals used n the application of plaster In the upper
feft hand comer stockinette for encasing the hmb, on the nght
candy cotton roll and felt for padding of the bony promunences n
the center plaster slabs and rolled plaster bandage with wire mesh
and basswood splints for reinforcing the p'aster Rubber gloves lower
Jeft hand corner may be used to protect the hands of the surgeon

Plaster of Panis may be used i the form of stabs or sphints or as cyhindncal
molds

Plaster of Pans splints may be made from commercially available plaster slabs
or by unrolling and layering an ordmnary plaster bandage The latter method has
the advantage of permutting splints to be made of any desired length Both are hy-
drated by immersion in warm water and are then faced with a thin layer of felt or
candy cotton to protect the skin agamst which the splint 1s to be apphed (Figs 66
and 67) The sphnt 1s then laid agamst the part to be immobilized and 1s held
the desired position by means of ordinary gauze bandage untl setting has occurred
When setting 15 complete the splint 1s removed trimmed as needed and thor-
oughly dried When dried, the margns of the splint should be carefully bound with
adhesive tape to protect the skin agamnst injury from the sharp edges of the dned
plaster The splint 15 then reapplied and held in place by encircling elastic bandages

Many surgeons msist upon immobilization 1n certamn types of fractures, particu-
larly Colles fractures by splimts secured to the forearm 1 this fashion \\,/h\le this
procedure 1s unquestionably safer in that it mimmzes the possibihity of circulatory
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impasrment, 1t 1s frequently unsatisfactory 1n that splints do not completely immo-
bilize the fractured fragments and often require greater skill in their applcation
than need be displayed m the reduction of the fracture itself Splints are defimitely
weaker than encircling plaster molds and their use completely precludes the possi-
bility of change m position by wedging for the correction of any persistent mal-
alignment They are, however, invaluable for the support of a part where loss of
position need not be feared

Circular plaster of Paris molds afford greater stabihty for immobilization but,
when used 1n acute fractures, may entail the nisk of circulatory impairment Persis-
tence of pamn, numbness of the distal parts, cyanosis or blanching of the shin, and
swelling are all indicative of circulatory embarrassment The consequence of farlure

FiG 67 Preparation of a plaster slhb by unrolling and
layering ot a plaster of Pans bandage may be done with
erther a wet or a dry bandage

to recogmize and nstitute early and energetic treatment of diminished penipheral
blood flow 1s so devastating as to make retention of the fracture of only secondary
mmportance The mold must be spht immediately, discarded 1if necessary, and the
limb must be placed 1n whatever position serves to re-establish 1ts arterzal supply
While prophylactic bivalving of the plaster 1s essential 1n patients pot under direct
observation during the first few hours after reduction, 1t need not be made a routine
if the patient can be observed and treated promptly upon the appearance of the
earliest signs of airculatory distress After all immobilization 1s a necessary and
important part of the care of a fracture It mvolves certam responsibilities i addi-
tion to that of reduction and those unwilling to accept all the responsibilities will
probably sleep better if the care of the patient 1s turned over to another colleague

PappED AND NONPADDED CASTS

As a general principle it 15 desirable to afford some protection for the skin
over bony promnences as a means of obviating cutaneous pressure necrosts Anxiety
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on this score, however, has not infrequently led to the opposite, equally renl danger
of overpidding This should be avoided Tt must not be forgotten that the functton
of 1 cast 1 fracture therpy 1s immobihzation of osscous structures that anatomic-
ally happen to be covered by 1 varying thickness of muscle, soft tissues, and skin
The thicher the Jayer of tissue and prdding interposed between the bone 1nd the
cast the less secure 1s the immohihization of the fractured fragments and the less
certan the ultimate result Besides bemng unnecessarily wasteful, overpadding
merely serves to render the osscous fixation less secure

It 1s because of this that some surgeons have advocated the use of the unpadded
plaster of Paris cast This type of cast demnds particular care 1n ats application to
avord the formation of wrinkles that may cause pressure sores Plaster applied di-
rectly to the shin or over 1 thin layer of protective materil without tension on the
sk and with extraordinary care taken to have the nner-facing surface of the cast
entirely free of ndges will not result 1 pressure necrosis even when apphed over
subcutaneous bone It 15 especrally important to avoid indentation of such un-
padded casts by pressure of the fingers When gently guided by the ball of the hand
without traction, the plaster of Pans bandage may be rolled around prominences
without fear of pressure sores and nffords firmer fixation than can be obtuned by
the padded cast It ensures better grasp of the bone ends and considerably greater
stability at the site of fracture than can otherwise be obtained though 1t does make
for somewhat greater difficulty at the ime of removal

CasT PADDING

Three matermals are customarily used m padding erther the trunk or an extrem-
1ty to be immobiized (1) stockinette, (2) sheet wadding or candy cotton, and (3)
felt In general the first two matersals are most widely used to protect larger sur-
faces, while felt 1s best adapted to protecting small bony prominences

Adequate protection without padding can be obtained by means of stockinette
of adequate diameter (unstretched) and about six inches longer than the total ex-
tent of the parts to be immobilized Ordinary commercrally avulable stockmette,
a seamless usually unbleached tubular kmit cotton fabric 1s suffictent, provided
meticulous care 1s taken to avord rnidges and other irregularities on the nner sur-
face of the cast

Thin felt or sheet wadding a thin umform nonabsorbent cotton web Iightly
coated with starch affords additional padding without apprectably mncreasing the
thickness of the total cast padding It should be wound about the part to be im-
mobilized fairly snugly but not tightly, and may be held in place simply by tearin
the end of the sheet wadding and placing the roughened nuddle surface of ong
layer upon the smooth surface of the immedrately subjicent layer (Fig 68)
o ;I};l:‘cj:tke;; efelt:osn};ee;;;l:l;:g::ya:: lf:cllt':lnlngs may be placed either directly upon

n place with adhesive tape For most

other purposes, felt adds little 1n the wa:
y of protection and materzall
Iikelihood of inadequate immobilization ymerenses the
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Fic 68 Padding of leg for application of a plaster
cast Stockinette has been applied to the level of the knee
joint and beyond the toes A thin layer of felt has been
wrapped about the upper end of the leg to protect the
peroneal nerve and to prevent pressure on the head of
the fibula Similarly, a thin layer of felt has been wrapped
about the ankle joint to protect the malleoh and a single
protecting layer of felt has been laid over the subcuta
neous surface of the tibia

n
i
i
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Fic 69 Wettng of the plaster
bandage On removal from the water
the plaster bandage 1s grasped at both
ends and gently squeezed toward the
center so as to prevent loss of plaster
and telescoping of the bandage

WETTING OF THE PLASTER

Wetting or hydration of the plaster bandage 1s accomplished by complete sub
mersion i a pail of water Whether placed on end or flat, the bandage should not
be touched or the water stirred until all the bubbling caused by release of air in the
bandage has ceased To remove the bandage from the water, 1t should be grasped
at both ends and gently squeezed toward the center This avoids excessive loss of
plaster and prevents telescoping while the bandage 1s beng unrolled (Fig 69)

APPLICATION OF THE PLASTER

The plaster bandage should be gently guided around the part to be tmmobilized
by the ball of the hand and should never be pulled nto place by the fingers (Fig
70) With this gumidance the bandage can be unrolled in any desired direction An
abrupt change in the direction of the bandage should be accomplished by folding
the bandage back upon itself without wrinkle
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A well made plaster of Panis structure, whether 1 splint or 1 so called cast must
be homogencous and on cutting must present the appearance of 1 crenmy cheese
This can be accomphished only 1f each layer of the plaster 15 well rubbed s at 1
apphed This senes to force the plaster of Pans through the meshes of the ghuze
and binds cach lnyer of plister to those mmedntely below it Faulure properly to
rub 1n each Inyer of plaster bandage results an a plaster structure that on cross
section 1s liminated and has been described as being of the onion peel type This
type of c1st 1s distinetly weaker than the homogencous type

The plaster structure must be completed within the time limt for setting of the
plaster Setting varies with the type of plaster used, but may be expected to take
place withim five to twenty-fise nunutes The rapudity of setteng may be accelerated

Fic 70 Application of plaster The bandage
1s unrolled by pushing with the ball of the hand and
should never be lifted off the part being immobilized
One hand unrolls the plaster bandage while the other
hand rubs the layers already applied

by the addition of ordinary salt or increase in the temperature of the water used to

wet the plaster Setting may be delayed by the addition of sugar or the use of cold
water

SETTING OF PLASTER

Setting of plaster ts due to the formation of gypsum crystals from the hydrated
plaster of Panis It occurs suddenly and can be recogmzed by the change from a wet
ghistening surface to a dull white fimsh and the conversion of a soft mto a hard
sound when the cast 1s tapped with the finger or an instrument Even though setting
has been completed the plaster 15 still wet and should not be submitted to any
stress until entirely dry Drying of a plaster mold usually occurs within twenty-four
l‘;ouxs bt;; may take as long as several days Hum:d weather will necessanily delay
el?c':'fc fa;’;ng may be expedited by heating under a lamp or by the use of an

O Increase evaporation of the excess water n the plaster In thick casts

drying may be so long deta
be necessary 1 yed that removal and reapplication of another cast may
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REINFORCEMENT OF PLASTER CASTS

Paruicularly 1 situations where the plaster crosses a jomt, remforcement may
be necessary to avoid breaking the mold This may be effected by ncorporation
mto the cast of strips of metal or wood previously steamed so as to permit con-
formation with the surface of the cast The drawback to the use of metal 1s that

Fic 71 Remforcement of the plaster A plaster
slab 1s laid along the lateral aspect of the mold to re
mforce the cast as 1t crosses the ankle jomnt This gives
maxmmal stability with mimmal increase in the ultimate
weight of the cast

Fic 72 Plaster bnidgmng Where the cast has been
weakened by removal of a wmdow 1ts strength may be
restored by bndging the gap by one or more ropes of
plaster that are fixed fo the cast by circular plaster of Pans
bandages

1t frequently obscures the area to be x-rayed at a later time This may be obviated
by the use of plaster slabs Iad along the lateral aspect of the cast rather than m
front so that they act as I beams to resist breaking stress (Fig 71) Where the
remforcement must cross the front of the jomt or where 1t 1s desired to bridge a
large gap i the plaster, the plaster slabs may be converted mto a rope and Tard
across the joint or arched across the gap before bemng mcorporated n the plaster

(Fig 72)
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Tor reasons already noted (Chap 2), 1 thin metallic mArker such 1s a Kirschner
wire or probe should be pliced along the long axis of the plaster cast before the
It turn of plaster 15 applied 1t 15 the only objective method for ssuring the
similnty of consecutine x riys and may be of the utmost importance 1 medico-
legal matters (Fig 73) While stll wet, the date of application of the plaster and

Tic 73 Insertion of radiopaque marker A
probe has been fastened to the outer side of the
plaster mold and incorporated 1n the plaster so that
the 1dentity of subscquent roentgenograms can be
determined by the relationship of the shadow of the
marker to thit of the bones This 1s important in the
estmation of apparent change in axial alignment in
serial x rays

FiG 74 Instruments used mn cutting or trimming plaster casts
The Bard Parker blade the linoleum workers knife and scissors are
n the center To the night 1s a receptacle and medicine dropper for
wetting the plaster To the left a duck bill for bending out the edges
of a plaster cast and above the Sulle cutter

the nature of the fracture should be outhned on the surfa
ce of th -
delible 1nk pencil e castwith an
Once 1t 15 completed the plaster of Pans mold should b
e timmed to
motion or examimnation of the circulation An old Bard-Parker blade 15 most}ilesr;]tlx{
while the cast 1s sull wet a linoleum worker s kmife when the cast 15 dry (Fig 74)
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A plaster of Panis mold should be smooth and neat when completed The patient
does not know what 1s going on under the plaster and 1t 1s a reassuring comment
on the surgeons competence to note that attention has been given to binding the
edges of the cast with adhesive plaster or to keeping the cast clean by a stockinette
or a simple gauze bandage This, of course, thwarts the artistic propensities of the
patient’s visitors but 1s helpful to the surgeon who has noted important information
on the surface of the plaster Pamnting with a thm film of shellac tends to water
proof the plaster

If gloves have been used in the application of the plaster, they should be washed
while still on the hands If no gloves have been used, washing the hands with a
sugar paste removes the plaster from around the nails and leaves the surgeons
skin soft and smooth

FENESTRATION OF PLASTER Cast

It 1s frequently necessary to fenestrate the plaster for the purpose of dressing
a wound or examiming a painful skin area (Fig 75) The electric saw 1s efficient

Fic 75 Cutting of the plaster cast The cast has been
wet along a penciled hne and 1s then cut along this line using
a linoleum worker s kmfe

and umesaving but 1s fearsome to all children and to many adults With a httle
extra effort a window may be opened by cutting with a plaster knife along a
penciled lme previously moistened with plam water (Fig 76) Where skintight
plaster has been applied particular care must be taken to avoid cutting the
underlymg shin  Actual division of the layer of plaster next to the skin 1s betrayed
by a charactenisic hollow sound that results from cutting of the cross fibers of
the gauze

The making of a window predisposes to the development of window edema
(Fig 77) Ths can be combated by a pressure dressing or replacement of the
excised portion of the cast Where 1t 1s desired to maintamn a permanent openming
1n the cast for the treatment of a local condition while plaster immobilization 1s
mamtamed, the strength of the cast may be restored by budging the defect by one
or more plaster of Pars ropes (Fig 72)
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Fic 76 Fenestration of the Fic 77 Wimndow edema Fol
cast The area to be freed 15 out lowing fenestration of the cast
lined with a pencil wet with water edema of the exposed tissues may
or acetic actd and cut down to the occur This can be prevented either
stockinette The stockinette should by a pressure dressing or by re
be cut separately and its edges placing and firmly fixing into place
turned back to line the margins of the plaster Itd removed by fenes
the window tration

CUTTING OF PLASTER CAST

Splitting or bivalving of a plaster cylinder may be accomplished by the plaster
kmfe, electric saw, or the Stille shears (Figs 78 and 79) Complete removal of a
plaster cylinder especially m the lower extrermties 1s almost mvarably followed
by swelling and cyanosts which 1s most distressing to the patient Thus results from

Fic 78  Splitting of the cast The cast has been wet and
spht along a previously penciled margin along the outer
surface using either a knife electric saw or Stille shears
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Fic 79 Bivalving of the cast By sphtting the plaster along both 1ts
lateral and medial aspects the plaster cylinder may be converted nto anterior
and posterior splints The cast may be reconstituted by strapping the two
halves together with adhestve tape or canvas straps

a loss of the vasomotor tone of the extremity and 1s readily overcome by the ap
plication of an Unnas paste boot or, more stmply, by contrast bathing gentle
massage, or an elastic bandage

WEDGING OF PLASTER CAST FOR AXIAL MALALIGNMENT

The 1ntact plaster mold may be used for the purpose of correcting axial mal-
alignments Angulational malalignment may be corrected by wedging, which can
be of two types the simple axial type or the clamshell type Axial wedging may be
accomplished by the removal from the hemicircumference of the cast at the level
of the plaster as hinges The distal portion of the cast 1s angulated toward the side
the angle of axial deviation Small portions of the cast are left to act as hinges,
beyond this the other hemicircumference 1s cut through, using the uncut portions
of the plaster as hunges The distal portion of the cast 1s angulated toward the side
from which the pre shaped sector was removed This closes the wedge on one side
and at the same time converts the meised portion of the cast on the opposite side
into a wedge-shaped opening (Fig 80)

Clamshell wedging 1s accomplished by making 2 single hinge 1 the plane in
which 1t 1s desired to correct an angulation Circumcision of the whole circum
ference of the cast beyond the hinge permuts angulation of the distal fragment
toward the hinge, with the openng of a wedge 1n the line of the circumecision (Fig
81) Removal of a wedge of plaster 1n the line of circumcision permuts angulation
of the distal fragment in a direction opposite to the hinge Because of the greater
distance that the circumcised portion of the cast must be moved to achieve any
desired degree of angulation this method permuts of greater leverage action and
therefore of greater force 1n wedging of the underlving bone Torsional or trans-
positional malalignments may be corrected by complete circumcision of the plaster
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at the level of the malilignment (Tig 82) Overnding may be corrected by the
msertion of distracting turnbuckles  Lxcessive distriction may be corrected by
excision of 1 sleeve of plster After the desired correction has been obtaned, the
mtegnity of the phster cast should be re-estiblished by several turns of plaster of
Pans bandage

Fic 80  Axial wedging of the ¢t A cres
centic scction of the cast 1s remosed from onc
hemricircumference leaving antact 1 small hinge
both anteriorly and posterrorly The other hemicir
cumfercnce s sumply cut through The distal por
tion of the cast 1s then angulted toward the side
from which the creseentic section was removed and
the cast 15 reconstituted by replicing the excised
portion mn the wedge that has been opened A few
tams of plaster of Paris bandage serve to complete
the wedged cast

Dy LD Q

dt:/’

Fig 81 Clamshell wedg Fic 82 Correction
mg of a cast The entire cir ot torsion The cast s
cumference except for a small completely circumeised
hinge 15 cut through and the at the level of correc
cast 1s angulated toward the tion The distal portion
side on which the hinge re 15 then rotated to correct
mams The cast 1s recon the torsional malalign
stituted by several turns of ment Sever:l turns of
plaster of Panis bandage plaster of Paris bandage

serve to mawmtamn  the
correction

MoRrL1zaTION OF JOINTS

For the correction of angulation existing between two bones the same type of
anal wedgmg may be employed s m the correction of angulation within a single
bone Considerable force may be exercised through the action of a Quengel ap-
parates This 1s made by applying a plaster cast to the proximal bone or portion of
the extremity A cantilever of plaster wood or preferably metal 15 incorporated n
the plaster and extends beyond the mvolved joint for a distance about equal to the
length of the distal segment When the cast has set and the cantilever 1s firmly fixed
a sling 15 passed about the duistal extremuty and ether by elastic traction or b);



Fic 83 Quengel apparatus to overcome contractures A plaster of Pars cylinder
1s applied to the proximal portion of the angulation to be corrected A cantilever 1s
meorporated 1n the plaster and a shng 1s placed around the distal portion of the
angulation By means of a Spamish windlass or elastic tractton the distal portion 1s
pulled up to the level of the cantilever This serves to enforce passive motion m a
single direction

Fic 84 Himnged cast To permit active motion prefabricated hinges are fixed
to the plaster cast with the axis of motion of the hinge m the plane of motion
of the jomnt A cuff of plaster 1s then removed

94
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means of 1 Spanish windlass ss pulled up agunst the projecting cantilever (Fig
83) To preserve motion elstic triction 1s to be preferred to fixed wedging

In the larger jomts where 1t 1s desired to preserve motion, 1t 1s better to insert
prefabricated metallic hunges into the pluster (Fig 84) After the hinges are fixed
m place so that the axis of mation of the hinge corresponds with the axts of motion
of the joint, the plaster cuff between the hinges 15 cut away so s to allow free

Fic 85 Hinged cast with
clastic tractton Hinges have been
mserted into the plaster of Pans
cast Brass curtain hooks have
been attached to the plaster on
either side of the joint By passing
rubber bands across the hooks
both 1n front of and bechind the
jomnt  active flexion or cxtension
across the joint may be assisted

Fi6 86 Hinged plaster cast with banjo sphint A Jong
arm cast has been hinged and fitted with elastic rubber band
traction to encourage motion at the elbow A banjo splint has
been mcorporated 1n the arm cast to permit placing the wnst
n dorsal extension Elastic traction has been applied to the
banjo sphint to permit straighteming ot the flexed fingers

motion of the joint Motion 1n both directtons of the joint may be obtained by fix-
Ing brass curtain rod screws into the plaster cast on either side of the jomt Rubber
bands under tension are looped over the screws in sufficient number to achieve
the desired effect (Fig 85) In the smaller joints, such as the wnist or the fingers,
the distal portion of the plaster may be substituted for by a heavy wire mcorporateé
n the proximal plaster to make a banjo frame to which the rubber bands are

attached By suitably bending the wire any degree of force may b
the affected joimt (Fig 86) y be applied across
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TyPES OF PLASTER CASTS
For the primary purposes of tmmobilization certain types of plaster of Pars
cylinders are standard
THE FOREARM CAST

In the treatment of fractures of the carpal bones and certam types of Colles
fracture a short forearm cast to just below the elbow jomnt 1s frequently adequate
In fractures of the bones of the forearm, however, or 1n Colles’ fractures where

Fic 87 Short forearm cast The plaster 1s
carefully molded mn the palm so as to mamntam
the hollow of the palm To allow free motion
of the fingers the cast should never extend dis
tally beyond the proximal palmar crease To
allow free motion of the thumb the cast should
be cut well above the carpometacarpal jomt
level

the pam persists the immobilizatton must nclude the elbow jomnt and extend to the
lower third of the humerus The wrist and dorsum of the hand should be lightly
padded and the plaster rolled on without tension Particular care must be taken to
maintam the hollow of the palm to avoid a flat hand (Fig 87)

Flat hand 1s more sertous than flat foot and may result m far greater functional
disability than failure satisfactonly to reduce the fracture Flat hand mvarmably
results from abduction and external rotation of the thumb and can be prevented
by molding the plaster mto the hollow of the palm so that the thumb and fingers
are held mn the normal position of graspmg Even when 1t 1s desired to immobilize
the thumb as m the scaphoid cast this should be done n the position of function
Except when 1t 15 spectfically mtended to immobihze the fingers in extension the
plaster should never extend distally beyond the proximal palmar crease, so as 10
allow full motion of the fingers
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THE 1ULT-ARM CAST

When 1t 15 destred to extend the <hort fore wm ¢ st beyond the elbow, the bony
prominences about the elbow must be padded to prevent pressure necrosis of the
shin Pressurc over the ntecubitl region should be avorded nnd the crossing of
the plaster bandage should occur belind rther than in front of the elbow This 15
espeennlly the case when the cibow 1s fixed 1 flexion Except for specinl indications
where the arm 15 1immobthzed 1 complete extension, the usual position for the
applicition of 4 full arm cast 15 with the elbow 1n ninety degrees flexion 1nd mid-
pronation of the forearm Tor adequate immobilization of the lower third of the

Fic 88 The full arm cast The plaster cast
includes the elbow and may extend well up on
the arm The elbow should be 1n ninety degrees
of flexion with the forearm in mud pronation

humerus the cast must be extended well up nto the axilla and may be immobilized
against the trunk by a linen bandage or a plaster swathe (Fig 88)

THE HANGING CAST

The hanging cast method of treating fractures of the humeral shaft 1s based on
the principle of traction in which the weight of the arm and its encirching plaster
of Pans cast supplies the effective force With the elbow flexed to a nght angle and
the forearm 1n mid pronation, a circular plaster cast s applied from the level of
the fracture down to the proximal palmar crease A loop of plaster 1s fashioned
and incorporated 1n the cast at the level of the wrist When set, the plaster 1s sus-
pended from the neck by a mushn bandage permitting the patient to be ambulant
(Fig 89) The effectveness of the triction depends upon the arm hanging down
and 1t therefore 1mposes the necessity of sleeping mn the seated position It 1s

particularly vatuable n elderly patients 1n whom prolonged
ged bed rest, open -
tion or recumbency 15 feared pen oper
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Though 1t has a defimte place in the treatment of fractures of the upper humeral
shaft 1t should not be employed routinely nor be permitted to supplant the more
familiar methods of skin or skeletal traction In addition to the enforced sleeping
m the seated position, 1t has other drawbacks It 1s difficult to control the traction
force either to correct overnding or to prevent distraction Far more wmportant

Fic 89 The hanging cast A long
arm cast 1s applied with the elbow m
flexion and the forearm in mud prona
tion A loop of plaster s made and
attached to the radial side of the cast
From this the cast may be suspended
about the nech To mamtain alignment
an axillary wedge has been employed

Fi16 90 Modified hanging cast A me
dially projecting wing has been mcorporated
m the cast and abuts aganst the chest wall
to prevent internal rotation of the distal frag
ment of the humerus (Reproduced from
Milch H The winged hanging plaster Bull
Hosp Joint Dis 820 1947)

than this, however 1s the forced internal rotation that suspenston from the neck
imposes upon the distal fragment In short spiral fractures this n itself may act to
cause nterposition of soft tissue and so lead to nonunion In an effort to overcome
this defect 1t has been suggested that a wing be incorporated 1nto the plaster The
wing resting against the chest wall does  fact prevent torsion but patients com
plain that even when well padded the wing 1s wntating and sometimes panful

(Fig 90)
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LEG CASTS

Leg casts are apphied n the form of long or short plister of Pans boots that
usually tnclude the foot The short plaster boot extends from below the knee joint
to the toes with the ankle m the ncutral posttion at ninety degrees (Fig 91) The
malleoli the back of the hee! and the dorsum of the foot must be ndequately pro-
tected by paddmg Particular attention must be given to the protection of the
peroncal nerve s 1t crosses the neck of the fibuln Pressure aganst the upper edge
of the boot may result in 2 dropped foot This cin be prevented by careful padding
or by cutting the cast down on 1ts outer stde so as to 1oid direct pressure on the
nerve The subcutancous surface of the tibia should be protected by a single layer

Fic 91 Short leg cast The plaster boot extends from
below the knee jomnt to the 11ps of the toes on the plantar
surface of the foot The ankle 1s wn the neutral position

of felt The plaster must extend to the tips of the toes on 1ts plantar surface so as
to prevent dropping of the toes On the dorsal surface of the foot, the cast may be
cut back to the level of the metatarsophalangeal joint to permit observation and
motion of the toes Wherever posstble the longitudinal arch of the foot should be
carefully preserved by molding of the plaster This should, however, not be at-
tempted unless a footboard has been placed against the plantar surface of the foot
to msure that the werght-bearing areas of the foot lie i the same plane (Fig 92)
There 1s nothing more distressing than an artistically molded foot plaster m
which the outer or inner rays of the foot have been depressed and fixed so that
weight bearing becomes impossibly panful after removal of the cast Werght bear-
ing may be permutted in the short leg cast by mcorporating a rubber heel or walking
rron The rubber heel should be placed sufficiently far forward to maintain balance
%rt\lthe foot while walking usually in the plane of the anterior surface of the tibia
Shoeu];a“\mg ion should be inserted shightly in front of the axis of the leg and
of the ffol':iecx suﬂricnemly below the plantar surface of the cast to avoid contact
part of the cast with the ground when the knee 1s flexed 1n progression
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Fic 92 Use of footboard 1n leg casts Before the plaster has set sohdly
the use of a footboard applied to the plantar surface assures alignment of the
hind foot and forefoot 1n their proper weight bearing relationship The arch
on the imner surface of the foot may be molded while the footboard 1s held
n position

Fic 93 Short leg cast with walking iron Weight beartng may be
permitted 1n the short leg cast 1f 1t 1s fitted with a walking iron or a
rubber heel The walking ron should be placed slightly anterior to the
axis of the ankle joint and should extend sufficiently beyond the cast
so that on flexion of the knee the front of the cast clears the ground
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(Fig 93) This will vary from approximately two to four inches depending upon
the degree of equinus 1n which it 15 necessary to immobilize the foot

Tor fractures nbout the hnee jont where the plister must be extended to 1n-
clude the bnee the long leg cast shoutd be employed The bony prominences of the
hnee and especilly the patelln should be padded Because of therr tendency to
break these casts should be remforced antenorly or posteriorly by plaster slabs or
ropes  Hyperextension of the hnee should be avowded Shight flexion 1s not always
necessary, though destrable The cnst should extend to well above the mid-thigh

THE BODY CAST

The body cast ts used to immobihize the dorsal or lumbar spine  Below, 1t ex-
tends down to and includes the pelwvis, above, 1t extends a variable distance up on

7
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Fic 94 Body cast Antenorly and above the cast extends to the level of
the angle of Lows Posteriorly, 1t may be slightly lower and the axillae must be
cut out to permit free motion of the arms Below 1the cast extends to the Jevel
of the sacrococcygeal joint posteriorly midway between the crest of the iium and
the tip of the great trochanter laterally and to just above the symphysis pubis
anteriorly ‘The gromn must be cut out to permit normal flexion of the thigh in
sitting

the thoracic wall The bony prominences of the pelvic crest and the ribs must be
padded over stockinette To avoid the need for a large window 1n the cast, a bread-
basket made by folding three towels longitudnally 1s nserted under the stockinette
from the symphysis pubis to the sternum This 1s removed after completion of the
cast

The body cast may be applied with the pauent either prone or i the stand-
ing position In the recumbent position the patient 1s supported between two tables
with the trunk free In the standing position the patient 1s suspended from an over-
head frame by a Sayre halter (Fig 94) Usually four to five layers of plaster are
sufficient to assure the strength of the cast When completed, the cast must be
tnmmed to permut freedom of motion of the arms and legs Above, the axillae
must be freed to allow free motion of the arms Below the cast should extend
postenorly to the sacrococcygeal level laterally to a point midway between the
tiac crest and the up of the great trochanter antenorly to shghtly above the

symphysis pubis The region of the
groin must be cut away sufficiently t
flexion of the hip without irnitation Y v to allow
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If the patient 1s 50 1ll as to preclude movement 1mmobilization can be obtamed
by the making of plaster of Paris shells Either the back or the front of the patient
1s well padded and several layers of plaster slabs are placed cnisscross upon the
exposed region When this has set, the patient 1s strapped to the plaster shell and
1s then turned onto the other side A simular procedure 1s followed on this side so
that 1n effect a bivalved trunk mold has been fashioned For the sake of elegance
plaster legs to permut leveling of the mold may be tnserted With this double shell

e

Fic 95 Mnerva jacket (A) The patient 1s suspended by
an wmprovised Sayre halter made from a spht mushn bandage
which 1s removed after the cast has been completed (B) The
forehead chin shoulders and trunk are padded

the patient may be easily turned for nursing care without undue pain or disturbance
of position If the cast must be applied to immobilize the upper dorsal or the
cervical spine the body cast must be extended correspondingly upward

Fixation of the cervical spme 1s possible by means of a plaster of Pans collar
resting on the shoulders or 1n more extensive lestons by a so-called Minerva
jacket The latter may be applied with the patient in the supine sitting or standing
position In the standing position head traction 1s usually obtained by means of a
removable makeshuft halter made from a mushin bandage The chin shoulders, and
occipital region are padded and plaster slabs are laid lengthwise along the area to
be immobilized (Fig 95) These are then bound together by circular plaster of
Paris bandages Where 1t 1s desired to control only flexion and extension well
molded chm and occipital slabs are suffictent but where rotation 1s to be elimmnated,
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Fic 96 Mimerva jacket (Left) Sude view
showing the plaster filet around the forehead the
chin platform and freeing of the ears and axillae
(Right) Front view (Sce also Fig 119)

a plaster filet around the forehead 1s necessary The plaster must be cut to permt
exposure of the ears as well as motions of the arms and should be bound with ad-
hesive to prevent irntation of the skin (Fig 96)

BODY-EXTREMITY SPICAS

Immobihization of either of the extremities aganst the trunk 1s possible only by
means of spicas Essentially this 1s nothing more than a umon of the body cylinder
with the extremity cylinder The point of union between the two 1s a point of weak-
ness and must be remforced by plaster of Paris slabs placed across the line of
union

The abduction shoulder spica may be applied with the patient standing, sitting
or recumbent Because of the cantilever action of the abducted arm the shoulder
spica must extend downward so as to make contact with the padded crest of the
thum To prevent breaking of the spica, the elbow region should be supported by
a strut extending from the region of the elbow to the cast as low down as possible
(Fig 97) When the arm 15 adducted the trunk portion of the spica may be shorter
and need not impinge on the iliac crest (Fig 98)

The hip spica 15 usually applied with the patient supme on a fracture table and
with the pelvis supported on a pelvic test Cramally, the spica should extend up-
ward at least to the level of the lower rib cage Failing this the patient mvariably
complans of pan from pressure of the upper end of the plaster agamst the ribs
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1f the patient 1s so 1ll as to preclude movement, immobilization can be obtained
by the making of plaster of Paris shells Either the back or the front of the patient
1s well padded and several layers of plaster slabs are placed crisscross upon the
exposed region When this has set, the patient 1s strapped to the plaster shell and
1s then turned onto the other side A smmular procedure 1s followed on this side so
that 1n effect a bivalved trunk mold has been fashioned For the sake of elegance
plaster legs to permit leveling of the mold may be mserted With this double shell
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Fic 95 Mimerva jacket (A) The patient 1s suspended by
an mmprovised Sayre halter made from a split mushn bandage
which 1s removed after the cast has been completed (B) The
forehead chin shoulders and trunk are padded

the patient may be easily turned for nursing care without undue pain or disturbance
of position If the cast must be applied to immobilize the upper dorsal or the
cervical spine the body cast must be extended correspondingly upward

Fixation of the cervical spine 1s possible by means of a plaster of Pans collar
resting on the shoulders or mn more extensive lesions by a so-called Mnerva
jacket The latter may be applied with the patient m the supine, sitting, or standing
positton In the standing position head traction 1s usually obtained by means ofa
removable makeshift halter made from a musln bandage The chin, shoulders, and
occiprtal region are padded and plaster slabs are laid lengthwise along the area to
be immobilized (Fig 95) These are then bound together by circular plaster of
Paris bandages Where 1t 15 desired to contro] only flexion and extensson, well-
molded chm and occipital slabs are suffictent but where rotation 1s to be elimmated,
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Tsc 96 Nunenva ket (Ieft) Side view
showing the plwer flet around the forchead the
chin platform and ficaing of the can and aullae
(haghny Tront siew (Secabo bip 119y

a plaster filet tround the forchead s necessin The plaster must be cut to permut
exposure of the ¢ 1r v well as motions of the arms and should be bound with ad-
hewive 10 prevent irmtation of the skin (1. 96)

BODY TXTRIMITY STICAS

Immobilization of etther of the extrenuties acain t the trunk s possible only by
means of apicas Fusentnlly this s nothin, more than a umton of the body evhinder
with the extremity evlinder The pomnt of union between the tho 1v a pount of weak-
fness and must be remforced by plister of Pans shibs pliced acrons the hine of
union

The ubducnon shoulder sprea muy be apphied wath the patient standing situng
Or recumbent Because of the ¢ ntilever wction of the abducted trm the shoulder
Spea must extend downw ird <0 us to mthe contact wath the pidded crest of the
thum To prevent breakint, of the spict the elbow recion shoutd be supported by
a strut extending from the regton of the elbow to the ¢ st » low down as possible
(Fi. 97) W hen the arm 1s adducted the trunk portion of the spica may be shorter
and need not impinge on the 1l crest (Mg 98)

The Iup spica 15 usually applied with the patient supinc on 1 fracture table wnd
with the pelvis supported on 1 pelvic rest Crannlly the spret should extend up-
wdrd at feast o the fevel of the lower fib o we Fuhing this the patient imanably
tomplains of pain from pressure of the upper end of the plister ramnst the nbs
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If the patient 15 so 1ll as to preclude movement, immobilization can be obtained
by the making of plaster of Panis shells Either the back or the front of the patient
1s well padded and several layers of plaster slabs are placed crisscross upon the
exposed region When this has set, the patient 1s strapped to the plaster shell and
1s then turned onto the other side A similar procedure 1s followed on this side so
that 1n effect a bivalved trunk mold has been fashioned For the sake of elegance,
plaster legs to permt leveling of the mold may be inserted With this double shell

B

fa g

Fic 95 Minerva jacket (A) The patient 1s suspended by
an mprovised Sayre halter made from a split mushin bandage
which 15 removed after the cast has been completed (B) The
forehead chin shoulders and trunk are padded

-

the patient may be easily turned for nursing care without undue pain or disturbance
of posiion If the cast must be applied to immobilize the upper dorsal or the
cervical spine the body cast must be extended correspondingly upward

Fixation of the cervical spine 1s possible by means of a plaster of Pans collar
resting on the shoulders or 1n more extensive lesions, by a so-called Minerva
jacket The latter may be applied with the patient in the supine, sitting, or standing
position In the standing position head traction 15 usually obtained by means of a
removable makeshift halter made from a mushin bandage The chin shoulders, and
occipital region are padded and plaster slabs are laid lengthwise along the area to
be immobihized (Fig 95) These are then bound together by circular plaster of
Pans bandages Where 1t 15 desired to control only flexion and extension well
molded chin and occipital slabs are sufficient but where rotation 1s to be ehmnated
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TG 99 Hip spica
When 1t 15 desired to 1mmo
bilize the pelvis and one fe
mur a long plaster must be
applied to the mvolved fe
mur On the opposite side
the plaster may be termt
nated above the knee If only
the pelvis 1s to be 1mmob
lized both leg plasters may
be termmated above the
knee (Short spica )

PARIS

1
ol

Fic 100 Hip spica
When it 15 desired to control
only the femur 2 single long
hip spica may be applied To
prevent rotation within the
cast the foot should be in
cluded in the plaster On ats
dorsum  the foot portion
may be cut way to expose
the toes but on its plantar
surface the plaster should
extend beyond the toes to
prevent toe drop
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Fic 97 Abduction shoulder spica The trunk
portion of the shoulder spica should extend down to
the iliac crest on the affected side Because of the
cantilever action of the abducted arm a supporting
strut must be placed from the region of the forearm
or elbow to the body of the cast

Fic 98 Adduction shoulder spica
When the arm 1s not abducted the cast
need not extend to the crest of the ilmum
and no supporting strut 15 necessary

Cutting away of the plaster merely serves to transfer the pressure area distally and
necessitates further cutting until the purpose of the cast is completely vitiated
Distally the spica may be made short (Fig 99) to just above the knee allowing
motion of the knee or long to include the foot (Fig 100) Sausfactory immobiliza-
tion of esther thigh or pelvis 1s almost impossible by means of a single spica Be
canse of the heavy musculature of the thigh adequate fixation of even a single



CHAPTER S

Compound Fractures

Compound (open) frictures differ from simple fractures in that they arc microbio-
logically contammated 1nd present the possibility of frank infection The care of
traumatic wounds 1n general and of compound fractures  particular sequires the
utmost 1 surgiend skill and judgment Successful mantgement volves a knowledge
not onl of fractures but also of the speeial shalls developed by the neurosurgeon
the vascular surgeon, and the plastic surgeon The ultimate objectsve 15 the conver-
sion of a traumatic potentally wnfected wound mto 1 clean wound free of damaged
or devitalized ussue, foreign materinl, or microbral agents 1n which the fracture has
been properly reduced and immobilized and in which the continuity of the soft
uissues has been restored

While the nature of the fracture can be better evaluated from 1 study of the
roentgenogram than from 1 knowledge of the circumstances under which the
fracture was sustawned a carcful statement of such circumstinces mny be of con-
siderable value 1n determiming the extent of associnted injurics or of the comphcea-
tions that may be expected Speaific questioning relnted to previous cardiovascular,
renal or pulmonary diseases diabetes antecedent use of adrenocortical steroids
or hypersensiivity to drugs or antibiotics m1y obviate the subsequent occurrence
of otherwise preventable disasters Sigruficant data with respect to the trauma itself
should always include exact information relvting to the time of the inyury, the
nature of the terrain m which the injury was sustamed whether there was any
evidence suggestive of visceral or Jocal neurovascular injury, whether - tourniquet
was applied and f applied, for how long a period of time as well s the nature of
any first-atd measures that may have been instituted

M. of the vol us sterile dressing applied to the local wound

duning first-aid care constitutes the first and foremost principle avouding further

tissue damage and bactenal contamination of the wound Even for the purpose of

making diagnostic x-ray studies splints or dressings should never be removed

Interfering clothing should be cut away nd not be permutted 1n any way to hamper

adequate medical care It must be the responsibifity of the physieian in attendance
107
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thigh necessitates the use of a double spica including both thighs Either or both
limbs of the spica may be short or long as the occasion demands When the spica
has set, the perineal portion 1s cut away sufficiently to permut exercise of the normal
functions The edges of the cast are tnmmed, bound with adhesive tape, and may
be waterproofed by pamnting with shellac A crossbar support between the knees or
more distally on the cast enhances the strength of the plaster and facilitates handling
of the bed patient



COMIOUND FRACTURIS 109

anesthete eflects of agents admunstered by other routes nd is often helpful a5 1
hemostatic 1gent

Following the performance of the ficld block, the <ponge m the wound cavity
15 carefulls teased 11y and the sound 15 meticulously mspected for foresgn bodies
which are removed using finely pomted nstruments  Profuse bleeding may be
encountered dunng the firt phace of debridement 1t is dearble hawever not to
inflate the tourmiquet 2t this juncture since 1 maore iccurate differentiation of heatthy
from devitahized tissue can be made without its use

Some h1ve advoeated that the wound be probed with the finger and irngated
with caprous amounts of sthne 2t this tme This as probably wathout potentia
danger 1n those wounds that are fess than fise hours old from the ume they hve
been sustuned The so-called golden penod carresponds with the intent period m
the bactenl growth curve wnd repreeents that time ateeval i which wounds may
be consdered s only contimuniated Afterward durnmng the mtenval representing
the logarthmic phase of bactentl reproduction and nvasion concomitant with
which the wound becomes frankly infected 1t 15 probably safer to defer irnigations
unti} after the completion of adequate thorough vet consenatise debridement
rrigations prior 1o this time make the differentntion of devitahized from normal
tissues more difficult and hve the addimonl disadvantage of frequently obscuring
small foreign bodies

After grossly discermble foreign bodis have been thoroughly removed 1
stenle dry guze dressing ss placed 1n the wound cavity and the skin surrounding
the wound margns 1s excised Excsion of the skin should generally be Iimited to 2
margin approximately 05 em from the wound margin though this will obviously
differ with patients and with different wounds n varying locatons It 1s 1n general
however, desirable to atm at skin exctstons not exceeding this width

With the gauze sponge in the wound cavity 1nd using fincly pornted instruments
the shin maisions should then be developed into but not through the subcutancous
fatty tissues Bleeding 1s usually not severe during this maneuver and as few bleed-
g vessels as possible should be clamped and hgated As the tissue 1s cleanhy
mcised 2 sterile dry fine meshed gauze sponge 1s pliced 1bout 1ts margin so that
following the shin excision the wound will be packed off from the healthy cleanly
ncised tissue by a wall of dry fine meshed gauze

After the shin margins have been completely excised down into the sub-
cutancous fatty layer the clean skin flaps should be widely undermined ustng
clean anstruments until the subcutaneous fat joms the superfical lyer of deep
fascia

Following this hand traction should be gently exerted on the gauze covering
the tissues of the contaminated wound and by sharp dissection the deeper hyers
of the wound are cleanly excised Considerable bleeding may be encountered dur-
ing this phase and 1t may be found desirable to mnflite the tourmquet and thus to
obtam a dry operatve field before continuing the dissection

When under tourniquet control extra care must be taken carefully to dis-
tinguish normal from desitalized ussue and not to sacrifice functional vital tissues
The dissection 15 then carned down until the bone and pertosteum about the frac-
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to assure that the patient 1s moved as infrequently as 1s at all possible When the
patient must be moved, he should be moved not only under the supervision of the
physician 1n attendance, but actually by lim However well tramned and however
expenienced ancillary personnel may be, they almost never fully appreciate the
multtple problems and possibly preventable complications that may arise from sub
jecting the wound to additional, unnecessary trauma

Following the completion of the necessary ¥ ray studies precise assay of the
type and extent of the local wound should be undertaken, but only mn the operatmg
room Under no circumstances should an open fracture be debrided anywhere but
in the operating room Ideal treatment dictates thit as soon as a patient with an
open fracture 1s admitted to the emergency ward, the operating room stiff be
notified and arrangements be made for immediate transfer of the patient to the
operating theater With the exception of life threatening problems there 1s no surgi
cal mdication of a more urgent nature than that of an open fracture Time 1s of
the essence and a delay of several hours may serve to convert a contaminated nto
a frankly infected wound All considerations of alignment of the fracture become
secondary to those associated with debridement of the wound

WOUND DEBRIDEMENT

Debridement of open fractures must be performed under aseptic conditions 1n
every way identical with those of any other major surgical procedure In most
cases, 1t 1s preferable that the patient receve a general inhalational anesthetic
though 1 certain circumstances nerve plexus blocks or mtravenous admmistration
of analgesics muscle relaxants, and ganghomc bloching agents may also be swit-
able In all circumstances the operator must have adequate assistance nstruments
good light, and ready access to the wound unhampered by faulty position of the
limb or of the patient

The surgeon should scrub in accordance with strict aseptic techmic and wear
cap, mask, gown and gloves as do all others of the operating personnel External
splints and the outer layers of the voluminous stenle pressure dressing are first
removed by an assitant and a pneumatic tourmquet 1s placed but not mflated
about the proximal portion of the mnvolved extremity A scrubbed and gloved as
sistant then removes the inermost layers of the compressive dressing using mstru-
ments that are promptly discarded as soon as the wound 1s exposed

After the superficial aspects of the wound have been exammed and before 1t
has been mn any way disturbed a dry gauze sponge 1s placed 1n the wound cavity
so that the entire superficial extent of the wound 1s packed off from the surrounding
skin surface without overhanging gauze margins Grease or other oils should be
removed from the surface by acetone benzene ether or other available organic
solvent before the skin 1s shaved The skin 1s then widely shaved about all sides of
the wound and the entire extremity 1s prepared and draped as for any other major
surgical procedure

After the field has been cleansed and draped and the skm surface 1s dry a
local anesthetic field block may be performed Local anesthesia serves to enhance the
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the tendency toward window edema 10 4t the end of four or five days there 15 no
evidence of gross micction the wound may be closed by ntesrupted sutures fter
the margins of the {1t hyer are tnmmed A compression dressing <hould be pliced
over the wound site and the window 1n the cast my then be closed Shin sutures
need not be remosed of there s any danger of disturbing the processes of healing
n the underlving fracture The wound atself should not be mspected until satisfac-
tony healing of the fracture has occurred unless there 1s evidence suggestive of m-
fection At the fricture site. Where there ts frink anfection treitment of the fracture
becomes of secondany tportance to the treitment of the infection

InE1CTED WOoUusDs

Statistically, wounds that have been debnded ndequately within six to eight
hours of the time they have been sustuned 1re less hikely to beconic subsequently
infected than those mitnlly treated 1t Tter times  Adequate debridement during
this interval 15 however, not 1 guarintee that nfection will not supersenc nd
comersely debnidement carred out after this ime may be perfectly satisfactory
obviating wnfection Clearly, the important fictors are those relating to the ability
of bacteria to become established in 1 wound and to grow and mvade the tissues
of the wound once they have become established Speeificnlly, these relate to (1)
the relative extent of the gross contamination and tissue destruction of the wound
uself, (2) the geography and charactenistics of the locile in which the wound was
sustained, (3) the nature 1nd concentrition of the moculum of bacterst (4) the
time interval between wounding nd the nsutution of therapy, (5) the mmunity
of the host, and (6) the type of 1t treatment of the wound

Once the basal layer of epidernus 1n wny particular region has been penctrated
a wound 1s established that, by defimtion, 1s open to the external environment and
hence 1s contanunated

Wound size 1s of importance tn the contmination of previously undisturbed
tissues pnimarnly nsofar s 1t relates to the size of the microbtl noculum and to
the type of medium 1nto which the inoculum 1s introduced Bacternn 1re more likely
to become establhished m the larger wounds since the medum 1nto which they are
moculated 1s particularly well adapted to therr growth The Iarge wounds re more
frequently associated with massive tissue destruction and devitalization than are
thewr smaller counterparts and are more likely to contun greater quantities of
more heavily contaminated foreign matenal In general, there 1s 1 direct rel1tion-
ship between the volume and concentration of the contaminating moculum and
the volume of the wound

In wounds of comparable size those produced by crushing injuries tend to be
:nr(‘n'e ‘s‘;utable for bfactenal dgrowth than are those produced by penetrating ijures
1;‘, "Ce?; Lel }?:;:?:‘ ;e ;;i:::ngesltr‘rﬁ]cr:gnsls cllrl'n g:nsnl greater in the former than in the

ullet wounds tend to be associnted

with more tissue destruction and more microbial contammatio

n than are simple
cleanly mcised wounds ’

The nature of the microbal contamunants of any open wound 1s dependent
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ture site are clearly dentified for a distance of several centimeters on either side
of the line of fracture All tissue of the local wound, mcluding denuded and de
vitalized pertosteum, should, after proper debridement, be capable of being lifted
en masse from the fracture site, leaving a cleanly mcised margin of healthy tissues

When this has been completed, attention may be directed to the fracture itself
Foreign bodies and small, loose bone spicules may be removed and discarded
Larger bone segments should be carefully preserved their surfaces cleanly shaved
(using a sharp scalpel or osteotome), and washed with water and saline for possible
subsequent replacement i the fracture site

Only after this stage has been completed 1s 1t safe to begin with rnigation of
the wound Small amounts of sterile water may be used first to lyse any blood clots
Copious amounts of warm sotonic saline are then irngated mto the wound both
before ind after the tourmquet has been released to remove mechanically any
minute freely lying foreign bodies and freely floating bacterial colomes

Bleeding from small vessels may be controlled by temporarily packing the
wound with hot saline pads but larger vessels should be secured by means of the
finest suture materinl comptible with the size of the vessel

Within the first six hours after injury, before frank infection has occurred, the
fracture may be reduced by using bone holding hooks or clamps and as many of
the previously debrided bone fragments as are available may be replaced in the
fracture site Postreduction alignment may be obtaned by the use of traction or
transcortical fixation devices Where there 1s actual loss of bone substance the
length of the limb may be mamtamed by transfixion wires or nails through the
proximal and distal fragments and anchored in the windowed plaster of Pans cast
that 1s later applied Despite the fact that intramedullary fixation and even bone
grafting have been used in the immobilization of these types of fractures 1t 1s
probably safer to avoid this type of fixation even m the early pemod nfter the
mjury

When the fracture has been adequately reduced and nigidly fixed the wound 1s
again 1nigated, using small amounts of water followed by copious amounts of
saline The pertosteum where available 1s then closed using nterrupted absorb
able sutures and the fascial layers are loosely approximated 1n the same manner
The sutures 1n all layers should be placed no closer than 2 cm apart to permit of
fluid passage between the layers and 1f infection subsequently supervenes of dram-
age of the wound

Some have advocated the primary closure of the skin wound m compound
fractures This 1s justifiable only if defimtive treatment can be instituted shortly
after the njury Where there 1s any question as to the likelihood of later infection
1t 15 probably safest to leave the superficial tissues of the wound unclosed for a
period of about five days This 15 the pertod within which infection may develop
particularly that resulting from anaerobic bacteria and the patient s interests are
not 1n any manner jeopardized by leaving the wound packed loosely open

A compresstve dressing 1s applied and the limb 1s immobilized either 1n traction
or 1n a windowed plaster of Paris cast exposing the entire area of the wound The
window 1n the cast should allow suffictent margin around the wound to mmimze
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The solume of the bacterrl moculum s of mmportnce since the number of
communicable mutants or varints capable of producing 1 response m the host 1s
greater when the moculum i Irge than when ot 1s smaller Sumlarly the more con
centrated the moculum of virulent organisms the greater 1s the Iikelihood of in-
fectability Infectability ss modified 1 part by the dominant phace of the growth
evele of the moculum Organtsms in the Iag (latent) phase of the growth cycle
which new bacteral protoplasm s bemng synthesized but 1n which cell multiplica
tion 1s not 1ppreainble nd those i the loganthmic phase 1 which cell multiphea-
ton occurs Almost simultancously with protoplisnuc synthesss are particubrly
prone ultimately to establish anfections under otherwise suitable conditions  Those
1n the resting stage the stattonary phase i which cell division and cell death occur
at 1bout equal rtes and those 1n the declne phase i which cell death occurs 2t 1
progressinely greater rate than does cell dimsion are less likely to become estab-
lished 1n a new environment than their more youthful nctive homologues On the
other hand once they become estiblished 1 wound such organisms are less
likely to be affected by untow ird environmental factors such s disinfectants and
chemotherapeutic ngents

As soon as pathogenic bacterin have been mmplinted 1n 1 wound 1 multtude
of cellular 1nd humoral mechansms are cilled upon by the host i an attempt to
combat the threat of infection These constitute the host s immunity  Therpeutic
measures that can be undertaken to enhance this are limited On the other hand
much can be done to prevent the growth and nvasion of bacterin by proper surgt-
cal intervention This involves primanly mciston drunage and debridement

As a general rule, bacteri?l reproduction does not become apparent until six
to eight hours after an infective inoculum has been implanted into 2 suit ible wound
This so-called golden period thus represents the 1verage time interval withim which
most wound infections can be combated by adequate debridement It 1s tn this
mterval that the host s defenses are being mobilized, while the inoculum  generally
though not necessarily 15 1n the 1ag phase of its growth cycle

Vigorous and when dicated repeated debridements nd hiberal meisions are
the masmnstays of the surgical approach to established nfections Smnll mcsions
and conservative debridement in grossly infected wounds 2lwnys lead to inadequate
dramage and ultimately to greater loss of time and greater morbidity than does
aggressive mitial surgery Incisions should always be sufficiently 1irge to permut
of total excision en masse of the infected region without the necessity for probing
its depths and thereby introducing infected matersal nto healthy tissue The stme
care must attend the removal of all retuned foreign bodies excision of necrotic
and devitalized tissue smus tracts fistulae and the fibrotic walls of b cess cavities
as for prmary debnidement of a noninfected wound To prevent wound seeding

with infected matersal nstruments, gloves nnd gowns should be changed m
precisely the same manner as 1s the custom for cancer opernfions of whatever
magmtude Enzymatic debridement using trypsin - streptococenl proteinnse  or
streptodornase-streptokinase preparations are 4 valuable supplement 1o surgical
:2611’:::::2 ::h:-.ez anatomical conditions forbid thorough debridement but 1n

ymatic theripy or ~ntibotic thernpy lone indicated Wher-
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upon the anatomical region mvolved as well as the terramn m which the wound was
sustamed Industrial or war wounds may be contaminated with quite different flora
from those sustamed elsewhere Wounds received i the field often have clostndia
or Gram-negative enteric bacilli, while wounds sustained i the home or at sea are
more apt to be contaminated by bacteria of the more common pyogenic vareties
Milk bottle injuries are frequently contamnated with Streptococcus lactis or
Lactobacillus

Wounds about the proximal portions of the lower extremities are more hkely
to have E col than are those of the distal portions, owing to their proximity to
the anus Wounds m the proximal portions of the upper extremities tend to have
streptococc: owing to their relationship to the upper respiratory tract Wounds of
the distal portions of the extrermities are more Iikely to be contamnated by strep
tococcr and staphylococct

Whether or not bacteria can become established and grow m a wound depends
upon (1) the dose and virulence of the moculated orgamisms and (2) the host's
response to the 1noculum The biologic contest between the host and the implanted
orgamsms determines whether or not the wound remans solely contaminated, be-
comes septically broken down, or 1s ivasively mfected Classically, wound m
fections are either localized, 1n which there 1s suppuration of locally damaged tissues
and hematomas unassociated with any constitutional symptoms, or mvasive, 1n
which the organisms invade the healthy tissues surrounding the suppurative focus
The latter are chinwcally characterized by celluhitis, lymphangitis, and not infre
quently the systemic manifestations of chills, fever, tachycardia, malaise weakness,
and prostration considered typical of toxicity

When the orgamsms establish themselves within the host tissues without evok-
ing a response or after itially producing a response, persist without a subsequent
reaction, a symbiotic relationship 1s established within the host such that the m
planted organisms may be considered as being benign saprophytes On the other
hand, many bactera elicit a more or less charactenstic response, a disease Process,
when implanted i host tissues These pathogemic orgamsms m contradistinction
to the saprophytes produce varsably severe host reactions and are accordinglv,
variably virulent for the particular individual An intermediate condition, the so-
called carrier state may exist in mdividuals either recovered from infection or never
chmcally 11l Fully pathogenic bacteria may exist harmlessly as native orgamsms
on the skin and mucous membranes When introduced mto other areas, not ther
normal habitat, these same organisms are capable of producmg serious wound
mnfections The mere bacteriological demonstration of the existence of organisms 11
the wound 1s however not evidence of their pathogemcity Wound nfection 1s
a purely clinical phenomenon

The causative orgamisms n most surgical mfections tend to be aerobic and
either Gram posttive cocer or Gram negative bacilli less frequently, anaerobic or
microaerophiic Gram positive coccr and bacilli In order of their usual frequency,
surgical nfections arise in consequence of the establishment and multiplication
within host tissues of (1) staphylococer (2) streptococct, (3) enteric bacillt and
enterococct, and (4) clostridia and microaerophilic streptococct
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addition, may senaitize the patient to the antibiotic agent used This 15 espectatly
truc of staphylococeal infections

When no indicition whatever cancerming the aature of the causative organism
1 avalable, 1t 1 preferable 1o employ symptomatic therapy untl such tme s
cultures and sensifivities €an be determned The important concept 1 antibiotic
therapy 1 the rapid determination of the proper antibiotic agent and sts rdministen
tron 1n high doses so that the tissues are constintly bathed by 2 lagh concentration
of the ngent

Theoreticrlly, chemotherapeutic agents may be cither synergistic or antagomistic
when used 1 combination When combuned therapy 1s used, 1t 1s important to
obtam sensitivaty tests, preferably using the more rehnble tube seasitivities than the
more frequently fallible disc methods  Generlly considered  the antibacterial
agents my be divided into two groups The first, comprising pemcillin strepto-
myain bacitricin, neomycin, polymixin nd erythromyem are bactenerdat 1n high
concentrations and bacteriostatic in lower concentritions They tend to be syner-
aistic when used i combmation and are ilmost never antagomistie The second
group compnsing the sulfonamedes the tetricyelines, and chlorimphenicol are
usually bactenostatic irrespective of concentration and are not synergistic but only
additine m thair combined cffects If an organism 1s sensitive to ngents 1n esther of
the two groups, 1t 1s preferble to use only agents 1n onc of the groups since the
combwmation may lead to an mcreased over 1l resistance on the part of the
orgamisms If, on the other hand, the orgimsm is only shghtly sensitive to agents
n both groups, the use of a combmation of 1gents 1n both groups may enhance
the over all sensttivity of the orgamsm to the combined therapy

VASCULAR INJURITS

Vascular injuries are not infrequently associated with severe fractures and mny
vary, even mn simple Iractures, from transitory segmental spasm to complete ana-
tomical severance of the major vessels Injuries to neighboring veins are more
frequent than to the corresponding arterses, but mn gener1l are less hikely to affect
adversely either the life or imb of the patient Indeed, venous njury appears to
be present 1n virtually all fractures Few of these, however, either require or are
amenable to surgical correction On the other hand rtenal injunies, although less
common and more serious 1o the patent are, fortunately, more frequently re-
mediable by established surgical technics

Complete iterruption of the arterl supply to an extremity 1s more likely to
occur  commnuted open fractures with large losses of substance Where there
1s no masswe loss of substance, artertal injuries tend to result from perforations
incomplete lacerations or most frequently, vasospastic phenomena The wmportant
therapeutic consideration 1s the rapid determnation of the presence and 1f possible
the etiology of total 1schemia

Chnically frank 1schema s classically mamfested by pamn pallor, absence of
pulse, paralysis, and paraesthestas distal to the pont of artersal obstrllcuon Pun
may mask all other symptoms and may at first be indistinguishable from paresthetic
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ever indicated at all, they are indicated solely as adjuvants to proper surgical
treatment

Every effort should be made to convert the infected, open wound to a non-
mfected closed wound at the earliest possible moment using free skin grafts, pedicle
grafts, and other plastic surgical procedures Frequently changed wet dressings and
irnigations of hydrogen peroxide and saline tend to mumimize bacterial contamina
tion and embolization postoperatively Elevation of the involved part promotes
venous dramnage and discourages both edema formation and thrombosis Immo
bilization erther by the use of compressive dressings or, preferably, by dressings
within bivalved casts obhterates dead space, discourages oozing and hematoma
formation and favors optimal healing

The treatment of established infection 1o bone may be by repeated debride-
ments, as ndicated, or by means of the Orr method The essence of this last method
of therapy consists of thorough debridement of the bone wound followed by pack-
g with petrolatum gauze to avord the formation of dead space i which pus may
pool To mamntain or restore the length of the lmb transcortical fixation pins are
passed through the proximal and distal fragments of the bone and are then incor-
porated 1 the plaster of Paris cast used to immobtlize the fracture Unless there 15
clinical evidence of retentton of pus the wound 1s left undisturbed m the cast for a
penod of five to six weehs before the cast and dressing are changed

Equally satisfactory results have been obtamned by debndement and delayed
closure after all signs of infection have subsided In chronic infection of bone, 1t
has been found possible to close the wound primanly after complete debridement
well 1nto healthy bone tissue and nstallation of antibiotic solutions mto the wound
Systemic antibiotics are adminustered at the same time

Withm the past two decades a profound change has taken place mn the clmical
manifestations and treatment of most infections Surgical infections have been par-
ticularly modified by the widespread and often mdiscnmmate use of chemothera-
peutic and antibiotic preparations Infections by orgamsms such as the beta
hemolytic streptococcus have become less frequent and orgamisms formerly con-
sidered as semisaprophytes or mmor pathogens have become serious therapeutic
problems The emergence of resistant strams of orgamsms especially staphylococet
the development of superinfections, the overgrowth of fungt and the mcrease in
hypersensitivity phenomena during antibacterial therapy have become problems as
perplexing and occasionally as fatal in outcome as had previously been the case

Antibiotics are the greatest value when used systemically Local applica-
tions of antibiotic preparations have definite though limited usefulness They have
defimitely mimmized the spread of infection but have not been shown matenally to
decrease either the incidence or the seventy of localized foci of mfection Proper
antibiotic therapy 1s always dependent upon the results of sensitivity examunations
of both aerobic and anaerobic cultures of the organisms recovered from the wound
Antibiotic therapy employed without such prior mvestigations may have no unto
ward effect on the orgamisms or may on the contrary promote the development
of otherwise resistant struns permit overgrowth of semisaprophytes and fung,
alter the host's natural and acquired resistance to the infecting orgamisms and 1n
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When 1 dignosis of acute posttraumatic artenal occhusion with an indequate
collnterl eirenirtion that does not tespond to ssmpathetic ganghon blochade has
heen cstablishied 1t must be ascumed that there 1< 1 mechanienl obstruction to rte-
17 Blood flow nd the posainbity of rehief by wrgers must be cantemplted

At the ume of operation 1t 1s 1mperatine that adequite sisutlization nd com-
plete control of both the provimal wnd dista} portions of the njured vessel be ob-
taned This 1s accomplished by phicng the ncision directly alone the antomical
course of the veveel nd dircctly over the ite of the suspected lesion The di section
1 carned down through the vascular <heath that surrounds the vessel and Al s
colliterals These are wdentificd freed from the surrounding tissues and meticu-
lously preseried

Loctlized segmental spasm or thrombosis 1s usualfy appirent on exposing the
mvolved sessel Warm sthine packs direetly apphied to the vessel probably constitute
the best means of therapy for spistic vessels Embolectomy or thromboendarterec-
tomy as mdicated 15 1 useful procedure for vessels prouimal to the hnee 1nd ethow
jounts but more peripheraily both are contrundicated osing to the probibilits of
postoperating thrombos:s of the vesse lumen

Parti} Dicerations and perforations of arteries should be dircetly sutured afice
mmmally tnmming the edges of the defect provided that the vessel defects occur
proximal to the knee or clbow joints Distally, suture of the wall without tnmming
should be undertaken This 1s performed mercly to present further bleeding and in
the hope that a collateral circulation may develop before complete thrombotic oc-
cluston of the lumen ensues Complete hemostasis proximaily 1s obtaned by plicing
rubber-shiod bulldog clamps acrass the vessel ta obstruct the lumen A sl <eg
ment of vessel 1t the site of Irceration or perforton may be teammed if mndicated
SO a3 10 permit Aceur e im0 whmY ipprovmiton Excessive debndement
however nevitably results in secondary thrombosss at the nastomatic site (g

10

Closure 15 effected by plicing 1 single through and through No 6-0 waxed
atraumauc silh suture at esther apex of the defect and fewving the tied ends Tong for
traction purposes Interrupted everting mattress sutures or 1A continuous through-
and through silk suture 1s placed across the artenotomy wound to achieve mtim-
o intima approximation of the margims The sutures are placed so that each includes
only about 2 to 3 mm of artenial wAll on cither margin 1nd re deawn snugly but
not tightly together Before closure 1s completed 1t 15 advisable to wstll approxi-
mately 20 mi of 1 001 per cent hepn solution to the artera! lumen both
proximal and distai to the occluding clamps * After the Anastomosts has been com-
pleted the distat (lmp 1 removed first The proximai clmp 1s then opened but not
bfted away from the vessel There will be some shght Yleeding through the reedie
hole sites and between the sutures immediately upon release of the clhmp but thss

* Some surgeons prefer to ad heparin intr
operative pracedure (20-30 m:
tour dunng the o
this or a simifar r

ly durng the course of the
zms 1V as an ampal dose and theteafter 10 mgms every
peration) and to discontinue heparin immedsately postoperatively  When
egimen 15 employed Intraarterial anticoagulants need not be emplayed
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symptoms of burning itching cramps, tenderness, tingltng or numbness Pallor 1s
not always present and may be supplanted, if there 1s concomitant subcutaneous
bleeding and stasis, by a brawny, dushy rubor and edema Acute pam with pallor
and pulselessness, however, 1s virtually pathognomonic

When penipheral pulses are absent 1n a fractured extremuty, 1t 15 most 1mpor
tant to differentiate between pre-exsting vascular disease and possible acute artersal
interruption In some mstances an adequate history 1s helpful, but i others 1t may
be necessary to rely upon objective test procedures

Clinical exammation with particular reference to the status of the pulses, oscil
lometry 1n the thighs and calves, 1nd the presence or 1bsence of rubor on depend
ency and blanching on elevation in both the affected and nonaffected Iimbs probably
provide the most informative data as regards the peripheral circulation Objective
skin temperature determinations in cold and warm atmospheres and the compara-
tive response of the affected and unmvolved extremuties to the intradermal njection
of 01 ml of 1 1,000 ustamne may likewse be of value More elaborate technics,
such as direct or percutaneous arteriography or venous occlusion plethysmography
are probably contraindicated when acute, complete anatomical mterruption of a
major artery 1s suspected, but they may occasionally be of some value mn differen
tiating between acute segmental spasm and partial nterruption from antecedent
obliterative vascular disease

Sympathetic ganglion blockade using local anestheuc agents 1s a most expedt
tious method of differentiating acute spasm from other conditions In the upper
extremity, this 1s accomplished by mjection of the stellate ganglon and n the
lower extremuty by injections of the paravertebral sympathetic gangha In the event
that the occlusion 1 entirely of a vasospastic nature, mterruption of the sympathetic
vasoconstrictor fibers will relieve the condition The 2nesthesia may be continued
as 1 therapeutic measure erther by repeated injections or by continuous perfusion
through a small indwelling catheter Even if there 1s no return of pulsation gan
ghonic blockade may suffice to estabhsh the efficiency of the collateral circulation
and thus prevent 1schemia of the affected limb

The most useful and reliable test for determming the adequacy of the collateral
circulation  both preoperatively and intraoperatively 1s that designed by Matas
With the involved limb elevated above the level of the right atrum the blood m
the extremty 1s milked out by the use of an Esmarch or other elastic bandage The
extremty 1s then permitted to remam 1schemic 1n the elevated position for a period
of approximately five minutes After about three minutes mn this posttion the artery
Just proxmmal to the suspected site of occlusion 1s compressed digitally so that there
1s no peripheral blood flow About two minutes thereafter at the end of the five-
munute period of Esmarch bandage compression the imb 1s lowered to the hor-
1zontal position w/ule compression of the artery 1s continued An adequate coliateral
circulation 1s manifested by flushing of the extremuty within a perzod of about two
minutes after release of the bandtge Extremties that remam pallid or otherwise
unchanged 1n color may be considered to have nadequate collateral arterial chan-
nels
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When 1 dingnosis of acnte posttraumatic arterial occlusion ith an inadequate
collnterl errculation that does not respond to sympathetic ganghon blockade has
been establivhed 1t must be assumed that there 1¢ 1 mechanical obstruction to arte-
il blood flow and the possibihity of rehel by surgery must be contemplited

At the ume of operation 1t 1s mperatine that adequate visuilizaton and com-
plete control of both the proximnl ind distal pottions of the injured vessel be ob-

tuncd This 15 accomplished by plicing the ncision directly 1long the antomical
course of the vescel and directly over the sute of the suspected feston The dissection
1s carmed down through the vascular sheath that surrounds the vessel and all ats
collterals These are dentified freed from the surrounding tissues and meticu-
Yously presened

Localized «egmental spasm or thrombosss 1s usually apparent on cxposing the
mvolved vessel Warm saline packs dircetiv npphied to the vessel probably constiue
the best means of therapy for spastic sessels. Embolectomy or thromboendarterec-
tomy, as indicated 15 1 useful procedure for sessels proximal to the Lnee nd clbow
jomnts but more penipherally both are contrundicited owing to the probabilits of
postoperative thrombosis of the vessel lumen

Partinf Iacerations and perforations of arteries showld be dircetly sutured after
mimmally tnmmung the ¢dges of the defect provided that the vessel defects occur
proxymal to the knee or elbow joints Distally suture of the wall without trimming
should be undertaken This 1s performed merely to prevent further bleeding 1nd 1n
the hope that 1 collaternt circulation may develop before complete thrombotic oc-
clusion of the fumen ensues Complete hemostasis proximally 1s obtuned by placing
rubber-shod bulldog clamps across the vessel to obstruct the lumen A small seg
ment of vessel it the site of Iheeration or perforation my be trimmed f tndieted
SO as to permit accurite ntim+ to inttma approximtion  Excessive debndement
however inevitably results in secondary thromboss 1t the nastomatic site (Fig

101)

Closure 15 effected by placing 1 single through nd through No 6-0 waxed
atraumatic sifk suture at esther apex of the defect and leaving the tied ends long for
traction purposes Interrupted everting mnttress sutures or 1 continuous through-
and through silk suture 15 placed across the arteriotomy wound to achicve mtima-
to mntima approximation of the margins The sutures 1re pliced so that each includes
only about 2 to 3 mm of arteral wall on ether margin and are drwn snugly bot
not ughtly together Before closure 1s completed 1t 1s wdvisable to mstill pproxi-
mately 20 ml of a 00l per cent hepann solution mnto the artennl lumen both
proximal and distal to the occluding clamps * After the anastomosis hns been com-
pleted the distal clamp 1s removed first The proximal clamp 15 then opened but not
lifted away from the vessel There will be some slight bleeding through the needle
hole «ites and between the sutures immediately upon release of the climp but this

* Some surgeons prefer to ad hepanin ly d
y during the course of the
gp:rahve procedure (20-30 mgms IV as wn mtnl dose and  thereafter 10 mgms every
our during the op ) and g0 d heparm d y postoperatively When

this or a similar regimen 15 employed Intraarterial anficoagulants need not be employed
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usually subsides promptly if the anastomosts 1s adequate If the anastomosss 1s ade-
quate, 1t 1s desirable that some muscle or other soft tissue be placed 1n proximity to
the Ime of suture, though this 1s not essentsal

Arteries that have been completely severed or have been severely traumatized
can be treated erther by ligation, resection, and graft anastomosis or by the placing
of a bypass grft Grafting procedures are better left to those with special traming
than to the occasional vascular surgeon Qccastonally, however an arterial graft
must be placed by the fracture surgeon Wherever possible, direct anastomosis using

R

>

B s

Fic 101 Suture of perforated artery In the larger
vessels debridement may be performed Traction sutures
are placed at the upper and lower angles of the wound and
the defect may be closed using either interrupted mattress
sutures or a continuous over and over stitch The distal
clamp 1s removed first followng closure of the arteriotomy
wound

the Linton technic 1s preferable to the insertion of free grafts (Fig 102) Where
this 1s not possible free grafts usmg erther avtogenous or homologous vessels may
be employed Where a vein 15 used, 1t must be reversed so that the venous valves
do not impede flow and hence promote thrombos:s

Only 1n the gravest of emergencies should large myured vessels be ligated When
hgatures must be placed however they should be placed perpendicular rather than
oblique to the long axis of the vessel and as close to the mainstem as possible This
obviates the creation of a blind sac immediately proximal to the pomt of ligature
and lessens the tendency for the sutures to be displaced by arterial pulsations
Through-and through transfixmg sutures should always be used in addition to the
ligature 1n the ligation of all the larger vesscls

Postoperatively or 1n cases where operative repur of an mjured vessel 1s contra
indicated, the Iimb must be carefully protected from mechanical trauma or the pos-
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ubtlits of infection Them o of courer prectuds the u ¢ of animmobilizine placter
e the tre ment of a congemtint fivcure which se after Al ceconidan ta the
pre on on of the arauliem of the imh No dothing <hould be pliced on the in

solved ertremsty which thonld he ddimonalls protected by an adequite erdhing
device N ae desr ible to ue 4 pnenmatie matiress with altermateh nfliting nbs to
prevent sddion d tmma geralting from dependencs I this s not ulble how

cver cther Bhnbets or other nomirggtating hed clothing may be emplosed and the
poution ol the eatremity <honld he ¢hanged 2t penodic intervale The extremity

N
(I

Tic 102 J$inton techmic of artenal anastomosis A longuitudinal
mncision 1s made through the antenior wall of one of the segments of the
severed artery ind through the postenior wall of the wdjcent segment The
cut ends of exch segment are then tnmmed so that the resulting nasto
mosis permits end to-end 1ipproimation of the segments using a side to-
side techme (Modified from Iwton R I Practical consideritions in
the surgery of blood vessel prifts Surgery 3% 817 1955)

should be kept 1n 1 shightly dependent position but venous obstruction 1nd edema
formation should not be purmitted to occur 18 1 consequence of dependency In
lower extremity occlusions an oscillwing bed set so that oseiliations are of a short
arc may be desirable Lambs wool should be inserted 1n all intertnignl regions par-
tieufarly between the toes to prevent maceration of poorly nourished tissues Above
all else the extrermity should be muntuned 1t room temperature Cooling serves to
dinumish blood flow and warming both ncrenses the metabolic requirements of the
malnounshed tissues and encourages stasis

Nrrve INJurirs

In principle the management of acute penipheral nerve mjuries 15 ydentical with
that of other soft tissues bemg governed m great measure by the length of tme
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since the mjury and the nature and extent of bacterial contamiation and tissue
destruction  There 1s, however, one specific exception, the possibility or even pres-
ence of infection m a wound with an acute peripheral nerve njury 1s not a con
tramdication to defimtive suture provided that the wound has been otherwise thor-
oughly debnided

Recogmition of the presence of a neural injury, especially when symptomatc
complamts referable to the nerve itself may be masked by symptoms arising from
the fractured bone, 1s frequently overlooked m the defimtive management of such
fractures Despite clear differences n their anatomical position and appearance the
distinction between nerves and other structures, such as tendons may occasionally
be most difficult 1n those fracture wounds that require debridement

Clinical recogmtion of injury to nerves 1s afforded by determination of the loss
or absence of their specific vasomotor, reflex, motor, or sensory functions Color
and temperature of the unaffected as compared with the involved limb and the pres-
ence or absence of arterial pulsatrons and sweating 1n erther imb should always be
noted at the time that the patient 1s 1mtially seen and at each subsequent examina
tion Loss of the appreciation of pin prick stimulation over the distal phalanges of
the hand loss of opponens motion 1n the thumb, and loss of the ability to extend
the wnist present unequivocal evidence of neural dysfunction 1n the upper extrenuty
In the lower Iimbs mability to plantar flex or dorsilex the foot or loss of sensation
over the medial and lateral surfaces of the foot provide similar evidence for the
presence of an mjury, anatomical or physiological to specific peripheral nerves
These signs must be carefully sought for n any fracture, even in those mn which
there 1s Iittle clinical evidence of their existence A single examination for a periph-
eral nerve mjury 1s about as informative as no exammation at all Depressed axonal
conduction may vary considerably with elapsed time and at one time there may be
Iittle or no evidence of nerve dysfunction, while at some later time, without inter
vening additional mjury, signs of nerve dysfunction may be obvious

It 15 of particular 1mportance to remember that despite clear cut climical evi
dence pomting to nerve mterruption no such lesion may be demonstrated at the
time of operation Preoperatively there 1s no known way to make the differentiation
between anatomical severance and functional nerve disturbance owing to contusion
or traction

Where at open operation nerves have been demonstrated to be anatomically
frayed or severed several therapeutic approaches are available In military medi
cine delayed suture of penipheral nerve injuries 1s the more usual method of man
agement Following adequate debridement closure of the soft parts without tenston
over the noncoapted nerve ends with delayed closure of superficial tissues and the
skin 1s the recommended practice The severed nerve ends are covered with viable
muscle to prevent further nerve damage that may anse from dressings placed in the
wound cavity Defimtive nerve suture 1s 1deally performed about three to four weeks
following 1njury about two weeks after good healing has been obtained Optimal
functional recovery has been found to be obtamnable at almost any time up to three
months after injury but after six months despite even technically perfect nerve
suture the results of suture are almost umiversally disappointing
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In cndlmgurerc onthe ocher hnd both prman and delased nerve suture have
been advocted 1 rpenence with the delwed <oture methed i war ateations has
been wnr grtifygng that came aurpeone cxpeentiv the ¢ who onlsy eccasionally deat
with nenve myunee hne preferred 10 adopt thie methed Others however hase
argned thot primony <utse s the preferable method

Priman witare 1 el appheable i thote favorshle cases i which the patient
when fird seen o pot gn <hekd of otherwice generilly sneapacitated and s scen
within three ot four houte of ey with 1 reltnel uncompheated wound neither
growy contamnated  with potentalls anfectne maternl nor contnning gross
mounts of devtihized tise Taen i unfnvorible cices howeser in which the
comene stution eats eapenience bivndicated that pnman neese suture s <ol
not contrundic ted pronsded that sdequate debnidement s erefully performed
lonpg wath the priman an stomous In the mast unfnonble of cases wmch i war
conditions would ¢lenly be trevted by delned suture where there s gross pus
present s the wound ind 0 which 1t 8 feared that s antomosis would breth
down at ma be preferable ta copt the serered epncurit of the nene ends by
loosely tred st unless steel autures

Dogm e dictr ohvousdy sre diflicult 1o establsh As 1 general rule however,
1L prohibh safesd 1o gt praman nenve suture followng iumatic divsion to
those it inces sn which the cut nene s not severchy contused nd to employ de-
laved suture in 1l other neur il injunics

Where tctul repur s 1o be undert then 1 tourmquet will usually be required,
even for del nved repur nd it s best 1o plice this on the prosamal portton of the
miolved extrennty before v preoperatine minciners are stirted Stnce 1t may be
deurble to ex wmine the penpheril structures ifter the operitise procedure has
begun preparhon of the entire extramity distal to the tourmiquet shoutd be under-
tthen To prevent excessise venous oozing the Iimb should be el wed then mthed
of 1ts blood by me s of i I smarch or other Jlistic band 1e¢ before the tourniquet
1 inflated

The sk sncimion <hould be pliced direetly over the Tongitudinal course of the
nenve except at flexion cre ses wliere 1 2 shaped Dierlly pliced snciwon should
be employed The nerve should then be denuficd wnd immobilized over 1 distince
of about 1 10 2 em on cither side of the line of severnce A single No 4-0 suture
with a swedged-on needle 1s then pliced through the epineurium of cach segment
of nerve about 2 cm from the Jine of ventual anastomos:s to serve 1s guide sutures
These should be so pliced 1y to aign the fumculi in the two segments of the nerve
A longudinal vessel usunlly seen on the surface of the nerve iffords an excellent
guide for such anatomcal reahignment

A small iibbon retr ictor covered with 1 fine-meshed moist guze 1s then pliced
;’:e';ﬂ!:n;hznerve at the site of the contemphited nastomosis The nerve ends are
razor Biade :m‘gged portions of the ends clenly resected using 1 shaep knufe or
seril Seclmn: drpcl;'pendm;hr to the long 1xss of the nerve Approximately 1 mm
nerve tyosme rem:ms]en m;l ic partwally through the nerve so that a small bridge of
quentially i the nl[:!fl:]t] or traction purposes The tissue slices are cut bick se

1 anatomic ] ppearance of the neur funiculy is recog-
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since the mjury and the nature and extent of bacterial contamnation and tissue
destruction There 1s, however, one specific exception, the possibility or even pres
ence of mfection n a wound with an acute peripheral nerve injury 1s not a con
traindication to definitive suture provided that the wound has been otherwise thor-
oughly debrided

Recogmtion of the presence of a neural injury, especially when symptomatic
complaints referable to the nerve itself may be masked by symptoms arising from
the fractured bone, 1s frequently overlooked in the definitive management of such
fractures Despite clear differences in their anatomical position and appearance, the
distinction between nerves and other structures, such as tendons may occastonally
be most difficult 1n those fracture wounds that require debridement

Chinical recognition of injury to nerves 1s afforded by determination of the loss
or absence of their specific vasomotor, reflex, motor, or sensory functions Color
and temperature of the unaffected as compared with the 1nvolved limb and the pres-
ence or absence of artenal pulsations and sweating 1n erther mb should always be
noted at the time that the patient 1s 1mtially seen and at each subsequent examina
tion Loss of the appreciation of pm prick sttmulation over the distal phalanges of
the hand, loss of opponens motion m the thumb and loss of the ability to extend
the wnist present unequivocal evidence of neural dysfunction in the upper extremity
In the lower lunbs, mabtlity to plantar flex or dorsiflex the foot or loss of <ensation
over the medial and lateral surfaces of the foot provide similar evidence for the
presence of an mjury, anatomcal or physiological to specific peripheral nerves
These signs must be carefully sought for m any fracture even in those 1n which
there 1s Iittle clinscal evidence of their existence A single examunation for a periph
eral nerve njury 1s about 1s informative as no exammation at all Depressed axonal
conduction may vary considerably with elapsed time and at one time there may be
Iittle or no evidence of nerve dysfunction while at some later time without inter-
vening additional injury signs of nerve dysfunction may be obvious

1t 1s of particular 1mportance to remember that despite clear cut climcal evi
dence pomting to nerve nterruption no such lesion may be demonstrated at the
time of operation Preoperatively there 1s no known way to make the differentiation
between anatomical severance and functional nerve disturbance owing to contusion
or traction

Where at open operation nerves have been demonstrated to be anatomically
frayed or severed several therapeutic approaches are available In mihtary medt
cine delayed suture of penipheral nerve njuries 1s the more usual method of man-
agement Following adequate debridement closure of the soft parts without tenston
over the noncoapted nerve ends with delayed closure of superficial tissues and the
shin 1s the recommended practice The severed nerve ends are covered with viable
muscle to prevent further nerve damage that may arise from dressings placed m the
wound cavity Defimitive nerve suture 1s rdeally performed about three to four weeks
following injury about two weeks after good healing has been obtaimed Optimal
functional recovery has been found to be obtamable at almost any time up to three
months after mjury but after six months despite even technically perfect nerve
suture the results of suture are almost umversally disappomnting
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yod petoper g m s Pt oF P o i s pe st that ivess maumum
rebix tinn of the sn s tomaty er g
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Tendon angutics 1o per comrivgn (e ample fractutes Thes are howeser
not b uncommaon o Tae monife Y ton ef contan ample factures pasticularly
Calles frwtirer where Vie puprore o ahe eatensor pothess Tongus tendon may re
sult from {r mong Qo h of the teaden by o tant tuma apunst 1 projecting
rrrepulsshy pong heped b et <o They are farh frequent eonconntants of sesere
crushimg and pencte dang ynguree th e hleh o predisce compound communuted
{rictures

Tor the mo t put the e Th smpettant towmate njuties to tendon are to
thave m the uppet oatrermuny nd erpecnth m the hand Tendon injurics s the
lower extremuty wte snfreguent and when they g eccur i the foot do nat produce
such senous phvasolo, st der i, emente ~4 do campirtble imjuries to the tendons
of the hiand Indeed s gntes ~1e are the muscle and ymnt mechinims of the hind
nd 2o divabling e the revudts of andequate or esen fur npanitine surgen thatn
same conters Bsnd anpuiies of whoves eoolo, v ar whatoser the taoanted mpnces
aretreted iy hand surgeons ind B sutgcons anh

As a2 penerdd rute smeds ae vture of tendomy withm ux hours of ey mm
be undertdben an l} in tinces eacept 9 the presence of wvere continunation or
massne tsaue destructson Afg sty wepas moall phses of wound management
85 the puding princeple m ol tendon surpeny Inats sbsence tendons bocome adher-
et ind hence functiontes

Tendon surgery <hould be performed under genert or Mok nesthesn but
never under docdl mfiltrion iesthesin The aperstine ficld should be rendered
bloodless by the wee of 3 poeum e tourmguet nfl ted Wl ibove systohic blood
pressure Tnely upped ind heg iy shorpened small mnstruments musg be employed
and conuderible care should be 1hen to sond unncesan trumr dunng the
course of the operitne proceduse The oper g surpeon hinscl should make cer-
i that sphnts are property ipphed md scurdy §istned postoper itisely <o 1 to
Mo unnecess iy edems ind to puemt of maisum it rehicaton of the tendon ends
at the site of the an wtomosss

Several diffesent tchmes e 0 ubibly for tndon rep i m v anmg womet
lacations In the forc swm ind on the damum of the hand sk suture s usually fol-
lowed by g00d results irrepectne of the procse type of mstomass that 1 per
formed Stanlcss steel sutgrs are however to be preforred
nb‘etx:em:r tendons i the forc irm or hand mny be sutured using s fow as pos-
dehng;m y not more thn twe mtcrrupted (No  39) stmnless steel vare sutures
el 10 M a figure of ught The stiteh s no pisticular streagth nd s placed
it e ssgqurc approximition of the sivered tendon ends One Yoop 15 mserted
broughy o :lancc of the wadon umting the cut ends nd the second loop s
capatie of Q untte the shin morans Sphinting 1 most important md m self 1

producing 1dequ e re oM Obinhment of tendon continuty though m not
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nized Attention must attend the details of this procedure since determination of the
precise level of normally appearmg fumeuh may avord subsequent operative infer-
vention and needless hosprtatization Frank neuroma formation or the formation of
a neuroma-m continuity may result from improper delineation of normally from ab-
normally trranged funscull Contrariwise, an unnecessarily prolonged nvalidtsm
may result from overzealous debridement smce regeneration m peripheral nerves
occurs at the usual rate of 1 to 3 mm a day

When normally disposed neural funiculi have been demonstrated m either cut
end thesr proper relationship 1s secured by applying a hemostat to the partially re-
sected loosely attached nerve shices, which are ultimately to be discarded, and by

Fic 103 Nerve suture The severed nerve ends
are cut sequentially until normal disposition of the
neural fumicult 15 demonstrated Stay sutures are
placed i the epineurtum and the fumeculs are aligned
using the longitudinal vessel n each segment as 2
gwmde Approximating sutures are then placed cr
cumfcrentially about the cut ends of the nerve

approumating the hemostat attached to etther segment The guide sutures are then
gently tensed but not tied to provide addstional coaptation A single No 6-0 non
absorbable atraumatic suture 1s then placed through the epmeurium about 1to2
mm from the cleanly excised nerve ends Another similar suture 15 placed at one
hundred esghty degrees to the first or severil similar sutures are placed at numety
or one hundred twentv degree angles to tri late or quadrangulate the epmeu-
sium 1m & positon of axial alignment of the funiculi The partially resected damaged
nerve shices are then removed and multiple interrupted No 6-0 atraumatic non

absarbable sutures are placed in the epmeurmum to complete the anastomosts All
sutures should be tied with 4 wngle squire hnot and, to obviate unnecessary irnta

tive phenomena, cut directly on the knot The guide sutures are then removed, the
tourmquet 15 deflated and careful hemostasis 1o secured using as httle additional
suture matenal as 1s possible (Fig 103) Ideally the extremity should be smmobil
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1zed postoperatisely 1 placter of Pans cast in 1 positon that fasors masimum
relixation of the anstomotic ate

Trspos INTURIES

Tendon mjurtes are not common an acute smple fractures They are however,
not at 11l uncommon 1< e manifestations of ecrtun stmple fractures particularly
Colles fractures where Inte rupture of the extencor polhicis longus tendon may re-
sult from frwing through of the tendon by constant triuma agast 1 projecting
iregulrly roughened bony surface They are furly frequent concomitants of severe
crushing and penctrating anjunies that are likely to produce compound comminuted
fractures

For the most part the chinierlly important trwmatic mjuncs to tendon are to
those 1n the upper extremity and espeenlly in the hand Tendon mjuries i the
lower extreminy are infrequent and when thes do occur 1n the foot, do not produce
such serious phyaologict] deringements 1s do comparable mjurses to the tendons
of the hand Indeed, <o intricate 1te the muscle and joint mechimsms of the hand
and so disabling arc the results of madequate or even farr rep iritive surgery that in
some centers hand injurics of whttever ctiology or whatever the 1ssocitted njuries
are treated by hand surpeons wnd hind surgeons only

As a general rule, immediste suture of tendons within six hours of injury may
be undertaken 1n all instances except 1n the presence of severe contammation or
massive tissue destructton Atraumatic sepsis in 1l phases of wound management
s the guiding principle n W tendon surgens In its absence tendons become adher-
ent and hence functionless

Tendon surgery should be performed under generl or block anesthesta, but
fiever under local infiltration inesthesin The operative ficld should be rendered
bloodless by the use of a pneumatic tourmquet nflated well above systolic blood
Pressure Finely tipped and highly sharpened small instruments must be employed
and considerable care should be tiken to noid unnecessary trauma during the
course of the operatsve procedure The operating surgeon himself should make cer-
tain that splints are properly applied ind securely fastened postoperatively so as to
avod unnecessary edema and to permut of maximal relax tion of the tendon ends
at the site of the anastomosts

Several different technics are available for tendon repur an varying anatomical
locations Tn the forearm and on the dorsum of the hand stk sutore 1s usually fol-
ffowed by good results trrespective of the precise type of anastomosis that 1s per-
ormed Staless steel sutures re however, to be preferred
S\lbl;’f"l:‘mSOl' tendons 1 the forearm or hand may be sutured using as few 1s pos-
fashlons:a”) not more than two mterrupted (No 35) stainless steel wire sutures
mete] et m a figure of-eight The stitch has no particular strength and 1s placed
nto t}l;eo a;sure approxmmation of the severed tendon ends One loop s nserted
brought osu stance of the tendon untting the cut ends and the second loop 1s
capable ofm to umte the skin margins Splinting 15 most important and in atself 1s

producing adequate re-establishment of tendon continuity though n not
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mzed Attention must attend the details of this procedure since determination of the
precise level of normally appearing fumculi may avoid subsequent operative inter
vention and needless hospitalization Frank neuroma formation or the formation of
a neuroma-m-continuity may result from improper delineation of normally from ab
normally arranged fumicull Contrariwise, an unnecessanly prolonged mnvahdism
may result from overzealous debridement since regeneration i peripheral nerves
occurs at the usual rate of 1 to 3 mm 4 day

When normally disposed neural funiculi have been demonstrated m either cut
end therr proper relattonship 1s secured by applying a hemostat to the partially re-
sected, loosely attached nerve slices, which are ultimately to be discarded, and by

Fic 103 Nerve suture The severed nerve ends
are cut sequentially until normal dispositron of the
neural fumculi 1s demonstrated Stay sutures are
placed 1n the epineurium and the funiculy are aligned
using the longitudinal vessel 1n each segment as a
guide Approximating sutures are then placed cir
cumferentially about the cut ends of the nerve

approximating the hemostat attached to either segment The guide sutures are then
gently tensed but not tied to provide additional coaptation A single No 6-0 non
absorbable atraumatic suture 1s then placed through the epmeurium about I to 2
mm from the cleanly excised nerve ends Another stmilar suture 1s placed at one
hundred eighty degrees to the first or several sumlar sutures are placed at nmety
or one hundred twenty degree angles to triangulate or quadrangulate the epineu
rium 1n a position of axial alignment of the funicult The partially resected damaged
nerve shces are then removed and multzple interrupted No 6-0 atraumatic non-
absorbable sutures are placed 1n the epmeurium to complete the anastomosis All
sutures should be tied with a single square knot and to obviate unnecessary rnta-
tive phenomena cut directly on the knot The guide sutures are then removed the
tourmiquet 15 deflated and careful hemostasis 1s secured using as little additional
suture matenal as s possible (Fig 103) Ideally the extremty should be immobil-
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1zed postoperitinely i 1 plaster of Pans €ast in 1 position that favors maximum
relaxation of the nnstomotic site

Tespon INVURIES

Tendon 1njuries re not common n cute, simple fractures They are, however,
not at a1l uncommon s 1ate manfestations of certun simple fractures particularly
Colles fractures, where late rupture of the extensor pollicts longus tendon may re-
sult from friymg through of the tendon by constant traumn agunst 1 projecung
wregularly roughened bony surfice They are furly frequent concomitants of severe
crushing and penetrating injunies that are kikely to produce compound comminuted
fractures

For the most part the chimelly smportint traumatic injuries to tendon are to
those 1n the upper extremity and especilly m the hand Tendon njuries in the
lower extreruty are infrequent and when they do occur m the foot, do not produce
such serious physiologrenl deringements as do comp irable injuries to the tendons
of the hand Indeed, <o intricate are the muscle ind joint mechanisms of the hand
and so disabling are the results of madequate or even fur reparative surgery that in
some centers hand injunies of whatever etiology or whatever the assoctated injurics
are treated by hand surgeons 1nd hand surgeons only

As a general rule, immedinte suture of tendons within six hours of mjury may
be undertaken 1n all nstances except in the presence of severe contamination or
massive tisste destruction Atraumatic asepsis tn all phases of wound management
1s the gmding principle 1n all tendon surgery In its absence tendons become adher-
ent and hence functionless

Tendon surgery should be performed under general or block anesthesia, but
never under local nfiltration anesthesia The operative field should be rendered
bloodless by the use of a pneumatic tourmquet inflated well above systolic blood
pressure Fmely tipped and highly sharpened small instruments must be employed
and considerable care should be taken to avoid unnecessarv trauma during the
course of the operative procedure The operating surgeon himself should make cer-
tam that sphnts are properly applied and securely fastened postoperatively so as to
avoud unnecessary edemn and to permit of maximal relaxation of the tendon ends

at the site of the anastomosts
Several different techmes are available for tendon repair i varying anatomicnl
locations In the forearm and on the dorsum of the hand, silk suture 1s usually fol-
lowed by good results irrespective of the precise type of anastomosis that 1s per-
formed Stainless steel sutures are, however, to be preferred
‘Extensor tendons 1 the forearm or hand may be sutured using as few s pos-
;;l::le‘oxzza:;y :L;t :‘,?f,ft:f',', tm_c;h m!ezrl}l‘p;ed (No 35) stainless steel wire sutures
merely to assureg lpproxm%anon oef st:ecsevzs & enar strength and s placed
red tendon ends Ore loop s mserted
mto the substance of the tendon umting the cut ends, and the second lo
brought out to umte the shin margins Splinting 15 most 1m o
capable of producing adequat, portant and n ttself 1,
quate re-establishment of tendon continnty though 1n not
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so elegant a manner as can be obtaned by suture and sphnting The hand must be
immobilized 1 a position of hyperextension on a well padded volar splint that ex-
tends from the tip of the dorsal aspect of the distal phalanx well up on to the fore
arm and mamtaimed 1n this position for three weeks After this time, the sutures are
removed and gradually progressive exercises begun to remstitute motion mn the
fingers

In contradistinction to the dorsal surface, silk suture methods on the volar sur
face of the hand are virtually umversally doomed to failure, owing to constant 1
tation, edema, inflammation and fibrosis secondary to angulation and movement of

Fic 104 Tendon suture The Bunnel stitch 1s passed through the proxi
mal end of the severed tendon The frayed cut ends of the tendon are cleanly
excised and the two ends of the suture are passed through the center of the
proximal segment The same procedure but n the reverse order 1s employed
for completion of the anastomosis

tendons within their sheaths Fine stainless steel wire provokes the least tissue reac
ton of all presently available suture materials and affords the most efficacious mate-
rial for tendon suture These wires should be removed after three weeks at which
time practically all tendons will have physiologically though not anatomically healed

Flexor tendons severed 1n the forearm or 1n the palm proximal to the distal inch
of the palm (the distal palmar crease) may be approximated using the Bunnell
stitch The principal feature of this technic 1s that the proximal portton of the se-
vered tendon 1s actively brought into approximation with the passive distal cut end
by tenston on its proximal portion and muscle belly

The proxmmal end of the dist1l segment 1s trimmed and a finely tipped hemostat
1s placed at the distal end of the proximal segment for stabilizing purposes Using a
one foot length of No 35 stamless steel wire, each end of which 1s attached to a
straight needle one needle 1s passed transversely through the substance of the
proximal segment 1 cm proximal to 1ts cut end The needle 15 then passed obliquely
back and forth through the tendon two or three times at roughly forty five dewree
angles Just before the needle emerges from the cut end of the tendon the tendon 15
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tnmmed smmedintely provml to the stabilizine chmp by means of sharp seissors
or 1 scalpel The necdle 15 then passed through the clenty divided end of the ten-
don The sccond needle 15 then pissed through the tendon n opposite dircctions
untit both ends of the wire pass through the central portion of the cut proxumn end
The two ends of the wire are then pulled taut and each needie 1s prsed through the

Fic 105 Pull-out techmic for tendon suture A Bunnel sttch
1s passed through the proximal segment of the severed tendon after
incorporating « pull-ost stitch which is passed through the skin
proximally The distal ends of the suture are then passed through the
skin and ted owver a button makmg sufficient tension to permst
end to-end appositton of the severed tendon ends (Reproduced from
Bunnelf § Surgery of the Hand 3rd ed J B Lippincott Co  Phil
adelphia 1956 )

central portion of the distal sezment of the tendon for a distance of several cents~
meters and then carrsed out through the surface of that tendon The ends of the
wire are then ued over the distal end of the tendon (Fig 104) These sutures are
left m suu

If 1t 1s desired to remose the sutures a pull out wire about six mches fong 15
Placed through the loop on the proumal side of the tendon repair and passed out
through the skin The ends of the suture that transfix the distal portion of the tendon
are passed through the hin «nd tied over 4 button on the shin surface (Fig 105)
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so elegant a manner as can be obtained by suture and sphnting The hand must be
immobilized m a position of hyperextension on a well-padded volar splint that ex
tends from the tip of the dorsal aspect of the dist1l phalanx well up on to the fore
arm and maimntamed 1n this position for three weeks After this time, the sutures are
removed and gradually progressive exercises begun to remstitute motion m the
fingers

In contradistinction to the dorsal surface, silk suture methods on the volar sur-
face of the hand are virtually umversally doomed to failure, owing to constant 1rr1
tation edema inflammation, and fibrosis secondary to angulation and movement of

il /

Fic 104 Tendon suture The Bunnel stitch 1s passed through the proxi
mal end of the severed tendon The frayed cut ends of the tendon are cleanly
excised and the two ends of the suture are passed through the center of the
proximal segment The same procedure but in the reverse order s employed
for completion ot the anastomosis

tendons within their sheaths Fine stainless steel wire provokes the least tissue reac
tion of all presently available suture materials and affords the most efficacious mate
nal for tendon suture These wires should be removed after three weeks, at which
time practically all tendons will have physiologically though not anatormcally healed

Flexor tendons severed 1n the forearm or 1n the palm proximal to the distal mnch
of the palm (the distal palmar crease) may be approximated usmg the Bunnell
stitch The principal feature of this techmic 1s that the proximal portion of the se
vered tendon 1s actively brought mto approximation with the passive distal cut end
by tension on 1ts proximal portion and muscle belly

The proxmal end of the distal segment 1s tnmmed and a finely tipped hemostat
15 placed at the distal end of the proximal segment for stabilizing purposes Usmig a
one-foot length of No 35 stainless steel wire each end of which 1s attached to a
straight needle one needle 1s passed transversely through the substance of the
proximal segment 1 em proximal to 1ts cut end The needle 1s then passed obhiquely
back and forth through the tendon two or three times at roughly forty-five degree
angles Just before the needle emerges from the cut end of the tendon the tendon 1s
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tnmmed 1mmediately proximal to the stabilizing clhmp by means of sharp scissors
or a scalpel ‘The needle 15 then passed through the clenly divided end of the ten-
don The sccond needle 1s then passed through the tendon in oppostte directions
until both ends of the wire pass through the central portion of the cut proximal end
The two ends of the wire are then pulled thut and each needle 1s passed through the

2 7

LAY

W\
~
N

Fic 105 Pull out technic for tendon suture A Bunnel stitch
1s passed through the proximal segment of the severed tendon after
mcorporating a pull out stitch which 1s passed through the skin
proximally The distal ends of the suture are then passed through the
shin and tied over a button making sufficient tension to permt
end to end apposition of the severed tendon ends (Reproduced from
Bunnell S Surgery of the Hand 3rd ed J B Lippmcott Co Phil
adelphia 1956 )

central portion of the distal segment of the tendon for a distance of several centi-
meters and then carried out through the surface of that tendon The ends of the
wire are then tied over the distal end of the tendon (Fig 104) These sutures are
left in sty

If 1t 15 desired to remove the sutures 2 pull out wire about six inches long 1s
Placed through the Toop on the proximal side of the tendon repair and passed out
through the shin The ends of the suture that transfix the distal portion of the tendon
are passed through the shin and tied over a button on the skin surface (Fig 105)
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An alternate and quicker method of suturing flexor tendons 1n the forearm or
palm 1s afforded by the Bunnel double nght angle stitch The needle 1s passed di
rectly through the proximal end of the tendon, near its severed end, and then
through the distal end The suture s then passed through the distal end of the ten
don at right angles to the previous stitch, and then through the proximal portion mn
the same plane Only then are both ends of the suture tied Where infection 13
feared a pull-out stitch may be mcorporated n either of the loops m the proximal
portion of the tendon and passed through the skin If the wound heals per primam,
the pull-out stitch 1s removed leaving the double night angle suture 1n place

Flexor tendons severed withmn or distal to what Bunnell has called no mans
land, the region between the distal palmar crease and the point of msertion of the
flexor digitorum sublimis tendon 1nto the middle phalanx, 1n which both the flexor
sublimus and flexor profundus tendons share a common sheath, pose particularly
serious problems Tendon injurtes in the hand are most frequent m this location and
the results of suture here are undeniably worst The Bunnell suture-at a distance
method of repair 15 probably the best, but good results follow 1n only about 40 per
cent of all attempts at suture even under 1deally favorable conditions This techmic
essentially mvolves holdmg the proximal severed tendon end distally by placing a
pull out suture 1 the proximal end of the tendon and tying the wires over a skin
button placed several centimeters proximal to the site of the tendon leston One or
at most, two nonabsorbable sutures of the finest arterral silkk (No 6-0) may be
used 1f indicated, to assure approximation of the severed ends (Fig 106)

Where the flexor sublims and profundus tendons are mjured at or near the
same level and there 1s fear that there may be cicatricial union between the two
tendons 1t 1s better to sacrifice the sublims and to depend upon re establishment of
continuity in the profundus tendon for ultimate motion of the finger Flexor
tendons severed m the palm proximal to entering the flexor sheaths over the
metacarpal heads should be individually sutured but care must be taken to
separate the sublimis from the profundus tendons by the interposition of the
lumbrical muscles

In wounds nerther anatorically nor bacteriologically favorable when first seen
primary suture of a ruptured tendon should be deferred The anastomosis will not
heal and ulumate damage both from additional surgical trauma and mfection tends
to be greater than would have resulted had the wound undergone careful debride-
ment delayed closure by pedical skin grafts, and mamtenance of bone length pref-
erably by transcortical fixation devices Definitive tendon surgery should be delayed
m such circumstances until one or two weeks after the coverng pedicle graft has
been divided (1e about four to six weeks after the graft has been placed) so as to
assure maximal circulatory ntegrity of the overlyng skin

At secondary operation tendons in the fingers can be readily located by means

of a md-laterally placed ncision Digital incisions, however should not pass
proumally beyond the flexion crease of the metacarpophalangeal jomnt lest flexion
contractures and tendon adhesions result Additional exposure for recovery of
tendons may be obtammed by either bayonet Z-shaped, or transverse incisions
made more proximally Passive flexion of the fingers facibitates recovery by causing
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Fic 106 Tendon suture at a distance In nomans
land the region between the distnl palmar crease and the
muddle third of the phalanx the pull out technic of tendon
suture must be employed The function of the suture in the
proximal segment 1s actively to pull the tendon down to
permit end to end apposition of the proximal and distal seg
ments without tenston Occasionally fine arterial sitk may be
used to approxumate the cut tendon ends at the line of
anastomosts though this 1s frequently not necessary and
often undesirable (Reproduced from Bunnell S Surgery of
the Hand 3rd ed J B Lippincott Co Philadelphia 1956 )

127



128 GENERAL CONSIDERATIONS

protrusion of the distal cut end of a tendon and pressure on 1ts muscle belly will
tend to cause protrusion of the proximal severed end

When large defects m tendons are found erther at imtial debridement or sec
ondary operation, no attempt should be made by the casual tendon surgeon at
primary grafting procedures In some imstances, 1t may be possible to obtan free
grafts of the palmaris longus or the flexor sublims tendons without any difficuilty,
but 1t 1s unquestionably better for the patient to enlist the aid of a specrally equipped
hand surgeon to complete any such pumary grafting procedures

SKIN DEFECTS

Wounds anatomucally and bacteriologically favorable should be closed primarily
Wounds 1n which the possibility of infection exists are better managed by delayed
than by primary closure

During debridement of the local wound, care should be taken to preserve as
much viable skin and subcutaneous tissue as 1s compatible with the bacteriologrcal
requirements of the wound Circular skin defects should be avoided and, wherever
possible, small wounds with relatively little loss of substance should be converted
mto elliptical oblong or triangular defects In regions where the skin 1s freely mo-
bile and does not directly overlie bone or tendons, an adequate functional and cos-
metic tesult can usually be obtamed without subjecting the suture line to undue
tenston Where tension 1s hkely to be exerted on the Iine of suture, 1t may be over-
come by extending the mesion longitudinally by undermiming of the adjacent mar
gns of the skin flaps, and, 1f necessary, by the making of relaxing countersrcistons
parallel to the lateral margins of the wound

Wounds that cannot be directly approximated or areas of large skin defect may
be permitted to close by granulation and scar tissue formation or may be closed by
the preparation and placing of properly selected skin grafts Skin grafts may be
either sphit or full-thickness free grafts or full thickness pedical grafts

Split thickness free grafts are usually divided into three types depending upon
the thickness of the graft (1) thin spht-thickness grafts, 0 005 to 0 010 mches 1n
depth which consist primarily of epidermus (2) mtermediate thickness grafts
0010 to 0022 inches in depth which contam the stratum papillare of the corium
as well as the epidermis and (3) thick spht-thickness grafts 0 022 to 0 030 inches
m depth which contan the epidermis the stratum papillare and about half the
stratum reticulare of the corium

In general there 1s a direct relationship between the thickness of a free graft
and the probability of 1ts take despite superficial contammation and insecure hemo
stasts of the recipient site The thinner grafts have a tendency to change color, con
tract fissure or ulcerate and are therefore not desirable for shin coverage follow
ing compound fractures The full thickness grafts are precanious n their take and
frequently necrose Intermediate sphit thickness free grafts have therefore found
the widest use Since they possess a dermal pad with numerous 1nterlacing elastic

fibrils they have more resihance than do the thinner grafts and are more likely to
take than are the full thickness free grafts
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Split thickness free grafts may be obt uncd either frechind, using 1 long-bladed
sharp knife, or by any onc of sever il types of derm itome The host area s prepared
and draped 1n the usunl manner and the shin s tensed m 1 direction opposite to that
of the blade used to obtan the graft When 1 dermatome s used the skin surfice
1s punted with 2 speetnlly prepared glue The shin graft 1s obtuned using long
broad sweeps of the skin knifc or the derm itome blade, tiking care that the Ieading
margin of the kntfe 15 shghtly clevated to prevent an uneven or full thickness graft
After removal of the graft, the host nren 1s protected by a fine mesh parnffin- or
petrolitum impregnated gauze and s Inter dressed

1t 1s preferable to employ free grafts in large shects Pinch or stamp grafts have
only very httle usefulness Because of the scarring between the islnds of regenerat-
ng epithelium, the donor site cnnot be used for the taking of subsequent grafts and
the reciprent site 1s almost 1lways cosmeticnlly and functionally unsatistactory

At the ume of therr 1pplication the full sheets of the free grafts are laid upon
the recipient area, mostened with 1 little s1line 1nd smoothed flat To accommo-
date for contraction, the graft should be made shightly larger and overlap the
margins of the defect to be covered The graft 1s fixed to the shin margins by
stay sutures on atraumatic needles that penetrate the graft first and then the
margin of the defect After these have been placed blood clots and other ma-
teral that may be on the surface of the recipient site are removed manually or
by gentle irngation with small amounts of saline The margins of the graft are
then securely fixed to the edges of the defect by interrupted stay sutures The
sutures should be left long after tymg for Iater fixation of a stent dressing over
the surface of the graft

No useful purpose 15 served by puncturing the graft Except over a bleeding
potnt 1t has no value for dramage, and where hemorrhage exists the graft will not
tahe Basting stitches may be employed to fix the graft in position, but this purpose
can be better satisfied by applying a sponge rubber or mostened gauze stent dress-
Ing over the paraffined gauze used to protect the graft Neither the donor nor re-
ciprent site should be disturbed for at least four days postoperatively unless there 1s
evidence of infection

Cosmetically and functronally free grafts are not as desirable as pedicle grafts
Free grafts usually lack sufficient durability for the ordmary daily trauma to which
the extremities arc usunlly subjected and they are virtually always mncapable of with-
standing the rigors 1mposed by the necessity for subsequent reconstructive surgery
For this reason pedicle flaps with their blood supply 1ntact are to be preferred in
the closure of large shin defects associated with compound fractures

Pedicle flaps 1n which the full thickness of the dermus and all or varying por-
ons of the subcutaneous fat pad are transplanted, may be performed as direct
grats or as tube grafts
fron?:;:;ct:ll:su:;:;sbeqor the loc;‘]‘ or cross imb vaneties Local flaps, transplanted
the moxs eent ¢ rz m’;;l efficactous where indicated and are unquestionably
1ot be e 1o)cgclr orme cy are usunlly of limited usefulness in that they can-
the C]DSUrcpo[} ' 0 cover most lirge defects They are, however deally suited to

relatively small defects i regrons where the shin and subcutaneous
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tissues are freely mobile and where the donor site 1s not hikely to breal down when
closed primanly or by means of 1 free sphit-thickness graft

Three different methods of local flap transplantatton are available (1) ad
vancement, (2) rotation, and (3) shding Advancement and rotation flaps are
umpedicled while the shding type 1s bipedicled Advancement 1s obtained by un
dercutting the area of shin to be transplanted and simply attaching its free margin
to the opposite side of the skin defect Rotation involves essentially the same ma
neuver except that after undermining, the flap 1s rotated around its base and fitted
mto the defect leaving behind an area that must be covered by free split-thickness
grafts The shding, bipedicled graft 1s fashioned by the making of an mcision
parallel to the long axis of the skin defect at a distance from 1ts margin equal to the
width of the defect The flap 1s released by longitudinally extending the edges of the
wound adjacent to the shin flap The bipedicled graft 15 then undermmed raised
from the deep fascin, 1nd sutured to the margins of the ongmal shin defect The
secondary defect thus produced may be closed esther by free spht-thickness grafts
or by the making of relaxing counterincistons and primary closure The wound 15
dressed 1nd left untouched for a period of two to three weeks

Where shin grafting 1s necessary as a prelimmary to the treatment of nonunion
or other reconstructive surgery unsatisfictory shin coverage may be supplanted
either by 1 cross-imb pedicle graft or by a tubed pedicle graft

Cross-limb pedicle grafts are performed for defects of the lower third of the leg
and foot which can be readily brought into contact with the medical portion of the
opposite calf or anteromedial aspect of the opposite thigh In the upper extremity,
the trunk forms a more suitable donor site than does the opposite extremty

Careful preoperative planning constitutes the most important phase n any
cross imb procedure The limb to be grafted must be placed m prouimity to the
donor site and must be capable of firm fixation for the pertod of time necessary for
the graft to acquire a new blood supply If the length of the graft 1s not more than
two or two and a half times 1ts base, the flap can be cut and applied directly to the
recipient area If there 1s any doubt as to the ntegnty of the circulation at the tip
of the graft however 1t 1s probably safer to perform the operation in two stages,
formmng a bipedicled flap and cutting free the margn to be transplanted at the end
of about two weeks

The optimum position for placing of the graft and for the comfort of the pa
tient must be determined preoperatively and if desired appropmately wmndowed
plaster of Pans immobilizing casts may be prepared at this tme If not the hmbs
may be immobihzed at the time that the graft 1s performed

As m the shding or rotating types of local flap the secondary defect of the
donor site may be closed by sphit-thickness graft before the edge of the cross-limb
flap 1s fived to the margin of the recipient skin defect The free undersurface of the
pedicle flap may be protected by a free sphit thickness skin graft or by simple dress-
ing The limbs are then immobilized and held together 1 the plaster of Pans casts
which are not disturbed for a period of at least three weeks (Fig 107)

Before transecting the base of the cross limb pedicle the integnty of the newly
acquired circulation must be determined erther by constncting the base of the graft
or by the histamine test The latter 1s performed by obstructing the circulation at
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the base of the pedicle by n rubber-shod clmp and njecting 0 Im! ofal 1,000
histamine solution mtradermally into severl regions both 1n the normal and trans-
planted tissue If there 1s no apprecinble difference 1n the rte of wheal formation
in the several res 1t may be assumed that the circulation 1s wdequate and the bise

wie

Fic 107 Crossleg pedicle flap A
pedicle flap from the anternor surface of the
thigh has been apphed to the heel of the
left foot Both limbs have been immobilized
1 a single plaster cast The cast has been
windowed to permit observation of the
pedicle flap (Modified from Milch H
Resection of irsenical epithelioma Plastic
reconstruction of the heel Am J Surg 16
89 1932)

of the pedicle may be transected with impunity Where there 1s an appreciable dif-
ference in the rate of wheal formation however 1t 1s safer to delay freemng of the
pedicle

Where the location or the uze of the shin defect makes cross hmb transplanta-
tion madvisable tube pedicle grafts may be used As with other shin
cedures preoperatnve planning 1y essential particularly since one o
plntations may be necessary It 15 of the utmost mmportance that the
proposed tube be not gre ster than two and a half times 1ts width

-grafting pro-
r more trans-
length of any
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At operation, two paraliel hnes, not more than two and a half times the width
between them, and with gently flared ends, are marked on the skin with methylene
blue Three or four perpendicular cross marks are then made at :dentical posions
on erther long himb In order to facilitate later closure of the secondary defects at
either end of the tube, one mb of the proposed masion 1s made at a stightly higher
fevel than the other and on the side toward which the freed tube wilt later be 1o
tated The shm s then incised along each of the longitudinal lines down to the deep
fascta The bipedicled flap thus produced 1s undermuined, the skin margms are
rolled mto a tube and stay sutuses are placed at the crosshaiched lines previously
made After carefu] hemostasss the subcutanegous tissues 1re approxsmated by m
terrupted or continuous sutures and the skin mazgins are approximated by multiple
sterrupted sutures The secondary shin defect formed beneath the tube 15 closed
by wide undermming of s edges and direct suture or by free shin grafting

The wound of the secondary defect should be hghtly dressed but the tube pedi
cle requires no dressing other than that necessary to support its mud portion To
discourage edema in the tubed pedicle a lmed 1ce pack may be placed over the
pedicle for the first twenty-four to forty eight hours but should be discontmnuved
after this time  Sutures in the pedicle should not be removed for two to three weeks
but, if mdicated sutures m the donor sie may be removed eather Transection of
one end of the tube and its transfer to 1nother site 15 pecformed about three weeks
after the operation provided that the mtegrity of the crrculation has been deter-
mmed by either the compression or istamme tests

By repeating this procedure, using each end of the tubed pedicle alternately, 2
defect at & considerable distance from the onginal donor site may be surfaced After
the tube has been replaced m the reciprent site the redundant pedicle may be
erther discarded or used as a local flap to close one or more of the secondary de
fects prodoced dunng its transfer

COMBINED INJURIES

Although each of the various techrics here mentioned has been considered as
an ssalated procedure a combunation of any one or several of these 1s most likely
to occur m assooation with a compound fracture The treatment of each of the
soft tissue 1njunes may on occasion be at cross purposes with one another and
with the treatment of the open fracture It becomes important, therefore to de
termune the order of precedence of treatment Generally speaking it 15 most im
portant of course to muntaun the mtegrity of the circulation and f possible this
should be done without loss of the over il length of the injured bone The treat-
ment of the vascular injury and the closure of the skin defect take precedence over
the treatment of nerve or tendon mjurtes which may be performed at some time
after the acute stustion has been adequately managed Where conditions are en
tirely favorable all the procedures may be undertaken at the ume of primary sur
gery In this arcumstance tramscortical or mtramedullary fixation devices may be
used to immobilize the bone so as to permut postsonng of the extremty for ideal
treatment of the associated soft tissue injuries



CHAPTIER 9

Regional Anesthesia in
Fracture Treatment

By Herbert D Dubovshy

Anesthesia for use 1n the treatment of fractures 1s determined by as many vanable
factors as are the surgical procedures that may be mdicated It 1s obviously neither
feasible nor practical to attempt here any complete discussion of all the procedures
that may meet all fracture needs Most of the agents and technics of general, epr-
dural, and spinal anesthesia have been omitted from the present discussion They
require the presence of a tramned anesthesiologist and the use of specialized anes-
thesia equipment The technics and gents described 1n the present section, there-
fore are those that fllustrate the fundamental principles and approaches of conduc-
tive anesthesta

Fundamentally conductive anesthesia depends upon the mmpedance of axonal
conduction distal to the site of application or mtroduction of the nnesthetic agent
When nerie endings are anesthetized by infiltration or topical technics the type of
anesthetic method s known as mfiltration or topicnl block They may be applied
at a simgle locus or may involve a arcumscribed area of the surface of the body,
which instance the name field or ring block 1s wsually applied When the anes-
thetic drug v introduced at any pownt along the course of a nerve the resulting
anesthessa s ¢lled a nerve block and when into the region of the vanous inter-
vertebral forimma 1 paravertebral block The spmal nenes also be blocked
m the ¢prdural space 1 epidural blocks or m the subarachnoid space 1n spinal
anesthesty

Numerous so-alled local anesthestic agents are used m each of these anes-
thetic technws  All possess certamn common chemical physical and phystological
properiies They all tend to have (1) a selective pharmacologteal action that 15
contincd to neural tssues (2) Iutle of any adverse affect upon adjacent tissues
(3) phywological reversibulits of their action (4) a profound stimulatng effect on

133
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At operation, two parallel lines, not more than two and a half trmes the width
between them, and with gently flared ends are marked on the skin with methylene
blue Three or four perpendicular cross marks are then made at 1dentical positions
on erther Jong mb In order to facilitate later closure of the secondary defects at
either end of the tube, one limb of the proposed ncision 1s made at a shghtly higher
level than the other and on the side toward which the freed tube will later be ro
tated The skin 1s then incised along each of the longitudinal hines down to the deep
fascia The bipedicled flap thus produced 1s undermimned the skin margins are
rolled mto a tube and stay sutures are placed at the crosshatched lines previously
made After careful hemostasis the subcutaneous tissues are approximated by in
terrupted or continuous sutures and the shin margins are approximated by multiple
interrupted sutures The secondary skin defect formed beneath the tube 1s closed
by wide undermiming of 1ts edges and direct suture or by free skin grafung

The wound of the secondary defect should be Iightly dressed but the tube pedi
cle requires no dressing other than that necessary to support its mid portion To
discourage edema n the tubed pedicle a lined 1ce pack may be placed over the
pedicle for the first twenty-four to forty-eight hours but should be discontinued
after this time Sutures n the pedicle should not be removed for two to three weeks
but 1if indicated sutures n the donor site may be removed earlier Transection of
one end of the tube and its transfer to another site 1s performed about three weeks
after the operation provided that the ntegrity of the circulation has been deter-
mined by either the compression or histamine tests

By repeating this procedure, using each end of the tubed pedicle alternately a
defect at a considerable distance from the origmal donor site may be surfaced After
the tube has been replaced in the recipent site, the redundant pedicle may be
etther discarded or used as a local flap to close one or more of the secondary de
fects produced during its transfer

COMBINED INJURIES

Although each of the various technics here mentioned has been considered as
an reolated procedure a combination of any one or several of these 1s most likely
to occur 1n association with a compound fracture The treatment of each of the
soft tissue njuries may on occaston, be at cross purposes with one another and
with the treatment of the open fracture It becomes mmportant therefore, to de
termine the order of precedence of treatment Generally speaking 1t 15 most 1m-
portant of course to maimntamn the integnty of the circulation and 1if possible this
should be done without loss of the over-1ll length of the injured bone The treat
ment of the vascular injury and the closure of the skin defect take precedence over
the treatment of nerve or tendon mjuries which may be performed at some time
after the acute situation has been adequately managed Where conditions are en
urely favorable all the procedures may be undertaken at the time of primary sur
gery In this circumstance transcortical or intramedullary fixation devices may be
used to immobilize the bone so as to permut posttioning of the extremity for 1deal
treatment of the associated soft tissue mnjunies



CHAPTER Y

Regional Anesthesia in
Fraclure Treatment

By Herbert D Dubovsky

Anesthesia for use 1n the treatment of fractures 15 determined by as many vanable
factors as are the surgical procedures that may be mdicated It 1s obviously neither
feasible nor practical to attempt here any complete discussion of all the procedures
that may meet all fracture needs Most of the agents and technics of general, ept
dural and spinal anesthesta have bzen omitted from the present discussion They
require the presence of a traned anesthesiologist and the use of specialized anes-
thesia equipment The technics and agents described i the present section, there-
fore, are those that illustrate the fundamental principles and approaches of conduc-
tive anesthesia
Fundamentally conductrve anesthesia depends upon the impedance of axonal
conduction dist1l to the site of applicition or introduction of the anesthetic agent
When nerve endmgs are 1nesthetized by mfiltration or topical techmics, the type of
anesthetsic method 15 known as infiltraion or topical block They may be applied
at a single locus or may 1nvolve a circumscribed area of the surface of the body, 1n
which nstance the name field or ning block, 1s usually applied When the anes-
thetic drug 1 inmroduced at 1ny pomnt along the course of a nere the resulting
anesthesta 1s called a nenve block and when mto the region of the various 1ater~
vertebral forimina 1 paravertebral block The spinal nerves also be blocked
i the eprdural spacc m epidural blocks or m the subarachnowd space m spinal
anesthesty
e e e g e wed i e of s ans
chemical physical and physiological

properties They all tend to have (1) a selectine pharmacological action that 1
contined 1o neural tissues (2) httle of any adverse affect upon adjacent tissue:
(3 phyvaologieal reversibility of their action 4)ap eton

rofound sttmulating effect on
133
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the central nervous system, followed by depression leading to death, when admmn
stered systemrcally in large doses, (5) a spasmolytic effect on smooth muscle, (6)
a tendency to cause artertolar dilatation, with the exception of the one naturally
occurning materal, cocaine, which 1s a vasoconstrictor, and (7) a tendency to m
crease the refractory penod, rase the threshold for sumulation, and prolong the
conduction time of cardiac muscle

Despite their extensive application 1 clinical medicine, very little 1s known
about the mechanmism of action of the local anesthetic drugs, though something has
been learned concerming the relationship of anesthetic activity to chemical struc
ture Of the several theories the most generally accepted hypothesis of the mode
of action 1s that such compounds render axonal conduction impossible by prevent-
ing the phasic depolarization and repolanzation of cell membranes Structurally
local anesthetic for the most part are tertiary ammoesters of aromatic acids and
etther aliphatic or alicyclic alcohols They are basic substances, owing to the pres
ence of the amino mitrogen group, and their aqueous solutions are bitter-tasting and
alkaline except when prepared in the hydrochlonde form

Most of the commonly used agents, furthermore, are substituted derivatives of
para amnobenzoic acid, 1n which the aliphatic alcohol residue either may remain
unsubstituted (as 1n benzocame) or may possess an ammno group, usually on the
termmal carbon atom (as mn procamne and its dervatives) In general, increasing
the length of the ester chain not only increases the anesthetic potency, but also the
agents toxicity Certamn less complex alcohols also possess anesthetic effects In
general however, agents such as the phenols and cresols and certain cyclic alco
hols are of value only for topical anesthesia

A clinically useful charactenstic of local anesthetic agents 1s that therr undesir
able systemic effects may be mitigated by the prophylactic admimstration of hyp
notic drugs especially the barbiturates * Furthermore since the duration of action
of the local anesthetic drugs 1s proportional to the time interval during which they
remain 1n contact with neural tissues and since most are arteriolar dilators 1t 15 often
desirable to prolong their action by the concomitant admmstratron of vasocon
stricting agents The sympathomimetic anunes are of particular mportance 1n this
regard Epinephrine and Cobefrin are especially useful not only n prolonging the
direct effects of anesthetics, but also in dimmishing the rate of their disappearance
and therefore 1n reducing the likelihood of untoward systemic effects

Epmephnine 1 200 000 or Cobefrin an 1somer of epmephrmne, m 1 40,000
or 1 80 000 ditution may be employed with the calculated dose of a local anesthetic
agent Under no circumstance however should a vasoconstricting agent be em
ployed n digital blocks lest wrreversible v 1ction with isch and gan
grene supenene

* The admmistration of barbiturates will not protect the patient agamnst all the possible
11t effects of local anesthetic agents The barbiturates will mutigate only the irritative or stimu
Iative effects of the tocal drugs on the central nervous system When there 1s 2 depression of
the circulatory system the bar only tend to d the 1ll effects and treatment
must be directed toward support of the circulatory system by vasopressors and intravenous

fluids
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The ngents commonly employed for local blocks are Iisted 1 Table 2 The
fiaures represent the maximum volume of dosige that for werige adults, should
not be exceeded 1t the designated concentritions of eich of the drugs

As implied previously, tovic reictions to anesthetie drugs may be ciused by
several factors The most important of these 1s overdosge of the drug following ac-
aidental mtrvaseular mjection or anjection nto n are 1 rich i blood supply, which
favors rapid absorption Excessine amounts of 1nesthette solutton or too rapid a
rate of injection of 1 single dose my produze relative overdosge, especially in cld-
erly or debilitated individuals whose 1bility to detoxify the drug 1s impured In-
dividunl 1d10sy nersy and nadequte premedic ition must lso be considered

TABI L 2 —1 0cAL ANFSTHETIC AGTNTS IN CovvoN Usrt

Uze and dosage Hours arerage
Name Synonym Neree bloel 1 seld bloc! duration action
1rocane Novocitne 15 (100 ml ) 0 5% (100-200 ml ) 05-15
2% (b0 ml)
Pontocane Fetracame 0 1% (b0 ml) ot rccommended 24
miw 1mg /At
Metvenine Liperocune 1 55 (40wl } 1% (7o ml) 1-1 5
Idocune \slocune 2¢y (30 ml)
15 (50 ml) 0 5% (7o ml) 1-?
Chloraproc unc N\e acune 3¢ (30 mt)
2% (50 mb) 0 5% (100 mi ) 2-3
165 (7o ml)
Nexvleane Cyelne 26 (30 ml) 0 5% (75 ml) 1-2

1% (o0 ml}

NoTE The numbers 1n parentheses represent the maxvunum volume of dosage that for
average adults should not be exceeded at the destgnated concentrations

Toxi¢ reactions may be classified mto those that primanly affect the central
nervous system by stumulation and those that depress the circulation Central stimu-
lation may be of a mild type n which the patient exhibits restlessness, apprehen-
sion and fright or of 1 more severe degree in which twitching of small muscles
progresscs to convulsions and respicatary difficulties Prolonged stimulation wall
eventually lead to depression of the vital centers unconsciousness and death This
toxic reaction depends on the blood level of the drug and that 1n turn depends upon
the amount mjected and the rapidity of its destruction by circulating esterases

Circulttory depression the second type of reaction 1s characterized by pallor,
hypotension  bradycardia or arrythmia and may be accompanied by allergic re-
sponses The latter 1re sometimes designated as true diosyncrasies and mny be
chiucally mimifusted by an eczematous dermatosis acute asthma or anaphylatic
shoch and sudden death For this reason 1t 1s often advisable to employ intradermal
shin tests (using sahine as a control) to determine hy persensitivity phenomena be
fore dnunistening Ay loctl naesthetic Where hypersensiuvaty 15 extbited sub
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stitution of another compound h wving local anesthetic properties but possessing a
sufficiently different chemical configuration my usually be employed without diffi
culty, since cross-sensitization to compounds having different chemical configura
tions 1s allegedly rare In any event, patients should be questioned as to any prior
episodes of 1diosyncrasies to the drug that it 1s intended to employ

Treatment of toxic reactions includes oxygen inhalation by mask, with assisted
respirations 1f breatinng 15 depressed Intravenous imjection of a short acting bar-
brturate (Pentothal or Suntal) i repeated doses of 50 to 100 mg will control con-
vulsions Vasopressors ind mtravenous flurds should be used to support the circu
lation if depression predominates

Prevention of toxic reactions ncludes the use of adequate premedication with
barbiturates and/or narcotic and belladonna drugs Only the smallest amount and
muimmum concentration of drug necessary for the contemplated block <hould be
used A vasopressor mixed with the anesthetic solution will prevent excessively
rapid absorption, especially i lighly vascular areas Intravenous imjection may be
avoided by aspirating in two planes before injection

TECHNICS OF LOCAL ANESTHESIA

All local anesthetic procedures should be preceded by adequate premedication
of the patient, appropnate cleansing of the skin area, and the actual injection must
be carned out under strict aseptic conditions

The control of causalgic pam or the rehef of vasospasm mav be accomphshed
by blockade of the regional paravertebral sympathetic gangla or by blockade of the
nerves that supply spectfic areas In the upper extrenuty, sympathetic blockade n
volves particularly anesthesia of the stellate ganglion 1w the lower extremity, anes
thesia of the Iumbar sympathetic chan

SYMPATHETIC GANGLION BLOCKADE
STELLATE GANGLION Brock

Stellate ganghon block 1s employed to relieve vasospasm and cawvsalgic pan in
the upper extrermty face and head The ganglion mav be approached either an
teniorly, postertorly or laterally The antenior approach 1s simplest and 1s to be pre
ferred The patient 1s placed m the supme positton with a pillow beneath the
shoulders so as to extend the head The sternoclavicular junction the carotd
arterv and the trachea are identified by palpation A skin wheal 1s rased two finger
breadths (5 cm ) above the sternoclavicular junction at a point between the trachea
and the carotid artery With the mndex finger the carotid artery 1s displaced laterally
and a twenty four-gauge needle 5 cm n length 1s advanced slowly in a postenor
direction until bone 1s contacted The needle 1s then withdrawn about 0 5 em and
10 ml of anesthetic solution are myected after making, certam that the needle has
not entered a blood vesse) For adequate blockade of the arm and hand, the mjec-
110n should be made with the patient 1n the seated position and 20 mi of the anes-
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thetic agent should be employed Downward gravitation of the flmd will effect anes-
thesta of the mfertor cervict] ghnglion as well as the first, second, nd third thoracte
gangha

A successiul block 1s evidenced within five to ten smnutes by the ppearance of
a Homers syndrome (narrowing of the pupebral fissure, miosts, enophthalmos,
and ncreased shin temperature)

Complicatians of stellate ganghon block melude pnevmothorax, hemorthage,
tigh spinal anesthesta, and perforation of the esophagus

Preumothorax will occur if pleurae and lung are pierced It1s of no special con-
sequence if recognized at once and the needle be removed immediately The pa-
tient should Iie down with the head shightly elevated, and should be given sedation
adequate for the control of pmn He should be carefully watched for the appearance
of a tension pneumothorax, if this develops, prompt removal of the excesstve air by
syninge and needle or underwater catheter dramage 1s the treatment of choice

Hemorrhage from puncture of a vertebral artery may occur, but, unless severe,
1s of no consequence and requires no speciil treatment

High spnal anesthesia may follow an accidental spinal tap If the patient ex-
hibits symptoms of & high spinal anesthesia (dyspnea, depressed respiration, hypo-
tensson, high level of skin anesthesia, tingling of the fingers, etc ) prompt treatment
15 essential to save the patients hfe This includes adequnte support of respiration
with oxygen using a mask and a rebreathing bag, ntravenous fluids, vasopressors
to support the fashing circulation and withdrawal of 20 to 40 ml of spinal flxd

Penetration of the esophagus 1s an occastonal 1ccident The patient will cough
taste the anesthetic solution, and complamn of constriction 1n the throat Extending
the head before attempting the block will pull the esophagus behind the trachea and
so mmimnze the hkelihood of accidental esophageal puncture If the esophagus is
entered however, anubiotics should be given prophylactically to forestall the pos~
sibility of mfection and the subsequent development of an esophageal fistula

LUMBAR PARAVERTEBRAL BLOCK

Lumbar paravertebral sympathetic block 15 used to produce vasodidatation and
to relieve pam 1n the lower extremity The patient 1s placed 1 the prone position
with a piffow beneath the abdomen to flex the lumber vertebrae The spInous proc-
es<es of the second and third lumbar vertebrae are palpated (the spinous process of
the fourth lumbar vertebra s at the levet of the thac crest) A shin wheal is rased
two and a half fingerbreadths (5 em ) lateral to the spinous process of the second
lumbar sertebra A twenty two-gauge needle, 10 cm lang 1s then nserted perpen
Greularh to the shin until 1t strikes the transvense process of the second lumber verte-
bra at 1 depth of approxumately 4 to 5 em The needle 1s then redirected medialh
and cephatad so that it stips off the transverse process and ponts toward the verte-
brat body 1t 15 advanced an addional 4 to 5 cm untl s beveled edge shps off
the anterolateral surface of the vertebral body The needle 15 withdrawn 05 cm

and 10 mi of the anesthenc solution are mjected The same procedure 1s then re-
peated at the level of the third and fourth lumbar sertebrae
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Compheations of paravertebral block mclude mtrathecal injection, resulting
1 spinal anesthetic, puncture of a major vessel such s the aorta or the vena cava,
or penetration of an intraabdommal organ The former can be avoided by not m-
chrng the needle toward the vertebral body at too acute an angle and the Jatter
by not advancmg the needle too far If there 1s any suspicion of puncture of a hol-
low viscus prophylactic antibiotics should be administered

PERIPHERAL NERVE BLOCKADE
UPPER EXTREMITY

In the upper e¢xtrenuty, peripheral nerve blockade may be accomplished by
anesthetizing the brachial plexus the suprascapular nerve and the median ulnar
radial or musculocutaneous as well as digital nerves

Bracaisl PLExUS BLock

Brachtal plexus block 1s employed to accomplish anesthesia of the entire upper
extrenity It s parucularly useful for the performance of surgery m the forearm and
hand (Fig 108)
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\ BRACHLAL PLEXUS BLOCK

Fic 108 Brachial plexus block The needle 1s inserted
about 2 cm above the nud pomnt of the clavicle and 1s directed
medtaliv caudad and posteniorly for a distance of not more
than 3 cm

The supraclavicular approach 1s the easiest and the most successful With the
patient 1 the supine position a sandbng 15 placed between the scapulae so that the
shoulder of the side to be blocked 15 depressed and the heid 15 turned toward the
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opposite side The subclavian artery s palpated 1t the point where the external
jugular vem crosses the clvicle The vessel 15 depressed mediatly and downward by
the left mdex finger and 2 shin wheal 1s rassed one fingerbreadth (2 cm ) above the
md pomnt of the clvicle A twenty-two gauge needle, 8 cm m length, directed
medially, caudad, and posteriorly, 1s then advanced carcfully until paresthesiis re
elicited or the first rib encountered In no event should the needie be advanced be-
yond 3 em to avord puncture of the apex of the pleur and the production of
a peumothorax A 10 mi Luer-Lok syninge 1s then attached and aspiration 1s at-
tempted 1 two planes If paresthestas are elicited and no blood 1s obtained, 10 ml
of the anesthetic solution are slowly mjected Additronal amounts, to make a fotal
of 30 to 40 ml may be mntroduced just medral and lateral to the site of mitil in-
Jection

If no paresthesias are elicited, the needle may be advanced until the first nb
1s encountered It 15 then withdraiwn 05 cm  (the level of the fascial plane of the
brachial plexus) and 10 ml of anesthetic solution are mjected An additional 10
ml are snjected as the needle 1s withdrawn The needle 1s then remserted twice so
that its pomnt will he just posteromedial and posterolateral to the site of the mual
injection  Simular amounts of the anesthetic agents are introduced at each of these
sites so that a total of 40 to 60 ml of the anesthetic are introduced in a fanwise
direction between the first r1b and the subcutaneous tissues

Anesthesta will develop withmn fifteen to thirty minutes after completion of the
block and will last from one te four hours depending upon the agent employed
Motor paralysis 1s unusual, so that the patient can often help the surgeon n 1denti-
fication of specific tendons by motion of designated fingers

Comphications of brachial plexus block include pneumothorax and blood vessel
puncture The former usually results from too rapid or carelessly deep msertion of
the needie It may be treated by bed rest morphine sedation, oxygen, and, if severe,
by aspiration of air from the pleural cavity Blood vessel puncture 1s usually not
serious and may be treated by merely withdrawng the needle and applytng pressure
for several minutes After bleeding has ceased the block may be continued

SUPRASCAPULAR NERVE BLOCKR

This local anesthetic technic s used 1n the treatment of pamnful conditions about
the shoulder Wuh the patent 1n a <eated position the scapula 1s made promnent
by placing the hand upon the opposite shoulder The spine of the scapula is then
readily pilpable along us entse length A hine 1s drawn perpendicular to the spine
at its mid pownt (Fig 109) The upper and outer angle formed by this perpendicu-
tar ine 15 bisected by a second line and at a pant 1 5 cm along this second hine a
shin wheal 1s raised A twenty two-gauge needle 8 cm long 15 mserted through the
wheal and 15 directed medially anteriorly and shightly caudad until bone 1s struck
Thrs wsually occurs at a powt just lateral to the suprascapular notch The needie
15 then withdrawn 05 cm and remsested 1 a shghtly more medial direction In
this manner the needle can be walked along the supraspiatus fossa until the
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SUPRASGAPULAR
NERVE

SPINE OF
STAPULA

SUPRASCAPULAR NERVE BLOCK

Fie 109 upr pular block A perpendicul:
line 1s drawn to the mud pomt of the spne of the
scapula The upper and outer angle thus formed 1s
bisected and at a pomnt 15 em along this line the
needle 1s directed medially anteriorly, and slightly
caudad unti] bone 1s struck

notch 15 Jocated Contact with the suprascapular nerve 1s indicated by the appear-
ance of paresthesias radiating to the shoulder Ten ml of anesthetic solution are
then injected 1n this area avoiding intravascular injection

E1sow BLOCKS b
Elbow blocks are used mamly tor sympathetic block and diagnosis but brachuat
plexus block 15 more satisfactory for hand and forearm surgery In those individuals
m whom brachial block 1s difficult because of a short thick neck or 1s contramndt
cated because of wnjury or the presence of local mfection blocking of the median
radial and ulnar nerves at the elbow may be used

MEDIaN NErvE Brock

The median nerve may be blocked at the elbow i the following manner the
elbow 15 flexed to minety degrees and at the pomt where the skin of the forearm
meets that of the arm, a transverse lme 1s marked 1n the crease thus formed When
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the arm 15 extended this hine will be found to lie 2 to 3 cm above the skin fold of
the antecubual fossa The biceps tendon the brachml artery, and the medial
tumerdl condyle are palpated A shin wheal 1s raised on the previously marked
line, medial to the brachual artery wnd mudway betaeen the biceps tendon and the
medul humeral condyle A twenty-five-gruge needle, 5 cm m Jength, 1> mserted
perpendicularly to the skin nd advanced slowly until paresthestas are obtaned If
bone s contacted before paresthestis are noted, the needle should be withdriwn
shghtly and remtroduced m a more medial direction Paresthestas must be ehicited
10 all blocks at the elbow 1 order to obtun satisfactory anesthesta Eght to 10 mi
of the anesthetic agent re slowly mjected

RapiaL NERVE Broch

Radial nerve block at the etbow may be accomplished by raising a skin wheal
1t em lateral to the lateral margn of the biceps tendon on the transverse line drawn
previously as for median nerve block The needic 15 mnserted perpendicularly and
advanced until paresthesias are obtamed Eight to 10 mi of anesthetic solution are
then slowly mjected

MuscurocuTaneous Nerve Brock

Musculocutaneous nerve block at the elbow may be achieved after completion
of the radial nene bloch As the needle 1s withdrawn shightly 1t 1s redirected
medially beneath the biceps tendon (the musculocutaneous nerve hes between the
biceps tendon and the brachioradiabs) Eight to 10 ml of 4nesthetic are then
infilteated snto this regron

ULNAR NERVE BLoOCK

‘The ulnar nerve may be bloched at the ethow as 1t lies w the groove between
the medial condyle of the humerus and the olecranon process Over this groove, at
the level of the linc drawn previously around the wrm a shin wheal 15 rased and
a twenty-five gauge needle 5 cm mn Jength 1s directed downward nto the groove
Penetration of the fasenn covenng the groove and contact with the ulnar nerve will

be evidenced by the appearnce of paresthestas Frve mullhiters of the nesthetic
solution should then be injected

Wrist BLOCKS

Wrist blocks my be employed for surgery of the hand (Fig 110) Simnce the
radial nerve dnvides nto sts termmnnl branches 3 to 4 inches above the wnist only
the median and uinar nerves need be blocked at the wnst The Tevel 1t winch these
nerves mny be njected 1 indicated by the proximal palmar crease of the wrist
Ths corresponds approximately 1o the level of the ulnac stylowd process and a tine
ts dewn at this level across the volar aspect of the wnst The median nenve hies
between the palmans longus tendon and the tendon of the flexor carpi radiahs
These 1endons may be dentified by having the patient flex the wrist aganst re-



140 GENERAL CONSIDERATIONS

SUPRASCAPULAR
NERVE

SPINE OF
SCAPULA

SUPRASCAPULAR NERVE BLDEK

Fic 109 Suprascapular bloch A perpendicuiar
line 15 drawn to the md point of the spine of the
scapula The upper and outer angle thus formed 1s
bisected and at a pomnt 15 cm along this hne the
needle 1s directed mediallv antenorly and shghtly
caudad until bone 15 struck

notch 15 located Contact with the suprascapular nerve 1s indicated by the appear-
ance of paresthesias radiating to the shoulder Ten m! of anesthetic solution are
then mjected 1n this area avoiding mtravascular injection

Erpow Brocks "
Elbow blocks are used mainly for sympathetic block and diignoss, but brachial
plexus block 1s more satisfactory for hand and fore 1rm surgery In those mdviduals
m whom brachial block 15 difficult because of a short thick neck or 1s contramdi-
cated because of injury or the presence of local infection, blocking of the median,
rachal and ulnar nerves at the elbow may be used

MepiaN Nerve Brock

The median nerve may be blocked at the elbow n the following manner the
elbow 1s flexed to ninety degrees and at the pownt whese the skin of the forearm
meets that of the arm a transverse line 15 marked 1n the crease thus formed When
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pated Between the meticarpal bones and 2 cm proximial to the metacarpal heads,
2 shin wheal 1s rused A twenty-four-gauge necdle, 5 em long, 1s nserted directly
downward until its tip 1s palpated on the palmar surfice and 3 ml of anesthetic
solution are mjected As the needle 1s withdriwn n addition1l 7 ml are injected
This will serve to anesthetize the adjicent surfaces of two fingers If nll of one
finger 1s to be anesthetized, a stmilar procedure must be employed 1n the neighbor-
mg intermetacarpal spice Before the needle 1s completely withdrawn 1t should
be directed snto the web between the fingers, which 1s infiltrated with 3 ml of the
anesthetic

Indvidual phalanges of the fingers can be anesthetized by njecting 2 ml of the
anesthetic solution from bone to skin on each side proximal to the site of surgery
(Fig 110)

PERIPHERAL NERVE BLOCKADE
LOWER EXTREMITY

In the lower extrenuty perspheral nerve blockade may be accomplished by
anesthetizing the sciatic nerve the femoral, the lateral femoral cutaneous, the
peroneal and the tibial nerves

Sciatic NErRVE Brock

To block the scratic nerve, the patient 1s placed 1n a modified Sim's position
and rolled shghtly forward so that the side to be bloched 1s uppermost, with the
thigh flexed to about one hundred and thirty-five degrees A line 1s drawn between
the greater trochanter and the posterior-supenior ihac spme At its mud-poimnt 2 sec-
ond line, 3 «m long and nfenior to the first, 15 drawn at night angles to the first A
shin wheal 1» raised at the end of the second Iine and a twenty-two gauge needle,
10 cm long 1s slowly advanced until paresthesias 1re produced Ten to 15 ml of
anesthetic solution are deposited here Care must be taken to avowd wtraneural 1n-
Jection since this may lead to shock and neuralgi owing to pressure necrosts of the
nerve This block produces anesthesia of the posterior thigh, leg and foot

FEMORAL NERVE BLock

Femoral nerve block 1s performed with the patient n the supine posttion The
fumoral artery 15 palpated 2 to 3 cm below the ingumal Ligament At this level a
wheat ss ransed just lateral to the artery The artery s then displaced medially and
4 twenty two gauge needle 5 em long s perpendicularly mnserted theough the
wheal and 1dvanced until paresthestas are elicsted Ten mi of anesthetic solution

are njected at this level Femoral nenve block produces ~nesthesia of the anterior
and medial aspects of the thugh

LATERAL FEMORAL CUTANEOUS NERVE BLoch

With the patient 1n the supine position the anterior-su

€erior spime of
ts palpated and a wheal 1s saised 2 P pme of the thum

em supenior and medual to the spime The
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sistance Between these two tendons and on the line previously drawn a skin wheal
1s raised and a twenty-five gauge needle, 5 cm long 1s mnserted and advanced until
paresthesias are elicited Five to 10 ml of 1nesthetic solution are then injected
The ulnar nerve may be located by raising a wheal just lateral to the tendon of
the flexor carpi ulnanis on the previously devwn transverse line A twenty five gauge
needle 5 cm long 1s mtroduced through the wheal and slowly advanced unul
paresthesias are elictted Five m! of the anesthetic drug are then admimistered

DIRECTION
OF
INJECTION

INJECTION

SITE OF INJECTION
SITE OF INJECTION FOR ULNAR N BLOCK
FOR MEDIAN N
AN i
2nd cmsz LINE « mm
GARPI RADIALIS h). ULNARIS
PALMARIS LONSUS =~ WRIST BLOCK HAND AND FINGER BLOCKS

Fic 110 Wrnst and hand blocks Wnst blocks are
accomplished by blockade of both the median and ulnar
nerves The hand 1s placed 1n the palm up position The ulnar
nerve 1s anesthetized by introducing the needle at the level of
the ulnar styloid process just lateral to the tendon of the flexor
carpt ulnans muscle For sngection of the median nerve the
needle 15 nserted at the level of the proximal palmar crease
of the wnst 1n the plane of the muddle finger between the
tendons of the palmans longus and the flexor carpr radralis
muscles Finger blocks may be accomplished by mntermeta
carpal 1njections or by direct mjection of the area of the
laterally placed digital nerves

The terminal branches of the radial nerve can be blocked by infiltrating an
mtradermal and subcutineous ring around the wrist at the level of the lme
previously drawn from the ulnnr stylord

Hanp BLocks

Hand blocks are useful in surgery of the fingers (Fig 110) It 1s particulatly
important to remember that epinephrine or other vasoconstricting substance should
not be mixed with the anesthetic solution so as to obviate irreversible vasospasm
No more than the required amount of anesthetic solution should be employed
since the excessive pressure that this produces may also result 1n gangrene

With the hand placed palm downward the heads of the mctacarpals are pal-



REGIONAL ANESTHESIA IN FRACTURE TREATMENT 143

pited Between the metacarpal bones and 2 cm proxumal to the meticarpal heads,
a skin wheal 15 raised A twenty-four guge needle, 5 em Jong 1s serted directly
downward until its vp 1s palpited on the pimns surface and 3 ml of 1nesthetic
solution are myected As the needle s withdrwn an wdditional 7 ml are mjected
This will serve to anesthetize the adjrcent surfices of two fingers If all of one
finger 15 to be nesthetized, 1 similar procedure must be employed 1n the neighbor-
g mtermetacarp1l space Before the needle 1 completely withdrawn 1t should
be directed nto the web between the fingers, which 1s ifiltrated with 3 m! of the
anesthetic

Individual phalanges of the fingers ¢n be anesthetized by mjecting 2 ml of the
anesthetic solution from bone to shin on each side proximal to the site of surgery
(hig 110)

PERIPHERAL NERVE BLOCKADE
LOWER EXTREMITY

In the lower extremuty peripheral nerse blockade may be accomplished by
anesthettzing the sciatic nerve, the femoril the Iateral femoral cutaneous, the
peroneal and the tibial nerves

SciaTic NERVE BLock

To block the sciatic nerve the patient 15 placed m 2 modified Sim’s position
and rolled shghtly forward so that the side to be blocked s uppermost with the
thigh flexed to about one hundred and thirty five degrees A hne 1s drawn between
the greater trochanter and the posterior superior iltac spine At its mid-point a sec~
ond ke, 3 cm long and infertor to the first, 1s drawn at right angles to the first A
skin wheal 15 raised at the end of the second line and a twenty-two gauge needle,
10 cm long 15 slowly advanced until paresthesias are produced Ten to 15 ml of
anesthetic solution are deposited here Care must be taken to avord wtraneural m-
Jection since this may lead to shock and neuralgia owing to pressure necrosis of the
nerve This block produces anesthesia of the posterior thigh, leg and foot

FEMORAL NERVE BLoch

Femoral nerve block 15 performed with the pattent i the supme posttion The
femoral artery 1s pilpated 2 to 3 cm below the mguinal igament At this level 2
wheal 1s raised just lateral to the artery The artery s then displaced medially and
a twenty two gauge needle 5 cm long 1s perpendicularly inserted through the
wheal and advanced until paresthesias nre chicited Ten ml of anesthetic solution

are injected at this level Femoral nerve block produces anesth
esia of the ant
and medial aspects of the thigh mener

LATERAL FEMORAL CUTANLOUS NERVE BLOCK

With the patient in the supine position the anterior-superior sping of the jium
1s palpated and a wheal 1s rased 2 cm supenior and medial to the spine The
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sistance Between these two tendons and on the line previously drawn a skin wheal
1s rarsed and a twenty five-gauge needle, 5 cm long, 1s mnserted and advanced until
paresthesias are elicited Five to 10 ml of anesthetic solution are then mjected
The ulnar nerve may be located by raising a wheal just lateral to the tendon of
the flexor carp: ulnars on the previously drawn transverse line A twenty five gauge
needle, 5 cm long 1s introduced through the whenl and slowly advanced untl
paresthestas are elicited Five ml of the anesthetic drug 1re then adminstered

DIREDFIIUN
INJECTION

SITE OF INJECTION
SITE OF INJECTION FOR ULNAR N BLOCK
FOFOchEDIAN ' ULNAR

/STYLOID
2nd CREASE LINE‘ %

FLEXOR “)f 3\
CARPI RADIALIS | !',h *\ s
PALMARIS LONGUS ~ WRIST BLOCK FAND AND FINGER BLOCKS

Fic 110 Wnst and hand blocks Wrst blocks are
accomplished by blockade of both the median and ulnar
nerves The hand s placed in the palm up positton The ulnar
nerve 1s anesthetized by introducing the needle at the level of
the ulnar styloid process just lateral to the tendon of the flexor
carpt ulnanis muscle For mjection of the median nerve the
needle 1s inserted at the level of the proximal palmar crease
of the wrist in the plane of the muddle finger between the
tendons of the palmans longus and the flexor carp: radialis
muscles Finger blocks may be accomplished by mtermeta
carpal 1mjections or by direct mjection of the area of the
laterally placed digital nerves

The termmal branches of the radial nerve can be blocked by nfiltrating an
ntradermal and subcutaneous ring around the wnst at the level of the line
previously drawn from the ulnar stylowd

Hanp BLocks

Hand blocks are useful in surgery of the fingers (Fig 110) It 1s particularly
smportant to remember that epmnephrine or other vasoconstricting substance should
not be mixed with the anesthetic solution so as to obwiate irreversible vasospasm
No more than the required amount of anesthetic solution should be employed
since the excessive pressure that this produces may vlso result in gangrene

With the hand placed palm downward the heads of the metacarpals are pal-
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pited Between the metrenrpl bones nd 2 cm proxin to the meticrpil heads
a shin wheat 18 Tused A tacnty-four ghuge needle 5 cm long 15 mserted directly
downward untl ats tp 1 pilpited on the palmar surfwce nd 3 mi of nesthetic
solution A mjected  As the needle i wathdrwn an wditional 7 mt are mjected
This wilf servi 1o anesthetsze the adgcent surfices of two fingers 1 all of one
finger 15 to be wnesthetized, 1 sumlir procedure must be employed m the neighbor-
ng mtermetaerrpal space Before the needle 15 completely withdriwn 1t should
be directed 1nto the web between the fingers, which s mfiltrnted with 3 ml of the
anesthetic

Indinidual phatanges of the fingers can be anesthetized by mjecting 2 mi of the
anesthetic solution from bone to shin on erch side proximl to the sue of surgery
(Ng 110)

PERIPHLRAL NERVE BLOCKADE
LOWER EXTREMITY

In the lower extremuty peripheril nenve blockade may be nccomplshed by
anesthetizing the sciatic nerve the femornl the Iateril femoral cutaneous the
peroneal and the tbial nerves

Sciatic Nervr Brock

To block the saiatic nerve the pauent 1s pitced in 1 modified Sim's position
and rolled shghtly forward so that the side to be blocked s uppermost with the
thigh flexed to about one hundred nd thirty-five degrees A hmne ss drawn between
the greater trochanter and the posterior-superior hac spme At its mud point & see-
ond line 3 em long and nferior to the first s drawn 1t right angles to the first A
shin wheal 15 rased at the end of the second e and 4 twenty-two gruge needie
10 cm long 1s slowly advanced unul paresthesias are produced Ten to 15 ml of
anesthetic solution are depossted here Care must be tihen to avoid mtrineural m-
jection swnce this may lead to shock and neuralgia owing to pressure necrosis of the
nerve This block produces anesthesra of the postenior thigh Ieg and foot

FemoraL Nerve Berocn

. Femoral nerve block 1s performed with the patient in the supine posiion The
c;:loxl-al artery 1s palpated 2 to 3 em below the mgwnal hgnment At this level 1
wheal 1s rassed just lateral to the artery The artery 1s then displaced medinlly and

‘\:‘ hmim) sm; gauge needle 5 em long 1s perpendiculwly nserted through the
cal and vdvanced untl paresthestas re elerted Ten ml of 3nesthetic solution

are mjected at this level Femoril nerve block or
oduce:
i e aemetns o e g [+ s westhesty of the antenor

LATERAL TENORAL Cutanzous Nerve Brocn

W
. J;“:‘ t:;e p:;lxenl i the supine position the antenor superior spme of the thum
palpated and a wheal 1s rased 2 em supertor md mediil to the spine The
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needle 1s then directed laterally and mnfersorly until bone 1s contacted Five ml of
anesthetic solution are mjected and an additional 10 ml are introduced as the
needie 1s withdrawn The needle 1s then remnserted and inesthetic solution 1s 1n
Jected 1n a fanwise manner medial and nferior to the anterior-superior ihiac spme
Ths results 1n anesthesia of the anterolateral aspect of the thigh

NERVE BLOCK FOR OPEN REDUCTION OF FRACTURED NECK OF THE FEMUR

Regional anesthesta for the treatment of this condition 1s indicated for those
elderly and debilitated patients whose condition contraindicates general anesthetics
(Fig 111)

/
ANT SUp
ILIAC SPINE

(ATERAL FEMORAL
CUTANEDUS NERVE

ISUNAL LIGAMENT
" FEMORAL ARTERY
T suee
TUBERGLE
;

SITE OF K

INJECTION

Fic 111 Block for femoral nech
fracture The needle 1s mserted at a
powt 3 cm below the mid pomnt of the
mgumal hgament More complete anes
thesta may be obtained by simultane
ously blockhing the lateral femoral cu

BLOCK FOR OPEN REDUCTION FRACTURE NECK FEMUR taneous and seciatic nerves (See text)

With the patient 1n the supme posttion a Itne 1s drawn between the antertor
superior spine of the iium and the pubic tubercle At a point 3 cm below the mid
pomt of this ne (the ingwmnal ligament) a wheal 1s raised and a twenty two gauge
needle 5 c¢m long, 1s inserted until contact with the head of the femur 1s achieved
The needle 1s withdrawn shightly and after making certun that the point of the
needle 15 not 1n a vessel 30 ml of anesthetic solution are slowly mjected Sub
cutaneous and ntracutaneous infiltration along the mgunal ligament 1s performed
to block the superfictal skin nerves and the lateral femoral cutaneous nerve is
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bloched 7t the “nterior-superior shac spime s previously described The fine of the
skin inciston s mfiltrited sepirately to provide more profound ancsthesit

Covinmon PrroNeaL Nerve BLock

Blockade of the common peroneal nerve 1s of value i the tretment of punful
conditions of the leg and foot The ptent 1s placed in 1 haternl position and the
groove below the hexd of the fibulh i which the common peroncal nerve hes, s
palpated The nerve can usually be felt to rolt under the fingers subcutancously A
shin wheal s rused just below the fibular hewd and 2 twenty five-gauge needle,
3 cm Jong 1s mserted perpendicular to the shn and advanced cautiousty until
paresthessas 1re ehaited Five ml of solution are myected

If no paresthesas are eheited 10 mi of solution are used to nfiltrate the tissues
down to the bone n three directions

TisiaL NLrRVE Broca

Blockade of this nerve at the knee when combined with a block of the common
peroneal nerve and intracutancous and subcutancous mfiltration around the leg
below the knee permut surgical intervention upon the leg and foot

The nerve can be located m the following manner with the patient s 1 prone
position the leg 1s flexed to mnety degrees on the thigh and a transverse Ine 15
drawn at the point where the skin of the calf meets that of the thigh The leg s
then extended and the pophteal artery 15 palpated at a pownt about Z cm cephalad
to the line A skin wheal 1s raised just lateral to the popliteal artery, t the level of
the lme and a twenty-two-gauge needle 5 cm long s mnserted perpendicular to
the skin The needle 15 advanced slowly untd paresthesias are elicsted and § to 10
ml of anesthetic solution are myected If no paresthesias are produced the needie
may be ntroduced m a fanhke direction until such paresthesias are obtammed Care
must be exercised to avord ntravascular injection or mjury to the pophteal vessels
which lie 1n close proximuty to the nerve

For operations on the foot alone, the anterior and postenior tibial nerves can
be blocked at the level of the ankle jornt For blockade of the postetior tibsal nesve
a wheal 1s raised at the level of the medial malleolus medial to the Achilles tendon
A twenty five-gauge needle 5 cm long 15 slowly mntroduced until paresthesias are
eheited or bone 15 contacted Five mitbliters of anesthetic solution are njected at
this point and an additional 5 ml are njected as the needle 15 withdrawn

The anteror tibial nerve hes between the tibialis anticus tendon (medually )
and the extensor haflucis tongus tendon (laterally ) A wheal rs rassed between these
o tendons at the level of the medial malleolns and a twenty five-gauge needle S
em long 15 introduced untl paresthesias are eherted or bope 5 contacted Five mi

of anesthetsic solution are njected at this point and an addwonal 10 mt are -
jected as the needle s withdrawn
Additional sub

ous and intrac ous smjectton of anesthetic agent
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around the leg just above the malleolt will block all sensory fibers of the femoral
nerve to the foot and result in more profound anesthesia

DiGITAL NERVE BLOCKS

Anesthesia of the toes may be accomplished by mnjecting between the metatarsal
heads in the same manner as injection between the metacarpal heads for digital
nerve blocks 1n the upper extremity

NERVE BLOCKS FOR LONG BONE FRACTURES

Relief of pain in a fractured long bone may be obtamned by injecting 20 to 30 m!
of 1 per cent procame or an equivalent amount of another local anesthetic agent,
directly mto the hematoma at the fracture site In fresh fractures presence of the
needle 1n the hematoma will be mamfested by a spurt of blood mto the barrel of
the syringe The anesthetic should be injected slowly Hyaluromdise may be added
to the anesthetic solution to facilitate its disperston within the hematoma Within
about ten mmutes the area 1s usually adequately anesthetized to permut of tractron
or other manipulative procedures In heavily muscled individuals additional infiltra-
tion of the muscles about the fracture 1s usually necessary to secure suffictent
relaxation

NERVE BLOCK FOR CHEST INJURIES

Relief of pain following mjuries to the thoracic cage may be obtamed by (1)
intercostal nerve block (2) direct injection mto the fracture site and (3) para
vertebral somatic block The latter two methods have been discussed previously

INTERCOSTAL NERVE BLock

The lower border of the mb 1s palpated m the mid axillary line, the pomt of
origin of the antertor and posterior intercostal nerves A twenty five-gauge needie
S cm long 1s inserted through the skin without a skin wheal and advanced along
the course of the b hugging the lower border of the rib with the pomt of the
needle Ten ml of anesthetic solution are mjected as the needle 1s withdrawn

By an alternate technic the r1b 1s palpated at the mud-axilary Ime and a twenty-
five gauge needle 3 cm long s mserted perpendicularly to the rib When the bone
1s contacted, the needle 1s withdrawn slightly and 1ts pomt 15 slipped beneath the
edge of the nb by pulling the skin downward with the needle When the pomnt
slips beneath the edge of the rb 5 ml of anesthetic solution are injected To aveid
the possibihity of a pneumothorax the needle should not be advanced more than
05 cm beyond the anterior margm of the nib



SEGTION II

The Axial Skelelon



Fractures of the axial skeleton differ from those of the appendicular sheleton
m that they affect pnmanly short, flat bones More particularly, however they
differ 1n that they may affect vital visceral structures, such as the brain the spmal
cord, the thoracic or abdominal viscera

Generally speaking the care of injunies to these structures, which may be hfe
threatening takes precedence over the treatment of the fracture Insofar as the asso-
ciated soft tissue mnjuries fall within the field of mterest of specialized surgical
technics they should be treated entirely by or at least in collaboration with a
specialist m the particular field While a fracture of the shull 15 to be sure 1 bone
njury, 1t 1s the possibihity of damage to the underlying brain rather than the fracture
that calls for urgent treatment A simple fracture of the spine or of the pelvis may
very well lie within the province of the fracture surgeon but m the presence of a
paraplegia, a ruptured rectum, or utmary extravasation, the fracture surgeon how-
ever extensive hus experience, will be best advised to seek the advice and co opera
tion of the neurosurgeon, the general surgeon, or the urologist

Fractures of the skull and fractures of the facial bones are subject to such
speciil problems and methods of treatment that they fall automatically mto the
field of the neurological or maxillofacial surgeon A discussion of these fractures
therefore has been purposely omitted

Fractures of the remaimnder of the axial skeleton uncomplicated by visceral
mjuries lie properly within the purview of the fracture surgeon These mnjuries may
be grouped as comprising (1) fractures of the spinal column and {2) fractures
of the thoracic cage



CHAPTER 10

Fractures of the Vertebral Column

Fractures of the vertebrae acquire their urgency primanly because of the posstbility
of concomtant damage to the spinal cord or the adjacent spinal nerves Where there
1s evidence of such mvolvement, treatment should be a jomt concern of the fracture
surgeon and the neurosurgeon

TREATMENT OF THE PATIENT

Fractures of the spine vary mm their potential danger to the underlying neural
tissues depending upon the location and type of the fracture and the portion of
the vertebra that 1s fractured Stmple flexion (compression) fractures of the body
of the cervical veniebrae are more apt 1o lead to cord damage than fractures m
other regions because of the relative narrowness of the cervical spinal canal Injures
ta the cord tn the thoracic region are more apt to result from depressed fractures
of the neural arch and from fracture dislocations than from simple compression
fractures Fractures w the lower lumbar region may lead to mnpairment of bladder
and bowel function as a consequence of wjury to the cauda equina or the lower
sactal T001s

Care of the patient in whom a vertebral fracture 1s suspected must begin from
the moment of injury The patient should be cautioned agunst independent motion
Any change n position, even for the purpose of transportation, should be under-
taken only with the aid of at least three assistants The patient should be moved 1n
one piece and all motions of the fiest-aid team should occur at the same fime, so as
to avord unnecessary or jerhy motton Unless unconscious the patient should be
placed 1n the supme position with the feet ind ankles bound together Narcotics
should not be admimstered unless specifically mdicated for the control of mntractable
nerve raat pun 1f the patient 1s unconscious nd the lesion 1s not m the cervical
spine the prone poswon may be employed for transportation if facthttes for
tracheal suction are not valable Where the leston s 1n the cervical spine, how-
ever the patient must be transparted m the supine posstion wrrespective of his state
of conscrousness The same precautions must be observed with respect to motion of

149
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the patient even after he has been admutted to the hospital emergency room The
subsequent care of the patient will depend upon whether or not there 1s evadence
of involvement of the central nervous system

In acutely paraplegic patients with suspected vertebral fractures, care must be
directed toward the evaluation of other possible visceral mjuries before any
dmgnostic or therapeutic measures are undertaken with respect to the fracture
itself Where none exist, specific attention must be given to the prevention of blad
der or bowel overdistension The patient should be immediately cathetenized and
placed on constant urmary dramage until such time as more direct care can be
given to the bladder Where paralytic ileus exists an intestinal tube should be
wnserted, but 1f this tube does not pass spontaneously through the pylorus no efforts
should be made to expedite 1ts passage by change of position Suction and appro-
priate parenteral flmd therapy should be instituted at the earliest possible moment
When these measures have been completed, other diagnostic studies, specifically
X ray examination may be undertaken as indicated provided that the patient 1s not
further moved

In many nstances of acute spmal cord injury spinal shock may be present This
chinical syndrome 1s characterized by a Joss of all somatic and visceral reflexes,
flaceid paralysis, total loss of all modaliies of sensation distal to the site of the
mjury, and hyperesthesia or other irmitative phenomena immediately proximal to
the lesion that may be due esther to complete transection, to severe contusion or
to concussion of the spinal cord Though hypotension and tachycardia may be
present as - result of the associated loss of vasomotor reflexes there 1s classically
no loss of blood volume such as 1s characteristic of hemorrhagic shock from which
uncomplicated spmnal shock 1s to be clearly differentiated

In the acute stage, 1t 1s often impossible clearly to differentiate between those
cases i which paraplegia results from anatomucal transection of the cord and
those resulting from physiological interruption of the neurological pathways by
edema or hemorrhage Occasionally however a chmical distinction between these
two conditions can be made

Complete transections are characterized by immedrate onset of a symmetrical
and total flaccid paralysis of all muscles below the level of the suspected mjury
Voluntary motion 1s abolished Reflex reactions cannot be elited muscle tone
disappears and all sensation 1s lost The extremties are cold and cyanotic and
sweating 15 mhibited n contradistinction to what 1s usually seert in hemorrhagic
shock where sweating 1s profuse In partial transection or severe contusion and
concussion of the cord on the other hand the sensorv and motor phenomena are
characteristically wsymmetnical A variable amount of voluntarv motion may be
present and the sensory loss may be only partial Indeed the patient often com
plans of pamn paresthesia and other irntative phenomena 1n various parts of the
limbs Reflex reactions may be only partly abolished The Babinskr extensor re-
sponse 15 usually preserved and this 1s of good prognostic sigmficance

While the differentiation may be of some value from a prognostic pomnt of
view 1t 1s of vastly greater importance in determiming the indication for surgical
intervention In cases of complete transection the cord 1s irreparably damaged
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and nothing cn be expected from surgery On the other hand partial lesions of the
cord mn be duc to Tocalized pressure defects i which Tammcctomy my be of
vital importance
Attentron hae been directed to the fact that Diminectomy 1s of s tluc only 1n
rehieving pressure ciused by anatonienl blockmg of the spimal ¢inal Where the
roentgenogram presents indisputable evidence of depressed frigments of banc
within the spinal canl lammcctomy s mmedintels indieated Where however
such evidence 15 Inching the problem will be more diflicult of resolution It has
been shown that perastent edema of the cord may i atself lead to permanent
paralysis and the question 15 therefore that of differentiting between spinal fluid
block resuling from edemt and that caused by actual mechanicl obstruction
Lumbar puncture and the performance of manometnie tests hve been recom-
mended a5 1 method of making this differentistion Unfortunately, this 15 not the
case since 1 block resulng from edemn mav give exactly the saime response 15
that from mechnic i1l block precisely withm the forty-cight hours or so following
mpury when ot 15 mpartant to make the differentintion Simularly, mechanical ob-
structron such 1s mny artse from 1 depressed bone fragment may exist without ny
evidence of spinal flnd block
1f there 1s any rocntgenographic cvidence of arreductble mechamical compres-
ston of the cord, limmnectomy 1s indicated and lumbar puncture will add nothing
to the indications Cord compression resulting from edema will usually subside or
show evidence of subsidence within the first several days after injury A lumbar
puncture performed during this time adds hittle to any diagnosis may lead to addi-
tional injury to already damnged cord structures and by nltering the dynamic con-
ditions within the subarachnoid space, may increase edema or bleeding Although
persistent spinal flutd block 1s rare m cases n which there 1s no x-ray evidence
of mechanical obstruction unchanged paraplegic symptoms for more than three to
four days after an acute injury justify the performance of 1 lumbar puncture
The presence of a spmal fliud block with evidence of hemorrhage crenated
red cells or xanthochromic discoloration after a nontraumatic lumbar puncture 1s
suggesttve etther of subarachnoid hemorrhage or crushing injury to the cord and
justifies the performance of 1n exploratory laminectomy The presence of a spimal
flmd block without evidence of recent hemorrhage 15 suggestive of edema or con-
cussion of the cord that will not be benefited by lammnectomy
Apart from compound fractures the primary indications for the performance
of laminectomy after acute injury to the vertebral column n the presence of
pariplegra are (1) the existence of an irreducible fricture or fracture dislocation
with obvious roentgen evidence of cord compression (2) the existence of depressed
bone spicules within the spinal canal and (3) the existence of a spmal fluid block
with evidence of recent subarachnoid bleeding
Wherever possible even the paraplegic
The most important part of the concervaty
of the bladder the rectum and the shin
Immedately following the mcrdence of a s
complete loss of bladder control and developme

prtient should be treated conservatively
ve treatment of such patients 1s the care

pinal cord njury there 1s usually
nt of a cord bladder At the outset,
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when all reflexes have been abolished, the cord bladder 1s of the atonc type As
signs of spinal shock gradually subside, there 1s restoration of autonomous control
of the bladder, through neural mechamisms situated within the bladder musculature
This type of nutonomous bladder 1s characterstically succeeded by the hypertonic
bladder m which spmal reflexes are re-established and 1s followed by the uninhibited
cord bladder that 1s the end result 1n all cases of complete transections of the spinal
cord In partral transections, further restoration of bladder control may proceed to
the pomt where the bladder differs but slightly m detrussor power from the normal

In lesions of the sacrum, where the possibility of re-establishment of spinal
reflexes 1s precluded by the destruction of the pudendal nerves, the end result will
be the autonomous bladder In complete transections of the cord the result will
be the uninhibited cord bladder and in all other lesions a relatively normal cord
bladder will be the result The gradual rehabilitation of the bladder from the atonic
bladder charactenstic of the stage of spmal shock and subject to the level of the
spinal cord leston will depend upon the degree of care that 1s given to the bladder
This will be determmed in large part by the care exerted to avoid distension of
the bladder wall and 1s therefore, ntimately associated with accurate measurement
of the detrussor power of the bladder

The work of Munro 1n developing the concept of tidal dramage 1n all disturb
ances of bladder function 1s fundamental in the treatment of these patients Tidal
dramage 1s applied to all cases of cord bladder and 1s essential to bladder rehabilita-
tion It 1s accomplished by means of a relatively simple apparatus the essential part
of which 1s the ability to adjust the automatic siphonage of the bladder at a level
consistent with the power of the detrussor muscle (Table 3) In the atontc bladder
the average tonus of the destrussor is not greater than can overcome a column of
saline of about 2 cm above the level of the symphysis pubis As the destrussor
power increases the height of the column of fluud 1s mcreased and the tidal dramage
1s continued until such time as the patient 1s able to empty the bladder completely
against pressure

In addition to care of the bladder attention must be directed to prevention and
treatment of paralytic 1leus 1n the stage of spmal shock This may be accomplished
where indicated by intestinal intubation by the admimistration of cholinergic drugs
and later by feeding In the later stages obstipation and fecal impaction are
frequently troublesome Fecal impaction should be carefully avoided by the use of
mineral o1l and enemas and 1if present should be removed digitally

The care of the skin 1s most 1mportant Attention must be sedulously directed
toward keepmg the patient dry at all imes Wherever possible the patient should
be turned frequently to prevent the formation of decubiti and all measures save
the use of the oscillating bed ndicated for the management of acute artenal occlu
ston should be mstituted

TREATMENT OF THE FRACTURE

Fractures of the vertebral column may be divided mto those that mnvolve
primanly the antenior segment or those that imvolve the posterior segment Anterior
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TABI L 3 —Suntaary or Corp BLADDERS
Cystometric data obtuned from twenty four patients with spinal cord mmjuries
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Normal cord

Cystometrie data bladder
ttome  Autono Hyper  Transected Other
cord  mous cond fomie cord  spnal cord  Normal
Cystometric eriteria Wadder Hadider bladder eord tnyuries bladder
Imtial tonus 1 em
Ihgh 81y 1 3 19 12 8
tverage 13 52, 16 T 33, (3%4
Low o o 3 1 0 0
Average change in tonus with fill
400 cc and over 63, 402, 4ald ~18  +104 4358
300 cc and over +53, 8¢ -1 96 3 30
Over 0 +16 —209 +1oa
To first contraction —25 —035 4318
T'mptying contractions
Fresent 14 M/ [2} 29 11
Absent 9 3 0 0 o 16
Capacity for storage in cu em
Qver 400 cc 5 7 6 0 1 11
3003400 cc 4 6 7 0 1 7
200-300 cc o 1 7 1 11 4
100-°200 cc 0 2 + 8 7 3
50-100 cc o o 0 9 8 3
0-50 cc 0 1 3 6 1 8
Average amount of rewidunl unne
Per cent of fill 8) 59, 420% 19.% 597% 162% 0%
Anal and bulbo cayernosus reflexes
Present 0 * * a9 30
Absent 9 * * * 0 P
Resistance to catheter
Present 0 0 0 0 a9 30
Absent 9 17 26 a4 0 0

* Insufficient data

SOURCE Munro D The cord bladder Its defimtion treatment and progn
0
ciated with spmal cord myunes § Uref 36 710 1936 prognosis when assa

segment fractures are exclusively fractures of the vertebral body, while posterior
segment fractures may mvolve either the neural arch (pedicles lammae articular

facets and spinous processes) or the transverse processes

FRACTURES OF THE ANTERIOR SEGMENT

The majonity of fractures of the vertebral bod:

y are due to flexion (jackknif
mjuries i which the anterior wall 1s directly compressed mechanically, l(eladmgntloez)x
wedge shaped collapse of the body Others may mvolve prmclpall): the central
portion of the vertebral body leaving the anterior wall relatively unchanged Frac-
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tures of the posterior wall are less common and result from tension on the posterior
longitudinal hgaments during the act of flexion

Flexion inyuries of the cervical spine mvolve primanly the bodies of the lower
cervical vertebrae (Fig 112) In the upper portion of the cervical spine it 1s
principally the odontord process that 1s fractured By far the greater percentage of
fractures 1 the cervical spme are fracture dislocations, a combmation form mn-
volving compression of the anterior segment with dislocation of the overlying ver-
tebr1 (Figs 113 and 114) The upper vertebral body 1s displaced anteriorly, lead
mng to the danger of compression of the cervical spinal cord at the upper border

Fic 112 Compression fracture of
the cervical spine The body of the
fifth cervical vertebra has been com
pressed with a loss of the normal
cervical Jordosis

of the undisplaced vertebral body immedately below the site of the distocatron In
a high percentage of these cases the immediate outcome 1s tatal because of medul
lary compression In those m which death does not supervene laminectomy does
not seem to have improved the outlook sufficiently and does not seem to warrant
the nisk that the addition! trauma of operation imposes In these cases as well as
sn those wn which there 1s evidence of spmal cord mvolvement traction in extension
1s the treatment of chowce Extension however should not be attempted until the
dislocation has been reduced

For purposes of temporary immobilization of the cervical spme 1 Sayre halter
may be employed to exert traction m the longitudinal direction of the cervical
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ric 113 Fracture dislocation
of the cervical spine There 15 a
compression fracture of C4 with
forward displacement of C3 and a
fracture of the pedicle and the tp
of the spmous process of C5

Fic 114  Fracture dislocation
of the cervical spine There 1s com
pression fracture of the body of C5
with forward dislocation of C4

spine (Fig 115) Patients, however will not tolerate this form of traction for any
prolonged period of ume and skeletal traction must be used Two forms of skeletal
traction have been devised by Barton and by Crutchfield In Bartons traction the
tongs through which the traction 1s exerted are inserted into the skull just nbove

the pinna of the ears (Fig 116) In Crutchfield s method, the tongs are nserted
nearer the mid hine 1n the panetal bones (Fig 117)
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The nsertion of the tongs 1s performed under aseptic precautions and the area
mto which the tongs are to be placed 1s carefully shaved and the mid line of the
skull 1s marked on the skin A transverse line 1n the plane of both mastoid processes
1s then marked on the skin At the point where the transverse and longitudinal
hnes cross the mid point of the traction bar of the tongs 1s laxd aganst the skin,
so that 1t lies symmetrically in the plane of the transverse tntermastord line Where
the tips of the tongs touch the skin, two small ncistons are made under local

Fic 115 Sayre halter for cervical spme traction A
halter or splht linen bandage with chin and occipital pads
are attached to weights over the head of the bed so as to
make traction m the hine of the axis of the cervical spine
Hyperextension may be achieved by placing a pilfow bencath
the patients shoulders (Courtesy of Gilbert Hyde Chick
Company )

anesthesta, exposing the outer table of the calvarium Using a hand dnill, the end of
which 1s mechanically guarded so as to prevent penetration beyond 4 mm two
small holes are drilled into the outer table of the skull The points of the tongs are
mserted and the screw on the crossbar 15 tightened so as to fix the position of the
tong pornts

Weights are attached to the traction bar and suspended over a pulley 1t the
head of the bed For fractures or fracture dislocations mnvolving the first cervical
vertebra weights of no more than ten pounds are needed For fractures or fracture-
dislocations of the lower most cervical vertebrae the weight may have to be mcreased



Tic 116 Bartons tracton The tongs are snserted at a pomnt about one inch
above the pinnae of the ears n the intermastoid hine
157
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The msertion of the tongs 1s performed under aseptic precautions and the area
mnto which the tongs are to be placed 15 carefully shaved and the mid line of the
skull 1s marked on the skin A transverse Iine m the plane of both mastoid processes
1s then marked on the skin At the pont where the transverse and longitudial
lines cross the mid point of the traction bar of the tongs 1s laid against the skin
so that it lies symmetrically 1n the plane of the transverse intermastord ine Where
the tips of the tongs touch the skin, two small incisions are made under local

o)
il
A
A
~ B
Vdl%d
s

[:”""w“*"-"‘”““l
|

Fig 115 Sayre halter for cervical spine traction A
halter or split linen bandage with chin and occipital pads
are attached to weights over the head of the bed so as to
make traction n the line of the axis of the cervical spme
Hyperextension may be achieved by placing a pillow beneath
the patients shoulders (Courtesy of Gilbert Hyde Chick
Company )

anesthesta exposing the outer table of the calvarum Using a hand drill the end of
which 1s mechanically guarded so as to prevent penetration beyond 4 mm  two
small holes are drilled into the outer table of the skull The points of the tongs are
inserted and the screw on the crossbar 1s tightened so as to fix the position of the
tong points

Weights are attached to the traction bar and suspended over a pulley at the
head of the bed For fractures or fracture-dislocations involving the first cervical
vertebra weights of no more than ten pounds are needed For fractures or fracture-
dislocations of the lower most cervical vertebrae the weight may have to be ncreased



Fi6 116 Bartons traction The tongs are inserted at a pont about one inch
above the pinnae of the ears in the intermastoid hine
157



Fic 117 Crutchfield s traction The tongs are inserted nearcr the vertex of the
skull thin 1n Bartons traction The exact site of insertion of the traction tongs is
equdistant from the pomnt of juncture of the mud line sagittal plane and the inter
mastoid line
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to s much s twenty five or thirty pounds This traction should be mruntuned only
untl x ry exammation discloses reduction of the malahgnment Therenfter, the
traction m1y be reduced to the nupimum amount, three to seven pounds nccessary
to muntaun posttion For frictures of the lower vertebrac, traction over 1 pertod
of about six wechs s usually sufhcrent to ssure fixation of the fragment For
fractures of the upper vertebrie, triction must be prolonged over 1 period of at
least twclve weeks

At the end of tlus time the pitent should be fitted with 1 cervienl brace and 1
chin platform for 1 penod of about six months (Fig 118) The patient should
wear this brace at all times even when asleep

Where hospualization for the pertod of time necessary for healing 1s impossible
or undestrable 1 Minerva jachet should be apphed This plaster jacket should be

Fic 118 Cervical spine trace The brace 1s supported on the shoulders hns
platforms for support of the chin and the occipital region and 1s fitted with extension
screws so that traction mny be maintained

applied winle traction 1s mamntained (Fig 119) It should be worn for a mmimum
period of about three months after which a platform brace or 1 Thomas collr
should be used provided there 15 some evidence of healing (Fig 120)

Fracture of the odontoid process of the second cervical vertebra 1s particularly
alarming because of the danger of mjury to the medulla In large degree the
hability to injury of the medulla depends upon the mtegrity of the orbicular hign-
ment by which the odontoid process 1s fixed to the body of the atlas If at the time
of 1mjury this igament 1s ruptured so that the up of the odontoid process may be
dniven mto the medulla, a quadnplegia and death are the outcome If, on the other
hand the orbicular hgament 1s uninjured the prognosis 1n fractures of the odontord
process will depend to a large degree upon whether there 1s a stmple fracture with-
out dislocation of the body of the second cervical vertebra or whether the dislocn-
ll()nCIS of pnimary importance

ases of simple fracture without dislocation are of relativi
These patients frequently walk mto the clinic and the dmgnosex?xsh:sl!eals;ﬁs“}::;ancle
after careful roentgenographic exammnation These patients usually will not tole(l":ti
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hospitalization and need not be put mto traction They should be immobilized n
a Mimnerva jacket that should extend from the occiput to the upper part of the
thorax and should be worn for a period of at least six months (Fig 121) There-
after, @ Thomas collar should be worn for an additional period of three to four

Fi 119 Minerva jacket The cast extends from the 1hac crest to the occipital
region and includes the chin A plaster fillet serves to immobihize the head (See
also Fig 96 )

4. - “,Q_L

Fi6 120 Thomas collar After removal of a
Minerva jacket immobilization of the neck may be
continued by means of a reinforced sponge rubber
or heavy felt Thomas collar

months or untit there 1s roentgenographic evidence of bone umon Bony unton
usually takes place but nonumon or fibrous union may occur Even nonunion need
not necessanly cause the patient any distress Cases are on record where con
gemtal nonunion of the odontoid process has been observed without any disability
to the patent or any impairment of function
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Cascs m which fracture of the odontoid process e ssoctated with dislocation
of the body of the sccond cervical vertebra fall into 1n entirely different category
In such mstances, as 1 result of the forward displcement of the atlas (Cl), either
the anteror surface of the cord 1s crushed 1gunst the upper border of the axis (C2)
or the postertor surface of the cord 1s crushed by the advancing lower border of the
atlas This results tn the appearance of spinal cord symptoms that will vary from
pure motor paralysis resulting from involvement of the pyramidnl tracts to sensory

Fic 121  Fracture of the odontoid process
This fracture cannot be readily visuahized except
on an anteropostertor view taken through the
open mouth The base of the process 1s frac
tured and displaced shghtly upward but there
15 no tiltng of the fragment suggestive of rup
ture of the orbicular ligament

disturbances 1n the occipital region and the upper extremuty and death caused by
compression of the medulla

The indication for treatment 15 not prumanly the fracture, but rather the reduc-
tion and mamntenance of the dislocated segment As in other fracture-dislocations
of the cervical spine longitudmal traction, preferably by means of Crutchfield
tongs, 1s essential This must be continued until there 1s evidence of reahignment of
the cervical column Excessive weight with distraction of the segments should be
avoided by careful routine and frequent x ray examination If after several weeks
bed rest with traction there 1s evidence of satisfactory alignment, traction may be
discontinued and substituted by plaster immobilization that should be applied with
the patient supine while 1 traction The plaster cast should be worn until there 15
X ray evidence of healing usually 1 four to six months Thereafter the patient
should be advised to wear a Thomas collar for several addstional months

A marked tendency toward recurrence of dislocation has been noted 1n these

cases and some surgeons have therefore advised r n f
outme fus
o ton of the atlantoaxal
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hospitalization and need not be put mto traction They should be immobilized 1n
a Mmerva jacket that should extend from the occiput to the upper part of the
thorax and should be worn for a period of at least six months (Fig 121) There
after, a Thomas collar should be worn for an additional period of three to four

Fic 119 Minerva jacket The cast extends from the ihac crest to the occipital
region and includes the chin A plaster fillet serves to immobilize the head (See
also Fig 96)
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Fic 120 Thomas collar After removal of a
Minerva jacket immobilization of the neck may be
continued by means of a remforced sponge rubber
or heavy felt Thomas collar

months or until there 1s roentgenographic evidence of bone union Bony union
usually takes place but nonumon or fibrous union may occur Even nonunion need
not necessarily cause the patient any distress Cases are on record where con
gemtal nonunion of the odontoid process has been observed without any disability
to the patient or any impairment of function



Fic 123 Compression fracture of the tho
racic spine There 1s triangulation of the body
and a free fragment at the nnterosuperior border
of the cleventh vertebra Calaification of the an
terior vertebral ligament between the bodies of
Ti1 and TI2 and between TI2 and L1 1s seen

Fic 124  Compression of the thoracic
spine There 15 slight tniangulation of the body
sith a fracture of the anterosuperior portion of
T9 Calcification n the anterior vertebral liga
ment 1s seen immediately subjacent to the level
of the fracture
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WHIPLASH INJURIES

Whiplash wnjuries of the cervical spine have become an ncreasingly common
type of mjury as a result of rear-end automobile colhisions Small fractures of van
ous parts of the vertebrae have been descnibed as a consequence of the sudden en
forced flexion and extension of the nech More frequently, however, the mjunes
mvolve the soft tissues such as the mtervertebral discs, the ligamentous structures
or the nerves of the neck They are frequently disabling and may require immobdi-
zation by means of a Thomas collar or a platform brace until symptoms have
disappeared

FRACTURES OF THE THORACIC SPINE

Fractures of the vertebral bodies m the thoracic spine occur most commonly at
the junction between the normal thoracic kyphosis and the lumbar Jordosis 1€ at
the level of the twelfth thoracic and the first lumbar vertebrae (Fig 122) They

Fi6 122 Compression fracture of the tho
racic spine The body of the twelfth thoracic
vertebra 1s compressed and triangulated Healing
has occurred in this position

may however mvolve the bodies of vertebrae higher m the vertebral column (Figs
123 and 124) Most frequently they are sumple compresston type of flexion frac
tures with wedging of the vertebral bodies [hey may also be of the central or
stellate types and may be commnuted One or more bodies may be fractured and
the njury may be associated with prolapse of the mtervertebral disc leading to com
pression of the cord or the nerve roots Immedately after the mjury the patient
usually complains of pain that should never be dismissed casually as 2 spram In
many instances these fractures may pass unnoticed and be discovered years later
dunng the course of a subsequent routne examination Treatment n the acute case



Fic 123 Compression fracture of the tho
racic spime There 1s triangulation of the body
and a free fragment at the anterosupertor border
of the eleventh vertebra Calcification of the an
terior vertebral hgament between the bodies of
T11 and T12 and between T12 and L1 15 seen

Fic 124 Compression of the thoracic
spioe There 1s slight tangulation of the body
with a fracture of the anterosuperior portion of
T9 Calaification in the anterior vertebral liga

ment 1s seen 1mmediately subjacent to the level
of the fracture
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should be directed toward restoration of the normal anatomical configuration of the
vertebral body While 1t 1s true that even marked wedging may result m few or no
symptoms, even shght malalignment may lead to persistent pam n the back The
treatment of these compressed fractures 1s by hyperextension

Hyperextension may be brought about mn a number of different ways The pa-
tient may be placed supine in bed with a pillow at the level of the fracture site The

Fi 125  Apphcation of hyperextension body jacket A felt pad
1s fixed to the back over the vertebral column Heavy felt pads are
placed over the pubis and clavicles and the patient 1s hyperextended
over an automobile jack or suitable hyperextenston frame Plaster of
Paris extending from the region of the clavicles to the pubis 1s appled
As soon as the plaster has set the apparatus 1s removed and the cast
1s completed

patient may be suspended m the prone position between two tables with the chest
resting on one table and the pelvis on the other The lower extremuttes may be sus-
pended while the chest rests upon a support or the patient s spine may be hyper
extended by means of an ordinary automobile jack or by rest on a Goldthwait or
Herzmark frame Once the normal alignment has been restored as determuned by
x-ray examunation the patients trunk may be immobilized 1 a plaster of Paris
body cast extending from the pelvis at least to the manubriosternal angle of Lows
(Fig 125) The jacket should be worn for a mmmmum period of twelve weeks dur
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ing which time the patient m1y be ambulitory Thereafter + Taylor two-bar brace

with shoulder straps should be used to muntun the position of hyperextension
Fractures of the body of the upper thoracic vertebrae present 1 special problem

since hyperextension 1s not normally possible n this region Neither brace nor

Fio 126 Compression fracture of the lum
bar sptne There 1s trangulation of the body of
the first lumbar vertebra and a central fracture
of the body of the fourth lumbar vertebra

p}:aster treatment 1s of much value in such nstances 1f symptoms persist fusion of
the involved vertebrae may be jusufied Otherwise sym

toma
the imval ymptomatic therapy alone 1s
. \thcre the central portion of the body 15 compressed and the anterior wall 15
’ut itile collapsed hyperextension which exerts its mfluence through the aateriar
ongitudinal ligament 1s of practically no value Patients with such fractures should
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be treated svmptomatically and usually manfest but little disability If symptoms
persist operative fuston with the adjoiming vertebrae 15 indicated

Excessive hyperextenston 1s to be avorded, since overcorrection leads to separa
tion of the fragments and may lead to bowel or bladder symptoms owing to traction
on the spinal cord Under such circumstances the hyperextenston must be imme
diately reduced and plaster of Pans cast application should be delayed until all
symptoms of the complication have subsided

While this 1s the accepted method of treatment for compression fractures of the
vertebral bodies, some surgeons of the English school have claimed that therr end
results, as regards the patient s ability to resume his normal occupation were much
better when the patients were treated without any sort of immobilization The pa
tients are kept at complete bed rest durmng the acute phase and are encouraged n

Vg

Fi6 127 Compression fracture of the Ium
- F bar vertebra There 1s a fracture of the antero

) F supenior portion of the body of the fourth lum
? bar vertebra

the performance of exercises designed to strengthen the back muscles as soon as
the acute pan has subsided They have noted that m a very high percentage of the
cases reduced mn hyperextension the appearance of compresston recurred during
aftertreatment They note further that there 1s little relationship between the roent
genographic appearance of the vertebral body and the patient s ability to resume s
normal work That this may be the case n uncomplicated stable fractures of the
vertebral body has already been mdiated by the fact that in many cases triangy
lated vertebrae the result of antecedent fractures have been found accidentally
without ever having caused the patient any known symptomatology

Fracture dislocations of the thoracic spme a combmation form of anterior and
posterior segment fracture are usually not amenable to hyperextension treatment
Where alignment 1s not possible by traction and hyperextension some have advised
operative reduction with tmmediate fusion of the mvolved vertebrae

Fractures of the lumbar spine essentially resemble those of the thoracic spine
and the treatment 1s the same Compression fractures of the anterior segment occur
more commonls at the level of the first and second lumbar vertebrae (Figs 126 and

127)
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I'RACTURES OF THE POSTERIOR SEGMENT

Fractures of the postenior scgment include fractures of the transverse process
and fractures of the neural arch, which encompass fractures of the pedicles, laminae,
articular processes, and spinous processes As a general rule, neurological compli-

i

Fic 128 Clay shovelers fracture There 1s
a fracture of the tip of the spious process of
the first thoracic vertebra

FiG 129  Facet fracture of the lumbar vertebra The wmnfenor arf

ticular facet o
on the night side 1s fractured There 1s but little separation of the fragments (Lfe;;g
Anteroposterior view (Right) Oblique view

fﬁ:::;;&:p;:; ;ractures are more common 1n fractures of the neural arch than 1n
In the lower cervical region a special type of fracture of the spinous proces
described as clay-shoveler s fracture 1s not uncommon This mvolves ther; .
process of the seventh cervical or the first thoracic vertebra and 15 usuall pmouls
s10n fracture occurring at the site of attachment of the ligamentum nuch;’ean :w}]l-
thombord muscles (Fig 128) Although they may occur as a result of dlr::t vtloe
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lence, they are usually found in laborers and occur durning the act of motion
volved mn pitching matenial nto the air The condition 1s painful but not dangerous
In some nstances, cure has resulted from purely conservative methods If paimn 1s
not excessive, no treatment or at most immobilization 1n a cervical collar 1s suffi
cient If symptoms persist, however, removal of the fragment usually gives relief
Nonunion 1s not mfrequent and the disability may last for a constderable period of
time

Fi6 130 Neural arch fracture of the Ium
bar spine There 1s a fracture of the spinous
process of L4 and L5 (Reproduced from Milch
H Whip lash 1njury of the lumbar neural arch
Bull Hosp Jomt Dis 15163 1954)

Fracture dislocations of the cervical spine usually mvolve fracture of the pedicle
or lamuna of the mvolved vertebra (Fig 113) Treatment 1s usually accomplished
by traction in the line of the vertebral column until reduction 1s complete after
which gentle hyperextension of the neck may be made Immobilization should be
continued either by traction or by application of a plaster of Panis Minerva jacket
for an additional period of two to four months

Fractures of the neural arch in the thoracic region are most frequently the result
of direct blows and are most likely to lead to depressed fractures with mjury to the
cord Where there 1s no cord mjury, traction i the straight hine of the body 1s indi-
cated Attempts at hyperextension are usually unavailing and may serve to depress
a fragment of the fractured postenor segment and thus lead to injury of the under-
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lying cord Where there 15 evidence of cord mjury and x-ray evidence of depressed
fracture, immediite lammectomy 15 indicated )

In tl'le lumbar region, fractures of the facet give nse to a special type of l]ow
back syndrome, which has been destgnated s the facet syndrome (Fig 129) 1t 1;
charactenzed by disability, hmitation of motion 1n the lumbar spine, and localize
pan occasionally radiating along the distribution of the sciatic nerve In the acute
stage, immobihization 1n a plaster of Pars cast 1s indicated In the chromc stage,
\\her; pain and nonunton perstst, fusion of the involved and adjacent vertebrae will
relieve the symptoms

Fic 131 Fracture of the trans
verse processes There are fractures of
the transverse processes of the second
third and fourth lumbar vertebrae on
the nght side Bony unton has occurred

Fracture of the spinous process 1s more common than 1s usually recognized
(Fig 130) Particufarly 1n the lower lumbar vertebrae, it may be difficult to diag-
nose these conditions even on carefully made radiographs In such mstances, a
variation i the angle formed between the supenior surface of the body of the verte-
brae and the supenor border of the spinous process greater than thirty degrees 15
extremely suggestive of a malalignment owing to a loss of contimmty 1n the neural
arch This may be due to a congenttal or traumatic spondylohisthesss or to a fracture
of the body or of the neural arch Treatment 15 by means of mmobilization 1n a
plaster of Pans jacket and, 1f symptoms persist, by operauve fusion of the mnvolved
vertebrae

Fractures of the transverse processes of the lumbar vertebrae probably result
from muscular avulsions or from a combination of direct trauma and muscular avul-
sion Usually considered to be of tnvial consequence, these fractures are more dis-
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abling than 1s generally admitted In addition to the bony fracture, there 1s mvan
ably extensive laceration of the muscle and soft tissues about the fracture and
disability may be considerably prolonged These patients are frequently unjustifi
ably accused of malingering Where there 1s simple fissuring of the bones without
any separation of the fragments, strappimng of the back or a firm corset support 15
usually sufficient to assure subsidence of the symptoms Where there 1 definute
separation of the fragments immobilization by means of a plaster of Pans jacket 15
imperative Umon may be fibrous or bony if separation 1s minimal (Fig 131) The
appearance of nonumon and the persistence of symptoms 1s no mdication for the
removal of the fractured fragment The symptoms are usually due to scar formation
1 the soft tissues, which will not be smproved by extirpation of the fragment



CHAPTER 11

Fractures of the Thoracic Cage

Fractuges of the thoracic cage mclude fractures of the nbs and of the sternum Al
though theoretically the thoracic spine may be mcluded as part of the thoracic cage,
fractures m ths regon are more properhy considered under fractures of the vertebral
column

FRACTURES OF THE RIss

Because of their mherent elasticity, nibs are only occasionally fractured m cha-
dren When such fractures do occur they are usually the result of severe crushing
njunes, i which the general condition of the child 1s more important than tbe treat-
ment of the fracture iself As a result of a direct blow ndiadual ribs may be frac-
tured, but these are seldom complete and seldom mvolve the underlying parenchvrnal
structures Iramobihzation of such fractures 1s possible esther by adhesive strappmg
of the hemthorax mvolsed or by completely swathing the chest v an encircling
mushn bandage While the mushn bandage avoids the likelibood of mjury to the
uanderiung sk, st 15 more difficult to mamtan 1 place than adhesne strapping
Immobilization seldom has to be mamtamned for more than two to three weeks

In aduits, fractures mvolving the thrd 10 the mnth nbs are most common and
are frequently muluple The first and second nibs are protected from direct violence
by the overlving clavicle, but may be fractured as the result of sudden, severe mus-
cular action as 1n coughing or sneeung The lower flosting nibs are infrequently
fractured because of therr mability Fractures of the mtervening nibs may occur at
any pomt in thesr course Anteropostenior compressive forces tend to cause an out-
ward buckling of the fracture ends and seldom cause 1njury of the underlsing pleura
or lung Latersl compressing forces, on the other hand, tend to cause an mward
buckling of the convex nb and are more frequenthy associated with njury 10 the
underhving structures (Fig 132)

Rib Iractures may be multiple or may occur at several different sites m the same
nb (Fig 133) Depending upon the seventy of the inury, displacement may be
mummal or may present overnding Where several nbs are wvolved, flattening of
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Fic 132 Rib fractures Anteroposterior compressive
forces tend to lead to nb fractures with outward angulation
Lateral compresstve forces tend to lead to mmward angulation
at the site of fracture with attendant danger of intrathoracic
mjury

e, azpey

Fic 133 Muluple nb fractures
As a result of anteroposterior compres
ston there are fractures of the thud to
eighth nbs on the night side with out
ward angulation at the site of fracture
There was no mvolvement of the under
Iyming lung
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the chest wall frequently occurs Where fracture of multiple ribs 1s combined wxéh
multiple fractures within the nibs, staving 1n of the chest wall occurs This may he
associated with paradoxtcal respiration (on mspiration, the mvolved segment of the
chest wall 1s drawn inward, while, on expiration, 1t moves outward) This 1s a sen-
ous complication 1n that ventilation of the mvolved lung 1s impaired The only treat-
ment 35 by firm immobilization either by weights or by a tight compressive dressing

Compound fractures resulting from penetrating or perforating mjuries are fairly
rare save under war conditions The problem mn these cases 15 not primartly that of
the fracture, but rather that of the treatment of a contammated wound of the thorax
and possible disturbance m cardiorespiratory physiology Its treatment falls within
the domain of the thoracic surgeon

Sunple fractures of the nbs can readily be diagnosed chmically and roentgeno-
graphically 1n most cases (Fig 134) Treatment 1s directed toward control of pain
that 15 accentuated by respiratory motion Immobilization has been carried out most

FiG 134 Isolated nb fracture
There 15 a fracture of the fourth nb at
the junction of the head and neck with
only shght displacement at the site of
fracture

commonly by strapping of the chest Some advocate strapping at the end of in-
spiration others at the end of expiration The latter 1s preferable since 1t affords
firmer fixation of the fractured fragments Strapping may be applied with the pa-
tient either m the seated or standing positions and with the arms elevated In gen-
eral the adhesive tape straps should be applied obliquely from above and behind
to below and n front following the generally oblique course of the nibs, and should
extend shightly beyond the mud Ime both anteniorly and posteriorly (Fig 135)

Complete encirclement of the chest should be avoided as tending to nterfere too
greatly with respiration The mupples should be protected by a small dressing If the
upper nbs are mvolved, longitudinal strapping over the top of the shoulder may be
apphed to secure additronal immobihzation In women the presence of the breast
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prevents adequate strapping of any but the lower nibs For fractures of the upper
nbs, firm bandaging of the chest with adequate protection of the breast 1s all that
can be accomplished

Strapping that has become loose should not be removed since the skin s fur
ther traumatized The dressing may be remnforced by additional adhesive straps
applied over the origmal strappmg After two to three weeks, sufficient fibrous callus
will usually have formed between the fractured bone ends to render additional
strapping unnecessary

If possible, strapping should be avoided, since it markedly reduces respiratory
capacity and may lead to pulmonary complications Stnee the primary function of
mmmobilization 1s the control of pain, 1t may be avoided if regional mjections of

local anesthetics, repeated as indicated, can be made directly into and about the
i

Fic 135 Strappmg of the chest
Three inch adhestve tape strips are ap
plied obliquely along the course of the
ribs and extend beyond the mud line
both anteriorly and posteriorly

site of fracture Unless the general condition of the patient contraindicates 1t, am-
bulation 1s to be preferred to bed rest

FRACTURES OF THE STERNUM

Fractures of the sternum are exceedingly rare injuries and usually result from
direct blows or severe compressive mnjurtes The fracture usually occurs through
the angle of Louis at the junction of the manubrium and body of the sternum When
the imjury results from direct blow as mn automobile accidents where the steering
wheel strikes the chest, the distal fragment 1s displaced backward (Fig 136) In
hyperflexion 1njuries, such as may occur from fracture of the upper thoracic verte-
brae, the lower fragment may be displaced anterorly The diagnosis in the presence
of displacement can be made only on lateral roentgenograms of the sternum Where
there 15 no displacement simple bed rest 1s sufficient (Fig 137) Even i cases of
displacement, treatment may not be indicated, since the fractures mvanably heal
with but shght deformity and usually with no functional ympairment To correct a
deformity treatment will vary with the direction of the displacement In anterior
displacement of the body of the sternum hyperextension of the thoracic spine ac-
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Fiec 136 Fracture of the sternum There 1s
posterior displacement of the gladiolus with separa

tion at the angle of Lowms Marked respiratory em
barrassment was promptly relieved by anterior trans
position of the displaced distal fragment

Fic 137 Fracture of the stemum
There 1s a separation between the
manubrium and gladiolus without dis
pl of the fr There 15
an oblique fracture of the posterior sur-
face of the manubnum without ap
parent displacement immediately above
the supenor border of the shadow of
the fourth nb
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compamed by manual depression of the fragment under local anesthesia frequently
gives satisfactory results

Where the displacement of the body 1s postertor, resprration may be embar
rassed and reduction may be necessary Skeletal fixation by means of a towel clip
mserted through the skin into the cancellous bone of the body and balanced trac
tion frequently serve to overcome the displacement (Fig 138) If nesther of these

k&’{”‘l((“—“ A “”W”m
]

Fic 138 Balanced traction for fracture of the sternum
The postenorly displaced fragment may be transfixed by a
towel clip to which weights suspended from a Balkan frame
may be attached (Reproduced from Cameron D A In
Jurses to the thorax, Mod Med 20116 1952)

methods succeeds open operation with gentle levering of the fragments mto place
1s usually successful The reduced position may be mamtamed by free grafts of
fascta lata sutures, or small straight Lane-type plates In most instances umon 1§
sufficiently satssfactory at the end of three weeks to permit ambulation of the
patient

Fractures of the xiphoid process are extraordmanly rare Posterior displacement
of the process may occasionally give rise to abdomunal symptoms m which event
the process may be excised
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CHAPTER 12

Fractures of the Pectoral Girdle

Fractuses of the pectoral giedle include fractures of the scapula and of the clavicle

FRACTURES OF THE SCAPULA

Fractures of the scapula may affect the body of the bone or any of its processes,
the acromion, the scapular spine, the coracond process, or the glenod

Fractures of the bodv are usually the result of direct blows over the bone Be-
cause of its coverage by the subscapulars, the wiraspinatus, and the supraspinatus
muscles, there ts hittle tendency for marked displacement of the fragments The frac-
tuce lines may be hoear or stellate and, though they usuallv are situated within the
body of the bone, may extend to the vertebral and axllary borders Roentgeno-
graphic diagnosis 1s frequently difficult and may be confused with fractures of the
underlving ribs, which are not infrequently associated with fractures of the body
of the scapula If the fascial coverng 15 not tom, the large hematoma locahzed to
the area of the scapula ss the most important climcal finding Motion of the arm 15
frequently inhibited b of pamn

Treatment 15 pnmanly directed toward hmitation of motion to prevent pan
This may be achieved by simple adhesive tape dressing that 15 applied from both
avicles posteriorly across the mjured scapula to opposite sides of the chest (Fig
139) It 15 deswrable to immobilize the arm at the side of the chest, since pam s
ehieited when the scapula 15 fixed by contraction of the penarticular muscles that 1
necessary m order to permit motion of the humerus Immobilization of the shoulder
should, hawever, not be continued beyond the periad necessary ta control pam so
as to obviate the development of periarthnitic stilfening of the shoulder

Fracture of the acromion process 15 rare, and occurs as a result of direct vio-
lence The fracture Tine may pass through the base of the acromion (Fig 140)
rarely through the outer portion of the process or lateral to the acromuociavicslar
jomt In the former instance, under the nfluence of the weight of the arm, the frag-
ment tends to be displaced downward with the shoulder When the fracture line
oceurs fateral to the acromioclavicular jomt, there 1s bitle tendency toward displace-
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Fic 139 Immobilization of frac
ture of the body of the scapula Ad
heswve strips from both clavicular re
gions cross the mvolved scapula pos
teriorly and are anchored on the an
terolateral aspects of the chest wall
The dressing 1s reinforced by transverse
strips that encircle the hemithorax on
the affected side (Reproduced from
Milch H Fractures of the shoulder
girdle Mod Med 1847, 1950)

S

Fic 140 Fracture of the acromion proc
ess A fracture has occurred at the junction of
the base of the acromrion with the spine of the
scapula There 1s a shght tendency toward
downward displacement of the fragment

ment Simple immobihization of the arm at the side by a Velpeau dressing s usually
sufficent (Fig 141)

When there 15 displacement as a result of fracture through the base of the
acromuon, treatment consists of elevation of the shoulder by adhesive strapping as
mn the treatment of acromuoclavicular dislocations The outer end of the clavicle 1s
padded with a stnip of felt and adhesive strapping 1s placed about the flexed elbow
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Fi6 141 Velpeau dressing The arm s immobilized agaimst the
trunk by bandage or adhesive stnps encircling the arm and the trunk
A pad should be placed 1n the axilla and m the antecubital fossa and
a small dressing should be placed betwen the flexed forearm and the
chest wall In fractures of the acromion or clavicle the extremity may
be elevated by adhesive strips encirching the flexed elbow and running
over the shoulder

W \!\
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Fi6 142 Immobrization of fractured acro
mion To overcome the downward displacement of
the fractured acromion a felt pad 1s placed over
the outer end of the clavicle The arm 1s pushed
upward by an adhesive tape strip that encircles the
clbow and 15 fixed over the pad at the outer end
of the da}:“dc A few transverse strips of adhesive
convert this dressing mnto a Velpeau type of im ==
mobilizing dressing ¢ ’ P 1"?(’7 —
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so as to force the shoulder upward toward the fractured base It 1s anchored m place
over the pad on the outer end of the clavicle The shoulder should be fixed to the
side by an adhesive tape strip encirching the chest and the humerus The forearm
should be supported by a shng around the neck and the entire arm should be sup-
ported 1n a Velpeau dressing to maintain the upward position of the fractured frag-
ment (Fig 142) If the displacement cannot be overcome and mterferes with later

Fi6 143 Gunshot fracture of the spirous process
of the scapula There 1s a comminuted fracture of the
spinous process that healed satisfactonly under simple
immobihization

abduction of the arm that portion of the acromion lateral to the acromioclavicular
jomt may be resected

Fracture of the spmous process 1s usually the result of direct mjunies (Fig 143)
There 1s usually httle displacement and the mam indication 1s for jmmobilization
of the scapula as mn fractures of the body, until such time as the pain has subsided

Isolated fracture of the coracord process 1s rare and may result from avulsion by
the muscles that are attached to 1t (Fig 144) In such event, the fragment 1s usually
displaced downward In order to relax these muscles, treatment by placing the hand
upon the opposite shoulder has been recommended This seldom results m restitu-
tion of the fragment and unton 1s usually of a fibrous nature This does not appear,
howeser, to affect the use of the arm After about three weeks of immobilization,
normal use of the arm within the lmuts of pain should be encouraged More fre-
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Fi6 144 Epiphyseal separation of the coracord process There
1s a fracture of the clavicle with an associated separation of the
coracord epiphysis This type of fracture must be carefully differen-

tiated from the appearance of a normal epiphysis that occurs at this
site

Fic 145  Avulsion fracture of the glenoid
There 1s an avulston with a chip fracture at the
attachment of the long head of the biceps
There 1s no displacement and no treatment
other than immabilization by a Velpeau dressing
until pamn has subsided 1s necessary

quently, however fractures of the coracoid are seen with other injunes to the
shoulder 1n which the treatment of the coracoid fracture becomes secondary 1n ym-
portance to the treatment of the assoctated mjuries

Fractures of the glenoid occur as the result of falls on the arm Small chip frac-
tures of the anterior or mnferior margns are not uncommonly seen in dislocation of
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Fic 146 Avulsion fracture of the glenoid
There 15 a fracture of the infertor margin of the
glenoid with recurrent dislocation of the shoul
der Infraction of the humeral head charac
tenstically seen in recurrent dislocations 1s well
demonstrated Treatment mn this case was the
treatment of the recurrent dislocation by a
Putt: Platt procedure

Fic 147 Infraglenoid fracture of the scapula There 1s a fracture of the axillary
border of the scapula below the glenoid cavity with downward and mward displace
ment of the upper fragment (lefr) Treatment consisted of traction with the arm in
abduction with satisfactory outcome (right)
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the shoulder 1nd arc reputed by some to be the cause of a tendency toward recur-
rent dislocations  Avulsions of smll portions of bone at the superior margmn of the
glenoid my result from the action of the biceps (Fig 145) Avulsion of a small
portion of bone At the mferior margm of the glenoid may result from the action of
the triceps muscle (Tig 146) 1In either case, the separation 1s mimmal and smmo-
bilization of the «rm at the side until pun has subsided 1s 111 that 1s necessary

Fractures of the nech of the glenoid or the nfriglenoid portion of the axiliary
border may result 1 1 downward wnd mward displacement of the plane of the
glenoid cavity so as to impur abduction of the arm Where this occurs, replacement
of the fractured fragment must be accomplished with the patient recumbent 1n bed
and the arm 1n abduction If the glenoid cvity 15 mvolved and communuted, traction
on the abducted arm may serve to restore the alignment and, 1n anv event, will tend
to mimmize the tendency toward stiffness of the shoulder (Fig 147)

FRACTURES OF THE CLAVICLE

The clavicle 1s one of the most commonly fractured bones 1n the body, espe-
cally 1n children In the great majonty of cases, the fracture occurs at the junction
of the middle and outer thirds of the bone and 1s the result of either a fall on the

Fic 148 Green siek fracture of the clavicle There 1s downward
displacement of the outer end The apparent dissolution of continuity at
the acromion process 1s the site of a normal eptphyseal growth hne Treat
ment 1n this case was by simple upward displacement of the humerus
forcing the clavicle into correct alignment

outstretched hand or a direct blow aganst the clavicle In children, the fracture 15
frequently mcomplete nd 15 characterized by an mncreased anterior bowing (F;

148) In adubis, the fracture 15 usually complete and 1s charactenzed by dowmvarg
forward, and inward displacement of the lateral fragment (Fig 149) ’
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Fic 149  Fracture of the clavicle There s typical down
ward and mward displacement of the outer end of the clavicle
Realignment was attained by a simple figure of eight dressing

In children, where the green-stich fracture 1s not associated with marked ante
nior bowing, immobilization of the arm agamst the side of the thorax 1n an ordmary
Velpeau dressing usually gives satisfactory results Where the bowmg 1s more
marked and unsightly, this should be corrected by pressure against the apex of the
curve with subsequent immobilization of the clavicle n a figure-of erght dressing

Fic 150 Figure of eight dressing for clavicular fractures
The dressing 1s applied over both shoulders and crosses pos
tertorly It may be remforced by a plaster of Pans bandage
applied over the dressing or by a plaster of Pans yoke placed
anteriorly between the outer ends of both clavicles (Repro
duced from Milch H Fractures of the shoulder girdle, Mod
Med 1847 1950)

to mantan the length of the clavicle (Fig 150) Although destrable complete
end to-end apposttion of the fr 1s not y This 1s especially true mn
children Provided that the alignment 15 satisfactory, the callus that forms and the
subsequent remodeling of the bone will obliterate any trace of the deformuty (Fig
151) In adults, however, more accurate reposition 1s desirable
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Fio 151 Fracture of the clavicle 1n a child There 1s a fracture of the outer third
of the bone with overnding (left) Anatomical reposition was not accomplshed, but
alignment was satisfactory and the cortices of the bone were locked (right)

Fie 152  Sayre dressing A strip
of adhesive 1s fastened loosely about
the upper end of the humerus on the
affected s:ide and 1s passed posteriorly
across the thorax while the arm 1s
forced backward 4 The adhesive 1s
then fixed to the anteror aspect of the
opposite hemithorax A second stnp of
adhesive 1s then passed from the op
posite shoulder to below the elbow on
the affected side while the arm 1s
pushed upward B This serves to cle
vate the depressed fragment Immobih
zation may be completed by a Velpeau
dressing

Reduction 1s relatively simple, and can usually be obtained by pulling the lateral
end of the clavicle outward and backward while pressure 1s made over the lower
end of the humerus to force the fractured fragment upward Maintenance of the
position frequently offers difficulty In chuldren, a figure of-eight dressing over the
ponts of both shoulders and crossing posteniorly 1s usually satisfactory This type of
dressing may be reinforced by a plaster of Panis bandage applied over the figure-of-
eight bandage and may be further remforced by a plaster of Pars yoke apphed
anteniorly over the points of the shoulders to hold the shoulders backward The
anterior plaster yoke has the advantage of obviating pressure on the brachial plexus,
which the figure-of-eight bandage mny exert

In adults a satisfactory form of reducing and holding a fracture of the clavicle
1s that described by Sayre (Fig 152) The Sayre dressing involves the application
of a circular adhesive dressing around the humerus for the purpose of drawing the
shoulder backward Once the shoulder 1s drawn sufficiently backward, the adhesive
tape 1s wrapped about the chest of the opposite side Upward displacement of the
fragment 1s accomphished by applying a long stnp of adhesive tape to the forearm
with the elbow flexed Pressure 1s then exerted on this strp to pull the shoulder
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upward and the strip 1s then passed postertorly and fastened across the top of the
opposite shoulder If the reposition 1s satisfactory, the dressing 1s completed by a
Velpeau bandage

Other methods of reducing and mamntaining clavicle fractures include the clavic-
ular cross or barrel staves made nto the form of a cross and fixed postenorly to
the trunk The shoulders are then pulled backward agamnst the crossarms and fixed

Fic 153 Intramedullary fixation of clavicular fractures A small skin intision 15
made directly over the fracture site and a Sternman nail 1s passed retrograde through
the outer fragment The fracture 1s then reduced manually and the Steinman nail 13
dnven into the medtal fragment The excess nail 1s cut off and the skin wound closed
(Reproduced from Quigley T B Management of simple fracture of the clavicle 1
adults New England J Med 243 286 1950)

mn place Where none of these methods 15 successful, satisfactory reduction can al-
most mnvariably be accomplished by recumbency m bed with a small pillow between
the shoulder blades

Open operation and even mtramedullary fixation have been described by many
1n the treatment of clavicular fractures This method however, should not be used
routinely Where indicated intramedullary fixation may be accomplished by a firm
steel rod or Stemnman nail The site of the fracture 1s exposed through a small inct-
sion and the nail 1s driven retrograde into the lateral fragment until its pomnt ex-
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Fic 134 Intramedullary fixation of fractured clavicle Preop-
eratively there was marhed downward and mward displacement of the
left clavicle The eustence of other fractures m the left vpper ex-
tremuty precluded closed reduction and intramedullan fixation was
indicated The pin was left 1 situ even after healing was complete

189



190 APPENDICULAR SKRELETON UPPER EXTREMITY

tends to just beyond the site of the fracture and its distal end extends beyond the
skin of the shoulder The fragments are then i 1ty reduced and the mtramedul
lary device 15 driven into the medial fragment a sufficient distance to mmmobilize
the fractured ends firmly The portion of the pin that projects beyond the skin 1s
cut so that the pin ultimately comes to lie beneath the skin The skin wound 1s then
closed and the arm 15 immobilized 1n a figure-of eight, Velpeau, or Sayre dressing
The pm may be left in situ or may be removed after unton has been completed,
usually within four to six weeks (Figs 153 and 154)

Fractures of the lateral or medial extrermities of the clavicle are usually not asso
ciated with any marked displacement, because of the stabilizing action of the coraco-
clavicular and rhomboid hgaments Treatment of these fractures nvolves sumple
unmobihization until pain has subsided




CHAPTER 13

Fraclures of the Humerus

Fractures of the humerus anse as a result of direct or indirect trauma Those that
occur above a line extending approximately between the levels of mnsertion of the
teres major and the pectoralis major muscles are considered as fractures of the
upper end Those occurnng below a hine that hes shghtly above the condylar promi-
nences are considered as fractures of the lower end Between these upper and
lower imuts fractures are considered as bemng of the shaft

FRACTURES OF THE UPPER END

These nclude fractures of the head, the tuberosities, and the anatomscal neck
and surgical neck of the humerus They usually occur n varying degrees of abduc-
tion of the arm and result 1n correspondingly different types and extent of fractures

FRACTURES OF THE HEAD

Isolated fractures of the head are extremely rare and are probably best treated
by traction under the molding influence of motion Infractions of the humeral head
are, on the other hand rather common They usually occur 1n association with
chrome dislocations of the shoulder and may be diagnosed roentgenographically as
depressions 1n the outline of the head (Fig 155) These depressions may be seen
on the usual anteroposterior view with the arm m marked internal or external rota-
tion or on axillary views taken by directing the x-ray beam upward from the axilla
aganst a film casette placed above the shoulder No treatment 1s necessary or of
any avail beyond treatment of the underlying dislocation

In young chuldren with a history of injury to the shoulder region, 1t 1s important
to remember that the humeral head 1s formed by the umon of two separate
epiphyseal centers, one for the medial and one for the lateral portion of the head
The former 15 usually present at birth while the latter appears during the second half
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tends to just beyond the site of the fracture and 1ts distal end extends beyond the
skm of the shoulder The fragments are then manually reduced and the tramedul
lary device 1s driven 1nto the medial fragment a sufficient distance to immobilize
the fractured ends firmly The portion of the pm that projects beyond the skin 1s
cut so that the pm ultimately comes to lie beneath the skin The skin wound 1s then
closed and the arm 1s immobilized in a figure-of-eight Velpeau, or Sayre dressing
The pin may be left m situ or may be removed after union has been completed,
usually within four to six weeks (Figs 153 and 154)

Fractures of the lateral or medial extremities of the clavicle are usually not asso
ciated with any marked displacement, because of the stabilizing action of the coraco
clavicular and rhomboid ligaments Treatment of these fractures mvolves simple
immobilization unti} pain has substded



CHAPTER I3

Fractures of the Humerus

Fractures of the humerus anse as @ result of direct or sndirect trouma Those that
occur above a lme extending approxumately between the levels of msertion of the
teres major and the pectorals major muscles are considered as fractures of the
upper end Those occurnng below a line that bes shghtly above the condylar prom:-
nences are considered as fractures of the lower end Between these upper and
lower imuts, fractures are considered as bemg of the shaft

FRACTURES OF THE UPPER END

These nclude fractures of the head, the tubetowties and the anatosucal neck
and surgical nech. of the humerus Thev usually oecur m varving degrees of abduc~
tion of the arm and result n comresponchngly different tvpes and extent of fractares

Fractures ofF THE HEAD

Isolated fractures of the head are extremels rare and are probabls best treated
by traction under the moldmg mfiuence of mouon Infractions of tke hurreral hecd
are on the other hand rather common Thev wsuallv occur 1m assocration with
chronic dislocations of the shoulder and may be diagrosed roestgenographicalls as
depressions m the outhne of the head (Fig 155) These depressions mas be seen
on the wsual anteroposterior view with the arm 1 marked mternal or external rota-
ton or on axillary views taken by direcung the x.ray beam upward from the axilla
agamnst a film casette placed above the shoulder ™o treatment » necessars or of
any avail bevond treatment of the underbving de location

In voung children with a history of mjury to the shoulder rezion 1t &5 tnpartant
1o remember that the humeral bead 1 fommed by the umon of two separate
piphveeal centers one for the medial and one for the lateral poruan of the head
The former 15 usually prevent at bith shile the later appears durng the <ecord half
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Fic 155 Infraction of the humeral head The
normal globular appearance of the humeral head
1s mterrupted by the appearance of a depression
(See also Fig 146)

Fi6 156 Fracture of the greater tuberos
ity There 1s shght downward displacement of
the fragment resulting from a direct blow on
the shoulder
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of the first year to unite with the earlier center Occasionally this line of union may
be visualized and present the 1ppearance of a longitudinal fracture of the epiphysis
(Fig 29)

FRACTURES or THE TUBEROSITIES

Fracture of the lesser tuberosity 1s a relatively rare condition Because of 1ts
protected position, 1t usually results from forced external rotation agamnst the pull
of the subscapulans muscle that acts to avulse erther all or a part of the tuberosity
Although the condition may be suspected on climical grounds, definitive diagnosis

Fi16 157  Fracture of the greater tuberosity with dislocation of the shoulder There
15 a subcoracoid dislocation of the shoulder associated with a longitudinal avulsion frac-
ture of the greater tuberosity owing to the action of the cuff muscles (leff) Reduction
of the fracture occurred spontaneously after reduction of the dislocation (right)

1s possible only on the basis of the x-ray The most expeditious method of treatment
15 by open operation The fragment with the attached subscapulanis muscle can be
easily exposed through the deltopectoral groove and securely fixed to the shaft by
means of a screw Where surgical fixation 1s contramndicated, the arm should be
immobilized 1n internal rotation with the arm behind the back unt:! firm union has
taken place

Fracture of the greater tuberosity 1s encountered with much greater frequency
It may result from direct contusion of the shoulder, but 1s more commonly seen as
the result of avylsions by the cuff muscles (Fig 156) It occurs m about 15 per cent
of all simple dislocations (Fig 157) Differentiation between the avulsions medi-
ated by each of the muscles entering mto the musculotendinous cuff may be made
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by appropniate x-ray exposure, but 1s of little practical significance Avulston by the
teres mnor and the infraspinatus muscles 1s usually mimimal, but even when of
greater extent does not materially jeopardize the function of the shoulder Avulsion
by the supraspinatus tendon may lead to displacement of the fragment upward be
neath the acromion process and thus to mechanical blocking of abduction (Fig
158)

Where the displacement 1s mimmal, no treatment other than stmple support in
a shing 15 mndicated Gentle active motion should be mnstituted within cne to two
weeks to avoid penarticular adhesions that may be the consequence of organization

Fic 158 Avulsion fracture of the greater tuber
osity The greater tuberosity has been displaced up
ward and lies between the humeral head and the
acromion process Just anterior to the coracoacromial
ligament interfering with abduction of the shoulder
The site of the avulsion ts indicated by the flattening
of the humeral head

of the extravasated blood Where displacement by the supraspinatus tendon 1s such
as mechamieally to imparr motion, open operation and firm fixation of the fragment
are indrcated both to remove the mechanical mpediment and to re-¢stablish func-
tion of the supraspmatus tendon Provided the fragment 1s large enough this can
be readily performed through a small longitudinal anterolateral muscle-splitting m-
cision The fragment 1s transfixed by means of a screw or a wire (Fig 159) After
four weeks gentle exercises may be nstituted for a period of about two weeks, after
which full use of the arm may be permitted if the roentgenogram shows evidence of
firm union

FRACTURES OF THE ANATOMICAL NECK

In chuldren, fractures through the anatomical neck are usually seen as epiphyseal

separations In the newborn or young infants d 1s frequently 1t unless
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Fic 159 Fracture of the greater tuberosity with dislocation of the shoulder Fol
lowing reduction of the dislocation the greater tuberosity still showed marked separa-
ton and winng by open operation was performed

’,—‘ R
q

Fic 160 Adduction epiphyseal separation of the upper end of the humerus The
capital epiphysts 1s displaced medually and the upper end of the shaft s displaced
laterally and upward (lefr) Following manipulation and traction in abduction almost
perfect 1 has been phished The arm was mantamed 1n ab
duction until healing had occurred (right)

the roentgenograms discloses displacement of the center of ossification of the medsal
portion of the head In older children the roentgenogram 1s usually typical with up-
ward and outward displacement of the upper end of the shaft of the humerus
(Fig 160) This may be classed as an adduction type of fracture and indicates the
need for treatment 1n abduction Reduction of the fresh separation can be accom-
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by appropriate x-ray exposure, but 1s of little practical sigmficance Avulsion by the
teres munor and the infraspinatus muscles 1s usually mimmal, but even when of
greater extent does not materially jeopardize the function of the shoulder Avulsion
by the supraspinatus tendon may lead to displacement of the fragment upward be
neath the acromion process and thus to mechamcal blocking of abduction (Fig
158)

Where the displacement 1s mimimal, no treatment other than simple support in
a sling 1s indicated Gentle active motion should be nstituted within one to two
weeks to avoid periarticular adhesions that may be the consequence of organization

Fic 158 Avulsion fracture of the greater tuber

osity The greater tub y has been disp d up
ward and lies between the humeral head and the
acromion process just anterior to the coracoacromial
ligament 1nterfering with abduction of the shoulder
The site of the avulsion 1s mdicated by the flattening
of the humeral head

of the extravasated blood Where displacement by the supraspmatus tendon 15 such
as mechanically to impair motion open operation and firm fixation of the fragment
are 1ndicated both to remove the mechanical impediment and to re-establish func-
tion of the supraspmatus tendon Provided the fragment 1s large enough, this can
be readily performed through a small longitudinal anterolateral muscle-splitting m

ciston The fragment 1s transfixed by means of a screw or a wire (Fig 159) After
four weeks, gentle exercises may be mstituted for a pertod of about two weeks, after
which full use of the arm may be permitted if the roentgenogram shows evidence of
firm union

FRACTURES OF THE ANATOMICAL NECK

In children, fractures through the anatomical neck are usually seen as epxphyseal
separatrons In the newbom or young infants, diagnosis 1s frequently difficult unless
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A

Fic 162 Abduction fracture of the anatomical neck of the humerus In the adult
fracture of the anatomical neck 1s similar to epiphyseal separation n the child 4, and
may be associated with supraglenoid dislocation of the humerus Reduction may usu
ally be accomplished by adduction of the arm after reduction of the dislocation B

They usually become realigned on reduction of the dislocation When impacted,
they neither require nor are amenable to any efforts at reduction (Fig 162)

FRACTURES OF THE SURGICAL NECK

Fractures of the surgical neck are the most common of all fractures about the
upper end of the humerus For practical purposes, these fractures may be sub-
divided 1nto the adduction and abduction types (Fig 163) In young children, frac-
tures of the adduction type seem to be the rule, although abduction fractures may
occur (Fig 164) Where the malalignment 1s minimal, no effort need be made at
realigming the axes of the fragments, since any malalignment will be amply over-
come by the normal growth of the bone Where there 1s marked angulation, how-
ever the adduction fractures should be treated on an abduction splint, while the
abduction fractures may be fixed to the side of the trunk over an axillary pressure
pad Healing 15 usually sufficiently firm within four to six weeks to permit mobihza-
tion of the shoulder

In adults both the abduction and adduction fractures occur The adduction
type (Fig 165), characterized by adduction of the humeral shaft with respect to
the axis of the head, must be treated m abduction either on an abduction splint or
by balanced traction Failure to correct the malalignment will lead to imitation of
abduction that may be so disabling as to justify freeing of any existing impaction
Union usually 15 sufficiently sold within four to six weeks to permit gradual re-
sumption of passive and then active motion

o :?;:Tagb[:;;"&'; :\31;2 u(;:i I;,:j:,u:, }fl};gc; :‘?;hs!tor\::l; lbe treated an adduction over
gn the shaft without creating
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plished without difficulty by abduction of the shaft while digital pressure 1s exerted
against the head to prevent its dislocation durmng the mamipulative procedure If the
reduction 1s stable, the arm may be simply immobilized by a sling or swathmg to
the chest wall If, however, there 1s any tendency toward recurrence of the separa
tion on postoperative x-ray films, the arm should be maintamed m abduction erther

FI6 161 Abduction epiphyseal separation of the upper end of the humerus The
capital epiphysis 1» displaced laterally and there 1s a small triangular fracture of the
Iateral portion of the upper end of the humeral shaft which 1s displaced medually
(left) The axis of the capital epiphysis and the axis of the humeral shaft make an
inwardly directed angle Following manipulation and traction i adduction almost per
fect anatomical restitution has been accomplished (right) The arm was mantaned
m adduction over an axillary pad

on an abduction spint by balanced traction 1n the recumbent position, or by over-
head fixation 1n a plaster of Paris spica for a period of about four weeks

Occastonally, epiphyseal separations may be of the abduction variety, with the
shaft displaced medually (Fig 161) Like the abduction fracture this type of
eplphyseal separation must be treated i adduction with an axillary pad to main-
tan counterpressure against the shaft of the humerus

In adults fractures of the anatomical neck are rare and occur usually m asso
cration with shearmg stresses that result in dislocation of the glenohumeral jomt



Fic 165 Adduction fracture of the surgt
cal neck m an adult It 1s clear that adduction
of the shaft will merely tend to further mal
alignment This type of fracture must be treated
n abduction either on an abduction splmt or by
balanced traction m bed

Fi¢ 166 Communuted abduction fracture
of surgical neck Good axial alignment was ob
tamed by adducting the arm over an axillary
Pressure pad which tends to displace the upper
end outward and so to re-estabhish alignment
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Fic 163 Adduction and abduction fractures at
the upper end of the humerus The adduction fracture
18 charactenized by adduction of the shaft and the
formation of an outwardly directed angle between
the axes of the fragments, 4 This type of fracture
must be treated by abduction of the distal fragment
The abduction fracture is characterized by abduc
tion of the shaft and the formation of an inwardly
directed angle between the axes of the fragments B
This fracture must be treated by adduction of the
distal fragment

F16 164 Adduction fracture of the surg:
cal neck 1n a child The axes of the upper and
lower fragments make an angle directed out-
ward The irregulanity noted in the outer end
of the acromion process 1s not a fracture but
represents the normal ossification of this portion
of the bone



G 165 Adduction fracture of the surg
cal nech 1 1n adult It 1s clear that adduction
of the shaft will merely tend to further mal
alignment This type of fracture must be treated
1n abduction either on an abduction splint or by
balanced traction in bed

Fic 166 Comminuted abduction fracture
of surgical neck Good axial alignment was ob
tamed by adducting the arm over an axillary
pressure pad which tends to displace the upper
end outward and so to re establish alignment

199
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Fic 167 Abduction fracture of the upper end
of the humeral shaft This fracture was mmproperly
treated for a period of over two weeks on an ab
duction splnt A Sufficient callus had formed to
prevent perfect anatomical alignment but by adduc
tion of the distal fragment the axwal alignment was
mmproved B

the opposite deformity The arm may be fixed against the bony thorax until the
acute symptoms have subsided and there 1s evidence of at least early umon There
after the arm may be supported n a sling and gentle gradual motion should be
encouraged Under no circumstances should these fractures be treated 1 abduction,
since 1t tends to mamtam the malalignment (Fig 167)

In both of these fracture types motion should be mstituted as early as 15 pos-
sible so as to combat the tendency toward penarticular fibrosis that may be more
disabling than the malaliznment stself Mobilizing exercises should be performed
with the trunk flexed at the hips and the arm hanging downward under the influence
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of gravity  Gentle rotatory motions n widening circles serve the stme purpose as
overhead abduction

Where there 15 evidence of periarticular fibrosis, manipulation of the shoulder
may become necessary  Manipulation 1s 1 valuable though dangerous procedure
Bones hme been fractured and brichial plexus paralyses have resulted from this
manewver Where mantpulation 1s absolutely necessary, however, it must be per-
formed After 1 fracture, 1t should not be undertahen until 1t least six weeks have
elapsed and the patient should be forewarned of the dangers, including the possi-
bility of refracture of the humerus

FRACTURE-DISLOCATIONS OF THL SHOULDER

The coexistence of 2 glenohumernl dislocation with fracture of the upper end
of the humerus immensurably ncreases the therapeutic difficulties Indeed, some

Fi6 168 Resection of the humeral head
Following a comminuted fracture with dislocation
of the humeral head the head was resected This
resulted m a painful joint with marhed limita
tion of motion This procedure 1s never neces
sary 1n the treatment of acute or subacute frac
ture dislocations

surgeons have even recommended resection of the humeral head because of inabil-
1ty to control the small and frequently commnuted capital fragment This method
15 to be heartily deprecated particularly in the acute or subacute fracture-disloca-
tions Tt resuits n a pamnful jont m which motion 15 markedly hmited (Fig 168)
Only n chronic cases where reduction of the dislocation cannot be anticipated and
where a firmly fixed and malunited fracture exists should 1t be necessary to decide
between surgical exciston of the head and surgical fusion of the Jont



202 APPENDICULAR SKRELETON UPPER EXTREMITY

A number of different methods of treating the fracture-dislocations have been
described Fortunately, the classical method of Kocher 1s not applicable m the ma-
jouty of instances The method 1s unphysiological and unnecessarily brutal and,
since 1t may 1n itself lead to spiral fracture of the shaft should not be used even 1n
the simple dislocations (Fig 169) The Hippocratic method, traction with the foot
n the axilla acting to lever the head out of its subcoracoid position has been de

Fic 169 Spiral fracture of the upper end of the humerus This fracture occurred
during the application of the hocher maneuver for reduction of a subcoracoid dislo
cation (left) The dislocation was reduced by the method described i the text (see
Fig 171) and the patient was immobilized 1n a Velpeau dressing with complete cor
rection of both the fracture and the dislocation (right)

scribed as the safest method 1n that 1t tends to avoid additional traction damage to
the neurovascular structures that are already stretched over the dislocated head It
has been criticized because 1t may result 1 upside-down reductron of the head
which the articular surface of the head ponts downward and the fractured surface
15 1n the glenoid cavity This 1s unquestionably because traction 1s exerted on the
long scapulohumeral muscles but 1s not transmitted to the short cuff muscles that
fix the head mn the abnormal position In this respect the Jones method of exerting
tractzon 1n the overhead position 1s more rational, but 1t has been cniticized as dan-
gerous because of the possibility of traction mjury to the vessels and nerves
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It 1s 15 1 conscquence of these objections that the method of traction pulsion
agunst the head n the overhend position w1s reccommended This method depends
upon recognition of the fact that, 1n any posiion except thit of complete overhead
abduction, onc or wnother of the perthumeral group of muscles acts 1t cross pur~
poses with others of the group In the overhend position, howcter, all the muscles
can be diuded 1nto four groups, ench of which may be considered s Iymg on the
surface of a cone, the apices of which are stuited on the 1us of the extended
upper extrenuty (Fig 170) The first group 1s constituted by the cuff muscles—the
subscapulars the teres munor, the supraspmitus, and the mirspinatus muscles
The second group 35 made up by the Mtissimus dorst the teres major, and the
pectoralis major muscles The third group comprises the deltoid and the coraco-
brachiths muscles, while the fourth group, extending beyond the elbow jont com-
prises the biceps and tniceps muscles

In the overhead posttion of rboreal brachation the resultant of these muscles
acts m an antigravitrtional manner to prevent tearing vy of the trunk from the
fixed upper extremuty No muscle acts at cross purposes to any other and pressure
directed against the head coaxinlly with the resultant of the four groups of muscles
1s the most efficient and phystologie1l means of reducing any subglenoid disloca~
tion or fracture-dislocation The cssence of the method lies not 1 the traction but
rather 1 the elimmation of the multidirectional action of the scapulohumeral mus-~
cles, so that the head m1y be pushed 1nto its normal position

In acute cases these maneuvers frequentlv can be carnied out without the
use of any anesthetic It s mmportant to gamn the patients confidence by the
assurance that Iittle or no prun will be expenenced No pamn will be caused if the
vanous steps of the procedure are carnied out gently nd, above all slowly in the
following manner

For a dislocation of the night shoulder, the surgeon ficmg the patient, grasps
the clavicle with the fingers of the night hand, while the thumb s placed firmly
against the dislocated head to prevent its movement duning the act of elevating the
arm With the left hand the patient s elbow 15 gradunlly 1bducted untd the whole
arm ss upnight overhead The dislocated humeral head 1s then gently pushed upwrd
with usually gratifying results and without malalignment of the fractured fragments
Thereafter the fracture 1s treated Iike 7ny other abduction or adduction fracture
without dislocatton For a feacture of the left side, the surgeons left hand 1s used

to fix the humeral head while the elbow 1s elevated by his right hand (Figs 171
and 172)

One word of caution must be emphasized No dislocation whether simple or
associated with a fracture should be touched until a very careful neurologrcal ex-
amination for peripheral nerve mjury has been made Isolated traction paralysis of
the axulary or ulnar nerves 1nd even complete avulsion of the brachial plexus have
been seen after dislocations of the shoulder Such lesions occur i about 15 per cent
of all dislocations and failure to recognize and note these findm

tve reduction has been attempted may occaston the unwa
simple embarrassment

gs before mnmipula-
ry surgeon more than
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Fi6 170  Arr of the les about the shoulder In

the anatomical position (above) there 1s no consistent arrange
ment of the muscles In the overhead posttion (see opposite
page) however the axis of the humerus 1s collinear with the
axillary border of the scapula and all the scapulohumeral muscles
can be grouped nto four separate cones the axes of which are
collinear with that of the humerus (Reproduced from Milch H
Dislocations and fracture dislocations of the shoulder J Bone &
Jomnt Surg 314173 1949 )

FRACTURES OF THE SHAFT OF THE HUMERUS

Fractures of the humeral shaft have been defined as occurring 1n that portion
of the bone between the nsertion of the teres major and pectoralis major muscles
and the condylar flare of the lower end of the humerus Borderline fractures that
occur below the level of the surgical neck and above the site of attachment of the
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I 170 {Continued)

pectoralis major muscle present the characteristics of surgical nech fractures of the
abductron or adduction types and are to be trerted m similar manner (Figs 173
and 174)

Fractures of the upper end of the shaft may occur i the newborn as the result
of obstetric manewvers Generally these need cause no alarm, smce they ‘e readily
diagnosed They can be eastly reduced manuatly and retained without difficulty by
means of hghtly padded tongue-depressor sphats beld to the arm by enctreling ad-
hestve tape strips

In adults fractures of the shaft are frequently the ¢use of considerable concern
both because of the possibility of injury to the rachal nerve, which encircles the
md-portion of the bone and because of delayed umon or nonunion to which the
humerus 15 especially prone The classiel method of reducing and retaining these
fractures 1s by balanced traction suspension with the patient supme n bed (Figs
51 53 and 175)

Traction strips are applied to the lower end of the arm, extending to about
the level of the fracture and the arm 1s abducted to mnety degrees Traction weights
of three to six pounds are usually sufficient to restore alignment of the fracture In

order to permut mobiiity of the elbow jont the forearm 1s fiexed to about nmnety
degrees and tractson stsips are apphed to the level of the elbow Weights of one to
two pounds suspended over an overhead pulley serve to mamtam the position of
the forearm without mterfering with moten of the elbow (Fig 176) Qccasionally,
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Fic 171 Tractuon pulsion method for reduction of subglenord disloca
tions of the humerus The dislocated humeral head 1s fixed 1n the first maneuver
while the humerus 15 abducted during the course of the second maneuver In
the third maneuver the humeral head 1s gently pushed into the glenoid with
the assistance of shight upward traction on the arm (Reproduced from Milch
H T of disl of the shoulder Surgery 3732 1938)

206
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Fic 172 Communuted fracture dislocation of the humeral head The fracture
dislocation (left) was reduced by the traction pulsion method and alignment was main
tamed by balanced traction in forty five degrees of abduction (right)

Fic 173 Communuted fracture of the upper
end of the humeral shaft in a child There 15 a
longstudinal fracture of the lesser tuberosity with
separation of the capital epiphysis and a transverse
fracture of the upper end of the humeral shaft
Treatment was in abduction and balanced traction
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it has been found that motion of the patient i bed unduly disturbs the fixation of
the fragments and so retards healing To prevent this, 1t has been found desirable
to apply a simple wooden splint along the posterior aspect of the humerus

The difficulty in these cases 15 primarily that of retention rather than of re
alignment of the fragments Many different methods, from sumple splinting to m
tramedullary nailing, have been recommended In fractures with long trajectories

Fic 174 Abduction fracture of the upper
end of the humeral shaft Displacement of the
distal fragment probably occurs under the ac
tion of the pectoralis major muscle and treat
ment must be 1n adduction to relax this muscle
and to permut realignment of the fragments

with minimal displacement, sphinting by means of plaster of Pars stabs, coaptation
splints or immobilization agamnst the trunk by means of a Velpeau bandage 15
emnently satisfactory (Fig 177) The hanging cast method (Fig 89) has re
cetved wide application within recent years As in the use of the Jones humerus
splint 1t depends on the application of gentle downward traction within the sleeve
formed by the surrounding musculature to secure alignment without excessive dis-
traction of the fracture ends It 1s mvaluable particularly m the treatment of el-
derly patients in whom prolonged bed rest 1s contraindicated

While the method has the advantage of permitting early ambulation 1t has cer-



Fi6 175 Balanced suspension for fractured humeral
shaft Sumple Buch s extension ts apphed to the distal frag
ment up to the level of the fracture The elbow 1s flexed to
mnety degrees and suspended from an overhead frame The
stde of the bed 1s clevated to increase countertraction (Sce
also Fig 53)

Fi6 176 Comminuted fracture of the hu
meral shaft Ttus fracture was treated by balanced

traction suspension with satisfactory union of the
fragments

209
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Fi6 177 Comminuted spiral fracture of the
humeral shaft (Left) This was treated by immobilt

zatton on a metallic splint and fixation agamst the
trunk by means of a Velpeau dressmng (right)

tamn drawbacks that are often overlooked Because the traction force 1s gravita-
tional 1t necessitates sleeping 1 the seated position which youngsters do not readily
maintam It 1s more happily applied to fractures of the upper half of the humeral
shaft though 1t may be and has been applied to fractures of the lower half It 1s not
immune to the reproach of distraction and should not be used without constant
x ray control (Fig 178) Probably more important 1s the fact that 1t imposes an
mternal rotation of the lower fragment that results in a torsional malalignment
This can occasionally be overcome by mcorporating a wing 1 the plaster mold to
prevent snternal torsion (Fig 90) Fmally 1n a number of cases, probably because
of excessive motion, it seems to have delayed union 1 patients whose fracture con-
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Fic 178 Oblique fracture of the humersal
shaft Distraction of the fragments has occurred
during treatment by the hanging cast method
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I'c 179 Oblique fracture of the humeral
shaft This fracture was ongmnally treated n a
hingmyg cast with distraction of the fragments
Prompt union followed removal of the hanging
cast and treatment 1 balanced suspension
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solidated promptly after substituting balanced traction for the hanging cast (Fig
179)

In fractures 1n which bony apposttion cannot be obtamned, the likelihood of
muscle nterposition must be suspected and justifies open operation (Fig 180)
Smmlarly, in fractures that are unstable after reduction and 1n short spiral or trans
verse fractures where nonunion 1s more to be feared, open reduction and fixation

Fic 180 Spiral fracture of the humeral
shaft There were sigus of radial nerve palsy
and at open operation 1nterposition of soft
tissue  including the radial merve was found
between the fractured fragments The fracture
was plated with prompt healing and gradual re-
cession of the radial nerve symptoms

by Parham bands, metallic plates, or other devices 1s the procedure of choice (Fig
181) Where multiple fractures of the shaft have occurred, fixation by mntramedul
lary nailling may convert a desperate 1nto a relatively hopeful situation (Fig 182)

Nonunton 15 a not uncommon consequence of fracture of the humeral shaft
Whether 1t 15 to be attributed to circulatory disturbance, to inadequate or contrari
wise, to excessively firm fixation 1ts occurrence 1s bound to tax the technical shall,
the ingenwmity and the luck of the most accomplished surgeon Bone grafting alone
1s frequently unsatisfactory but when combined with plate fixation 1s more apt to be
successful (Fig 183)
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Fic 181 Communuted frac Fic 182 Multiple fractures of the hu
ture of the humeral shaft This  meral shaft Because of mability to realign the
fracture was reduced at open oper fragments by closed methods intramedullary
ation and maintained by means of  fixaton was performed (Courtesy of Dr J
a Lane plate Buchman )

Injury to the radinl nerve may occur in assocration with any fracture situated
within the middle two thirds of the humerus As the radial nerve passes from the
upper and medial aspect of the arm to 1ts lower and lateral aspect, 1t lies 1n the
musculospiral groove where 1t may be mjured either primarily or as a result of com-
pression by excessive callus formation As 1t passes from the posterior to the an-
terior fascial compartments of the arm the nerve 1s firmly fixed by the external in-
termuscular septum and 1s subject to traction especially on mamipulation of lower
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Fio 183 Ol fracture of the humeral shaft
There was nonumon with marked loss of substance
at the fracture site A cortical bone graft was placed
between the two ends of the bone and firm fixation
was secured by means of a Wenger type of double
plate

shaft fractures Sensory disturbances mn the distribution of the radial nerve and -
ability to extend the wrist and the proximal phalanges are the usual signs Smce ex-
tenston of the middle and distal phalanges of the fingers 15 in large part evidence
of the imntegrity of the median and ulnar nerves the abihty to extend these phalanges
without extenston of the proximal phalanx will only bring solace to the unwary €x-
aminer Where there 1s assurance of interruption or compression of the nerve
operative exploration 1s ndicated Not every radial nerve palsy must mevitably be
operated upon and 1t 15 frequently better Judgment to temporize unti the possi-
bility of return of function can be excluded before proceeding to surgcal explora-
tion



CHAPTER 14

Fractures aboul the Elbow

The custence of 1n myury 1bout the clbow Joint involves the necessity of accurate
diagnosis of the part injured 7nd a differentiation between simple fractures of the
bones entering mnto the clbow joint and those that are associated with dislocations

FRACTURES OF THE LOWER END OF THE HUMERUS

These fractures comprise 11l those that occur between the level of the condylar
flare and the inferior articular surface They include the epiphyseal separations,
supracondylar and dicondylar fractures, intercondylr fractures avulstons of the
epicondyles, and tsolated fractures of either condyle

EPIPHYSEAL SEPARATIONS OF THE LoweR END

Epiphyseal separations of the lower end of the humerus are fortunately rare,
occurring usually during birth 1s a result of obstetrical maneuvers They are diffi-
cult to diagnose and resemble posterior dislocations of the elbow They may be
suspected 1n the newborn whose elbow 1s tender, swollen, and preternaturally mo-
bile with the forearm held n flexion and pronation Because of the absence of any
ossificatton centers for the lower humeral epiphysis 1t this eatly age, the roentgeno-
gram presents the evidence of a dislocatron without any signs of a fracture of the
bones entering nto the elbow joint (Fig 184) Treatment should be immediate
and should consist of gentle traction on the forearm combined with appropriate
pressure agamst the epiphysis to effect reduction Immobilization for = short period
of time should be carried out n extenston and flexion should be permutted after
ten or twelve days After another ten or twelve d1ys of unmobtlization 1n fiexion
active motion may be encouraged

SUPRACONDYLAR AND DICONDYLAR FRACTURES
Supracondylar and dicondylar fractures differ from one mother n that in the
former (1) the fracture line passes above the level of the olecranon or coronard
215
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Fic 184 Epiphyseal separation of the lower end of
the humerus Anteroposterior view of the lower end of the
humerus 1n a two day old infant There 1s no evidence of
fracture but the entire forearm and lower end of the hu
merus are dislocated upward and medally (Reproduced
from Camera R 1l distacco epifisario totale ostetrico dell ex
tremita inferiore dellomero Chir d org di movimento 33
313 1949)

Fic 185 Flexion type of supracondylar frac
ture The distal fragment ts displaced antenorly
(left) Treatment should be 1 extension since
flexton would tend to increase the deformity This
fracture was converted into an extension type of
fracture by manually displacing the fragment pos
teriorly (right) (Reproduced from Milch H Su
pracondylar fracture Bull Hosp Joint Dis 11 187
1950 )

fossae, and (2) there 1s sufficient area of fracture surface to permit adequate stabili-
zation of the fracture after reduction while 1n the latter the fracture occurs through
the thinnest portion of the bone so that both reduction and maintenance of the
fracture after reduction are most difficult

Both supracondylar and dicondylar fractures may be divided mto two types
(1) the extension type, m which the fracture line 1s directed from below and an
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teriorly to abore and posteriorly, with posterior displicement of the dli::c:imﬁ;
ment 1nd (2) the flevon tipe, charictenzed by exactly opposite 1ppe e
generl extension fractures should be reduced and imniobilized n 1 positio
flexion, while flexion fractures should be treated in extension Whtle there
Texion fractures are far less common than extension fractures lcr o
treatment 1 extension ¢tn usually be undertaken without necessary Toss ol (d
ability to flex the clbow, the possibility of this complicitton cnnot be gainsai

Fic 186 Converted supracondylar fracture of the
flexion type Lateral view (lefr) and anteroposterior view
(right) after healing Following conversion of the flexion mto
an extension type of fracture the extremuty was immobilized
1 the Jones position with the elbow in flexion (Reproduced
from Milch H Supracondylar fracture Bull Hosp Joint
Dis 11187 1950)

This complication may be mummized by flexing the elbow as soon as there 1s as-
surance of fixation of the fragments or it may be entirely obviated by careful con-
version of the flexion into an extension type of fracture Thes can be accomplished
under anesthesia by displacing the distal fragment posteriorly and then treating the
elbow 1n flexton s for the more common extension type of fracture (Figs 185 and
186)

Treatment of extension types of supracond:
hyperflexton method of Jones 1s 1n widest use
pitalizavon  The fractured fragments are usually
excessne swelling, which 1s characterstic of these

ylar or dicondylar fracture by the
and vouds the necessity for hos-
not impacted, but because of the
fractures, roentgenographic con-



218 APPENDICULAR SKELETON UPPER EXTREMITY

trol of the accuracy of reduction 1s essentinl It 1s particularly in these fractures that
rotation of the distal fragment may simulate transpositional deformity Great care
must be taken to flex the forearm so that 1ts axis 1s collinear with that of the arm
upon which 1t 15 flexed Any deviation either laterally or medially 1s representative
of a corresponding torsional malalignment owing to rotation of the distal fragment
This may permit excess callus formation that will limit flexion and extension of the
elbow by decreasing the effective depth of the olecranon and coronod fossae (Fig
187)

After realignment of the fragments i Jones’s position, the upper extremity
should be immobilized 1 a postersor molded splint or by a simple figure-of eight

A

Fic 187 Extension type of dicondylar fracture 4 There 1s posteror and medial
displacement of the distal fragments B treated i flexion by the Jones method There
1s mncomplete reduction and the persistence of a torsional deformuty C as a conse
quence there has been excessive callus formation with filing of both olecranon and
coronoid fossae and limitation of both flexion and extension

dressing m the maximum degree of flexion consistent with maintaining the circula
tory integnty of the fingers

Circulatory imparrment may occur within a relatively short period of time and
the patient must be hept under careful observation to forestall the development of a
disastrous Volkmann's 1schemic paralysts Unusual cyanosis or blanchmg of the
skin swelling or numbness of the fingers and a decrease in the quality of the radial
pulse 1n the mnvolved extremity should be recogmzed s warming signs In such
event, the degree of flexion must be reduced immediately even at the nish of loss of
posttion of the reduced fracture (Fig 188) Sympathetic ganglion blockade to re-
Leve vasospastic phenomena either as a prophylactic measure or for defimtive
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treatment of the condition 15 indicated Eaen when anatomical reduction has been
achieved however, initition of ficxion or extension m1y result from the deposi-
tion of excessine antounts of repartine ¢ Hlus 1 enther of the fossae (Mg 189)
Tevion treatment 15 more safely carned out by the Dunlop method than by the
Jones method In view of the potentinl danger of these fractures, the necessary
hospitalization thnat the Dunlop method entatls should be considered advantageous

Fic 188 Extension type of supra Fic 189 Extension type of su
condylar fracture This fracture was pracondylar fracture Treated m flexion
treated by the Jones method Because of by the Jones method with excellent re

circulatory impairment the flexed position
had to be reduced There was loss of sive callus formation obliterating the
posttion with obliteration of both fossae olecranon fossa and resulting 1o himt
by excessive callus Marhed himitation of tation of extension

flexion and extension resulted

duction of the fracture but with exces

rather than undesirable (Fig 57) The patient 1s treated 1n the recumbent position
with the arm abducted to mnety degrees from the trunk Adhesive traction strips are
applted to the forearm and traction (about six pounds) 1s made over a pulley so
arranged ns to flex the forearm to between thirty and forty degrees from the c):)m

pletely extended position To prevent elevation of the entire extrermty, a sl .
weighted with about three pounds 1s suspended over the lower part of thc):;rm S'Il‘:g
posttion must of course, be constantly controlled by roentgenographic t:)nmmatxone
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The improvement m results, however, more than compensates for the mcreased
cost and discomfort to the patient or to the patient’s family (Fig 190)

In young patients, wreducible malahignment or excess callus formation leading
to hmitation of motion may be expected to show gradual improvement owing to the
remodeling power mherent 1n actively growing bone In adults, a stmilar disability

Fic 190 Extension type of dicondylar fracture In the two left pictures there 1s
postertor and medial displacement of the distal fragment, mn the two nght pictures
treatment was by Dunlop s method of traction There 1s no evidence of torsion and the
normal antertor angulation of the lower end of the humerus has been restored

Fic 191 Old malalgned flexion type of
supracondylar fracture There 1s almost com
plete ltmutation of flexion and extension by 1m
pmgement of the coronoid process agaimnst the
projecting anterior surface of the distal frag
ment and of the olecranon process agamst the
lower end of the humeral shaft

caused by projecting bone blocks presents a justifiable indication for operative cor-
rection (Fig 191) This can be easily undertaken through esther lateral or medial
incisions  or both exposing the anterior and posterior aspects of the lower end of
the humerus To prevent refracture resections of the bony projections are com-
pleted by a reciprocating saw i preference (o the osteotome and mallet In no event
should any effort be made to excise callus ossifying hematoma, or muscle until all
evidence of actwity has subsided (Fig 192) In many mstances the masses will



Yic 192 Intramusculrr hemato
ma following supracondylar fracture
The fracture has been well reduced
The calafied hematoma on the volir
aspect of the arm himited flexton and
was excised

yed ulnar nerve palsy
r end of the humerus

221
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either shrink or disippear entrely without treatment nd, n any event, premature
interference can only serve to aggrvate the conditron

Delayed ulnar nerve palsy 1s a not uncommon sequel of these fractures It
usually occurs many years fier the fracture has been long forgotten and 1s char
acterized by the appearance of paresthesias 1nd weakness in the distribution of the
ulnar nerve (Fig 193) The palsy 1s i all probability due to an intraneural or
perineural fibrosis resulting from constant wntation of the ulnar nerve over some
shight irregulanty at the site of the earher fracture The treatment of this condition
ts by transplantation of the nerve from its normal position behind the medial
humeral condyle to an anterior position

INTERCONDYLAR T- OR Y-SHAPED FRACTURES

Intercondylar fractures, in contradistinction to supracondylar or dicondylar
fractures are best treated by open operation They are intraarticular tractures and
the necessity for anatomical reduction tihes precedence over any but vital consider
ations Reposition of the fragments can be accomplished through small lateral and
medial mncisions and defimte fixation can be completed by means of Kirschner
wires or screws placed through the epicondyles without additional damage to the
articular surfaces (Fig 194)

Fic 194 Intercondylar fracture There 1s medial and posterior dis
of both fr (left) The fragments were reduced at open

:r)pemtlon and fixed by screws with anatomical restoration of position
(right)
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] RACTURES OF THE LPICONDYITS

Tractures of the epicondsles may occur as the result of direct violence or mus-
cle pull (Figs 195 and 196) The Interal epicondyle being much smaller than the
medinl s less often subject to fricture (g 197) Nerther fricture needs any
trertment other than simple smmobilization for control of pun during the ~cute

Fic 195 Epiphyseal separation of the medial epicondyle There 1s minimal
medial and upward displacement of the medral epicondyle (leff) Despite this
union did not occur even after the other epiphyses had closed (righr)

i 196 Communuted fracture of
the lateral epicondyle No treatment
other than simple immobilization 1n mid
flexion was mstituted The 1mmobilizing
cast was removed as soon as the acute
symptoms of pain and swelling had sub
srded
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Fic 197 Avulsion fracture of the lateral
epicondyle This condition should not be con
fused with perithumeral calcification seen 1n so
called tenms elbow (radiohumeral bursitis)

Fic 198 Old nonunited fracture of the medial epicondyle Despite the downward
displacement of the fractured fragment there was no impairment of jont function
(left) The patient however began to develop symptoms of ulnar nerve palsy The
fragment was excised (right) and the ulnar nerve transplanted to the anterror compart
ment of the forearm The ulnar palsy subsided entirely without impairment of the
strength of the forearm
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phase. Where 1 large fragment of the medinl epicondyle 15 broken off, resuture or
wire fixation 1< mdicated Nonunion mas occar Beeause the ulnar nerve passes di-
rectly behind the medinl epicondyle tt m1y be injured at the time of frcture, or
signs of delnyed ulnar palsy mav develop many years Titer In such event the epr-
condvle should be removed through 1 medint measion (g {98) The nerve
may be transplanted if smdicated nd the fiexor muscles should be carefully reat-
tached 1t the termination of the procedure When the wvulsed fragment is displaced

Fi¢ 199 O!d pnonunited fracture
of the medial epicondvle The patient
developed numerous freely lying joimnt
bodies (joint mice) with manifestations
of arthniis in the elbow joint The jomt
mice and the epicondylar fragment
were removed through a medial m-
<ision

downward so that 1t acts as a joint mouse or when 1t gives rise to other Jomt muce,
medial arthrotomy for removal of the free fragments 1s sndicted (Fig 199) ’

FRACTURLS OF THE LATERAL ConpyLe

Fractures of the lateral condyle may arise 1s the resylt
three different forces (1) an adduction force dehvered a
the extended elbow (2) a longitudinal force transmitted
and (3) alongitudingl force delivered upward along the v

The first gives nise to an adduction t
ment s displaced downward so that the
of the normal carrying angle Ths fract

of the apphcation of
gainst the outer aspect of
upward along the radus,
Ina

ype of fracture, i which the condylar frag-
forearm 1s deviated medially with reduction
ur¢ may be reduced by closed manipulation
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Fixation by a Kirschner wire 15 to be preferred, since 1t offers absolute assurance of
retention without the necessity for immobilization of the elbow jomt (Fig 200)
The latter two fracturing forces give rise to two types of abduction fracture
(Fig 201) Transmission of the force along the radws mmpacts the medial raised
border of the radial head agamst the capitellum humer: and results n Type 1 ab

Fic 200 Adduction fracture of the lateral condyle (A) The
fracture runs from above and laterally to below and medially enters
the joint lateral to the trochlear groove and medial to the epicondylo
trochlear sulcus The distal fragment consisting of the capitellum and
the lateral condyle 1s displaced downward with a reduction of the car
rying angle of the elbow (B) The fragment has been replaced and fixed
i position by means of a Kirschner wire The carryng angle has been
restored (Reproduced from Milch H Fractures of external humeral
condyle JAM A 160 641 1956)

duction fracture (Fig 202) The fracture line directed upward and outward extends
obliquely mto the elbow jont from laterally above to medially below The capi-
tellar surface and a small lateral portion of the trochlear surface but never the whole
of the lateral wall of the trochlea may be included 1n the fractured fragment
Transmisston of the force along the ulna impacts the ulnocoronoid nidge agamst
the deepest portion of the trochlear groove and leads to a Type 2 abduction frac
ture-distocation As 1n the Type 1 fracture the fracture Ine 1s directed upward and
outward and extends obliquely mnto the elbow joint from laterally above to medially
pelow In contradistinction to the Type 1 fracture the fracture fragment consists
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of the capstellar sutfrce and all the lateral wall of the trochlen This results 1n loss
of the Interl restrunt and permits of Iatern! dislocation of the uina

Some difference of opimon has been expressed s to the proper method of
treatment of this Type 1 fricture. When there 1« mmmal displicement or rotation of
the dista) fragment, closed reduction appears to be feasible The difficulty such

Tractoee
Tipe §
Fracture
Type N
Capitellum *
Epicondrlo
trochlear
suleus
Trochlear
Groove
Olecrano
Sedial border i

of radial head

Fic 201 Abduction fracture types of the lateral con
dyle In both types, the fracture hine 1s directed from above
and laterally to below wnd medially In Type 1 fracture the
fracture hne passes lateral to the trochiear groove, while 1n
Type 2 the fracture hne passes throvgh or medul to the
trochlear groove Type 1 1s a simple fracture in which the
distal fragment 1s displaced upward and outward Type 2 1s
a fracture dislocation 1n which n addition to the displace
ment of the distal fragment, there 1s a lateral dislocation of
the forearm at the eibow jomt Type 1 fracture 1s caused
by the wedge action of the raised medial border of the radjal
head Type 2 fracture disiocation 15 caused by the wedge ac
ton of the olecranocoronod nidge

cases hies n the retention after the reduction All observers are agreed that thy

duction 15 unstable Although some have immobilized the fracture 1n extens: e re-
surgeons continue to fix the elbow in right angled flexion This 1s 1n errc,’ on mfost
ence to the anatomy of the elbow joint wil quickly reveal In flexton at r as refer-
grees both the coronoid and okcranon processes are free m the o “lInety de-
flexion, only the coronoid process 15 buried deep 1n its fossa and b; ::pmr;e;:::::
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Fixation by a Kirschner wire 1s to be preferred, since 1t offers absolute assurance of
retention without the necessity for immobilization of the elbow joint (Fig 200)
The latter two fracturing forces give nise to two types of abduction fracture
(Fig 201) Transmission of the force along the radius mmpacts the medial raised
border of the radial head agamst the capitellum humen and results in Type 1 ab

B

Fi6 200 Adduction fracture of the lateral condyle (A4) The
fracture runs from above and laterally to below and medially enters
the jont lateral to the trochlear groove and medial to the epicondylo
trochlear sulcus The distal fragment consisting of the capitellum and
the lateral condyle 1s displaced downward with a reduction of the car
rying angle of the elbow (B) The fragment has been replaced and fixed
in position by means of a Kirschner wire The carrymng angle has been
restored (Reproduced from Milch H  Fractures of external humeral
condyle JAM A4 160 641 1956)

duction fracture (Fig 202) The fracture line directed upward and outward extends
obliquely nto the elbow jomnt from Iaterally above to medially below The capi-
tellar surface and a small lateral portion of the trochlear surface but never the whole
of the lateral wall of the trochlea may be included in the fractured fragment
Transmisston of the force along the ulna impacts the ulnocoronoid ndge agamnst
the deepest portion of the trochlear groove and leads to a Type 2 abduction frac-
ture dislocation As 1n the Type 1 fracture the fracture line 1s directed upward and
outward and extends obliquely into the elbow jomnt from laterally above to medially
below In contradistinction to the Type 1 fracture, the fracture fragment consists
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agamst the lateral wall of the coronoid fosst stabilizes the joint 1gunst displice-
ments 10 the coronal pline In extension the olecranon 15 buried deep in the ole-
cranon fossa And, by simlar impmgement agunst the Titerl wall of the olecranon
fossn, affords stability agmunst abduction or adduction displacements  Since the
position of acute flexion 15 impossible without nisk of circulntory impament, it 1s
apparent that immobilization following closed reduction must be carried out with
the elbow n extension

Where there 1s marhed displacement or irreducible rotation, open operation nd
wire fixation should be undertihen within 1 relatively short time nfter njury (Fig
203) Delay of severil weehs immeasurably nereases the difficulty of reduction,

Fic 204 Type 1 abduction fracture of
the lateral condyle The lateral condyle was re
sected with resulting overgrowth of the radial
head weakhness of the elbow and disturbance of
the infenior radioulnar jont

because the fragment 1s then firmly imbedded m dense scar tissue, and of retention,
because of the bone atrophy that almost invariably occurs Restction of the fruc-'
tured fragment 15 to be condemned smce 1t may lead 1o mstability of the jomt and
overgrowth of the radial head (Fig 204)

While the direction of the fracture hine 1n the simple Type 1 fracture 1s more
or less parallel to that of the Type 2 fracture dislocation, 1t must be emphasized
that i the latter the fracture Iine always enters the articular surface of the elbow
izmuze:;t :r rfnc;lml to the deepest point of the trochlear groove (Fig 205) The con-
[a:leral Cd,so(o;a:;]ossf 0; the lateral supporting articular surface of the humerus 15 a
extablishes o “!:eo the forearm It 15 this that differentiates the two types and
Gosed or open th?’?‘eu"czmdm“on The Type 1 fricture may be treated esther

, ¥pe 2 fricture dislocation must be treated by open operation

with fixation of the fractur
ed fragment This 1mposes the ne

cessity of

accurate roenigenographic diagnosis to determne the type v of catly nnd
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Fic 202 Type 1 abduction frac
ture of the lateral condyle The distal
fragment 1s displaced upward and lat
erally with increase m the carrymng
angle of the elbow If treated by closed
methods this fracture should be 1m
mobilized m extension

Fic 203 Type 1 abduction fracture of the
lateral condyle The fragment has been reduced
and retained by a transfixing karschner wire
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arnnst the Tateral wall of the coronoid fosst <tabilizes the jont agunst displace-
ments 1n the caronnl plane In extension the olecranon i« buried deep an the ole-
cranon fossr and by amifar impingement agamst the Tateral wAll of the olecranon
fossa affords «tablity agunct 1bduction or adduction displicements Since the
pasiton of acute flexson 1 imposable without nisk of airculatory imparrment 1t 1s
apparent that immodihization following closed reduction must be cirned out with
the clhow 1n extension

Where there 1« marked displacement or arreducible rotation, open operation and
wire fixation <hould be undertaken within 9 relatively short time after mjury (Fig
203) Deln of <everal wecks immensuribly ncreases the difficulty of reduction,

FiG 204 Type 1 abduction fracture of
the lateral condyfe The lateral condyle was re
sected with resulung overgrowth of the radial
head weakness of the elbow and disturbance of
the nfentor radioulnar joint

—

because the fragment 1s then firmly imbedded n dense scar tissue and of retention
because of the hone atrophy that almost vanably occurs Resection of the frac-
tured fragment 1s 10 be condemned since 1t mav lead to mstabihity of the jomt and
overgrowth of the radsal head (Fig 204)

While the direction of the fracture line n the stmple Tvpe 1 fracture 1s more
or less parallel to that of the Type 2 fracture-dislocation 1t must be emphasized
that 1 the latter the fracture Ine always enters the articular surface of the elbow
Jomt at or medsal to the deepest pomt of the trochlear groove (Fig 205) The con-
sequence of this loss of the lateral supporting articular surface of the humerus 1s a
lateral dislocation of the forearm It 15 this that differentiates the two tvpes and
establishes the therapeutic indication The Type 1 fracture may be treated erther
closed or open the Type 2 fracture-dislocation must be treated by open operation
with fixaton of the fractured fragment This mmposes the necessity of early and
accurate roentgenographic diagnosis to determune the type
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Fic 205 Type 2 abduction fracture dis
location of the lateral condyle The ulna 15 dis
located laterally and 1its medial border makes a
medrally directed angle with the medial border
of the trochlea The medial half of the ulnar
sigmoid articulates with the lateral surface of
the fractured trochlea The fractured lateral
condyle 1s displaced upward and outward but
maintarns 1ts articulation with the radral head
This type of fracture whether recent or old
cannot be treated by closed methods

In the normal adult the capitellum the epicondylo-trochlear sulcus and the
trochlear groove between the walls of the trochlea can be readily visualized on the
anteroposterior x ray In young children the roentgenogram 1s of little value for
the demonstration of these anatomical landmarks (Fig 206) The center of osstfica
tion for the lateral condyle usually appears during the first postnatal year, but the
center of ossification for the trochlea does not develop until after the seventh year
While the epicondylotrochlear sulcus can be readily recogmzed, the trochlear
groove 1s entrely cartilaginous and cannot be visualized In some instances, the
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vital differentiition between Type 1 fracture of the Interal condyle, which may be
treated closed, and Type 2 fracture dislocation which must be operated upon de-
pends upon recognition of the forearm dislocation (Fig 207)

Iilure to recogmze the fore irm dislocatton and to instrtute prompt and proper
surgicl fixation mnesitably results in 1 high degree of cubitus valgus (Fig 208)
Tiis Inte deformity 15 not amenible to smmple ostcotomy (Fig 209) By this

[
l - TroctH tear
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SN Epicondyle

trochlear
sulcus

Lpicondylo
trochlear
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Fic 206 Normal anteroposterior views of the elbow joint A
In the adult both the epicondylotrochlear sulcus and the trochlear
groove are clearly visualized The raised medial border of the radial
head 15 buried n the epicondylotrochlear sulcus and the wedgelike
olecranocoronotd ridge 1s buried 1n the depths of the trochlear groove
The medial border of the ulna 1s 1n alignment with the medial border
of the trochlear B In the child only the epicondylotrochlear sulcus
can be seen The center of ossification for the trochlea does not de
velop until after the seventh year The medial border of the ulna 1s m
alignment with the medial border of the trochlea

method alone even overcorrection of the angular deformity cannot obviate the
unaesthetic appearance of the elbow This can be accomplished only by a somewhat
more complicated procedure that combimes an axial transpositional with the

ventional type of angulational osteotomy (Fig 210) con-

The operation s carried out with the patient 1 the prone position A mud 1

maision with sphitting of the triceps muscle exposes the site of the def; mid hne
shaft of the humerus 1s transected at the level of the upper end of llom(;“y The
fragment and the distal cut surface of the humerus 1s notched For thle oplaced
of the cubitus valgus the apex of the nner cortex of the distal fragm:n‘t:ox?i;?sn
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Fic 207 Anteroposterior roentgenograms of abductton
fractures of the lateral condyle 1n a child In 4 Type 1 ab
duction fracture the medial border of the ulna and the
medral border of the trochlea are collinear In B Type 2
abduction fracture dislocation the fragment appears to be
similar to the fragment in A the Type 1 fracture The fore
arm however 1s displaced laterally and the medral border of
the ulna makes a medially directed angle with the medial
border of the trochlea The broken lines indicate the angular
relationship of the arm and forearm In B there 1s increased
vaigus due to the dislocation of forearm

posed outward mto this notch With this 1s a fulcrum the distal osteotomized frag-
ment 1s angulated untl adequate correction can be demonstrated by roentgeno-
graphic control The position 1s fixed by the msertion of Kirschner wires and the
extremity 1s immobihized 1n plaster untd firm bony union occurs Because of the
fact that neither the jont nor the relationship between the fragments has been dis-
turbed, the usually good range of motion 1s not impaired In the event of a con-
cormutant delayed ulnar palsy anterior transplantation of the ulnar nerve may be
performed at the same tume (Figs 211 and 212)
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Fi¢ 208 Type 2 abduction fracture dis
location of the lateral condyle There 1s marked
displacement of the condylar fragment and
overgrowth of the radial head The ulna 1s dis
placed laterally and articulates with the frac
tured surface of the trochlea leading to a
marked cubitus valgus

FRACTURES OF THE MEDIAL CONDYLE

As with the Iateral condyle three different types of fracture of the medial con-
dyle have been described Except for a presumptive difference in the angle of i
cidence of the fracturing force, which accounts for the upward and inward direction
of the fracture ine medial condylar fractures anse from the same types of force
as generate lateral condylar fractures (1) an abduction force delivered agunst the
mner aspect of the extended elbow (2) 1 longitudmal force trinsmitted upward
along the shaft of the ulna and (3) a longitudinal force transmitted upward along
the shaft of the radius The first gives nise to an abduction type of fracture Com-
parable with what 15 seen m the lateral condyle, the medial condyle 1s displaced
downward and the carrymg angle of the forearm 1s increased Unless there has
been marked displacement with rotation simple adduction suffices to reduce the
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fragment Otherwise, open operative reduction with Kirschner wire fixation 1s im
mediately indicated, as in the external condylar fracture

The latter two forces give nise to adduction types of fracture Transmission of
force along the ulna to a pomnt on the articular surface of the humerus medial to
the trochlear groove produces a simple adduction fracture of the medial condyle
comparable to the Type 1 abduction fracture of the lateral condyle Failure to se-

Fic 209 Cubtus valgus following Type 1 abduction frac
ture of the lateral condyle The carrying angle as measured
between the axes of the arm and forearm 1s 48 degrees By
removing a wedge of bone from the outer aspect of the lower
end of the humerus the carrymng angle has been reduced to
the normal of about 15 degrees {Reproduced from Milch H
Treatment of cubitus valgus Climucal Orthopedics 6 120, 1955

cure adequate reduction results 1 a cubitus varus deformuty (Fig 213) This 1s
usually amenable to simple osteotomy of the type shown for the treatment of simple
cubitus valgus (Fig 209) This osteotomy should be performed along the inner as-
pect of the lower end of the humerus with an outward wedging of the distal osteot-
omized fragment to restore the carrying angle of the elbow Particular care must
be taken to protect the ulnar nerve during the exposure of the medial condyle and
if there 1s any danger of tension on the ulnar nerve as a result of incrensing the val-
gus, the nerve should be transplanted anteriorly Resection of the medial condyle
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Fi6 210  Cubitus valgus foltowing Type 2 abduction
fracture distocation of the lateral condyle As m the Type
1 abduction fracture (Fig 209) the carrymg angle 15 about
48 degrees By simple wedge osteotomy the carrying angle
could be reduced to relatvely normal but despite this the
unesthetsc promutence of the medial humeral condyle per-
sisted and st was only after lateral tramsposition of the
distal osteotomized portion of the humerus that the apparent
cubitus valgus could be overcome (Reproduced from Milch
H Treatment of cubitus valgus Chatcal Orthopedics 6 120
1955)

shoutd never be performed It results 1 a loss of the medial buttress to the olecra~
non and a permanent fixed cubitus varus deformuty (Fig 214)

Transmussion of the force to a pomt at or laterat to the trochlear groove pro-
duces Type 2 fracture dislocation of the medial condyle comparable to Type 2
fracture dislocation of the lateral condyle Treatment similar to that employed for
fracture-dislocation of the lateral condyle 15 mndicated (Fig 215)

In summary fractures through or medial to the trochlear groove can be only
Type 2 abducuon fracture dislocations of the latert condyle, abduction fractures
of the medsal condyle or Type I ndduction fractures of the medial condyle The
former can be readily differentiated from the latter two by the presence of the
dislocanon component and the direction of the fracture hme The latter two
simlasly may be readily dfferentiated climcally on the basis of the type of de-
formity (cubttus valgus or cubitus varus respectively) and roentgenographically en
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UPPER EXTREMITY

Fic 211 Cubitus valgus following Type 2 abduction fracture dislocation of the

lateral condyle Patient had a good range of motion despite the deformity but developed
a late ulnar palsy (Before operation )

LS
i, a |
t 3’1; 3{1‘
P . K I 3

Fi6 212 Correction of cubitus valgus owing to Type 2 abduction fracture disloca

tion of the lateral condyle A transpositional angulational osteotomy has been performed
restonng the normal carrying angle
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Fic 213 Cubitus varus resulting from old
malunited Type 1 adduction fracture of the
medial condyle The carrymg angle 15 decreased
owing to the upward displacement of the troch
lear fragment This can be corrected by simple
wedge osteotomy

the basis of the direction 1n which the condylar fragment 1s displiced (downward
or upward respectively)

In a hike manner, fractures passing lateral to the trochlear groove cin be only
adduction fractures of the lateral condyle, Type 1 abduction fractures of the lateral
condyle, or Type 2 adduction fracture distocattons The latter 1s agamn readily
identfied by the presence of the concomitant dislocation and the direction of the
fracture hne, while the former two can be differentiated chnscally on the basis of
the observed carrying angle of the elbow (cubitus varus or cubitus valgus, respec-
tively) and roentgenographically on the basis of the displaced position of the condy-
lar fragment (downward or upward respectinely) (Table 4)
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Fi 214 Cubitus varus followng Type 1 adduction fracture of the medial con
dyle The trochlear fragment has been completely resected leading to a fixed cubitus
varus This should be corrected by simple wedge osteotomy

Fic 215 Type 2 adduction fracture dislocation of the medial condyle
The trochlear surface has been dislocated into the jont space and there s
medial dislocation of the forearm (left) Following open reduction and Kirsch
ner wire pinning of the fractured trochlea anatomical restoration has been
achieved (right) (Courtesy of Dr D Raskind )
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Fic 214 Cubitus varus following Type 1 adduction fracture of the medial con
dyle The trochlear fragment has been completely resected leading to a fixed cubitus
varus This should be corrected by simple wedge osteotomy

Fi¢ 215 Type 2 adduction fracture dislocation of the medial condyle
The trochlear surface has been dislocated into the joint space and there 1s
medial dislocation of the forearm (left) Following open reduction and karsch
ner wire pinning of the fractured trochlea anatomical restoration has been
achieved (right) (Courtesy of Dr D Raskind )



WL o}
uonoy puu {§)
wuepn o
ruony
nduw puoyy
t od uwl) pjo
dIw
Hugnay WAt ()
wotpnpar (§)

w0}

uoruIny {g)
arw 2aui? Yy (o)

wotgonpqe (1)

IR IS Y]
wonoy piar (¢}
Win 2augs ay (o)
uonanppy (1)

(TRt
WoRnIf prar (¢)
{mojooyso
euoTL
wifuy jeuoy)
wodsury) plo
LAY
HuRRHY  wou (3)
uondRppL (1)

w0y

uonuana (£}
Qus Bousay (2)

uonnppr (1)

w0y
uoixag pru (£}
At NIy ()

uogonpqe (1) Juawyeal],

angjL i snpgno
i 1y

I RN BIRA SRFEGRI

snA{L s snpgnd sndpa snpqna

SHALA STHGND  WOGd JO IR (]

{ e1>) pasuasasp { el>) frRstatasp (elL) pr tuann

{ #1<) posrasour { 31<) pasronw

|0q(3

{ e1>) pasvaxdap  Jo apdue Surf{me)

vop{ooay
qle w rapout

1a]1j205)
jofivdo 3 ow

[RIUEEN
b8 jripau

w0
Hyes s
nus < wnjapdia

Lapyaol}
LTS IS
Wud 4 wingandwd

LAy}
1o feS)Lf
wud - wuppydes

Juamesy xj{puos
Jo uotjtsodwo )

pdesdn pa wdn pavnusop pIsdn pavuda pivsunop juamdes) angfpuor
Jo juowadndsiq]
upau 10 yHnongy jripatt upom {pat qupst o ySnosyy  mpawI 20 yIneny)  SNINS 10101

{EI30] 30 yiROLYY  pupout 4o fqdnongy  (Lepewe 40 yEnoayy

Ry Aypaagny vp 22090 Gpoy g4

hpam Jo ydnodfy JLESHA

of tpuoard {
110643 BRI,
o auip 2y
avay jo wonsY

[LES 3N

nupag hppipaus 6y a10g fiypioyo |

dusf aany
U 30 UOFjASI(S

uot}
120} 1p-21nLdy
uondnppL 5 adLy,

aany

goyanppe { adyy,  aaninyg uonpnpqL

(aprs juipaw s1}

R
worpnpqL

duope paedn

smpL
Suop panadn

aRpuos porpa gy

uory
L0 JANJILIY
uorPnpqe ¢ adaf,

unrgoey
uusjonpgu 1 adyg,

s
Buoe paundn

sIpLl
Juope pavndn

amgovay jo ad Ly,
.v.tﬂw Juum
633 Jo 101N

2203214) UOHIAPPL

(s feaon 54)
uonanppe

ophpuos as §

snEINNH THL d0 SIYALIVY] YVIAANOD A0 AWVAKRNG—} AIEVL

239



240 APPENDICULAR SKELETON UPPER EXTREMITY

FRACTURES OF THE ULNA

FRACTURES OF THE UPPER END OF THE ULNA

While lateral or medial dislocations in the coronal plane result more commonly
from fractures of the lower end of the humerus, anteroposterior dislocations mn the
sagittal plane are more common as the consequence of the fractures of the
olecranon and coronoid processes of the ulna When the elbow 1s viewed from its
medial aspect, it will be seen that the greater sigmoid cavity of the ulna subtends
an arc of about one hundred and sixty degrees and embraces a correspondmgly
large segment of the articular surface of the trochlea (Fig 216) The upward pro

C Fic 216 Arcs subtended by the greater sig

moid notch The angle EOF normally about one

4 hundred sixty degrees represents the arc sub

E tended by the normal sigmoid notch Angles of

K lesser magnrtude tend to lead to anterior or pos

4 terior dislocations of the forearm at the elbow
’
L}
v

jomt Although the arc 4B 15 equal 1 length to
N O FDB the arc CD the likelihood of dislocation 1s great

. . f 7 er m the former than n the latter since the angle
. AOB 15 less than the angle COD (Reproduced
L) from Milch H Bilateral recurrent dislocatron of
. the ulna at the elbow J Bone & Jomt Surg 18

.

S et 777 1936)

jection of the olecranon prevents forward dislocation of the forearm in extension
and the additional forward projection of 1ts terminal beak acts to prevent forward
dislocation of the elbow even 1n flexion In a symilar manner, the forward and up
ward projection of the coronoid process serves to hinder backward dislocation of
the elbow Reduction 1n extent of the circumferential arc of the sigmoid to below
one hundred sixty degrees or loss of the upward projections of the olecranon and
coronoid processes above the level of the articular surface of the humerus predis
poses to dislocation either 1n the anterior or posterior directions (Fig 217)

FRACTURES OF THE CORONOID PROCESS

Fracture of the coronosd process may result from muscle pull or from direct
violence against the beak of the coronoid The significance of the coronord process
1n backward dislocations 1s 1llustrated both by the occurrence of such dislocations
following fractures of the process (Figs 218 and 219) and the possibility of pre-
venting dislocation by bone graft reconstruction where the process has falled to
develop normally (Fig 220) Although the fractured fragment 1s relatively small
and buried deeply 1n the soft tissues, 1ts replacement 1s essential to the prevention
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Fic 217 Sagttal view of the elbow In extenston A anterior displacement may
occur 1f fracture of the olecranon process occurs at or below the lime TT which 1s
tangent to the wmferior articular surface and perpendicular to the longitudinal axis of
the humerus Posterior dislocation of the ulna will result if fracture of the coronord
process occurs at or below the line TT In flexion B anterior dislocation of the ulna
will occur following fracture of the olecranon process at or below the hoe TT while
postenior dislocation will occur 1f fracture of the coronoid process occurs at or below
the hne TT

of backward dislocation of the ulna and to the avoirdance of limitation of flexion
of the elbow that ivarably occurs 1f the displacement s not overcome This can
be accomplished simply by acute flexton of the elbow and immobilization either
on a posterjor sphint or by a figure of-eight plaster bandage n the Jones position
(Fig 221) Ths maneuver serves to reduce the separation by compression of the
fragment between the mass of the brachialis anticus muscle nd the depths of the
coronoid fossa Flexion should not be carried beyond a point compatible with the
preservation of the circulation to the hand and fingers Despute the potential circula-
tory hazards of this position 1t 1s the only means whereby closed reduction of
these fractures may be accomplished
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FRACTURES OF THE ULNA

Fractires oF THE UPPEP EnD OF THE ULsa

While lateral or medial diclocations mn the coronal plane re<ult more commonh
from fractures of the Joaer end of the humerus, anteropostenor dilozations 1 the
sagittal plane are more common as the consequence of the fractures of the
olecranon and corooid processes of the ulna When the elbow 1s s1ewed from s
medial aspect, 1t wall be seen that the greater sspmoid cavity of the plna subtends
4n arc of about one hundred and sixtv degrees and embraces a correspondingh
Jarge segment of the articular surface of the trochlea (Fig. 216) The vpward pro-

Fi16 216  Arcs subtended by the greater mig-
moxd notch. The angle EOF normelh <boust one
hundred sixtv degrees  sepresents the arg sub-
tended by the normal sigzmod potch Anglss of
Jesser magmtude tend to Jead 1o antenior or pos-
tenor drslocetions of the forearm ot the elbow
jo.nt. Althoagh the are 4B 1s eguel 1a Jength 10
the arc CJ the hlehhood of dislozetion 15 great
er 1n the former then 1n the latter since the angle
AOB 15 Jess than the engle COD (Reproduced
from Mich, H., Bilater! recurrent dislocenson of
the ulna «t the elbow J Bore & Joirt Surg 1€
777 1936)

jection of the olecranon prevents forward dislocation of the forearm mn extenaion
and the additsonal forward projection of ats terminal beal. acts to present forward
drilocation of the elboa even 1 flexson. In a sumler manper the forward and up-
ward projection of the coronoid process senves to hmder backward dilocation of
the elbow Reduction m extent of the crcumferentiz] arc of the ©igmoid to beloa
onz hundred sixtv degrees or loss of the upward projections of the olscrenon <nd
coronod processes above the level of the erticuler surface of the humerus preds-
poses to diJocation esther in the antenor or postenor directions (Fig. 217)

FracTires oF THE Coronolp PrPocEss

Fracture of the coromoid process matv result from muscle pull or from direct
siolence agamst the beek of the coronmd The <ignificence of the coropoid process
1 bacl ward dilocations s 1llu trated both by the occurrence of such dislocations
followtng fractures of the process (Figs 218 and 219) and the pos 1bilty of pre-
wentng diJocation by bone graft secomstruction where the process hes fzil=d 10
deielop pormelh (Fig. 220) Although the fractured fragment 1s reletneh sl
and buned deeph 1n the soft t sue< 1ts replacemert s essential to the prevention
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ric 217  Sagittal view of the elbow In extension, 4, anterior displicement may
oceur if fracture of the olegranon process occurs At o below the hine I'7 which s
tangent to the mfenor articular surfrce wnd perpendicul e to the longtudinal s of
the humerus Posterior dislogation of the ulna will result af fracture of the coronoid
process occurs 1t or below the ine 7/ In flexion # ntenor dislocatron of the ulna
will oceur following fracture of the olecrinon process 2t or below the line TT while
posterior dislocition will occur 1f fracture of the coronoid process occurs 1t or below
the linc TT

of backwrd distocation of the ulnt and to the avordance of himutation of flexion
of the elbow that mvarbly occurs if the displicement 1s not overcome This ¢in
be wcomphished simply by acute flexion of the clbow wnd immobiliz ition either
on 1 postenior splint or by a figure of eight plster bindage n the Jones position
(Fig 221) Tins mancuver serves to reduce the separition by compression of the
fragment between the mass of the brichilis anticus musele and the depths of the
coronoid fosst Flexion should not be carried beyond a pownt compatible with the
preservation of the circulition to the hind id fingers Despite the potential circuly

tory hazards of this position, 1t 1s the only means whereby closed reduction of
these fractures may be 1ccomplished
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Fic 218 Fracture of the coronowd
process The coronord process 1s fractured
and displaced forward The upper end of the
ulna 1s subluxated posteniorly with the fore
arm 1n extension

FRACTURES OF THE OLECRANON PROCESS

Fracture of the olecranon process may occur at any pomnt between 1ts tip and
the base of the lesser sigmoid notch of the ulna The most probable if not the sole
cause of simple fractures 1s the pull of the triceps muscle Where the fracture line
occurs at a pomt above the level of the honizontal portion of the ulnar sigmord
notch so that a portion of the olecranon remains as a bone block to prevent for-
ward dislocation of the ulna the olecranon fragment may be treated conservatively
(Figs 222 and 223) or may be removed with impunity (Fig 224)

Where the fracture occurs below the line tangent to the nferior articular sur-
face of the humerus, resection of the fractured olecranon process 1s not permissible
Before the development of adequite means of sheletal fixation fractures of the



Fic 219 Fracture of the coronod process
The coronotd process of the ulna has been fractured
and displaced forward with the elbow i flexion
The ulna 1s dislocated posteniorly There 15 early
callus formation mn malposition and subperiosteal
new bone formation along the posterior aspect of the
humerus obstructing extenston and reduction

Tic 220 Congemital dislocation of
from failure of the coronoid beak to de:
tion of a bone graft into the base of the col

d process (righ
Midch H, Buateral recurrent d, o i) (Reproduced from
Sneh 8 757, 1556) Islocation of the ulna at the clbow J Bone & Joins

the ulna Postersor ulnar disfocation n
esulted
velop (left) This was corrected by implants

243
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Fi6 218 Fracture of the coronod
process The coronord process 1s fractured
and displaced forward The upper end of the
ulna 1s subluxated posteriorly with the fore
arm 1n extension

FRACTURES OF THE OLECRANON PROCESS

Fracture of the olecranon process may occur at any pomt between 1ts tip and
the base of the lesser sigmord notch of the ulna The most probable if not the sole
cause of simple fractures 1s the pull of the triceps muscle Where the fracture line
occurs at a pomt above the Jevel of the honzontal portion of the ulnar sigmoid
notch so that a portion of the olecranon remains as a bone block to prevent for-
ward dislocation of the ulna, the olecranon fragment may be treated conservatively
(Figs 222 and 223) or may be removed with impumity (Fig 224)

Where the fracture occurs below the line tangent to the infertor articular sur-
face of the humerus resection of the fractured olecranon process 1s not permusstble
Before the development of adequate means of skeletal fixation, fractures of the
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Fic 223 Old avulsion fracture of
the postenor cortex of the olecranon
process The anterior portion of the
olecranon was not affected and the
patient was simply immobilized in
splint until symptoms disappeared

olecranon were treated in complete extension of thz forearm This released the
pull of the triceps muscle and, at the same time, tended to align the olecranon
process so as to avord angulation and limitation of extension of the forenrm The
objection to this procedure was that 1t frequently resulted n hmutation of flexion
and tended to lead to arthnitis of the elbow jomnt because of excessive callus forma-
1on at the line of fracture This has been largely overcome by the use of skeletal
fixation devices If the fractured fragment consists of a single piece of bone, this
may be fixed to the shaft of the ulna either by a Steinmann naul or 1 screw (Fig
225) If on the other hand, the fragment 1s markedly communuted so that there 1s
no purchase for an internal fixation device, the arm must be held 1n extension until
sufficient healing has taken place to permt gradual attempts at flexion of the elbow

FRACTURES OF THE UPPER END Or THE RaDIUS

Force transmitted along the shaft of the radius may lead to fracture of the
radial head 1n adults and to fracture of the radinl neck m children Fractures of the
radial head may vary from simple fissure fractures, without displicement, to com-
minuted fractures involving the entire head and even the neck Simple fissure
fractures need be immobilized for only a short time untdl subsidence of pun per-
mits motion of the elbow (Fig 226) More severe mjunes result depression of
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Fio 222  Fracture of the tip of
the olecranon process There s suffi
cient upward projection of the olecra
non to prevent forward dislocation of
the upper end of the ulna in both
flexion and extension This patient was
treated by simple immobilization n a
right angle splint until the acute symp
toms had subsided

Fic 221 Healed fracture of the
coronoid process This fracture was
treated in the Jones posttion The ongt
nal fracture line can still be visualized
Healing has occurred with shight for
ward displacement of the process but
the arc of the sigmoid notch has been
restored and backward dislocation of
the upper end of the ulna 1s prevented
by the upward projection of the coro
noid beak
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Fia 225  ¥racture of the olecrinon process below the cntical
tangent Iine There s wide separation of the frigment owing 1o the
pull of the tnceps muscle when the clbow 15 tn flewon A A screw
was nserted with the elbow an extenvion and  thereafter tmmobih
zation was maintuncd in flexton

FI6 226 Fissure fracture of the
radial head There 1s 2 small fissure
fracture mnvolving the anterolateral por
tion of the circumference of the radial
head There 15 no displacement and 1m
mobilization needs to be continued un
ul the acute symptoms have subsided i _
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Fio 224 Fracture of the olecranon process above the cntical tangent
tme The small stump of the ofecranon base is sufficient (o prevent forward
distocation of the ulna (left} The fragment was resected with ultimate new
bone formation m the lower end of the triceps tendon (right)

various parts of the circular radial head If the depressed fragment lies i the outer
portion of the curcumference of the head where it does not mterfere with rotation
of the forearm surgery is not mdwcated (Fig 2273 If wn adults, however, the
fragment lies 1n that portion of the arc of rotation of the rads where 1t impas
motion 1t should be removed at open operation (Fig 228)

The radil head can be removed through a postesolateral masion made from
the external epicandyle down to the level of the radial neck with the elbow
flexion The incision 15 carsied down to the level of the radwhumeral joint which 1s
opened exposing the radial head Care should be taken to smooth off the upper
end of the radial shaft and if posstble to cover s bare area with soft tssue so
as to avord the chance of subsequent oulgrowth of osteophbyles that may cause
panful mitaton of motson I the rescetion 15 strictly hrmted to the regron of the
head there s no danger of mjury to the postenor mterosseous nerve that passes
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forward around the neck of the rades After removal of the heid, the orbiculr
higament 15 sutured The forearm 1s immobilized for severl diys until the post-
operatine response has subsided, after which gu irded active motion may be begun
Some surgeons htve advised wuting for 1 period of about ten days before
undertaking resection of the radil head in the behief that carlier intervention tends
to merease the danger of myositis ossficans Little 1s known of the cause of erther
myositis ossificans or of calcification of hem itomat, which seems to occur with
greater hikelihood after mjuries about the elbow jont than elsewhere 1 the body

i
|
i

Fic 229 Comminuted fracture of the radial head and
neck There was marked himitation of motion and at open
operation a large fragment was found to have been displaced
upward nto the elbow joint (left) The fragments were re-
sected with almost complete restoration of elbow function
(right)

It seems highly probable, however, that these occurrences are due to causes other
than the surgical intervention, and cases have been repeatedly operated upon shortly
after snjury without the development of this undesired ossification It 1s, of course,
desirable to avord unnecessary trauma to the surrounding musculature by approach-
Ing the area through the relatively free zone behind the extensor muscles of the
forearm

Where there 1s a fracture of the radial head associated with a fracture of the
radial neck 1t i1s probably best to remove the radial head (Fig 229) Similarly,
those rare cases where there 15 a combined fracture of the capitellum humen and

a fracture of the rads with impaction of the capitellar fragment nto the radal
head, 1t 1s best to excise the radial head (Fig 230)



Fic 227 Fracture of the radial head
Depressed fracture of the anterior and
lateral portions of the radial head There
was no hmitation of pronation or supma
tion Surgical mtervention therefore was
not mdicated

Fic 228 Comminuted fracture of the radial head and neck Following removal
of the comminuted fragments new bone formation occurred 1 the site of the surgrcal
defect but without limitation of motion (right)

248



t RACTURFS ABOUT THI TI'lBOW 251

In cluldren removal of the radinl head should be wvoided, since 1t may lend to
an upward shifting of thie entire radis with distuption of the mferior radioulnar
jomnt Where the fracture 1s through the radial neck, but bony contact has been
mamtaumed so that only the plane of the articular susface s altered, an cffort
should be made to wnprove the postion by anguliting the forewrm medinlly and
pushing the radinl head into better posinon Where the head 15 completely severed
from the shaft, so that 1ts fractured surface hies agunst the shaft of the bone,
closed manspulation 1s not likely to succeed nd open operation for replicement of
the radinl head on the shift of the ridiws 1s indicited Thas should be carned out
with great gentleness and 1s soon s the dingnosss 1s established (Fig 231) Delay
of severat weeks adds immensurably to the difliculty of reduction To prevent dis-
placement of the radinl head after reducuon, the elbow should be flexed and held
in that posiion while the skin wound s being closed This position should be
muntuned for 1t least four weeks after which gradual motion may be instituted
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Fic 230 Fracture of the capitel
lum humen and the capitellum radu
There was no motion at the elbow
joint and at open operatron a stellate
fracture of the radial head was found
. with the fragment of the capitellum
¥ humer: inserted between the radial
ke head fragments (Reproduced from
Milch H Unusual fractures of the
capitellum humen and the capitellum
radu J Bone & Joint Surg 13882

3
| S 1931)

Fic 231 Fracture of the radial neck in a chidd The radial
head has been completely displaced so that the fractured surface
15 parallel to the shaft of the radius (left) Closed mamipulation
was unavaiding and operative replacement of the radial head was
undertaken (right)

250



IRACTURFS ABOUT THF FiBOW 251

In cluidren, semoval of the ridinl head should be mvanded, since 1t may lead to
an upward shifting of the entiee rdms with disruption of the infenior radiovinar
jomt Where the fractute s through the ridinl neck, but bony contact has been
mamntuned so that only the phine of the wrticulwr surfice 15 altered an cffort
should be made to smprave the posiion by mgulrting the forerrm medially and
pushing the radinl head into better posiion Where the head s completely severed
from the shft, <o that s frictured surface fies nganst the shaft of the bone,
closed manipulation 15 not likely to succeed nd open operation for replacement of
the rdinl head on the shaft of the rdius 1s indicted This should be carried out
with great gentlieness and as soon s the divgnosss 1s established (Fig 231) Delay
of several weeks dds immeasurably to the difficults of reduction To prevent dis-
placement of the rdind head after reducthion, the clbow should be flexed and held
i that position while the sk wound 15 being closed This position should be
mantamned for 4t fest four weeks after winch gradual motion may be instituted
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Fic 230 Fracture of the capitel
lum humern and the capitellum radn
There was no motion at the elbow
joint and at open operation a stellate
fracture of the radial head was found
with the fragment of the capitellum
humert inserted between the radal

=

® head fragments (Reproduced from
Milch H Unusual fractures of the
capitellum humen: and the capitellum

» radn J Bone & Joint Surg 13882
i__.___L 1931)
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Fic 231  Fracture of the radral neck in a child The radal
head has been completely displaced so that the fractured surface
1s parallel to the shaft of the radius (lefr) Closed manipulation
was unavailing and operative replacement of the radial head was
undertaken (right}

250
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Immobilizatton <hould be continued for 1 period of 1t least six months before 2
defimte dingnosis of nonumon cn be cstablished When this occurs, operative
ntensention, preferably using an only type of hone grift must be undertaken
When displicements occur, the direction of the displicement 15 almost solcly
dependent upon the direction of the fracturing force The most significant dis-

x '
A
= hid
Fic 233  Fracture of the ulnar shaft Oblique
fracture of the upper end of the ulna treated by
wirmg (left) Union was complete with slight pos

tertor bowing of the shaft of the bone 1n five wecks
(right)

placement that may occur 15 one resulting from outward angulation at the site of
the fracture This may mterfere with the rotatory movements of the ridius and
must be avoided If the fracture occurs m the ruddle of the shaft of the ulna, 1t 1s
sometimes possible to reduce the fragments by causing a posterior bowing so that
the surgeon s fingers may be mnserted nto the interosseous space to force the frag-
ments nward Once this has been accomplished and end to-end apposition of the
frlagmems obtamed the posteror bowing can be readily corrected to assure proper
alignment Where this 1s 1mposstble, correction may occasionally be obtained by



CHAPTER 15

Fractures of the Forearm

FRACTURES OF THE SHAFT OF THE ULNA

Fracture of the ulna alone usually results from direct trauma In cases where there
1s no displacement, simple ymmobihizatton 1 a full-arm plaster of Pans cast ex-
tending from the prosimal palmar crease to the rmd arm, with the elbow i nght-

Fi6 232 Fracture of the ulnar
shaft Transverse fracture of the lower
third of the ulna (left) After immobili
zation for a pertod of three months
there 1s evidence of delayed union with
slipht malalignment (right) This frac
ture ultimately healed completely

™

angled flexton usually results 1n sound healing after four to srx weeks Delayed

unton nd nonution however are not at 21l infrequent and :mmobilization must be

continued until there 1s evidence either of healing or of frank nonumon (Fig 232)
252
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Immobilization should be continucd for 1 perad of 1t feast six months before 2
definite dingnosis of nonunion can be cstablished When this occurs  operative
interventron, preferably usmg an onlay type of bone graft must be undertaken
When displacements oceur, the dircction of the displicement 1s almost solcly
dependent upon the direction of the fracturing force The most significant dis-
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16 233 Tracture of the ulnar shaft Oblque
fracture of the upper end of the ulna treated by
winng (left) Umnion was complete with slight pos
fenor bowing of the shaft of the bone m five weehs
(right)

placement that may occur 15 one resulting from outward angulation At the site of
the fracture This may mterfere with the rotatory movements of the radms and
:::rsl;be avoided If the fracture occurs tn the rmddle of the shaft of the ulna, 1t 1s
e s ul;rgl:(smp:sﬁslble to reduce the fragments by causing a posterior bowing so that
e eon s r(l)gcrs n}11ay be inserted mto the nterosseous space to force the frag-
ragmente sotar nse :1 1s has been accomplished and end to end apposition of the
alamens W ned the posterior bowing can be rendily corrected to assure proper

gnmen ere this 1s 1mpossible, correction may occastonally be obtamed by



CHAPTER 15

Fractures of the Forearm

FRACTURES OF THE SHAFT OF THE ULNA

Fracture of the ulna alone usually results from direct trauma In cases where there
1s no displacement simple immobilization 1n a full-arm plaster of Pans cast ex-
tending from the proximal palmar crease to the mid-arm, with the elbow 1n right-

FiG 232 Fracture of the ulnar
shaft Transverse fracture of the lower
third of the ulna (left) After immobili
zation for a peniod of three months
there 1s evidence of defayed unton with
shight malalignment (right) This frac
ture ultimately healed completely

angled flexion usually results in sound heahing after four to six weeks Delayed

umion and nonunton however are not at all mfrequent and immobilization must be

contmued until there 1s evidence either of healing or of frank nonunion (Fig 232)
252
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be desenbed  the flexion tpe n which the distal ulnar frigment s displced 1n-
tenorly with posterior angultwon between the two friements and an extension
npe m which the distal frigment of the ulna 1 dicpliced posteriorly with anterior
angulinon between the two fragments In either event the rdinl head mas be dis-
located erther anteriorly or postenorhy (Fags 235 and 236) The extension type 1S

PR ——

Fic 235 Monteggias fracture anterior displacement of
radial head The distal fragment of the ulnar shaft 1s displiced
antenorly and the radial head 1s dislocated nteriorly (lefr) After
reduction and fixation of the ulnar fragments by 1 Lane type of
bone plate 1t was noted that there was 1 small hp fracture of
the radial head (right) The Iatter caused no difficulty and no
particular 1ttention was dirceted to sts care

seen more commonly than the flexton type It his been clumed by some tht closed
reduction 1s possible 1n both of these fracture types Owing to the difficulty n m-un-
taming the position of the fractured ulnar fragments, however, 1t 1s not unlikely
that the poor results that have been observed m Monteggin s fractures are the results
of efforts at closed reduction Open reduction and nternal fixation appear to be
the pracedure of chorce

The fracture of the ulna should always be trented first It frequently happens
that the dislocation of the radial head can be corrected without difficulty s soon
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mserting two Kirschner wires through the mterosseous membrane close to the frac-
tured ulna or actually mto the bone fragments themselves for the purpose of exert-
g an nward force to overcome the outward angulation

Where the fracture occurs proximal to the mid shaft apd where control of the
proximal fragment accordingly, 1s more difficult, it 1s probably wiser to undertake
open, operative reduction Since healing mn the ulna 1s usually a slow process firm

Fi¢ 234 Fracture of the ulnar shaft
Transverse fracture of the upper end of the ulna
treated by bone plating with excellent anatom
tcal al

fixation of the fracture either by a wire metallic plate, or an mtramedullary pin
usually offers better prospects for successful mawntenance of the reduction than can
be obtamed esther by metallic bands or by simple bone suture (Figs 233 and 234)

MONTEGGIA § FRACTURE

Fracture of the ulnar shaft 1s frequently observed in association with other
injuries especially with fracture of the rathus 1n the form described by Monteggra
Monteggia s fracture is a fracture of the upper third of the ulna with a disloca-
tion or a fracture dislocation of the radial head Two types of this fracture may
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rracrurrs of Tin Lowir Enp of 1iie Uty

Isolted fractures of the lower end of the ulmy are extrumely rire (Tig 237)
Tractures 10 this region are usunlh assocnited with fractures clsewhere in the
forearm bones I racture of the ulnr styloid process 15 2imost constantly nssociated
with Colles {rcture nd does not requre speeal ttention, even though nonunion
occasiomally oceurs Where woltited sprum fricture oceurs, the hand should be
immobitized m the posiion of function md 1n ulnar deviation Excision of small
nonumted frigments should be avorded of 2t alt possible since it Jeads to werkness

Fic 237 Isolated fracture of the ulnac
stylord process Longuudmal fricture of the
lower end of the ulmar stylord with shight dis
placement of the fragment The fracture hetled
uneventfully followsng simple plaster of Pans
cast smmobilization

of the wiist through loss of the mnsertion of the ulnar collateral igament Before
resortng to this extreme meastre snjections of locni anesthetis should be per-
formed m an effort to control persistent pasm

FracTURES OF BoTii BONES OF THE FORDARM

Fractures of both bones of the forearm are faurly common and result usually
from a fall on the outstretched hand or from a direct blow They most frequently
mvolve the middle and lower thirds of the forearm (Fig 238)

Occassonally, when the fracture lines are transverse, 1t 15 possible to reduce
these fractures by engaging one of the bones end-to end and then using this as a
lever to realign the other bone (Fig 239) More satisfactory results, however wilt
usually be achieved by the judicions use of traction With the patient under anesthe
s(l}a, the arm 15 held flat against the table while the cibow 1s flexed to a night angle
N ;x;:\zozactxon 1s then apphied to the distal part of the forearm and the ends of
- ;s are molded 1nto end-to end apposition Care should be taken to avoid

n of the distal fragments dunng the mampulative procedure while traction
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as the length of the ulna has been restored If this does not occur, the radial head
can be exposed through a separate mncision either for repair of the mewitably torn
orbrcular ligament or for the removal of any fragments of the radial head that may
have been displaced during the act of dislocation Followmng the reduction the

, -

Fic 236 Monteggias fracture posterior displacement of
radws In this less common flexion type of Monteggia s fracture
the distal ulnar fragment 1s displaced anteriorly and angulated
posterrorly but the radial head 1 dislocated posteriorly (left)
After open reduction and internal fixation of the ulnar shaft
fracture a hp fracturc of the radial head was discovered and
the intraarticular fragment was removed (right)

forearm should be immobilized 1n a long rm cast i the position of mid flexion for
six weeks The flexed position avoids the dangers of stiffness and limutation of
elbow jomnt motion that the necessary posttion of extension would mmpose foliowing
attempts at closed reduction
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FraCTURES OF TiiE Towrr Exn ot e Ursa

Isolated fractures of the Jower end of the ulny are edremely rare (g 237)
Tractures 1 thes region are usually associated with fractures elsewhere m the
forexrm bones T'racture of the ulnar stvloid process 1s 1lmost constantly associated
with Colles fracture and does not require special attention even though nonunion
occrsionally occurs Where wolated sprun fracture oceurs, the hand should be
mmobilized 1n the posttion of function nd sn ulnar devittion Cxerston of small
nonunited fripments should be worded of at Al possible since it leads to weakaess

Fic 237 Isolated fracture of the ulnar
styloid process Longitudmal fracture of the
lower end of the ulnar styloid with shght dis
placement of the fragment The fracture healed
unesventfully following simple plaster of Pans
cast tmmobihization

of the wnst through loss of the insertion of the vinir collateral igament Before
sesorting to this extreme mesure njections of local tnesthetics should be per-
formed sn an effort to control persistent pamn

FRACTURES OF BOTH BONES OF THE FOREARM

Fractures of both bones of the forearm are furly common nd result usually
from a fall an the outstretched hand or from a direct blow They most frequently
mvolve the middle and lower thurds of the forearm (Fig 238)

Occasionally when the fracture lies are transverse, 1t 1s possible to reduce
these fractures by engaging one of the bones end-to end and then using this as 1
fever to realin the other bone (Fig 239) More satisfactory results, however, will
usually be achieved by the judicious use of traction With the patient ;mder ane’sthe—
sta the arm 15 held flat agamst the table while the elbow 1s flexed to a nght angle
Gentle traction 1 then applied to the distal part of the forearm and the e:ndsg £
both bones are molded nto end-to end apposttion  Care should be taken to avood
torsion of the distal fragments dunng the manipulative procedure while tracm;n
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; Fic 238 Fracture of both bones of fore
i_ B arm  Satisfactory alignment of mud shaft frac
v tures of both bones has been achieved by traction
{ The forearm was mmmobilized 1n a plaster cast
—_ and healing was uneventful

on the forearm 1s mamtained A hght plaster splint 1s applied immobilizing both
the elbow and wrist joints After this has set a circular plaster bandage 1s apphed
from above the elbow to the level of the proximal palmar crease X-rays should
be made immedately to exclude the possibility of any torsional malalignment If
any exists the reduction must be corrected and 1t s, therefore, wise to apply only
a few turns of the plaster bandage and then to check the position of the fragments
by fluoroscopy or roentgenography In the absence of any unreduced malalignment
the plaster bandage can then be completed ncorporating a metallic marker m the
cast (Fig 73) The cast should remam m place until there 1s evidence of firm
unton usually four to six weeks

1t 1s particularly mn this type of fracture that the roentgenogram can be most
deceptive What may appear to be increasing displ of the frag may
be due to nothing more than a difference n the projection at which the x-ray was
taken No conclusion should or indeed can be drawn unless there 1s absolute
assurance that the roentgenographic exposures have been made 1n exactly the same
position as at the ime of the onginal reduction (Figs 24 25, and 26)
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Prictures of both bones 1n the upper third of the forearm are less common than
1n the middlc and Tower third are often charctenized by marked comnunution, nd
usunlly result from severe mjuncs (Mg 240) Where possible, these fractures
should be treated by sheletal fixation Propetly employed mtramedullrey nuls afford
an cxcellent method of woiding narrowing of the interosseous space with the
danger of crass union (11g 241), as well 15 1 relatinely easy means of reducing n
apparently severe fracture

In metances where mternal <heletl fixition s wmpossible, however, molding
of the fractured fragments should be stiempted and the forearm should be 1m-

Fic 239 Fracture of both bones of forearm
Reduction of lower third fractures of both bones of
the forearm has been accomplished by end to end
apposition of the ulna and then by levering the
radius into position {right)

mobilized m the semiflexed position This represents a position of function for the
elbow jomnt should ankylosis supervene Such treatment 1s not 1deal, but 1t does
have the ment of obviating the frequently more serious dangers attendant upon
if advised surgical mtervention Despite the most distressing appearance of the
Toentgenogram, the range of motron after healing may be far greater than could
have been anticipated on the basis of the X-ray appearance
Fractures 1 the lower third 1n children are 1pt to be of the green stick varety

When the axial malalignment 1s of mild degree no effort at reduction need be made
suice angulation of less than twenty-five degrees wall usually be corrected during
ﬂ;)ﬂ normal growth of the bone Angulations of greater than this degree are prob-
ably best corrected by gentle pressure care being exercised to avord converting 1
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b Fic 238 Fracture of both bones of fore
arm Satsfactory alignment of mmd shaft frac
tures of both bones has been achieved by traction
The forearm was ymmobilized mn a plaster cast

—— — and healing was uneventful

on the forearm 1s mamtamed A Iight plaster sphint 1s applied immobilizmg both
the elbow and wrist joints After this has set a circular plaster bandage 1s applied
from above the elbow to the level of the proximal palmar crease X-rays should
be made immediately to exclude the possibility of any torsional malalignment If
any exists the reduction must be corrected and 1t 1s, therefore, wise to apply only
a few turns of the plaster bandage and then to check the position of the fragments
by fluoroscopy or roentgenography In the absence of any unreduced malalignment
the plaster bandage can then be completed 1ncorporating a metallic marker n the
cast (Fig 73) The cast should remam n place until there 1s evidence of firm
union, usually four to six weeks

It 1s particularly 1n this type of fracture that the roentgenogram can be most
deceptive What may appear to be mncreasing displicement of the fragments may
be due to nothing more than a difference m the projection at which the x ray was
tahen No conclusion should or indeed can be drawn unless there 1s absolute
assurance that the roentgenographic exposures have been made 1n exactly the same
position as at the time of the oniginal reduction (Figs 24 25 and 26)
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Fi6 241 [racture of both bones of
forearm This fracture was improperly
treated and cross unton resulted from the
fact that torsion persisted after attempted .
reduction It 1s evident that the upper half
of the film presents an anteroposterior view
of the forearm bones while the lower half *

presents the normal lateral view of the fore
arm

—————

green-stick 1nto a complete type of fracture (Fig 242) If, however, satisfactory
correction 1s imposstble by this method conversion of the green-stick fracture mto
a complete fracture by manipulation 15 ustifiable and will frequently permit sntis-
factory axial realignment

In children operation should be avoided provided that end to-end apposition
can be attamed Generally speaking, st 15 possible to secure adequate alignment by
fixation of one of the bones If this happens to be the bone with the transverse
fracture hine the reduction may be stable 1f however, the fracture Iine 1s oblique
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Fig 240 Fracture of both bones of forearm
Commnuted fractures of the upper thirds of the
radwss and ulna as well as a fracture of the lower
end of the ulna (Jeft) treated by intra medullary pin
fixation with satisfactory end result (right) (Cour
tesy of Dr B Kleiger)
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Fic 241  Fracture of bath bones of !
forearm  This fracture was improperly
treated and cross unton resulted from the
fact that torsion persisted after attempted
reduction It s evident that the upper half

L
of the film presents an anteropostenor view
of the forearm bones while the lower half '

presents the normal lateral view of the fore
arm

e ——

green stick mto a complete type of fricture (Fig 242) If, however, satisfactory
correction  ympossible by this method, conversion of the green stich fracture mto
a complete fracture by mampulation 15 justfiable and wall frequently permut satss-
fictory axm) realignment

In Juldren operation should be avorded provided that end
can be attamed Gunerlly speaking, it 1s possible to secure ade
fixatton of one of the bones I this happens to be the b,
fracture hine, the reduction may be stable If however,

-to-end apposition
quate alignment by
one with the transverse
the fracture hne 15 obhque
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Fic 240 Fracture of both bones of forearm
Communuted fractures of the upper thirds of the
radius and ulna as well as a fracture of the lower
end of the ulna (left) treated by ntra medullary pmn
fixation with satisfactory end result (right) (Cour
tesy of Dr B Kleiger )
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Fic 243 Fracture of both bones of the forearm n an

adolescent Repeated attempts at closed reduction were un-

ful t of the bility of the ulnar fracture

(left) Following sheletal fixation of the ulna the radius was
easily aligned and mamtained n position (right)

FRACTURES OF THE LOWER END OF THE Rapius

Fractures of the lower end of the radws are the most common of radial frac-
tures and among the most common of all fractures In children, the fall upon the
outstretched hand, which 1n adults produces one or another of the types of Colles’
fractures, may result 1n epiphyseal separation (Figs 246, 247, and 248), m a
torus type of fracture (Fig 249) or m a transverse fracture of the lower end of
the bone (Fig 250) Where displacement 1s mmimal or absent simple immobiliza-
tion 1n a forearm cast in the positton of function (about thirty degrees dorsal ex-
tenston of the wrnst) for a period of four to six weeks usually suffices to assure
healing Where there 1s displ the distal fr must be ahgned with the
proximal and the treatment 1s essentially the same as that of a Colles” fracture 1n
the adult In children 1mmobihization may be contmued for a longer pertod of time
without fear of stiffness of the wrst or fingers than 1s possible 1n adults

Epiphyseal separations should be treated as simple fractures The patient s
family should be wamned of the possibility of impairment of growth especially
where the force has been such as to compress the epiphyseal plate While a simple
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Fic 242  Fracture of both bones of the fore
arm 1n a chuld There 1s a green stick fracture of
the lower end of the ulna and a torus fracture of
the lower end of the radius (left) These were cor
rected by angulation of the distal forearm without
creating a complete fracture of erther of the bones
(right)

n both bones and the resulting reduction 1s unstable, 1t may be necessary to under-
take skeletal fixation for one or both bones (Fig 243)

FRACTURES OF THE SHAFT OF THE RADIUS

Isolnted fractures of the upper and middle portions of the radius are less com-
mon than those of the ulna Displacement may vary somewhat, depending upon
the direction of the fracturing force and the location of the fracture The general
tendency 1s for the fracture site to angul dially under the influence of the
pronator teres muscle acting on the upper fragment and the pronator quadratus
muscle acting upon the lower fragment The appearance of angulation however
may also be caused by torsion of the distal fragment and realignment, i this event,
may be accomplished by simply derotating the fragment (Fig 244) Usually 1t 1s
possible to mamtain the reduction that has been obtained by simple cast immobih
zation Where this 1s impossible immobilization by winng or plating 15 justified

(Fig 245)
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Fic 245 Fracture of the radial shaft There 1s lateral displacement
at the line of fracture (left) Although satisfactory reduction could be
eastly obtamned the reduced position could not be mamtamned until after
skeletal fixation by a lhic plate was plished (right)

Fic 246 Epiphyseal separation of
the lower end of the radius There 1s pos
terior  displacement of the distal radial
epiphysis No treatment other than stmple
immobilizatton until pain had subsided
was indicated here

265
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Fic 244 Fracture of the radml
shaft There ts torsion of the distal
fragment as 1s evidenced by the antero
posterior appearance of the upper end
of the radius and the lateral appearance
of the lower end (left) Reduction and
)4 1 were lished by sim
/ ple supmnation of the distal fragment
i ) (right)

7
'

sheaning off of the epiphyseal plate may result in interference m growth, the likel
hood of this complication 1s less than after compressive njunies The result of
compresston of the inferior radial epiphysis 1s premature ossification of the epiphysis
with overgrowth of the ulna leading to radial deviation of the hand (Figs 251,
252 and 253)

Several different methods have been devised for correcting the unaesthetic ap
pearance of the wnist after this complication Resection of the lower end of the ulna
(Darrach operation) 1s not to be recommended because 1t may lead to weakening
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Fic 248 Epiphyseal separation of the lower end of the radmws
The eptphyseal separation s¢en i Fig 247 could be easily reduced but could
not be mantained unul fixed i the Cotton Loder posttion as in the treat
ment of Colles fracture

that a typical Colles fracture may and commonly does present all four of the axial
malahignments that a fractured bone can manifest The first of these 1s a transpost-
tional malalignment in which the distal fragment 15 translated backwards, leading
to a promnence of the dorsum of the hand that 1s one component of the character-
1stic sitver fork deformity (dorsal transposition) (Fig 256) The second 1s angula-
tional and 1s due to a rotation of the distal fragment around a transverse axis so that
the normal volar direction of the inferior articular surface 1s converted to a dorsal
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Fic 247 Epiphyseal separation of the lower end of the radws
There 15 a postero lateral displacement of the distal radial epiphysis A,
with fractures of the postertor lip of the radius and ulna B

of the wrist through loss of the ulnar collateral igaments or broadenmg of the
wrist with deformation of the lower end of the ulna (Fig 254) The cuff resection
operation (Fig 255) has the advantage of preserving the integnty of the ulnar
collateral ligaments, while restoring the normal dispanty m length between the
radius and the ulna without widening of the wrist

CoLLES FRACTURE

In the adult fractures of the lower end of the radius are usually designated as
Colles fractures This 1s not literally true since other forms of fracture at the
lower end of the radws, including Smuth s fracture, Barton s fracture and fracture
of the radial stylord process have been described separately

Although Colles described a fracture that takes place within an mch and a
half above the carpal extremity of the rads, the modern concept of Colles frac-
ture mcludes only those fractures that occur within three quarters of an mch of the
lower end of the radius The distal fragment by defimition, 1s always either dor
sally transposed or dorsally angulated and 1s usually assoctated with a fracture of
the ulnar styloid process Onginally, Colles fracture was mistaken for a dislocation
of the curpus and 1t was Poutean who first described the true nature of the con-
dition 1n 1783 Despite this accurate appreciation of the fracture and its subsequent
description by Colles mn 1814 1t was not until much Iater that the knowledge be
came generally accepted Since that time, much has been written on the subject of
this fracture but 1t 15 stll not generally understood and the results of 1ts treatment
leave much to be desired

Part of the difficulty may arise from the improper emphasts that has been placed
on one of the deformities the so-called silver fork deformity to the exclusion of
other malalignments that are actually more important It 1s essential to remember
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Fic 248 Epiphyseal separation of the lower end of the radws
The epiphyseal separation seen 1n Fig 247 could be easily reduced but could
not be maintamed until fixed 1n the Cotton Loder position, as in the treat
ment of Colles fracture

that a typical Colles fracture may and commonly does present all four of the axial
malahgnments that a fractured bone can mamfest The first of these 15 a transpos:-
tional malalignment i which the distal fragment 15 translated backwards, leading
to a prominence of the dorsum of the hand that 1s one component of the character-
wstic silver fork deformuty (dorsal transposition) (Fig 256) The second 1s angula-
tional and 1s due to a rotation of the distal fragment around a transverse axis so that
the normal volar direction of the mnferior articular surface 1s converted to a dorsal
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‘ Fic 249 Torus fracture of the lower
o radial shaft This simple buckling fracture was
of insufficient degree to warrant any treatment
- other than simple immobilization to control

sz pain

Fic 250 Fracture lower end of radws Com
plete transverse 1mpacted fracture of the lower
radras shightly above the Ievel of the true Colles
fracture with mimmal dorsal angulation of the dis
tal fragment Immobilized for control of pamn
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Fic 251 Compsession of the in
fenor radial epiphysis There 1s nar
rowing and sclerosis of the medial half
of the radial epiphysts indicative of 1
compressive type of njury 1t 1s this
type of epiphyseal trauma that spe
cifically leads to growth impairment

Fic 252 Old compresston of the mfertor radial epiphysts As a child the patient
fell headlong from a tree landing on his outstretched hands Premature closure of the
radial epiphysis with overgrowth of the ulna ensued Apart from this unaesthetic de
formity there was no impairment of function (Reproduced from Milch H Bilateral

post tr ulno form articul Am I R ! 6680 1949)

direction (dorsal angulation) (Fig 257) The third 1s a torsional malalignment
resuling from rotation of the distal fragment 1n relation to the proximal portion of
the bone (suptnanon) (Fig 258) The fourth 1s of a hneal nature and 1s due to
impaction of the distal into the proximal fragment so that the radws 1s shortened
and the radial stylowd comes to lie proximal to 1ts normal position (short radius)
(Fig 259)

The silver fork deformity may result from one or more of three distinct types of
axial malalig A, dorsal 1on, B, dorsal transposition, or C supimation
of the distal fragment (Fig 260) While dorsal angulation or dorsal transposition
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FiG 249 Torus fracture of the lower

Pl radial shaft This simple buckling fracture was
of nsufficient degree to warrant any treatment
- other than simple immobilization to control

I pamn

Fic 250 Fracture lower end of radws Com
plete transverse impacted fracture of the lower
radius shightly above the level of the true Colles
fracture with mummal dorsal angulation of the dis
tal fragment Immobilized for control of pain
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Fic 251 Compression of the mn
ferior radial epiphysis There 1s nar
rowing and sclerosts of the medial half
of the radil epiphysis indicative of 2
compressive type of mury It 1s this
type of cpiphyseal traumn that spe
cifically leads to growth impaiment N

Fic 252 Old compression of the inferior radial epiphysis As a child the patient
fell headlong from a tree landing on his outstretched hands Premature closure of the
radial epiphysis with overgrowth of the ulna ensued Apart from this unaesthetic de
formity there was no impairment of function (Reproduced from Milch H Bilateral
post traumatic ulno-cuneiform articulation Am J Roentgenol 60 80 1949)

direction (dorsal angulation) (Fig 257) The thurd 1s a torsional malalignment
resulting from rotation of the distal fragment 1n relation to the proximal portion of
the bone (supination) (Fig 258) The fourth 1s of a lineal nature and 1s due to
mmpaction of the distal into the proximal fragment, so that the radius 1s shortened
and the radial styloid comes to he proximal to its normal position (short radius)
(Fig 259)

The silver-fork deformity may result from one or more of three distinet types of
axial malalignment A dorsal angulation, B dorsal transposition, or C, supimnation
of the distal fragpment (Fig 260) While dorsal angulation or dorsal transposition
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Fic 253 Old compression of the mnferior radial
epiphysis Patient of Fig 252 There 1s radial deviation
of both hands, but no limutation of either pronation or
supmation  (Reproduced from Milch H  Bilateral
post traumatic  ulno cunuiform articulation Am J
Roentgenol 6080 1949)
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Fi6 254 Old compression of the mferior radial
cpiphysis There has been overgrowth of the ulna
with radial deviation of the hand Following resection
of the lower end of the ulma the radial devia
tion of the hand has been corrected but in conse
quence there 1s an ulnar deviation of the regen
crated Jower end of the ulna with widening of the
wnst and weahness of grasp in the hand (Repro
duced from Milch H So-called dislocation of the
lower end of the ulna Ann Surg 116282 1942)
270
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as well s lmenl compression (felescoping) can be recognized 1n 1 segmental or 1
partial view of the lower end of the radius alone, torsional (supmation) malalign-
ment cnnot be accurately dignosed except on films taken to include the cntire
forcarm No film of am jracture at the lower end of the radwis should be read un-
less 1t 15 a film that shows both the mferior and superior articular surfaces of both
bones of the forearm

Shortemng of the raduts and supmation of the distal fragment are unequnocally
the most important of the characteristic malalignments of Colles fractures Falure

Fic 255 Cuff resection of the ulna Abnormal dispanty in
length between the ulna and radiws resulting from an old com
pressive mjury to the infenor radial epiphysis has been corrected
by cuff resection of the ulna (Reproduced from Milch H Cuff
resection of the ulna J Bone & Joint Surg 23 311 1941)

to correct torsion will result 1n a definite loss of the range of pronation of the fore-
arm, while faslure to correct shortemng will result 1n a radial deviation and conse-
quently a weakness of grasp mn the hand Correction of these deformities, even to
the exclusion of correction of the dorsal transposition and the dorsal angulation, 15
the pnime therapeutic requirement for satisfactory outcome While an actual trans-
posttional deformuty 1s somewhat unaesthetic, owing to prominence of the lower end
of the ulna 1t causes relatively hittle disabihty 1t 15 far less disturbing than dorsal
angulation of the inferior articular surface, which may 1mparr the degree of flexion
of the wrist

Adequate reduction of a Colles’ fracture implies correction of all the existing
axsal malalignments This can be accomplished under local anesthetics mjected di-
rectly into the fracture hematoma, under brachial bloch anesthesia, or general anes-



Fic 253 Old compression of the infertor radial
epiphysis Patient of Fig 252 There 1s radial deviation
of both hands but no Iimitation of either pronation or
supmnation (Reproduced from Milch H  Bilateral
post traumatic  ulno cunerform articulatton Am J
Roentgenol 6080 1949 )
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Fic 254 Old compresston of the inferior radal
epiphysis There has been overgrowth of the ulna
with radial deviation of the hand Following resection
of the lower end of the ulna the radmal devia
tion of the hand has been corrected but m conse
quence there 1s an ulnar deviation of the regen
erated lower end of the ulna with wideming of the
wrist and weakness of grasp in the hand (Repro
duced from Milch H So-called dislocation of the
lower end of the ulna Ann Surg 116282 1942)

270
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Fic 257 Healed Colles fracture Silver fork deformity

owmg almost entwrely to dorsal angulation of the dstal
fragment

various maneuvers are most expeditiously performed under direct fluoroscopic
visuahization

Plaster immobilization involves the apphcation of a cast extending from the
metacarpophalangeal joints to the middie of the arm The cast should be carefully
molded i the palm to preserve the normal hollow of the hand (Fig 87) A flat
hand 1s worse by far than a flat foot since 1t impairs normnl grasping power of
the thumb The cast should be carefully trrmmed so as to permut early motion of
the fingers and apposition of the thumb The wnist should be held 1 the posttion
which reduction was accomplished, preferably i the Cotton Loder position, and
the elbow should be flexed at a nght angle (Frg 262) While immobtlization of the
elbow 15 theoretically proper and though 1t does relieve the patient of some pamn
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Fic 256 Colles fracture Silver fork deformity
owing mamly to dorsal transpositton of the distal
fragment There 1s also a slight degree of dorsal
angulation

thesta Where the distal fragment 15 intact, the impaction must first be thoroughly
freed by traction and mamipulation Once the distal fragment 1s freely mobile, 1t
must be pronated while traction 15 mamntamed This in itself may be sufficient to
effect adequate reduction of all the deformuties, as well as specifically correcting the
shortenung of the radius and supmation of the distal fragment If dorsal transpost-
tion still persists after these maneuvers the fragment may be displaced forward by
the thumb of one hand while the wrist 1s brought into flexion by the surgeon’s other
hand, so as to correct the dorsal angulation This must be of sufficient degree to
restore the normal angular relationship of the lower end of the raduus to the axis of
the shaft (approximately twelve degrees anterior angulation) To retain the Iength

ening of the radus the wrist 1s then adducted toward the ulnar side until the nor-
mal level of downward projection of the radial stylord (approxmmately 1 cm beyond
the ulnar styloid) has been reached This mvolves placing the hand m the so called
Cotton-Loder position (Fig 261) Before immobilization 1 this position the ac

curate correction of the various axial displacements must be cheched by fluoroscopic
or roentgenographic control Despite the dangers to the hands of the surgeon these
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ening of the radiwus has occurred owing
to mpaction and telescoping of the dis
tal into the proxmmal fragment

/o
Fic 259 Colles fracture Short i /é
JF J——

that otherwise 1s present during the first few days after reduction, a cast to below
the elbow may be used without fear of losing position except in excessively stout
extremities

In patients above the age of forty years, the extreme flexton of the wrist neces-
sary to correct the dorsal angulation may lead to later mability to extend the wrist
if immobilization 1s continued beyond two weeks Because the union at the site of
fracture 1s not yet firm at this tme, release from the position of volar flexion should
be undertaken very gently while the wrist 1s berng brought into the neutral posttion
Thereafter the wnist may be gently moved at intervals with due regard to mam-
tainmg the position of the distal fragment while continuing immobilization on a
volar sphint for several weeks Ionger or until evidence of firm union has appeared

This type of treatment depends upon the integrty of the capsular «pparatus for
maintenance of position Where the distal fragment 1s severely comminuted and
extenstve laceration of the jomnt capsule may be predicated, manipulation of the
nature Just described 1s impossible In this event 1t 1s necessary to make traction on
the patients hand while the numerous pieces of distal fragment are molded mnto
therr relatively normal positions and are immobilized 1n n plaster cast (Figs 263
and 264) Where the stability of the reduction 1s uncertain and shortening 1s feared
as a result of muscular pull the length of the radius may be mamtaned by passing
a transfixing pin through one or more of the metacarpal bones and two other trans-
fixing pins through the proximal rads These are ncorporated esther 1n the plaster
cast or m one of the numerous forms of commercially available external immobiliz-
Ing apparatus These wires should be removed after three to four weeks Despite
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Fic 258 Colles fracture A silver fork de
formity appears to result from a dorsal displacement
of the distal fragment B silver fork deformuty 1s
seen to result from supmnation of the distal frag
ment This 1s the same photograph shown mn A4
but here 1t can be recognized that the upper end
presents 1ts normal anteroposterior appearance
while the lower end of the radius presents an oblique
appearance owing to supmation of the distal frag
ment



Fic 261 Immobilization of Colles fracture When immobilized i the neutral
P dorsal . and dorsat angulation of the distal fragment stdl persist
A Flexion of the wrist serves to correct these axial malalignments by making tension
on the dorsal radiocarpal igament Maintenance of the length of the radius by ulnar
adduction of the wnst 1s achieved by making traction upon the radral collateral liga
ment of the wnist B

Fic 262 Cotton Loder position for immobilization
of Colles fracture The wrist 15 m flexion and m ulnar
adduction The plaster of Pars cast may extend above
the elbow or may be shortened afier several days to
below the elbow

277
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Fic 260 Silver fork defornity of Colles fracture due to A
dorsal angulation B dorsal transposition and C supmnation of the
distal fragment In C note anteropostenior appearance of distal radial
fragment on lateral view of forearm

farr approximation of the fragments however, the outlook for return of function in
these cases 15 necessanly less satisfactory than mn other types of Colles’ fracture
where the articular surface 1s not so severely comminuted

In late cases where relative dispanty 1n length between the radius and the ulna
persists correction of the disabling radial deviation of the hand can be accomphshed
by a cuff resection of the ulna Since the lower end of the ulna is subcutaneous a
Z type of osteotomy can be easily carried out with shortening of an inch or more
Because of the danger of nonumon following osteotomy, the cut ends of the ulna
should be fixed by a small four-screw plate (Fig 265) Correction of the other de-
formities dorsal angulation and dorsal transposition necessitates osteotomy of the
lower end of the radius In some cases prehminary shortenmng of the ulna may be
necessary
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Fic 261 Immobilization of Colles fracture When imnmobilized 1n the neutral
position dorsal transposition and dorsal angulation of the distal fragment sull persist
A Flexton of the wnst serves to correct these axial malalignments by making tension
on the dorsal radiocarpal ligament Maintenance of the length of the radws by ulnar
adduction of the wrnst 1s achieved by making traction upon the radal collateral higa

ment of the wnst B

Fic 262 Cotton Loder position for immobilization
of Colles fracture The wnst 1s 1n flexion and 1 ulnar
adduction The plaster of Paris cast may extend above
the elbow or may be shortened after several days to
below the elbow

277



Fic 263 Commmuted Colles
fracture There 1s involvement of the
radiocarpal as well as the nfenor
radioulnar jomnts This patient was
treated by cast immobilization with re
sulting marhked himitation of motion

Fic 264 Commmuted Colles fracxure 1n a child Despite |molvement of the
articular surface simple cast was followed by a y end result
278
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Fi6 265 Malumited Colles fracture Before oste
otomy for correction of the radwal deformities could be
undertaken shortening of the ulna by cuff resection and
fixation by a four screw Lane plate was necessary

The disability resulting from persistence of the torsional deformuty 1s most diffi-
cult to correct Where an arthrius of the inferior ridioulnar joint develops, resection
of the lower end of the ulna 1s justified It should be remembered, however, that re-
section of the lower end of the ulna involves a sacrifice of the ulnar collateral Liga-
ment and the probability of weakening the wrist jomnt For this reason, resection of

the ulna 15 carried out above the ulnar styloid process that 1s permitted to reman
fixed to the carpus (Fig 266)



Fic 263 Comminuted Colles
fracture There 1s 1nvolvement of the
radiocarpal as well as the nfenor
radioulnar jomts This patient was
treated by cast immobilization with re
sulting marked limitation of motion

Fic 264 Commnuted Colles fracture in a child Despite involvement of the
articular surface simple cast immobihization was followed by a satisfactory end result
278
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Occastonal complications of Colles’ fractures arc compression of the medinn
nenve 1 the carpal cnnl, rrntatise phenoment related to the posterior interosseous
nerve and, very rarely, 1 crusalgia that may be most distressing  Late rupture of the
extensor pollicss longus tendon resulting from fraying as 1t passes over wrregularities
at the fracture site may also occur Actunl distuption of the infertor radioulnar ligh-

FiG 268 Smuths fracture So called reversed Colles fracture 1s charac
tenized by v?lar angulation or volar transposition of the distal fragment (lefr)
The of tr 15 dorsal of the wnist (right)

ment with dispanty in length of the ulna may give rise to any of the forms of <o-
called dislocation of the lower end of the ulna (Fig 267) There 1s, of course, no
st;ctl;]cor}dxtxon as dislocation of the head of the ulna since 1n extension the posx,tlon
of the ulna 15 fixed at the elbow It 15, rather, thy
e T, the radius with the attached carpus
. Tlhls situation 1s to be carefully differentsated from the so called dislocations of
thz u xéar head that are assocrated with no dispanty m length between the ulna and
radws and m which the ligaments are stretched and not torn Where there 1s a
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Fic 266 Osteoarthritts following Colles fracture There was marked limita
tion of pronatton and supmation with pain on flexion and extension of the wrist
An arthrodesis of the wrist was undertaken to overcome pain (left) Pseudarthrosis
by cuff resection of the ulna leaving the lower end of the ulna to mantain stabil
1ty of the wnist was performed (right)

Fic 267 So called dislocation of
the ulnar head The head of the ulna
t P on p of
the wnst but 1t 1s actually the carpus
that 1s displaced
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sum of the volar flexed hand and may present 1M the other axil deformuties char-
acteristics of Colles® fracture Reduction 1s carnied out n essentiily the shme man-
ner after freemg of the impaction by mampulanon, save that the dist1) frgmen
must ulumately be dorsiflexed rither than volir flexed s in Colles” fracture After
careful attention to the correction of any torsional malalignment, the distnl frigment
should be muntuned in dorsifiexion and ulnar deviation (Fag 268)

BarTON S FRACTURE

Barton s fracture, an ssolated fracture of the posterior margin of the Jower end
of the radws, 15 frequently overlooked Its importance lics s the fact that the poste-
nor margin of the lower end of the radius forms the base for the grooves through

Fi6 270  Fracture of the anterior
Iip of the radis There 1s upward and
forward displacement of the anterior
Iip of the radius (Courtesy of Dr H
Seidenstemn )

which the extensor tendons of the fingers glide Any irregulanty in these osseous
canals may lead to attrition of the tendons and ultimate subcutaneous rupture Thys
fs not uncommon after Colles fracture 1nd mvolves particularly the extensor pol-
Ticis tongus tendon

luxalt?o:mlfdr:n Barton’s type of fracture may appear m the form of a posterior
A of the distal radial epiphysts (g 269) These fractures or radial separa-
tons must be treated exactly as the typical Colles fracture and, after reduction
should be ymmobifized 1n the Cotton-Loder position ' ’

FRACTURES OF THE ANTERIOR Lip OF THE RapIus

Fracture of the antertor Iy
p of the lower end of the radis 15 an extremel
uq-
vsual fracture 1t results from 1 fall upon the hand with the wrist 1n slight ﬂeyxxon
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Fic 269 Bartons fracture Fracture of the
dorsal lip of the lower end of the radius 15 10 this
case assoctated with shight postentor displacement
of the lower radial epiphysis and a very mild torus
compression of the ulna

true lateral separation between the inferior ends of the radius and ulna, reconstruc-
tion of the inferior radioulnar higaments by means of a fascial graft 1s mdicated
Where there 1s merely disparity in length shortening of the ulna by cuff resectron
suffices to cure the so-called dislocation

SmiTH § FRACTURE

A reversed Colles fracture 1n which the distal fragment 15 transposed or angu
lated anteriorly, 1s called Smith s fracture It usually results from a fall on the dor-



ITRACTURIS OF THIE TOFEARM 285

e me to tle or no disabuhity (§yp 272)  These should be protected in the neu
trid posstson by hyht phister of Pans et extending from the metic irpopft 1
Tinge il jomts 1o below the cibow until heling Bhis occurred usunlly within three to
four weehs Where the fricture Is more comminuted nd the fricture line enters the

articular surfice, the propnosis must be more gurded ind trestment should, 1n gen
eral, be identic d wath that given to Colles fractures

tin 273

Chawffeur s fricture

There wis very lutle displhicement and tre tment wis by simple immobiliz ttion 1n the

neutnadl powtion  The outcome w s 8 itsf ctory despite involvement of the srticular sur
face (Antcropostenor and {iteral views )

fsolted fricture of the rdisd styloid process

Tracturis of e Raniat Styiom

Fsolted fracture of the ridiil stylod process the so cilled ohwffeur’s fricture
1 v rchitively rure Yesion that wis more commonly scen before self starters wcn;
nlmdc standard cpmpment on wtomobiles 1t usually results from the 1mp ietion of
:llxc cupal scaphoid bone 1 unst the articul i surface of the ridil stylosd Where

Cre 55 no displicement, smmobiliz stion of the wrist i the neutral position for
penod of abowt four weehs usu Wy sullices to assure bony hoding (Tig 273)

Where there 14 di
plicement this cin usully be corructed by
hand should then be mn , Y tamput wion and the

mobilized in the position in which reduct
10n was
for v period of about four weeks o cltected,
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and may be termed a reversed Barton’s fracture (Fig 270) Retention 1s difficult
and may necessitate skeletal traction through the metacarpals (Fig 271)

LONGITUDINAL FRACTURES OF THE LOWER RaADIUS

Longitudinal fractures at the lower end of the radus anse in consequence of
falls on the outstretched hand Simple linear fractures with but little displacement

Fi 272 Longitudinal fracture of
the lower end of the radms This frac
ture arose 1n consequence of a fall upon
the outstretched hand and was trated
by simple immobihization n the neutral
position

Fi 271 Fractures of the ante
nior lip of the radius Reduction could
be obtamed without difficulty but the
position could not be maintamed until
skeletal traction through Kirschoer
wires mserted nto metacarpal bones
had been fixed in the encirchng plaster
of Pans cast (Courtesy of Dr H
Seidenstein )
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Fic 275 Fracture of the scaphoid
and fracture of the rdal stylowd proc-
ess The fracture line through the waist
of the scaphoid appears as a darh line
resulting from impaction of the frag
ments There 1s bone resorption nlong '
the line of fracture The vertical frac
ture of the radial styloid process can be 1 -
seen 1n good position

Fic 276 Fractures of the scaphord In A there 1s a fracture of the tuberosity
These fractures usually heal without difficulty 1f adequately immobilized In B, there
1s a fracture through the waist which 1s the most common type of scaphoid frzxcturc
These vsually heal 1f immobilized for a sufficient length of time Nonunion and aseptic
necrosis however may occur n the proximal fragment In C there 1s a fracture of th
proximal pole Necrosis 1n this region 1s very common €



CHAPTER 16

Fraclures of the Carpus

Fractures of each of the carpal bones hive been reported By all means the most
common, however, 1s fracture of the carpil sciphoid Tius fracture s frequently
seen an association with Colles” fracture (Iig 274), or fractures of the ridial
styloid process (Fig 275) With the exception of the pisiform, which has been frac

FiG 274 Tracture of the sciphod and
Colles fricture I racture of the scaphoid has
occurred through the waist of the bone and 55
mmpacted The Colles fracture 1s in good post
ron

tured 1n consequence of cacessive pull of the flexor ¢ upr ulnans muscle, dl the
other cirpal fractures have been reported to arse from direct blows or falls upon
the hand

IRACTURTS OF THt SCAfHOID

The carpal scaphoid (navscular) may be fractured i any of three different
sites  the distal tuberosity A the wust B, or the proximal pole, ¢ (I'ig 276)
Frrctures of the distal tuberosty e usually well viscul inized and heal without any

286



I RACTURTS OF THT CARPUS 287

Fi6 275 Fracture of the scaphoid
and fracture of the radial styloid proc-
ess The fracture line through the waist
of the scaphoid appears as a dark line
resulting from impaction of the frag-
ments There 1s bone resorption along -
the line of fracture The vertical frac-
ture of the radsal styloid process can be ! = R
seen 1n good position

Fic 276 Fractures of the scaphoid In A4 there 1s a fracture of
These fractures usually heal without difficult
1s a fracture through the waist which 1s the mos
These usually heal if immobilized for a sufficient
necrosis however may occur in the proximal fra
proxmmal pole Necrosis mn this region 1s very col

the tuberosity
y if adequately immobilized In B there

t common type of scaphoid fracture
length of tme Nonunion and aseptic

gment In C there 1s a fracture of the
mmon
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difficulty under simple plaster of Pans cast immobilization Fractures of the wast
and proximal pole, on the other hand, present an entirely different problem and,
unless properly treated, may result in a high percentage of aseptic necrosis and
nonunion (Fig 277) This may be due to two mechamsms (1) the fracture line
ts completely intraarticular and hence 1s poorly vascularized, and (2) the scaphoid
straddles the carpus with 1ts proximal pole n the upper row of carpal bones while
its distal pole hes m the distal row, <o that even slight motion between the two rows
of the carpal bones mnterferes with the normal processes of healing

Fic 277 OIld fracture of the carpal
scaphoid Aseptic necrosts of both the proximal
and distal poles of the scaphoid following a
fracture through the upper pole of the bone
Nonunion at the fracture hne 1s indicated by
the tip of the arrow

Clinically fracture of the scaphoid miy be suspected 1n the presence of pan
localized to the area of the anatomical snuffbox Roentgenographically, acute frac-
tures of the scaphoid are frequently not clearly visualized 1n routine anteroposterior
views of the wnist In doubtful cases 1t 1s important to take oblique views of the
carpus, preferably with the wrist m ulnar adduction Occastonally, even such views
fail to disclose the fracture which may become apparent only a week or two after
the mjury when bone resorption at the fracture line has occurred

Treatment of the acute fracture should be conservative If properly immobilized
for a sufficient length of ume a mimimum of ten to twelve weeks, most of the frac-
tures through the waist of the scaphoid will heal Fractures through the proximal
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pole tahe longer, re frequently followed by aseptic necrosis, mnd heal only by a
process of creeping substitution

Immobilization should be by means of 1 snugly fitting plaster of Pans cast, the
serphord cast (Tig 278) This differs from the ordinary cockup plaster of Paris
wrist cast n that the thumb ns well as the wrist must be immobihized The wrist
should be held m about thirty degrees of dorsal extension and preferably mn radial
deviation, with the thumb 1 the position of hand function The cast should immo-
bilize the metacarpal of the thumb and at least the proximal phalanx of the thumb

Fic 278 The scaphoid cast The cast extends
from well up on the forearm to the distal palmar crease
The wrist 1s held 1n slight dorsal extension with radial
deviation of the hand The thumb 1s 1mmobilized 1 a
position of opposition down to at least the interphalan
geal joint

It should be only lightly padded and should be well molded mto the palm so as to
preserve the hollow of the hand In the hand, the cast should not extend below the
proximal transverse crease of the palm Above, 1t must extend well up on the
forearm

At the end of ten to twelve weeks the cast should be removed for the purpose
of making x-ray views, which should be taken i the standard as well as oblique
positions  Unless there 1s definite evidence of bone union across the fracture line
a new cast should be applied and left in place for another ten to twelve weeks If
at 1111e ;nldf o}f this time there 15 evidence of early umion, still a third cast should be
applie owever there 15 defimite evidence of n
appiied I however th onunion the question of further

Not every case of nonunion needs sur,

gical intervention Surgical t

indicated only in those cases in which there 1s persistence of dlsgabﬂlt;e;::lle;;:
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There 1s much difference of opmon as to the nature of the surgical procedure that
1s wndicated In the presence of simple symptomatic nonunion, the fragments may
be dnlled so as to open new channels for vascularization A small bone graft may
be placed across the fracture line to splint the fragments and afford a bridge along
which new bone growth can occur Where there 1s pain, without evidence of arth
ntis 1 the radiocarpal joint, fusion of the two rows of carpal bones to the fractured
fragments of the scaphoid may lead to subsidence of symptoms without loss of wrist
joint motion Where there 1s evidence of arthritis i the wrist joint, however, radio-
carpal fuston 1s indicated (Fig 279)

Fic 279 Arthrtis of the radiocarpal joint
following scaphoid fracture There 15 an old
fracture of the wrst of the scaphoid with dis
placement of the fragments and narrowing of
the radiocarpal jomnt Fusion of the wrist joint
was undertaken

Exciston of the entire scaphoid leads to a marked shifting of the position of the
other carpal bones and a serious loss of all motions of the wrst To prevent this,
some have advised the imnsertion of an artificial scaphoid and others have recom-
mended proximal carpectomy This 1s indiwcated, however, only 1n very extreme
cases associated with intolerable pamn

In those cases of nonumon m which there are no symptoms of pain or disability
and 1n which the fractured scaphoid presents the character of a bipartite scaphoid
no treatment 1s indicated (Fig 280)

FRACTURES OF THE HAMATE

Fractures of the hamate may occur through the body of the bone or through
the hamular process Fracture of the body may occur medual to the hamular proc-
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i 250 Nonumted fracture of the
scaphosd The fracture through the waist 1s still
visualized The patient howeser compluned of
no symptoms and presented no disability No
further treatment was indicated

Fic 281 Fracture of the hamate Recent
fracture of the hamate with moderate separa
tion of the fragments The fracture Iine charac
teristically extends from above and medrally to
below and laterally Umion did not occur in this
case but the patient presented no subsequent
symptoms of pain or disabiity (Reproduced
from Milch H Fracture of the hamate bone
J Bone & Jomt Surg 16 459 1934)

ess but 1s most frequently lateral to this process (Fig 281) The line of fracture 1s
from above and medial to below and lateral Displacement 1s usually slight, but
may be complete Except roentgenographically, 1t 1s impossible to differentiate be-
tween fractures of the body and the hamular process Treatment 1s by immobiliza-
tion 1n a plaster of Paris cast 1n the cockup posttion and healing has been reported
within six weeks This 1s not an invariable outcome, however, and nonunion may
occur In atself nonumon 1s no indication for further treatment Where pamn and
disability persist particularly of the wnist operative fusion of the fragments should
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be undertaken provided that the fragments are viable Where a fragment 1s necrotic,
this should be removed

FRACTURES OF THE CAPITATE

Fractures of the capitate, though unusual, may be particularly disabling because
the capitate bone 1s the keystone of the carpus and nvolves both the proximal and
distal row of carpal bones Fractures occur more commonly through the neck of
the bone, displacement 1s slight, and healing usually occurs within six to eight weeks

!
;

Fic 282 Fracture of the caprtate Frac
ture has occurred through the waist of the bone
with dorsal displ of the p 1 frag
ment

under proper immobilization 1n a short-arm cast (Fig 282) Traumatic arthntis of
the surrounding jomnts may lead to considerable pamn and limitation of motion

SPRAIN FRACTURES OF THE CARPUS

Sprain fractures are probably more frequent than the frank fractures of any of
the carpal bones (Fig 283) These are frequently dragnosed as stmple sprams
which should be suspect in the presence of persistent pain and disability of the
wnst The most common of these 1s that mvolving the cuneiform (triquetrum)
Lyng as 1t does m the proximal row of the carpus a fall on the hyperextended hand
leads to compression of the bone between the lower end of the ulna and the pisi-
form and a consequent flaking of the dorsal surface of the bone (Fig 284) This
fracture may appear as an 1solated mjury or in assoctation with other fractures
notably of the ulna (Fig 285)
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Fic 283 Compression frac Fi6 284 Spramn fracture of
ture of the lunate A small depres the cuneiform A small portion of
sion 1s present on the proximal bone has been flaked off the dorsal
articular surface of the lunate and surface of the bone

a small free fragment of bone 18
present 1n the joint space

Fic 285 Spran fracture of the cuneiform (tnquetrum
A small flake from the dorsal surface of the cunenfoxgn 1s pre)s

ent on the lateral view B Thus 1s associated with a fracture of
the ulnar styloid process A
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In addition to the usual signs of pan, swelling, and local tenderness, there 1s
but Ilittle on which the diagnosis can be made except the roentgenogram On the
normal anteroposterior views, such x-rays may be completely negative for evidence
of fracture It 1s essential that oblique films in several different positions be made
Treatment 1s completely conservative Immobilization 1n a cockup splint or a plaster
of Pans cast for a period of three to four weeks, followed by physiotherapy, usually
results 1n subsidence of symptoms



CHAPTER 17

Fractures of the Hand

Fractures of the metacarpals and phnlanges are very common and, unless properly
and promptly treated, may lead to unsightly nnd disabling deformities Dysfunction
may anse from (1) angulation of the bone, with loss of the mechanical efficiency
of the overlying tendons, (2) adhesions of the tendons lying 1n juxtaposition to the
injured bone, and (3) capsular contracture or arthntic involvement of the carpo-
metacarpal, metacarpophalangeal, or the interphaiangeal joints

FRACTURES OF THE METACARPALS

Fractures of the metacarpals may involve the shaft or either extremity of the
bone They usually arise 1n consequence of direct blows or falls upon the hand The
base of the thumb metacarpal nnd the distal extremity of the metacarpal of the little
finger appear to be the sites of most frequent fracture

FRACTURES OF THE PROXIMAL PORTION OF THE METACARPALS

Fractures at the base of the second to the fifth metacarpals usually result 1n only
shght displacement In most instances, they heal uneventfully and require nothing
more than immobilization on a dorsal sphint or over a bandage roll fixed 1n the
hollow of the hand so as to allow of some motion at the mterphalangeal jornts
Healing 15 however, not wnvanable and delayed union or nonumon may occur In
the latter event, open operation and fixation by a small intramedullary bone graft
may be necessary

Fractures at the base of the thumb present a special problem because of the
extreme mobility of this so called metacarpal bone Where the other carpometa-~
carpal jomts are of the simple ghiding type, which pernut limited motion the thumb
Joint 15 somewhat saddle-shaped and permuts the variety of motions th:\t has been
said to charactenize the ascent of man m the evolutionary scale

Two types of fractures have been described 1 this o

rea R
Bennett s fracture (Fig 286) + Rolando s fracture and

295
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B

Fi6 286 Fractures at the base of the thumb A
Rolando s fracture This 13 a fracture of the upper
end of the metacarpal shaft i which the hook of the
base 1s preserved B, Bennetts fracture Ihis 1s a
fracture of the base entering the carpometacarpal
Jomnt where the beak 1s fractured and the metacarpal
shaft 1s displaced upward

Fic 287 Rolandos fracture The
fracture line 1s transverse and distal to
the hook at the base of the metacarpal
There 15 no upward dislocation of the
metacarpal shaft and healng occurred
after immobilization 1 a plaster of
Panis cast that included the thumb in
the position of function of the hand

Rolando s fracture 1s a fracture through the neck of the bone just distal to the
articular surface It may be commnuted, though 1t 1s usually transverse and does
not mvolve the hooklike projection of the medial portion of the base of the bone
As a consequence there 1s no tendency toward upward displacement of the shaft of
the thumb metacarpal and ahgnment either by abduction of the distal fragment of
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the bone or by 1l traction 1s suflicient to secure adequnte replicement 1nd union
ture (g 287
" ll}?;::,cu(:fsf;:‘cwul;rc(“ i( n Zmncl) diflerent nature 1t 5s primanly 1 fracture of
the medmnlly projecting hip of the base of the bone, rather than of the base f'ls 1
whole This triangular medial fragment remauns locked between the base of the
Index finger metrcarpl and the greater multangule bone, while the mun portion of
the met'xz"urp'\l of the thumb 1s displiced upward and outward (Ihg 288) Sumple
abduction does not suffice to realign the fragments and reduction of the fracture 15

Fic 288 Bennetts fracturc The
fracture line passes obliquely through
the base of the hook of the metacarpal
and there 15 upward displacement of
the metacarpal shaft

possible only by a force radially directed to counteract the distorting action of the
long thumb muscles This can be accomplished only by direct traction etther through
the finger pulp or through the distal end of the meticarpal bone Traction is ob-
tained by attaching the traction loops over a wire mncorporated 1 a small plaster of
Pans spica that ncludes the wrist, hand, and the thumb metacarpal Traction must
be maintamed for a pertod of at least four weehs and immobilization should not be
discontinued until there 1s assurance of firm bony umon (Fig 289)

If the position of the fragments cannot be mamtaned by this type of traction,
open reduction and pinming of the fragment to the body of the bone 1s essentil to
restoratton of thumb function (Fig 290} In old cases, where nonunion has oc-
curred with the shaft of the bone displaced proximally, open operation for replice-
ment 2nd skeletal fixation of the fragment or abduction osteotomy at the base of
the bone to reconstruct the restraining action of the hook 1s indicated
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Fic 289 Bennetts fracture Trac
tion must be apphed to the shaft
order to pull it distally and to realign
it with the hook of the metacarpal
which remains fixed between the
greater multangular and the base of the
index metacarpal

Fic 290 Bennetts fracture Upward displacement was pre
vented by harschner wire fixation of the metacarpal to the carpus
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EpIPHYSEAL STPARATION OF THE Bast or THF THUMB

Epiphysenl separntion At the base of the thumb 1s unusual It resembles the
Rolando type of fracture in the adult The fracture line 1s transverse to the Jong
axis of the metacarpal and reduction cin be accomplished by manipulation (Fig
291)

~

]

Fic 291 Epiphyseal separation at the base of the thumb In
abduction there 15 marked separation of the fragment (left) This
1s overcome with excellent reduction of the fracture when the thumb
1s brought into adduction (right)

TFRACTURES OF THE SHAFT OF THE METACARPALS

Fractures of the shaft of the metacarpal bones may be erther transverse or
spiral The spiral fractures usually show little displacement (Fig 292), but the
teansverse fractures are almost constantly characterized by dorsal angulation at the
site of fracture with volar displacement of the distal fragment owing to the action
of the interosseous muscles (Fig 293) In consequence of this deformuty, the action
of the extensor muscle 15 impared, while the palmar projection of the metacarpal
head 1mpairs the normal power of grasp in the hand Mamntenance of the normal
curve of the metacarpal bones 1s extremely important and the casval application of
an immobilizing dorsal splint may serve to convert the normal dorsal curve 1nto a
volar angulation with loss of bony contact and ultimate nonunmion of the fracture

If the dorsal angufation 15 mnimal, simple 1mmobilization on a dorsal splmt or
over a bandage roll may be employed m the absence of more suitable dorsal splints
(Fig 294) Immobihization on a bandage roll howeser, should not be employed
for more than two to three weeks Maceration of the shin and stiffness of the fingers
18 almost constantly associated with this method and the loss of finger mobility may
prove more distressing than the ongmnal malalignment
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Fic 289 Bennetts fracture Trac
tion must be applied to the shaft
order to pull it distally and to realign
it with the hook of the metacarpal
which remans fixed between the
greater multangular and the base of the
index metacarpal

Fic 290 Bennetts fracture Upward displacement was pre
vented by kirschner wire fixation of the metacarpal to the carpus
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EpIPHISEAL STPARATION OF THE BAsE of THE THump

Epiphysenl separation at the base of the thumb 15 unusual It resembles the
Rolndo type of fracturc mn the ndult The fracture line ts trnsverse to the long
aus of the metncarpat nd reduction can be accomplished by mampulation (Fig
291)

~

Fic 291 Epiphyseal separation at the base of the thumb In
abduction there 1s marked separation of the fragment (left) This
1s overcome with excellent reduction of the fracture when the thumb
15 brought into adduction (right)

FRACTURES OF THE SHAFT OF THE METACARPALS

Fractures of the shaft of the metacarpal bones may be either transverse or
spral The spiral fractures usually show little displacement (Fig 292), but the
transverse fractures are almost constantly characterized by dorsal angulation at the
site of fracture with volar displacement of the distal fragment owing to the action
of the interosseous muscles (Fig 293) In consequence of this deformty, the action
of the extensor muscle 15 1mparred, while the palmar projection of the metacarpal
head mmpairs the normal power of grasp n the hand Maintenance of the normal
curve of the metacarpal bones 1s extremely important nd the casual application of
an immobilizing dorsal splint may serve to convert the normal dorsal curve into a
volar angulation with Joss of bony contact and ultimate nonunion of the fracture

If the dorsal angulation 1s mimmal, simple immobilization on 4 dorsal splint or
over a bandage roll may be employed 1n the absence of more suitable dorsal sphints
(Fig 294) Immobilization on a bandage roll, however should not be employed
for more than two to three weeks Maceration of the shin and stiffness of the fingers
15 almost constantly associated with this method and the loss of finger mobihity may
Pprove more distressing than the original malalignment
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Fic 289 Bennetts fracture Trac
tion must be appled to the shaft n
order to pull 1t distally and to realgn
1t with the hook of the metacarpal
which remamns fixed between the
greater multangular and the base of the
mdex metacarpal

Tic 290 Bennetts fracture Upward displacement was pre
vented by Kirschner wire fixation of the metacarpal to the carpus
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Where the dorsal angulation exceeds ten to fifteen degrees, there 1s no‘:llcf:ma‘t\lx\;z
to ndequate correction of the malhgnment by surgiel mtervention If the r'\tco v
1s simple and occurs through the mud shaft, intramedullary fixation z\ppca“r\sh
the method of choce, since 1t barely mterferes with motion of the fingers d<:nvy
Kirschner wire, mserted from the distal or proximal end of the bone, 1s m;]cr;
across the fracture line mnto the other frigment Though it has been 1sscnc;i ¢ [:;
this wire may be ntroduced cross the articulrr cartilage without danger of stff-
ness of the mvolved jomt, 1t 1s unquestionably better to avoid this potential source

Fic 294 Fracture of the metacarpal shaft The charactenstic
dorsal angulation (left) has been overcome by the application of
a dorsal splmt which fixes not only the distal fragment but also
the proximal phalanx (right)

of danger and to msert the wire through a small drill hole near but not through the
cartilaginous surface One end of the wire may be left subcutaneous for subsequent
withdrawal, or it may be buned mn the bone and left permanently As a matter of
precaution and to facihtate withdrawal of the wire mn the event of mnfection or other
untoward accident, the former procedure 1s preferable (Fig 295)

An alternative method of treatment 1s fixation by transcortical Kirschner wires
mserted so that they penetrate the cortex of the adjacent metacarpal bone that acts
as an additional means of alignment The pins are left protruding through the shin
and are mcorporated 1n the light, short forearm cast that 1s applied following re-

duction They should be Jeft 1n situ until there 15 evidence of adequate healing of
the fracture (Fig 296)



r
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1 T Fi 292 Spral fracture of the

! metacarpal shaft There 1s but httle dis

placement and unton occurred after

Fic 293 Fracture of the metacarpal shaft
Simple wiring was meffective 1n preventing the char
actenistic dorsal angulation resulting from the ac
tion of the interosseous muscles (Courtesy of Dr
J William Lattler )

300

_ \ mmmobilization on a dorsal splint
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Fic 297 Traction for metacarpal fracture A smatlt
needle has been passed through the pulp of the distal phalanx
and traction has been applied through the mtermediation of a
Granberry bow attached over the end of a long wire incor-
porated n a short forearm cast

e

Fic 298 Spiral fracture of metacarpal
shaft of fifth finger Delayed union occurred
after erght weeks immobilization Union ult
mately occurred after a further period of mm
mobilization

I the fracture 15 comminuted or occurs through the distal end of the bone so
that intramedullary fixation 1s either impossible or undesirable, traction must be
employed Traction may be exerted through adhesive tape strips attached to the
fingers or by small metal pms mserted mto the pulp of the finger or through the
proximal phalanx For this latter purpose, the Granberry bow offers a felicitous
modification of the Kirschner wire methed of fixation The Granberry bow 1s avail-
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Fic 295 Intramedullary fixation
of metacarpal shaft fracture An ntra
medullary pmn has been ntroduced
from the proximal fragment across the
fracture down to the end of the distal
fragment without entenng the meta
carpophalangeal jomnt (Courtesy of
Dr J Wilham Lattler }

Fi6 296 Transverse fracture of thc metacarpal
of

shaft K wires transfixing both f
the index pal have been stabil against
the shaft of the metacarpal to the middle finger and
have been incorporated in a plaster cast
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been recommended for transmission of the traction in preference to clastic bands
The advantage of the silk 1s that 1t affords more positive traction that can be in-
creased by twisting the traction strands over a smil Spanish windlass The direction
of the triction foree can be suitably altered by bending the plne of the banjo into
any desired position 1 relation to that of the plaster cast m which 1t 1s fixed Trac-
tion 1s muntuned until there 15 evidence of bony union Heahing however, 1s not
vanble and delvyed unon (g 298) or nonunion may oceur (Fig 299) In
the Intter cvent, open operition and the msertion of 1 small bone graft may be
necessry

TRACTURES OF THE DiSTAL PORTIONS OF THE METACARPALS

Fractures through the heads or necks of the metacarpal bones are disabling n-
junes that are difficuk to trent beeause of mability to control the small distal frag-
ment If the fragment 1s completely free, it may be possible to realign the two frag-
ments by a simple dorsal sphnt (Fig 300) Usually, however, the small, distal

Fi6 301 Fracture of the metaca
1s placed over the distal end of the p
phalanges of the finger are flexed to n:
the head of the proximal phalanx w!
1s mamtained by a plaster of Pans
plaster of Panis bandage (D) (Repro
J Bone & Joint Surg 20 178 1938 )]

rpal head The Jahss method of treatment A pad
roximal fragment (4) The proximal and middle
inety degrees and upward pressure 1s made against
hich 1s protected by a felt pad (B) The position
spnt (C) which 1s held i place by a circular
duced from Jahss § Fractures of the metacarpals
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Fi6 300 Fracture of the neck of the fifth
metacarpal The fragments were bowed dorsally
and the head of the metacarpal was displaced
into the palm of the hand Treated on a dorsal
sphint after manipulative reduction

able m several sizes for attachment to small
to the base of the phalanx after dnlling a

UPPER EXTREMITY

Fic 299 Oblique fracture of
metacarpals Nonunion at the base of
the metacarpals to the mdex and md
dle fingers with malalignment of the
fragments occurred despite prolonged
cast mmmobilization Open operation
with the msertion of intramedullary
bome grafts was subsequently per
formed

-~ f

wire needles which may be mserted
small hole into the bone under local

anesthesia Traction 1s obtamed over a heavy wire banjo incorporated to a plaster

of Pans cast that mcludes the lower part of th
not including the pophal 1 joint

e forearm the wrist and down to but
(Fig 297) Heavy braided silk has
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Fic 304 Volar spimt for fractures of the
fingers A volar splint may be fashioned from a
piece of any malleable metal A convenient splint
may be dwvised by binding together two or three or-
dinary paper clasps

realigned with the shaft without effort The position 1s thereafter mantained by
upward pressure on the proximal phalanx which 1s flexed to a night angle on the
metacarpal bone The second phalanx 1s simularly flexed to a night angle and 1s
padded with felt to avoid pressure necrosis A piece of felt 1s placed over the dor-
sum of the shaft of the affected metacarpal so that downward counterpressure may
be made against upward pressure along the proxmmal phalanx A plaster of Pans
splint 15 apphied over the dorsal aspect of the metacarpal and finger and 1s held n
place by a circular plaster of Pans bandage, fixing the splint to the hand and the
wrist

While this method serves to relax the distorting muscles and mantamn position
of the fragment, 1t frequently results in adhesions and contractures of the collateral
ligaments with resulting restriction of finger joint motton To obviate this 1t has
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Fic 302 Goldberg splint for metacarpal fractures The splnt 1s
corporated 1n a short forearm cast Downward screw pressure 1s made over
the felt pad protected distal portion of the metacarpal shaft Upward pres
sure 1s made through a felt pad protected screw over the head of the meta
carpal and the base of the first phalanx (Courtesy of Armed Forces In
stitute of Pathology )

Fic 303 Flexion deformity of
finger followmg Jahss method of treat
ment The alignment of the metacarpal
1s satisfactory but there 1s complete loss
of extension at the proximal mter
phalangeal joint

fragment 1s mmpacted and cannot be easily realigned with the larger proxmmal
fragment This leads to an unaesthetic depression of the knuckle and, m extreme
cases, to inability normally to make a fist Fractures of this type may be corrected
by the Jahss method (Figs 301 and 302)

The fracture site 1s completely mobilized so that the displaced fragment can be
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/ Fig 306 Fracture of the sccond
\TJ phalanx The charactenstie volar angu
Intion has been corrected and the frag
ments have been fixed by the introduc
tion of an wmtramedullary pin (Cour-
tesy of Dr J W Luttler )

FIG 307 Fracture of the base of the sec
ond phalanx The volar portion of the base has
been depressed and treatment must be m ex
fension to exert traction through the volar por
tion of the joint capsule
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been recommended that immobilization be discontinued after sixteen to seventeen
days and that, if necessary, forcible mampulation of the finger jomts be undertaken
to restore mobiity This procedure 1s painful and may require anesthesia for re-
lease of the periarticular adhesions Thereafter, persistent exercises to maintain mo-
tion must be carried out Despite this, there 1s frequently a marked residual hmita-
tion of motion that largely vitiates the value of this method (Fig 303)

FRACTURES OF THE PHALANGES

Fractures of the phalanges differ from the metacarpal fractures n that the angu-
latton 1s almost invanably volar n direction, rather than dorsal This results from

Fic 305 Finger splint for traction on phalan
geal fractures The splint resembles the type devised
by Thomas for use in fractures of the femur The
ring makes counterpressure m the web of the fingers
while the traction strip 1s fixed over the distal end
of the splint (Reproduced from Milch H, The
Thomas finger splint Med J Rec 1928 )

the unbalanced action of the lumbrical and extensor muscles and applies particu
larly, therefore to fractures of the proxmmal and distal portions of the muddle
phalanges Where there 1s defimite volar angulation with dorsal displacement of the
distal fragment, treatment must be 1n flexion on a curved volar splint Such sphnts
can be cut from stnps of aluminum or other stmilar metal, and can be readily
fashioned from ordinary paper fasteners bound together by adhesive tape and
curved to fit the finger (Fig 304)

Where there 1s no displacement of the fragments and simple immobilization 1s
all that 1s necessary gentle traction may be exerted through a finger sphnt sumlar
to that devised by Thomas for traction 1n the lower extremuty (Fig 305) Where
the volar angulation cannot be corrected by traction or splinting ntramedullary
fixation must be employed (Fig 306)
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f e 306 Fracture of the second
..i phalanx The charactenstic volar angu
*  lation has been corrected and the frag
ments bave been fixed by the introduc
tuon of an mtramedullary pin  (Cour
tesy of Dr J W Latler)

FI1G6 307 Fracture of the base of the sec
ond phalanx The volar portion of the base has
been depressed and trcatment must be m ex
tension to exert fraction through the volar por
tion of the jornt capsule
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Fractures of the proxumal portion of the middle phalanx (Figs 307 and 308)
as well as avulsion fractures of the base of the distal phalanx must be treated in ex-
tenston Immobilization of the distal phalanx in extension for the treatment of
mallet-finger should be carried out with the proximal phalanx fully flexed This

F16 308 Fracture of the base of the sec-
ond phalanx A small portion of the base has
been avulsed from the dorsal aspect To secure
reahgnment the distal portion of the shaft of
the second phalanx must be placed in complete
extension

tends to relax the flexor tendons and so minimzes the tendency toward displace-
ment of the larger distal portion of the phalanx away from the small chip fracture

Crushing fractures of the termunal tuft of the distal phalanx usually require
Iittle attentton other than protection from inadvertent blows against the tip of the
finger Where the fragments are displaced gentle molding will often serve to re-
store the contour of the finger In fractures of the distal phalanx, only the mvolved
finger should be immobilized Failure to mamntain mobility of the other finger in-
variably results 1n prolonged disability resulting from stiffness
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CHAPTER 18

Fractures of the Pelvic Girdle

Fractures of the pelvis nre not rare Thev appear as ssolated fractures of the sn-
dividual bones or as more comphented fractures mvolving several of the bones and
the pelvic nng Sumple fractures may apse after a f1fl or 1 direct blow or as the
result of muscular avulsions The more comphcated fractures usually result from
severe crushung injuries As 1 fractures of other parts of the axial skeleton, the
outlooh. for hie and functional recavery in these Intter fractures 1s determmed more
by the assoctated injunes than by the fracture stself These may mclude mjunes to
the hidney hver, or spleen and, i the pelvis particularly, the ureter, bladder,
urethra, or sectum Even apparently mmor fractures of the pelvis may be associated
with such visceral mjuries

Every patient with a suspected fracture of the pelvis should be catheterized If
there 1s gross or microscopic hematuria, the source of this bleeding must be de-
termined by cystography, mtravenous pyelogriphy, and, »f necessary, by cystos-
copy If the bladder cannot be catheterized, the possiality of damage to the urethra
must be contemplated and the danger of unnary extravasation must be forestalled
by suprapubic cystotomy Inyury to the rectum should be sought for by gentle
rectal palpation and, where mdicated, by proctoscopy While treatment of these
comphcations may be the obhgation of the fracture surgeon, 1t 15 unquestionably
wiser to have the collaboration of a urclogic or abdonunal surgeon in their manage-
ment

IsoLaTeDd FRACTURES OF THE PELVIS

Isolated fractures of the pelvsc bones usually do not requsse more than rest in
bed and expectant treatment They include fractures of the wing of the ilum, the
tiac spines, the body and ramus of the schim, the sacrum, the coceyx, the ;;ubnc
ramus, and separations of the symphysis pubis ’

313
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FRACTURES OF THE ILIUM

FRACTURES OF THE ALA

Fracture of the wing of the 1llum results from crushing injunes and may ivolve
varymg amounts of the bone Displacement 1s uvsually shght and, in any event,
msignificant The patient may be made comfortable for motion mn bed simply by
encirching the whole pelvis by an dhesive tape dressing This should be applied
from at least the level of the greater trochanter to well above the iliac flare and
should be first applied to the mjured side by rolling the patient onto the sound
side After the affected side has been immobilized by adhesive strapping extending
from the symphysis pubis antertorly to beyond the mid hne postertorly, the patient
may be gently rolled onto the mnjured side and similar straps be apphed to the un-

Fla 309 Avulsion fracture of the anterior superior
iliac spine There 1s downward displacement of the fractured
fragment
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aflected side This serves to encircle the entiee pelvis and immobihizes the fractures
The strapping should be Ieft i plice for two or three weeks, after which a ight
cnvas pelvic support should be fitted to the patient The belt should be worn until
all symptoms hwe disappeared Bed rest 1s necessary only for as long as the patient
complams of pun Punless walking can be undertaken even though bony union
m1y not be complete

AVULSION TRACTURES or THE ILIAC SPINES

Avulsion of the antenor supenor iltac spine usunlly results from a forceful
contriction of the sartorius muscle (Fig 309) avulsion of the anterior inferior
thac spine from 1 forceful contraction of the rectus femoris muscle (Fig 310)
Both uvsually occur duning strenuous activity such as runming or football playing In
each case, the fragment 1s displnced downward, but usually only to a shight distance
Pain on motion 1s the presenting symptom and affords the pnmary ndication for

Fi6 310 Awvulsion fracture
hac spine There 1s sl
attachment of the rectus femons muscle

of the anterior nferior
ght separation of the spine at the
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treatment The patient should be merely put at rest in bed It has been stated that
the thigh should be put m flexion to relax the tenston on the avulsmg muscles
Thrs 1s an unnecessary maneuver and does not at all assist in replacing the frag-
ment Healing usually takes place with the fragment unreduced and the awkward
position 1n bed merely serves to annoy the patient and to complicate nursing care
The patient may be permitted to resume his normal activities as soon as the pam
has subsided

FRACTURES OF THE ISCHIUM

FRACTURES OF THE Bopy AND TUBEROSITY

Fracture of the body of the schium m the adult 1s a very rare injury and re
sults from direct violence such as a fall 1n the seated position blows directly against
the tuberosity, or from penetrating objects (Fig 311) Displacement of the frag-

Fi6 311 Fracture of the body of the ischum The
1schium has been fractured through both ram: with a shight
downward displacement of the anteror end

ments 1s usually mmimal No treatment other than complete bed rest 1s necessary
when the fracture 15 simple When the fracture 1s compound, 1t 1s the treatment of
the local wound that engages attention

Apophyseal separation of the ischial tuberosity 1s a charactenstic injury n
adolescents It results from apophyseal avulsion by the action of the hamstnng
muscles and 1s never scen after the age of twenty-five years at which time closure
of the apophysis occurs The small fragment to which the hamstring muscles arc
attached 15 displaced downward and appears characterstically as a herspherical
or crescentic shadow below and posterior to the rschinl tuberosity (Fig 312)
Symptoms are invaniably exacerbated by strenuous activaty and mitigated by restrec-
tion of actiaty No treatment other than avoidance of excessive actrvity 1s indi-
cated 1 most cases The patient may be permitted to be ambulant unless the pamn
1s unbearable, 1n which instance simple bed rest until the pun has subsided 15 all
that 1s necessary Healing usually occurs if the displacement 1s not excessive (Fig

313)
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Fic 312 Ischial apophysiolysis acute stage A fant cres
centnc shadow below the body of the 1schizm on the nght side
1s the result of avulsion by the hamstring muscles (Reproduced
from Milch H, Ischial apophysiolysis A new syndrome Chim
cal Orthopedics 2 184, 1953 )

PO

Fio 313 Ischral apophysiolysis healng stage The
distance between the avulsed ischial apophysis and the
body of the ischium 1s gradually filled 1n by rregular
masses of callus When heahing 1s complete the only
indication of the antecedent lesion will be a slight thick
enmg and wregulanty of the tuberosity of the affected
isechium  (Reproduced from Milch H Ischial apophvsiol
5;591553 )A new syndrome Climcal Orthopedics 2 184
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No attempt should be made at operative replacement of the fragment 1f there
15 wide separation and the avulsed fragment impedes normal sitting, however, the
fragment should be removed and the hamstring muscles reattached wherever
possible I excision 1s necessary, the avulsed 1schial apophysis can be easily ap-
proached by a longitudinal 1ncision along the postenior aspect of the thigh, between
the great trochanter and the 1schial tuberosity The mcision need not extend above
the level of the lowermost fibers of the gluteus maximus and the only structure to
be avorded 1s the scratic nerve which 1s retracted laterally

FRACTURES OF THE RAMUS OF THE ISCHIUM

Isolated fracture of the sschial ramus 1s usually due to a direct blow or a fall
astride Displacement 15 commonly mmmal, owing to the splinting action of the
unaffected pubic ramus There may, however, be extensive hemorrhage mto the
penneum and even intrapelvic bleeding, which may lead to transitory gemito-
urmary difficulties Treatment 1s by simple rest 1n bed until pan has subsided and
there 15 evidence of fracture healing Sufficient heahng usually occurs within three
to four weeks and the patient may then gradually resume pormal activity

Stress fractures occasionally occur at the ischropubic junction They are
characterized chmcally by pam and roentgenographically by an area of osteolysis
at the 1schiopubre junction They must be differentiated from tumors or inflamma-
tions m this region (Fig 314) Heahng usually occurs with bed rest Under
normal activity, symptoms may be prolonged for a year or more before healing
occurs (Fig 315)

Fic 314 Stress fracture at the ischiopubic junction There 1s
an area of radiolucency with a periosteal reaction at the junction of
the descending ramus of the pubis and the ramus of the ischium
(Courtesy of Dr A Friedman )
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Fic 315 Healed stress fracture of the 1schiopubic junction
The radiolucent area has been reconstituted by new bone forma
tion This roentgenogram was taken one year after that shown in
Figure 314 (Courtesy of Dr A Friedman )

Fic 316 Fracture of the ischial spine and sacrum There 1s an
irregulanty at the base of the 1schial spine A fragment of the left
lateral wall of the sacrum has been displiced outward (Reproduced
from Burman M S and Simberg S E Tear of the sacros nous
ligament Bull Hosp Jomt Dis 8 69 1947) P

319
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FRACTURES OF THE ISCHIAL SPINE

Isolated fracture of the 1schial spine 1s exceedingly rare (Figs 316 and 317)
No treatment 1s required and satisfactory healing may be expected Displacement
1s of no consequence 1n males, but 1 women protruston of the 1schial spine mto
the pelvic cavity may so shorten the mterspinous diameter as to be a cause for
dystocta and may necessitate Caesanan section at the terminatton of pregnancy

SOV

Fic 317 Old healed fracture of the 1schial spine The
schial spine projects into the pelvic cavity and because of
decrease of the interspinous diameter may act as a cause of
dystocia  (Reproduced from Burman M S Tear of the
sacrospinous and sacrotuberous hgaments J Bone & Jomt
Surg 34A4 331 1952)

FRACTURES OF THE SACRUM

Isolated fractures of the sacrum are usually transverse, but may be longitudinal
i direction 1nvolve the lower portion of the bone and occur as the result of direct
blows (Fig 316) Displ 1s usually ! and requires nothing more than
rest mn bed or at most, firm strapping of the buttocks Occasionally a marhed
forward displacement may be seen with myury to the lower sacral nerves and re-
sultant disturbance of function of the extemal anal sphincter of sensation in the
perineal region and of sphincter control of the bladder and vrethra Where there
has been marked forward displacement, gentle manual reposition per rectum or
per vaginam has been suggested This should be undertaken with the greatest
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tindity, since Irceration of the wall of ether of these structures may convert a
closed nto 1 senously contanunited compound fracture involving the setropen-
tonenl spice

FRACTURES OI' THE COCCYX

Iractures of the coccyx anse 2s 1 consequence of direct traumn, either falls
landing, astride 1 ressstance, such as 1 ruling or wooden horse, or dunng obstetnical
mancuvers Displacement 15 mimmal but forward angulation may result from the
pull of the Anococcy geus muscle

The vy 1s frequently of hittle value m dingnosss, which 1s most readily
established by elicsting pasn by motion of the coccyx on recta] exammation

Pun on suttng walking sturs, or defecition is severe and should be treated
by scdation, itz batls, and steapping of the buttocks During the first week or so
after fracture, tie patient will be happiest i bed but, thereafter, may be permitted
up and about Sitting whether on a hard or 1 soft seat, my be panful, but the
pam may be rehicved by the use of an nflated rubber ring QOccastonally pam 1s
persistent and of, nfter several months, 1t his not been relieved, coceygectomy 1s
justifiable

The operation 1s carried out with the patient mn the prone position with the
legs dependent “nd the pelvis elevated A horseshoe-shiped incision 1 made, with
the apex at the level of the sacrococeygeal jont nd ats arms on ether side of the
mterglutenl crease After reflection of the skin flap, the posterior aspect of the
sacrum and cocevx 1s disclosed The cocevx may be removed esther from above
downward or 1n a retrograde manner by fixing a towel chip to its termmal end
The tip of the coccyx and its antertor aspect are then sharply freed, care being
taken to avord mjury to the underlying rectum and the adjacent lateral sacral
arteries The dead space remaming must be obliterated and the wound may then
be closed without dramage The results of coccygectomy mn traumatic cases are
satisfactory with immedinte relief of pan

FRACTURES OF THE PUBIS

FRACTURES OF THE Punic RaMus

Fracture of the ramus of the pubis 1s most commonly the result of direct
violence and 1s normally not associated with any visceral mpury  Displacement 1s
mmimal and requires no treatment other than rest m bed for 2 period of three or
four weeks at which ume weight bearmg may be resumed 1f pamless (Fig 318)

SEPARATION OF THE SyMprYsis Pusis

Separation of the symphysis pubis 15 2 not uncommion mjury after difficuft
obstetrical deliveries It occurs less frequently sn males as a result of direct traumn
to the pubss (Fig 319) The patients complain of severe pamm and difficulty n
waltking Pan usuaily subsides during the normal period of postpartum mwolu():on
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Fi6 318 Fracture of the pubic ramus There 1s a
longitudmal fracture of the descending ramus of the
pubis with practically no separation of the fragments
The fracture line passes medial to the ischiopubic junc
tion

Fi6 319 Traumatic separation of the symphysis pubis
There 1s a widening of the space between the bodies of the
pubis as a consequence of a direct anteroposterior com
pressing force
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Fic 320 Pelvic shng for pelvic fractures Compression aganst the side of the
pelvis may be increased by crossing the arms of the sling (Courtesy of Gilbert Hyde

Chick Co)
— -~ -
A B

Fic 321 Jahss method for pelvic compres
sion A 1ilustrates the position of the legs in plas
ter of Pans cylinders at the time of application of
the turnbuckle casts By shortening the proximal
turnbuckle and extending the lower turnbuckle
B lateral compressing forces are exerted aganst
the sides of the pelvis through the femora (After
Jahss S A Injuries involving the pelvis Am J
Surg 43394 1939)

In imstances where the symptoms persist and the separation ss not overcome,
strapping of the pelvis or suspension 1 an overhead shing for a period of six to
eight weeks usually results i a subsidence of the symptoms (Fig 320)

Where the separation cannot be overcome by this method, direct compression
may be exerted by the Jahss method (Fig 321) This employs the prnciple of
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Fi6 318 Fracture of the pubic ramus There 1s 2
longitudinal fracture of the descending ramus of the
pubrs with practically no separation of the fragments
The fracture line passes medial to the 1schiopubic junc
tion

Fi16 319 Traumatic separation of the symphysis pubis
There 15 2 widenmng of the space between the bodies of the
pubis as a consequence of a direct anteroposterior com
pressing force
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1n hzardous occupations 1 argely as the result of igh speed locomotion, fractures
of the pelvic nng hue become more common than formerly in the female This
mposcs 1 different therapeutic objective In the male, the essentinls of therapy are
encompassed by the restorition of the pelvis so 1s to permit weight bearing and
the resumption of work In the femnle, there must be added the objective of restora-
tion of the normal intern1l dinmeters of the pelvis Fulure to accomplish this may
expose the woman of childbearing ge to the necessity of Ciesanan section This
alternative 15, however, not so ternifying s to justfy nything more than con-
scientious efforts 1o secure accurate ignment by closed methods Overenthustastic
attempts 1t manunl replicement or overzeslous surgicnl interference may well ex-
pose the patient to conscquences far more serious than can be envisioned from
failure to restore the 1natomieal configuration

Fractures of the pelvic ring usully involve two or more of the pelvic bones and
may be divided into those that (1) affect the anterior portion of the pelvic ning
either umlaterally or bilaternlly, (2) affect the ntenor ring on one side and the
posterior ring on the opposite side, (3) affect the anterior and posterior portions
of the pelvic ring on the same side, and (4) affect pimarily the acetabulum

FRACTURFS Oor THE ANTERIOR RING

Fractures of the anterior ring nre the result of crushing mjuries either m the
anteroposterior or lateral directions The fracture line may tnvolve the ischral and
pubic ram1 on one side or bilaterally and may occur at any point 1n therr course
(Fig 323) Depending upon the direction of the force, the fragments may be dis-
placed backward or agamst one another leading to overriding Usually, the dis-
Placement 1s slight, but the danger of imjury to the bladder and urethra 1s very

o on

Fic 323
vertical fracture of th,
ischiom with stight overnidin,

g of the fragments Complete healin,
from simple bed rest and suspension 1n a pelvic shing 8

Unilateral fracture of anterior nng There 15 a
e ascending ramus of the pubis and the



324 APPENDICULAR SKRELETON LOWER EXTREMITY

turnbuckle constriction exerted through long leg casts A large turnbuckle 1s -
serted 1n the plaster cast above the malleoh with a shorter turnbuckle four to five
mches below the upper edge of the cast By shortening the upper turnbuckle and
lengthening the lower turnbuckle force can be exerted on the pelvis through the
mward action of the femoral heads, thus tendng to approximate the margmns of
the separated symphysis pubss (Fig 322) Good functional results may be ex

F16 322 Jahss turnbuckle cast Method of applymg the turnbuckle to the
long leg plaster of Pamns casts

pected even when complete restoration of normal alignment has not been attaned
Operatwve fuston of the symphyss 1s to be carefully avoided since 1t leads to marhed
disability presumably owing to excesstve strams at the sacroiliac joints

FRACTURES OF THE PELVIC RING

Fractures of the pelvic ring result from severe crushing injunes and are the
fractures most likely to lead to complicating injuries of the pelvic viscera Formerly,
this type of fracture of the pelvic ring was encountered mainly 1n males engaged
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1n hazardous occupations L argely s the result of ugh speed locomotion, fractures
of the pelvie rng hve become more common thin formerly n the femnle This
mposes A different therapeutic objective In the mle, the essentials of therapy are
encompassed by the restoration of the pelvis so s to permit weight bearing and
the resumption of work In the female, there must be 1dded the objective of restora~
uon of the normal internal dinmeters of the pelvic Fulure to accomplish this may
cxpose the woman of cliddbearing age to the necessity of Crestrin sectton This
alternitne 15, however, not <o ternfying s to jusbfy anythng more than con-
scientious efforts to secure 1ecurate aignment by closed methods Overenthustastic
attempts at manul replicement or overzenlous surgrenl mterference may well ex-
pose the patient to consequences fir more sersous than can be envisioned from
failure to restore the anatomical configurttion

Fractures of the pelvic ring usually involve two or more of the pelvic bones and
may be dnaded into those that (1) affect the antenior portion of the pelvic nng
either umlaterally or bilaterylly  (2) aflect the nterior 1ing on one side and the
posterior ring on the opposite side, (3) ffect the anterior and posterior portions
of the pelvic ring on the same side, and (4) affect pumanly the 1cetabulum

TRACTURES Of THE ANTERIOR RING

Fractures of the anterior ning are the result of crushing injunies either n the
anteropostenior or lateral directions The fracture line may nvolve the schial and
pubic ram on one side or bilaterally and may occur at any pomt in their course
(Fig 323) Depending upon the direction of the force, the fragments may be dis-
placed backward or agamst one another, leading to overniding Usuatly, the dis-
placement 15 shight, but the danger of injury to the bladder and urethra is very
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Fic 323
vertical fracture of the asce:
1schium with shght overnidin,
from simple bed rest and sus;

Unilateral fracture of anterior ring There 15 a
nding ramus of the pubis and the
g of the fragments Complete heahng
Pension n a pelvic shog
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great (Fig 324) Manual replacement 1s usually unnecessary and, i sunple frac
tures, the patient can be treated by rest in bed Immobilization of the pelvis may be
obtamed by an encircling adhesive strapping Nursing care and the comfort of the
patient are greatly facilitated by suspending the patient 1n an overhead sling Heal
g most commonly occurs 1n about six weeks, after which time a firm canvas belt
extending from the upper edge of the pelvis down to and including the region of the

Fic 324 Bilateral fracture of the antenior pelvic nng Fracture
of the 1schial and pubic ramu on the night side and fracture at the
1schiopubic junction of the left sitde An indwelling catheter 1s m place
and a cystogram has been performed (Courtesy of Dr H L
McLaughlin )

great trochanter should be prescribed At this time, the patieat may be permtted
to begin weight be irmg and ambulation

FRACTURES OF THE ANTERIOR AND POSTERIOR RINGS ON OPPOSITE SIDES

These fractures usually result from obliquely directed anteroposterior compres-
swve forces and lead to an oblique distortion of the pelvis Where there has been no
great displacement rest m bed or m a pelvic sling usually results mn satisfactory
healing Where there has been upward or downward displacement of one hemi-
pelvis so that a dispanty in hmb length 1s mevitable efforts should be made to
correct the deformity by use of the well leg countertraction method (Anderson)
or by applymng traction weights to the shorter hmb As m other fractures of the
pelvis, healing usually occurs within six to eight weeks and gradual ambulation may
be permitted with the a1d of crutches and the support of a canvas encircling belt
after this time
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TRACTURES Of THT ANTIRIOR AND POSTTRIOR RINGS ON TiF SAMF SIDE

These fractures are of the type described by Malgugne s double vertical frac-
tures and arc sheanng fractures duc to antcroposterior compression They are
frequently complicated by upward displicement of the hemupelvis on the side of the
mjury As 1 consequence, 1 shorteming of the Iimb on the affected side 1s char-
actenstic and every cffort should be made to restore the relative length of the

Fic 325 Ischioacetabular (Walthers) fracture The fracture line passes through
the ramus of the pubis and terminates in the region of the sacroiliac joint The entire

medial wall of the acetabulum has been displaced 1nward without, however any protru
sion of the femoral head into the acetabulum When healed this fracture presents the
appearance of a unilateral Otto pelwis (Reproduced from Milch H Ischro acetabular
fracture Bull Hosp Jomnt Dis 167 1955)

affected imb This has been accomplished by the Watson-Jones method of manual

reduction
) With the patient lying on the sound side, the affected limb 1s abducted 1 the
Sv ::1; of the normal limb and 15 held i this position by an assistant while down-
e gpr:;:r; 15 m}zlzde over the crest of the 1lum on the mvolved side The re-
g reduc :)n should be venfied roentgenographically and, if satisfactory, a
ol e a lxlgd Spl;a‘ efxtendmg from the chest wall down to above the knees

o alngnmsnt and e tf m place for a period of about three months

elatas 1s unsatisfactory reduction of the fracture and re-establishment of
quality of imb length may be undertaken by the application of traction to
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the shorter leg, while the patient 1s suspended m the pelvic sling Where reduction
by means of skin traction 1s unsuccessful, considerably more force may be applied
by the use of the well leg countertraction method If satisfactory realignment 15
attaned, this traction should be continued for a period of two to three months and
weight beanng should be mterdicted until there 15 evidence of satisfactory bony

Fic 326 Ischioacetabular fracture There 1s central protrusion
of the femoral head through the fractured floor of the acetabulum

and evidence of arthntic ations in the | head (Cour
tesy of Dr D Raskind )

umion Ambulation may be carefully resumed at this time with the aid of crutches
and a canvas support to the pelvis

A varant of the vertical fracture 1s the so-called ischioacetabular fracture where
the line of fracture passes through the 1schial and pubic ramu antenorly, through
the acetabulum and termmates postertorly mn the region of the sacroiac jomnt
(Fig 325) Ths fracture may result from a fall from a height or from lateral
compression agamst the trochanter It results 1 a narrowing of the interspinous
diameter of the pelvis and not mfrequently i a traumatic arthntis of the huip

jomt (Fig 326)
Reduction 1s most difficult Manual reduction per rectum or per vagmam has
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been recommended, but 15 strongly advised agunst I ateral traction with skeletal
fixation 1n the trochanter has been reported successfully Prabably the best method
of securing closed reduction 15 that dvocnted by Jahss Two long leg casts are
applied extending from the gromn to below the malleoh Turnbuckles are sncor-
porited m the cast wbove the mallcoh and nbout four inches below the upper end
of the leg casts By shorteming the lower turnbuckle 1nd lengtheming the upper turn-
buckle 1 an exactly contrary mnner to that used for overcoming separation of
the symphysis pubis, force 15 exerted on the upper end of the femora, which n

-~ s —
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A B

Fic 327 Jahss method for lateral pelvic traction (A4)
Posttion of the turnbuckles 1 the plaster casts before attempt
at reduction (B) By lengthening the upper turnbuckle and
shortentng, the lower turnbuckle the upper ends of the femora
are pulled outward and exert lateral traction on the pelvic walls
(After Jahss S A Injuries involving the pelvis Am J Surg
43 494, 1939 )

turn exerts a lateral traction on the pelvic walls and thus tends to reduce the frac
ture (Fig 327)

The reduction should be accomplished as quickly as possible and the turn-
buckle pressure should be increased darly until the x~ray shows satisfactory align-
ment The apparatus should then be mamtamed 1n place until there 15 roentgeno-
graphic evidence of satisfactory bony union about two to three months Gradual
ambulation may then be permitted with the ud of crutches and the support of a
canvas belt

‘Whether as a result of traction on the sciatic nerve at the time of fracture or as
a result of direct contusion to the nerve, paralysis, partrcularly in the distribution of
the peroneal nerve, 15 2 common complication of this type of fracture At explora-
tory operation, no loss of continuty m the sciatic nerve may be demonstrated The
patients mamfest the signs of motor and sensory paralysis of the peronenl nerve
and are frequently left with 1 residual foot drop that must be corrected by ppro-
priate operative mtervention The complication that may anse from a traumatic
arthntis of the hip must be treated as arthritis of the hip from other causes
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Fi6 328 Superior nm fracture of the acetabulum Fracture of the superior nm
1s seen with upward displacement of the femoral head

Fic 329 Postenor nm fracture of the acetab
ulum The fractured nm fragment has been reduced
and held i place by two screws (Courtesy of
Dr O Kestler)
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T'RACTURFS OF THI' ACLTABULUM

Fractures of the acetabulum my be either rim fractures or centrnl fractures
Rum fractures nse most common s the result of automobile accidents in which the
head of the flexed femur 1s driven agunst the posterior mirgin of the acetabulum
They have consequently been called dashboard fractures and result from blows
wainst the hnees m sudden decelerations of an automobile Fractures of the

Fic 330 Rmm fracture of the acetabulum Old
unreduced fracture of the acetabular margm with
upward dislocation of the femoral head treated by
Schanz type of subtrochanteric abduction osteotomy

superior rim of the acetabulum may result from falls landing on the feet (Fig 328)
In both mstal:)cles, there ts usually a corresponding dislocation of the femur that
remains unstable unless the fractured rim 1s replaced T
e P his must be done by open
local?edio;e the lfr;ctu(;ed fragments of the nim are replaced, a reduction of the dis
ed femoral head 1s of the utmost importance Ex, :
perience has demons
::;t avasculax]' necrosts of the femoral head varies directly with the lcngthI:)fz T:i:ig
ore 1ts replacement 1n the acetabular cavit
y This 1s so important that redu
under anesthesia has been advocated even in the presence of severe vxsceraclnlt:xn
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junies The actual fixation of the nm fracture can be deferred until such time as the
patient’s general condition warrants more extensive operation

For postertor rim fractures, the approach must be made through the posterior
thiofemoral cision, extending from the posterior ihiac spine down to the great
trochanter For supertor nim fractures, the approach may be made through the

Fi6 331 Central fracture of the acetabulum The acetabular
floor has been cracked in several places but without inward dis
placement of the floor of the acetabulum or of the femoral head

lateral thofemoral incision extending from the anterior superior ihac spme to the
base of the trochanter The fragment must be carefully reduced and this 15 posstble
only by traction on the imb during the course of the operation When accurate
reduction has been obtamed the fragment must be fixed n place by one or two
serews nto the pelvis (Fig 329)

The results of this procedure however elegant they may appear roentgeno-
graphucally, are always doubtful because of the almost mvanable development of
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traumatic arthritis Where the margmal fragment has not been replaced or has not
held mn plrce, 1 persistent dislocatton of the femur will ensue The resultant in-
stability can be overcome by the performance of 1 Schanz type of subtroch1nteric
osteotomy (Iig 330)

Central fractures of the acetabulum muy result from falis or from Internl com-
pressions of the femora and have cven been described as a result of falls on the
sacrum or shoulder They are characterized by fracture of the acctabular floor with
or without mwrd protruston of the medi1l wall of the acetrbulum Where the ace-
tabular floor has been merely fracturcd without medr il displcement, traction should
be applied to the Iimb until there 1s evidence of firm henling (Tig 331) This may
require several months Premature weight beanng will result 1in 2 gradual inward

Fic 332 Ottos pelvis (protrusto acetabull) Following healing of a central frac
ture of the acetabulum (left) there is inward protruston of the medial pelvic wall (right)

displacement of the medial wall characteristic of the so-called Otto s pelvis (pro-
trusio acetabul) (Fig 332) Where the floor 1s merely pushed inward, lateral trac-
tion through the great trochanter or spreadng the thighs by the Jahss method of
lateral pelvic traction may be of value 1 preserving motion of the hip jont
Where the femoral head has actually penetrated the floor of the acetabulum
and projects mto the pelvic cavity, the fragments of the acetabular floor grip the
femoral neck so firmly that any effort short of extensive operative intervention 1s
fruitless In such cases the x-ray presents the appearance of a very marked Otto
type of pelvis Motion 1s Iimuted and usually pamful In these cases as m all cases
ler;‘;(::vmlg the acetabulum, the mcidence of traumatic arthnitis of the hip jont 1s
ape cl:;]y high and the prognoss as regards the return of function must be
o ques};l guar(fied As 1n other forms of arthritis where the acetabulum 1s mvolved
Hoad e c{l 0] therapy 1s still under ardent discussion Prostheses of the femoral
e acetabulem y mot to be considered since the site of the pathology 1s evidently
alatorat calsl;n z;)nd not the femoral head Fusion of the hip may be considered in
coses 1h s, but the 1esection angulation operition is recommended In bilateral
© resection angulation operation 1s the procedure of choice (See mfra’)



CHAPTER 19

Fractures of the Femur

Like other long bones, fractures of the femur may occur n the shaft or at either
extrermty Fractures m this bone, however, present particular problems because
of the anatomical configuration of the bone, its weight bearing function, and the
severe metabolic response, similar to that of major, third degree burns, that they
may excite The treatment of such fractures, therefore, mvolves not only attention
to mechamcal realignment of the fractured fragments, so as to preserve jomnt func-
tion both at the hip and the knee, but also care of patients who are often desperately
il The therapeutic problem 1s further compounded by the fact that the fractures
frequently occur m elderly, debilitated individuals who are particularly prone to
the development of pulmonary and cardiovascular complications

Expenience has repeatedly demonstrated that, particularly m the elderly, frac-
tures of the femur are acute, surgical emergencies and that the end results in pa-
tients treated early mn the postresuscitative pertod are vastly supernor to those ob
tamed where treatment has been instituted later after misgmded efforts to build up
the patient In femoral shaft fractures, the effective circulating blood volume may be
dumimshed by as much as two liters and there 1s virtually constant mnternal hemor-
rhage amounting to abont one hiter of blood Blood volume deficit must be imme-
duately replaced the dragnosss established, and proper therapy promptly instituted
Diagnosis 15 exclusively the function of the roentgenologist and, beyond observa-
tion of the existence of an obvious deformuty, chnical exammations are largely
useless

FRACTURES AT THE UPPER END

Although they are most frequently encountered m older dividuals, fractures
at the upper end of the femur may occur 1n all age groups In general, fractures in
this region may be divided into four groups (1) subcapital fractures, (2) trans-
cervical fractures, (3) mtertrochanteric fractures, and (4) fractures of the
trochanter Subcapital and transcervical fractures are intracapsular, while nter-
trochanteric and trochanteric fractures are extracapsular The subcapital fractures
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may be ather of the abduction ot adduchion types, but the transcervicnl and ntes-
trochanterse fractures are Aimost constantly of the adduction type

The abduction types are charactenzed by wward angulation 1t the site of frac;
ture, with outward displcement of the distol fragment and upward displacement o

4
‘
1
1
4
[
1
1
1
t
]
1
)

r
1
t
t
i
i}
i
t
]
§
]
¢

Iy
t
!
¢
4
¥
}
1
1
v\ D

Fia 333 Fracture types at the upper end of the femur
{A) Subcapital ibduction fracture (B) Subcapital adduction
fracture (C) Transcervical adduction fracture (D) Inter-
trochamstersic adduction {racture

the proximal frapment, terding 1o result in an mcrease mn the angle of the femoral
neck (coxa valga) The adduction fractures, conversely, are characterized by an
outward angulation at the fracture site with mward displacement of the distal frag-
ment and downward displacement of the proximal fragment, tending to lead to a
decsease 1n the angle of the femoral neck (coxa vara) {Fig 333)
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SUBCAPITAL FRACTURES

In children, subcapital fractures appear primarly in the form of epiphyseal
separations at the upper end of the femoral neck These occur marnly at the age of
adolescence and have been variously designated as adolescent or epiphyseal coxa
vara, upper femoral epiphysiolysis, and shipped capital femoral epiphysis It has
been erroneously attnbuted to many causes and specifically to an underlying
eptphyseal dysplasia owing to a postulated though undemonstrated endocrinopathy
While the condition 1s more commonly seen in obese children of the Froelich type,
it may also occur 1n tall, thin individuals (Fig 334) From the fact that all phases

l b ~

Fic 334 Upper femoral epiphysiolysis (coxa anteverta) Bilateral congemtal coxa
vara occurning m a tall thin individual in whom there was also a separation of the
capital epiphysts on the left ssde (Epiphysiolysis )

of the condrtion mcluding the so-called preshipped phase, have been reproduced
expenimentally i monkeys and that the condition may be satisfactorily controlled
by the prevention of external rotation of the distal portion of the femoral shaft 1t
may be presumed that the condition 15 a simple external rotation fracture resulting
from the torque effect produced by body wesght that exceeds the mtrinsic strength
of the epiphyseal plate attachment
Although the condition has been generically designated as epiphyseal coxa vara

this applies only to the late phase of the conditton In 1its eathest mamfestations

upper femoral epiphysiolysis presents the roentgenographic appearance of a broad-
emng of the epiphyseal plate This has been called the presbipped phase (Fig 335)

Actually there 1s 10 such entity Lateral roentgenograms demonstrate conclustvely
that the so-called broadening 15 an optical illusion due to a malalignment of the
femoral head on the neck which visualized on the anteroposterior view of the
femoral head presents an oblique view of the upper end of the femoral neck (Fig

336) This phase of the slowly progressive epiphyseal fracture has been designated



Fic 335 Upper femoral epiphysiolysis  so-
called prestipped phase There 1s onlv shight broad
eming of the epiphyseal lne but the eustence of
actual slipping 1s indicated by the loss of the hump-
Iike projection (arrow) of the femoral head that
normally eusts at the supenor border of the collo~
capital junction

Fic 336 Upper femoral epiphyswolysis so
called preshipped phase On the lateral view of 2
case sumilar to Fig 335 there 15 definite evidence
of malalignment of the aus of the capstal epipbysis

with the axis of the nech Actual shipping 15 clearls
present
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Fic 337 Coxa anteverta and anteversion of the femoral neck
End-on views of the femur and the corresponding anteroposterior
roentgenographic views mn the hips of (/) normal individuals (2)
patients with congenital dislocations of the hip and (3) patients with
epiphysiolysts In (1) the femoral neck 1s of normal length and 1s
anteverted fifteen to twenty five degrees forward from the bicondylar
axis The hump 1s present at the collocapital junction there 15 no sub
capital shadow and the lesser trochanter 1s of normal size In (2)
the femoral neck 1s foreshortened the angle between the axes 1s 1n
creased the hump 1s present at the co]locapltal )unctlcn there 15 no
subcapital shadow and the lesser troct pr
due to external rotation of the imb In (3) the neck 1s forcshortened
the angle between the neck and the bicondylar axis 1s dimimshed the
hump at the collocapital junction has disappeared a subcapital shadow
1s present at the upper end of the femoral neck and the lesser tro
chanter 18 excessively promnent owing to external totation of the
femoral shaft




FRACTURES OF THE FEMUR 339

Fic 338 Emergency treatment of epiphysiolysis
(coxa anteverta) Early case of bilateral slipped capital
femoral epiphyses The patient 1s i bed with both legs
internally rotated in plaster boots that are held fived by
a connecting bar Abduction 1s of value only to facilitate
nursing care In umila eral cases a single plaster of Paris
boot with a flange to mantain internal rotation ts suf
ficient

Fi6 339  Brace treatment of epiphysiolysis (A4) In bilateral

cases two long )
braces with movable knee jomts are connected by a pelvic band which serves to nglal;g
tamn 1nternal yotation (B) In umlateral cases the brace on the normal side need only

extend to above the knee and serves to mamtam inaternal re
rough fhe vetvie band n internal rotation of the affected Liab
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as coxa anteverta or more properly, collum antevertum, since 1t 1s the femoral neck
(collum) that rotates anteriorly (anteversion) while the head remams fixed 1n the
acetabulum by the tendon of the 1liopsoas muscle

The term coxa antererta (collum antevertum), which 15 charactertstic of the
early mamifestations of upper femoral epiphysiolysis, must be carefully differen-
trated from the condition designated as ameversion of the femoral neck whch 1s
charactensstically seen mn congenutal dislocations of the hip The former 1s charac-
terized by an external rotation, and consequently an anterior displacement of the

e e

Fic 340 Umlateral epiphysiolysts (Left) The loss of the collo
capital hump npparent broademing of the left epiphyseal line with
foreshortening of the femoral neck and promunence of the lesser
trochanter establish the diagnosis of an external rotation epiphyseal
separation (Right) The capital epiphysis has buen realigned with the
axts of the neck The collocapital hump has been restored and the
fragments are held by Telson wires that penetrate the neck and fix
the capital epiphysis

femoral neck and shaft beneath the femoral head, while 1n congenital dislocation
there 1s an mternal rotation of the femoral shaft with respect to both the femoral
head and neck

Coxa vara or more properly caput varum occurs only when the externally
ratated neck fracture has reached the pomt where the neck no longer umpmges
agamst the undersurface of the capital epiphysis and the femoral shaft may then be
actually displaced upward Dunng all the so called phases of the condition 1t 1s the
neck and shaft that rotate externally while the head retains its normal relationship
to the acetabulum It 1s only when umon of the fractured fragments has occurred
m malposition and forward progresston with the knee m the sagittal plane 1s under-
taken that the femoral head 1s pushed posteriorly and out of the acetabulum by
internal rotation of the hmb
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Since the mechanism of the production of upper femornl epiphysiolysis 15 €x-
ternal rotation of the neck beneath the capital cpiphysis, rational teetment need
only be directed to the prevention of externil rotation of the leg Treatment muhst
be undertahen carly dunng the collum antevertum stage Seen 1n this stage, t ::
epiphyseal fracture should be conaidered as 1n emergency and weight beanng mus
be immeditely prolubited, since the shehtest icrense in external rotation may serve
to comvert 1 mildly malaligned fracture mnto 1 complete seprition % 1th coxa vara

FiG 341 Subcapital abduction
fracture of the femoral neckh The head
15 valgus and apparently impacted
The subcapital shadow seen through
the shadow of the head 1s cast by the
anteverted femoral neck

A flanged plaster of Panis boot extending from the toes to below the knee
should be applied immediately to enforce mternal rotation of the extrermty (Fig
338) The bedside table should be placed on the side of the affected limb so that
when the patient reaches to the table the body weight will tend further to prevent
external rotation This 1s @ very important detail, since partial shpping may be con-
verted into complete separation by so shght a motion as 1s involved 1n turning the
trunk to the opposite side The flanged boot should be left 1n plice until defintrve
treatment erther by means of an internnl rotation brace (Figs 339 and 340) or by
pin fixation of the fractured fragments has been effected

In umlateral cases, the nternal rotation brace tretment 1s accomplished by
means of a long leg brace apphed to the affected limb and fixed 1n internal rotation
agamnst a short thigh brace on the unaffected hmb, which 1s held n position by 1
pelvic band A lock knee jomt should be incorporated in the long leg brace In
bilateral cases, long leg braces should be applied to each of the extremities and
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each should be turned into the maximum of internal rotation agamst the stabilizing
band The braces must be worn constantly, day and might, until there 1s x-ray evi-
dence of complete closure of the epiphyseal plate usually about one year The
patients may be permutted to engage n all forms of activity provided that the braces
are worn at all trmes

The brace treatment 1s a completely satisfactory method of treatment and should
be employed i preference to open operative reduction It has the disadvantage of

FIG 342 Subcaprtal fracture of the femoral
neck The abduction fracture m the patient
shown m Fig 341 disimpacted while he was
Iying 1 bed with resulting conversion of the
valgus into a varus position of the femoral head

enforced brace-wearmng and the necessity for repeated mechanical repairs Where
the use of the brace 1s objectionable pin fixation can be carried out very easily by
means of Telson wires m preference to the Smith-Petersen nail (Fig 340) Two or
three wires should be mserted through a small lateral ncision over the base of the
trochanter and should penetrate the capital fragment without perforating 1ts car-
tilaginous surface No attempt should be made to realign the fractured fragments
by force since 1t 1s almost impossible to control the small capital fragment The ro-
entgenographic appearance of reduction after manipulation 1s unquestionably 1llu-
sory and 1s to be attnbuted to the fact that the x ray films are obtamed with the
Iimb 1n 1nternal rotation

No immobilization 15 necessary in erther form of treatment Strenuous €Xercise
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55, n general, inadvisable but may be undertthen even before bony umon has oc-
curred across the cpiphysis Ambultion may be permitted mmmedrately The wires
may be left m place permanently or they may be removed after healing 1s complete
Promature removal of the wires before complete bony union hrs occurred may lead
to recurrence of the conditon

In contradistinction to the treatment of coxa antevertn, if the patient 1s seen
shortly after complete separation has occurred and there 1s 1 coxn vara deformity,

Fic 343  Subcaprtal abduction fracture of the femoral
neck To assure maintenance of position two large Telson
wires have been mserted to transfix the capital fragment

mampulative realignment of the fragments may be attempted This 1s possible, how-
ever only up to about two weeks after the acute episode Thereafter, mani ::I t
realignment 1s probably impossible, owimng to the early formation ,of calllfx ’ WS
attempts at replacement are usually meffectual In this situation, open ds, o
for replacement of the head has been advised but the results have ,notp be o enturely
satisfactory largely because of the impairment of the capsular cxrculauone Kt)hzrtlmell}:
procedures mvolve It has been shown statistically that 1n cases n which o
malposition has occurred the end results vary imversely with the extenltm(l)tfmﬂllz
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Fic 344 Subcapital abduction fracture of the femoral neck
The position has been mamtained by the insertion of a Snuth Petersen
nail
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surgienl mtervention The best results have been achieved by simple internl rota-
tion osteotomy to restore 1wt alignment without any effort to nchieve anatomical
reposition
pln the adult, subcapual fractures mny be either of the abduction or adduction
e he fract
Abduction fractures ate usually wmpacted along their outer aspect The fracture
line 1s frequently honzontal and weight beanng merely serves further to wmpact the

Tic 345 Subcapital adduction fracture of the
femoral neck The head 1s sclerotic with aseptic
necrosts of the neck and there 1s marked upward
displacement of the distal fragment

fractured sutfaces Because of this it has been frequently mamtamed that mnternal
fixation 1s not necessary or mdicated m these cases This 1s not mvartably the case,
however, and even with the patient confined to bed an abducted wmpacted sub-
capital fracture may be displaced under the mfluence of muscular pull and con-
verted mto an adduction type of fracture (Figs 341 and 342) Tiys ungquestionably
more desirable o assure the mamtenance of position by the insertion of Telson

wires (Fig 343}, a bone serew or, f the fragment 1s sufficiently large, of a Smuth-
Petersen tnflanged nail (Fig 344)
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No immobilization 1s necessary and the patient may be permitted to sit up mn
bed or a wheel chair almost immediately after operation Walking with crutches
may be permitted as soon 1s the postoperative reaction has subsided, but 1t 1s prob
ably safer to protect agamst full weight bearing by the use of a Thomas walking
brace for a period of six to nine months

FIG 346 Prosthests for nonumted subcapital fracture
This patient was ongunally treated by Smuth Petersen nailing
The path of the previously imnserted nail can still be seen
Union did not occur and a prosthesis was mserted

Adduction types of subcapital fractures present an entirely different problem
from the abduction types It 1s difficult to reduce such fractures and even if reduced
difficult to maintam i position Aseptic necrosis 1s 1 common sequel (Fig 345)
and, because of this open operation with prosthetic replacement of the fractured
femoral head has come nto favor

Many different types of prostheses have been devised Generally speaking the
plastic devices are not as satisfactory as those made of metal For the msertion of
any prosthetic femoral head approach to the hip jomnt may be made either through
the antenor 1hofemoral so called Smuth-Petersen ncision, through the lateral ilio-
femoral, so-called Watson-Jones mcision, or through the posterior iliofemoral, so-
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called Gibson meision The capsule 1s opened nd the fractured fragment 1s re-
moved The remaming stump of the neck of the femur 1s then resected close to the
ntertrochanteric ine A reamer, to pernut mnsertion of the prosthesis, 1s passed
through the basc of the nech mto the shaft of the femur The prosthesis 1s mserted
and the wound s closed without 1y effort 1t resuturing the capsule (Fig 346)

Fi6 347 Duslocation of femoral prosthests This patient
was treated by a prosthesis after an ul p of
the hip The prosthests dislocated and the resection angulation
operation was ultimately performed

The results of prosthetic replacement of the femoral head are far more satisfac-
tory 1n the treatment of recent subcapital fractures of the femoral neck than they
have been 1 the treatment of old malunited fractures or in arthritis of the hy
jomt 1n both of which situations there 15 mvolvement of the acetabular cavit al;
well as of femoral head Even following recent fractures, however, prostheucyre-
placement may be followed by persistence of pain limitation of m’otlon and dis-
location of the prosthetic femoral head (Fig 347) In such mstances re,o erat
with the insertion of another prosthesss 1s frequently fruitless and 1t ’xs przfem;;)lz
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No mmmobilization 1s necessary and the patient may be permitted to sit up n
bed or a wheel chair almost immediately after operation Walking with crutches
may be permitted as soon as the postoperative reaction has subsided, but 1t 1s prob-
ably safer to protect aganst full weight bearing by the use of a Thomas walking
brace for a period of six to mne months

Fi¢ 346 Prosthesis for nonumted subcapital fracture
This patient was origmally treated by Snuth Petersen natling
The path of the previously imnserted nail can still be seen
Unton did not occur and a prosthesis was inserted

Adduction types of subcapital fractures present an entirely different problem
from the abduction types It 1s difficult to reduce such fractures and even if reduced,
difficult to mamtain n position Aseptic necrosts 15 a common sequel (Fig 345)
and, because of this open operation with prosthetic replacement of the fractured
femoral head has come into favor

Many different types of prostheses have been devised Generally speaking the
plastic devices are Tot as satisfactory as those made of metal For the msertion of
any prosthetic femoral head approach to the hip joint may be made either through
the anterior ihofemoral so-called Smuth-Petersen mnciston through the lateral ahio
femoral so called Watson-JYones incision, or through the posterior ihiofemoral, so-
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Fic 350 Nelatons hne (4) The normal relationships between the an
terior superior ihac spme the wchial tuberosity and the tip of the greater
trochanter (7) with the thigh in cxtension 1s mndicated The distance from
each of these points to the medial malleolus ts the same on both sides In the
other figures the trochanter ltes above Nelaton's Iine (B) A fracture of the
greater trochanter The distance from the tip () to the medial malleolus
is greater on this side than the normal side (C) Esther a dislocation of the
femoral head a varus deformuty or a fracture of the femoral neck 1s shown
The distance from all three points to the medial malleolus 1s less than on the
normal side (D) A fracture of the 1schral tuberosity with downward displace-
ment the distance from the tuberosity to the medial malleolus 1s less than on
the normal side The other ments reman flected (L) A fracture
of the antentor supertor jhiac spine with downward displacement of the frac-

tured fragment and the distance from this pomnt to the medial malleolus 1s
less than on the unaffected side

349
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Fic 348 Resection angulation operation for nonumited fracture of the femoral
neck (Left) Nonunion of the femoral neck with beginning avascular necrosis of the head
1s to be seen The Smuth Petersen nail has teen mmproperly mserted (Right) The Smuth
Peterson nail has been extracted and the femoral head and neck excised down to the
ntertrochanteric hne An osteotomy has been performed below the level of the lesser
tuberostty the distal fragment has been abducted and the two fragments have been
united with an angulated blade plate
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Fic 349 Transcervical fracture in an adoles
cent There 15 a marked coxa vara deformuty at the
site of fracture 1n the femoral neck with healing 1n
malposition This was corrected by a subtrochantenic
osteotomy

348
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FiG 350 Nelatons Ime (4) The normal relationships between the an
terior superior tltac spine, the ischial tubcrostty and the up of the greater
trochanter (7) with the thigh o extension 1s wndicated The distance from
each of these pomnts to the medrl malleolus 1s the same on both sides In the
other figures the trochanter lies above Neiatons Iine (B) A fracture of the
greater trochanter The distance from the tp (T) to the medial malleolus
1s greater on this side than the normal side (C) Euther a dislocation of the
femoral head a varus deformity or a fracture of the femoral neck ts shown
The distance from all three points to the medsal malleolus 1s less than on the
normal side (D) A fracture of the ischial tuberosity with downward displice
ment, the distance from the tuberosity to the medial malleolus 1s less than on
the normal side The other measurements remun unaffected (E) A fracture
of the antenor suptrior 1iac spme with downward displacement of the frac
tured fragment and the distance from thts pomt to the medial mallcolus 15
less than on the unaffected side
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Fic 351 Bryants tnangle (Upper left) The distance (AB)
between the up of the greater trochanter (B) and the base of Bryants
tnangle (AC) 1s normal and equal on both sides (Upper right)
Either a dislocation of the femoral head a varus deformuty or a
fracture of the femoral neck since distance (AB) 1s shorter than on
the normal side The distance from the anterior superior ihac spine
to the medial malleolus will be less than on the normal side owmg to
upward displacement of the mb as a whole The distance from the
tip of the trochanter to the medial malleolus however would be
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aither to arthrodese the Inp or to perform 1 Schanz subtrochantenic osteotomy nd
thus to complete the resectron angulation operation (Tigs 348 and 357)

While arthrodesis, when successful, has the mernt of relieving pan nd afford-
g stability, 1t has the disdvantage of imitation of motion The Schanz osteotomy
has the advantage of re-cstablishing stability while, at the same time, preserving
mobihty ’

TRANSCLRVICAT TRACTURES

Transcervical fractures of the femoral nech are usually seen in patients of old
or nuddle age, but they may also occur mn young children In the young, they are
usually charictenized by 1 coxa vara deformity that 1s frequently not recogmzed
as an 2cute fracture unult some time fter the apperrance of the deformity (Fig
349) At that time treatment for the restorntion of the angle of the femoral neck
can usually be effected by menns of a subtrochanteric osteotomy

Tn adults transcervical fractures are intracapsular, almost always of the adduc-
tion type and are characterized clincally by apparent shortening pawn on motton,
eversion and loss of power in the affected imb A great deal of stress has been
laid upon their diagnosis by noting the relattonship of the trochanter either to
Nelaton s hne or to Bryants triangle Both of these tests are based upon a state-
ment of geometrical relattonship that has no value unless the pomts of reference
(1schial tuberosity, greater trochanter, and anterior superor ihac spine) are
established as being normally situated exther prior to the time of mjury or by com-
panson wih the opposite unaflected side Any pre-existing abnormality of the
1schial tuberosity, the tip of the greater trochanter, or the anterior supenor spine
will necessanly lead to a disturbance of these geometnical relationships Unless 1t
cn be shown that there 1s no ulting of the pelvis no change i the distance between
the anterior supenior 1ltac spine or the 1schial tuberosity and the medial malleolus
of the tibia or no ncrease m the distance between the tip of the greater trochanter
a:g :;l; )!lp of the medial malleolus, these tests are completely useless (Figs 350
a

As contrasted with abduction fractures m the subcapital regton, where the
fracture hine 15 relatively honzontal the fracture line m transcervical fractures 1s
usually oblique and may be completely vertical The treatment and prognosis m
these fractures depends to a large degree on the obliquity of the fracture Iine
Pauwels has shown that these adduction fractures may be roughly divided nto three

———

unchanged (Lower left) A fracture of the greater trochanter The
distance (AB) 1s shorter than on the normal side The distance from
the greater trochanter to the medial malleolus 1s greater but the
distance from the anterior supenor thiac spine to the medial malleolus
1s unchanged as compared with the normal side (Lower nght) A
fracture of the anterior supenior ihac spme The distance (AB) 1s
shorter than on the opposite unaffected side as 1s the distance from
the antertor superior spine to the medial malleolus The distance from

the up of the preater troch 0!
1nter to the medial malle
leolus however 1s
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groups, depending upon the angle that the fracture line makes with the honzontal
(Pauwels’ angle) In those fractures where the angle 1s thirty degrees or less, the
shearmng force exerted by body weight 15 mimmal and healing usually occurs after
reduction In those i which the angle 1s from thirty to sixty degrees, the shearing
force 1s greater and internal fixation 1s essential for adequate healing, while in
those 1n which the angle 1s greater than sixty degrees, nonumion 1s likely to occur
despite adequate internal fixation (Fig 352)

Fi6 352 Transcervical adduction fracture
The angle which the fracture line makes with
the hornizontal (Pauwels angle) measures sixty
five degrees Internal fixation 1s essential in such
cases Because the angle 1s greater than sixty
degrees the prognosis for bony unmion must be
guarded

The first essential 1n the treatment of these fractures 1s adequate reduction
This must be performed on a fracture table 1 an operating room fully prepared
for the subsequent nsertion of mternal fixmg devices Where there 1s no upward
displacement of the distal fragment gentle traction and internal rotation frequently
suffice to secure proper alignment This should be checked roentgenographcally
and, 1if satisfactory, the thigh s then abducted to lock the fragments 1n the reduced
position {Whitman maneuver) Abduction should not be undertaken before internal
rotation smce this prevents reduction

Where there 1s upward displacement of the dist1l fragment, the level of the
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frcture cn be restored ether by tricuon n external rotation or by Leadbetters
maneuver This Itter 1¢ carried out by flexing the mvolved thigh to nincty degrees
and pulling directly upward using the body 5 conmcm,"\chon Tollowing this, the
thugh 15 cxtended tnd mternnlly rotated 5 m Whitman's mancuver and tested for
stability The heel 1s supported 1n the palm of the hand If there 1s no tendency
toward rotation or upward displacement, satisfactory contact of the fragments my
be assumed (Leadbetter's test), and the thigh may then be brought mto abduction
to loch the fragments The position should be visualized roentgenographicatly and,
( unsausfactory, the entire maneuver should be repeated

Immobihizotion of the riduced posion may be mawtawmed by means of 4
plaster of Panis spien, which should extend from well up an the chest wall to and
mcluding the foot on the affected side and should extend down to 1t least the fevel
of the Lnee on the unaffected side It 15 umpossible to fix the pelvis and thus avoid
foss of posttion by means of a sigle hup spica The cast method of treatment has
the disadvantage that 1t nvalves bed rest for from three to s1x months and pro-
longed fixation of the hnee and ankle with the Iikelihood of resulting stiffness n
these jownts It 1s because of this that methods of internal fixation are to be prev
ferred

Many difierent types of fixation devices have been used in the treatment of
these fractures These include the Lorenzo screw, vanous types of lag and cork
screws, the Smith-Petersen triflanged nail and its various modifications, and Telson
wires Each has its proponents, but 1t really matters very little which device 1s used
to maint un the fracture provided that adequate reduction of the fracture 1nd proper
msertion of the device have been accomplished

The simplest method to assure proper direction of the mternal fisation device
ts by the prelimmary msertion of a gude wire The extrermty, while 1 abduction,
15 tuned mto fifteen degrees of internal rotation This serves 1o bring the neck of
the femur nto a plane parallel to the operating table A pomt midway between
the anteror-supenor ihac spine and the spine of the pubis 15 marked on the shin
along the course of the I hg This identifies the position of the acetab~
utlum A small inaston 1s made along the outer aspect of the femoral shaft and
at a pomt about one inch below the base of the trochanter The Kurschuer wire 15
mserted so that it Les in a plane parallel to the table and directed upward and
medially toward the previously noted position of the acetabulum If the wire 1s
directed properly, there wall be no excessive resistance to 1ts passage until the wire
engages the cartifagimous surface of the prouimal fragment If resistance 15 en-
countered before the wire has been mnserted 2 distance equal to the estimated
fength of the femoral head and neck (shghtly less than the actual measurement of
:‘éz E:S]:tcat‘l‘c:elsaﬁil:stto the x ray films}, the direction 1s probably maccurate and

penetration of the cortex of the neck The wire should be

withdrawn and re inserted at 1 shghtly different angle The accuracy of introduction

of the guide wire should be cheched roentgenographically before any attempt at
final fixation If the position 1s satssfactory, any of the fixing devices that 1t 1s de-
sired to employ may be threaded erther alon

gswde or over the gwde wire and genth
hammered or screwed nto place The validity of this msertion should agagm bz
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controlled by x-ray examunation to make certain that the hip jomt has not been
penetrated (Fig 353)

Where mternal fixation 1s not considered feasible or, having been attempted,
has failed owing to the obliquity of the fracture lime, subtrochanteric osteotomy,
either of the angulational type (Fig 354) or of the transpositional type (Fig 355),
may be employed The stability of the osteotomized femoral fragments can be
assured by the sertion of a Neufeld nail or of a properly angulated Blount-Moore

Fi6 353 Low transcervical fracture of the femoral
neck A Smuth Petersen tnflanged nail has been inserted and
passes well beyond the line of fracture

blade plate (Fig 356) While ths, 1n tself, 1s frequently sufficient to assure stability
not only of the osteotomized femur but also of the fracture site, 1t has occasionally
been found that displacement of the proximal fragment occurs To avoid this, a
wire or screw should transfix the trochanteric fragment of the osteotomized femur
and the fractured capital fragment

By whatever method transcervical fractures are fixed weight beaning should
be mterdicted for a pertod of at least three months, though early motion of both
the ip and knee 1s to be encouraged Even at the end of three months weight
beanng should not be pernutted without the additional support afforded by a
Thomas walking caliper Healing 1n these fractures 1s notoriously slow and cannot
be depended upon for unassisted weight bearing for a mmmum period of nine to
twelve months postoperatively
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Fic 354 Low transcervical fracture of the femoral nech (Left) Subtrochanteric
osteotomy has been performed above the level of the lesser trochanter The distal
osteotomized fragment has been transposed medally and angulated outward so that the
fracture line 1s supported by the upper end of the osteotormized shaft (right)

A
. |
Fic 355 Low transcervical fracture of the femoral neck (Left) A subtrochanteric
osteotomy has been performed at a level such that when the shaft was transposed
medially the fracture ine was supported on the upper end of the shaft The exact level

for performing osteotomy should be determined by the preliminary insertion of a

l(\'llx;’cgncr wire so that 1t lies just at the lowermost portion of the proximal fragment
1
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Fi6 356 Transcervical fracture of the femoral
neck A subtrochantenc transposttional type of
osteotomy has been performed The osteotomized
fragments of the femur have been fixed by an
angulated blade plate

While the altgnment of the fracture can be mantained by any of the above
described methods none affords any guarantee as to the ultimate outcome In the
last analysis the result in fractures of the neck of the femur 1s determmed by the
crrculation 1 the proximal fragment There 1s no way of determimmng the degree to
which this circulation has been impaired either at the time of the orgmal injury
or during the subsequent maneuvers of reduction Aseptic, 1schemic necrosis and
the development of the traumatic arthritis cannot be excluded or forearmed agawnst
by any of these purely mechamical efforts Fracture of the neck of the femur has
been deservedly called the unsolved fracture not because of any lack of mechamical
ingenmty but rather purely because of the mability to evaluate the degree to which
circulation 1 the proximal fragment has been embarrassed
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F16 357 Resection angulation operation The
successive stages are (1) exposure of the femoral
head and neck through a lateral jliofemoral ey
sion (2) resection of the head and neck 1f neces
sary with acetabuloplasty to remove overhanging
osteophytes (3) nsertion of the previously angu
lated blade plate and (4) angulational osteotomy
of the femoral shaft and fixation of the blade plate
(Repnnted from Milch H The resection angulation
operation for tup joint disabilities J Bone & Jomt
Surg 374 699 1955)

Where a disabling arthnitis of the hip develops subsequent to fracture, the
problem 1s essentially that of the treatment of panful imitation of hup motion As
i other types of arthntis, treatment may be effected by arthrodesis of the joint
by arthroplasty or prosthetic replacement, or by the performance of the resection-
angulation operation Arthrodesis when successful has the advantage of ehminating
pam and affording a stable hup It has the disadvantage, however, of permanent
hmitation of motion i the affected hip and, n a noteworthy percentage of cases,
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leads to mntractable pain m the lumbosacral area It 1s not applicable n those pa-
tients 1n whom there 1s an arthnitis of the opposite hip or limstation of motion 1n
the lumbar spine As a consequence, recourse has been had to various types of
arthroplasty or prosthetic replacement of the femoral head Neither of these pro-
cedures has proved to be particularly satisfactory in the treatment of traumatic

Fic 358 Angle of pelvic wall inchination Any two sym
metrical ponts such as the superior margins of the acetabula
(DD) are selected and the hne through these pomts (4A4) 1s
drawn to represent the hornizontal The line CC 1s drawn tangent
to the point D and the most lateral projection of the tuberosity
of the 1schium The angle of pelvic wall inclination can be meas
ured agamst the honzontal (A4A4) but 1s better measured agamst
a hne drawn perpendicular to 44 at the pomt D The larger
outward opening angle angle CDD, 1s the angle of pelvic wall
inchnation On the left side the congruence of the osteotomuzed
femur with the angle of pelvic wall inchination 1s indicated by the
outwardly opening angle formed between the hne CC and DD
(Adapted from Milch R A Roentgenographic study of the m
clination of the lateral pelvic wall and the interacetabular distance
1n normal adult pelves J Bone & Joint Surg 36A4 533, 1954 )

arthritis On the other hand the resection-angulation operation which aims at
relief of pain with preservation of mobility has proved to be a procedure applicable
to all types of arthnitis

In prnciple, the operation consists of a pelvic release operation effected by
resection of the femoral head and neck, and a pelvic support operation by means
of a Schanz type of subtrochanteric osteotomy (Fig 357) The operation may be
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performed 10 two stages i which event the ostcotomy should be performed first
Preferably the operation should be completed in one stage The femoral head and
nech are resected long the mtertrochanteric hine through 1 Interal ihiofemoral
meiston A transverse ostcotomy 1s then performed just below the level of the lesser
trochanter 2nd the distal osteotonized fragment 15 angulited outward (postosteo-
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FiG 359 Postosteotomy angle The postosteotomy angle 1s the neck angle of the
osteotomised femur It 1s determined between a line drawn parallel to the shatt of the
distal osteotomised femur and a Iine from the upper end of the ostedtomused femoral
shaft tangent to the most medal projection of the proxtmal fragment It 1s not identical
with the angle of abduction of the distal osteotomised tragment In A which repre
sents a Schanz type of osteotomy the angle of abduction 1s 130 degrees while the
postostcotomy angle 1s 205 degrees In B which represents 2 Lorenz type of bifurca
tion osteotomy the angle of abduction is 130 degrees but the postosteotorny angle
1s 240 degrees The postosteotomy angle should be made commensurate with the angle

of pelvic wall mchination so that the proximal fragment of the femur can rest against
the pelvic wall following osteotomy

tomy angle) (Fig 359) to a degree commensurate with the preoperatively de-
termuned angle of inclination of the lateral pelvic wall (Fig 358)
ﬂex:)(rllsmp;rame]y the patient 1s placed 1n balanced suspension with the thigh m
crutchesan active motion 1s started immediately Weight bearing with the ard of
any o l(l]sually 1s possible within three to six weeks after operation and without
o PPOTt as soon thereafter as tolerated Particulir attention must be directed
mamtaiming the full range of both flexion and extenston n the postoperative
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penod, during which the relatively lengthened pelvitrochanteric muscles must read
just to therr altered kinesiology

Partial or pseudofractures of the neck are occasionally seen especially m so
called Milkman’s syndrome, renal osteodystrophy, or in various nutritional de-
fictencies (Fig 360)

Fic 360 Transcervical pseudofracture of the fe
moral neck The fracture Ime disrupts only the medial
cortex of the nech No treatment other than stmple cast
immobilization unut the pertod of acute pain has sub
sided 1s required m such injunes (Courtesy of Dr H
Sternberg )

INTERTROCHANTERIC FRACTURES

Intertrochanteric extracapsular fractures are undoubtedly more common n the
elderly than are the transcervical or subcapital fractures They are usually spiral
and frequently commimuted, mvolving not only the upper end of the femur, but
also the lesser trochanter and the femoral neck This latter involvement 1s particu
larly serous and should be assiduously sought for, if necessary by making stereo-
scopic x rays of the femoral neck Failure to recognize the existence of comminu
tion extending nto the neck may completely vitiate internal fixation of such frac-
tures since the comminuted neck affords madequate purchase for the nsertion of
any fixing device In this event treatment can be only by means of balanced trac-
tion preferably the Russell type (Fig 56) for a usual period of about three
months

While fractures in this area almost invarmably heal owng to excellence of the
blood supply, 1t 1s particularly important to mamtam abduction of the distal frag-
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ment <o as to re-cstablish the angle of the femoral neck Neglect of this detail n-
sarably leads to the development of 1 cox1 var deformity (Fig 361) It 1s
particulnrly 1 such cises that trentment by the well leg countertraction method
described by Anderson 18 especilly useful (Fig 60) It permits maintenance of
the desired position while, At the same tume, avoiding the necessity of prolonged
recumbency

Where the mtegnty of the coriex of the femoral neck 18 muntuned, fixaton of
the fragments may be accomphished by means of 2 Snuth Petersen nail with 1

Fic 361 Intertrochantenic fracture of the femur Patx

ent refused hospitalization
and was treated at home by Russells traction in abduction (left) Abduction was not
r(nnu;te;med with resulting adduction of the distal fragment and a coxa vara deformity
nght

McLaughlin bar attachment (Fig 362), a Johansen
, nail, or a

e n angulated blade

Although adequate callus 15 usually formed within three months, early unpro-
tected weight beanng 1s dangerous and may lead to recurrence of a varus deformit
Itss u?quesftxonably safer to recommend the wearing of a supporting Thomas wall{
g caliper for a period of six t .
adequa‘i p six to nine months even though callus may appear to be

In newborn children, a special form of fractu

, re nalogous to the type -
trochanteric fracture seen mn adults appears n the form of an ep:ph):eaylp sezzfzrl::tt:;x
of t‘h:, entire J(Iipper end of the femur These usually result from difficult breech pre
sentations and are relatively rare but should be sus; .
pected when an wfant d

not move his thigh normally If recogmized they should be treated 1 ﬂe[;tlono::rsl



362

APPENDICULAR SKELETON LOWER EXTREMITY

Fic 362 Intertrochanteric fracture of the femur The
fr. are d with detach: of the lesser
trochanter Reduction was obtained by traction on the frac
ture table and the position of the neck and shaft were main
tamned by a Smuth Petersen nail with McLaughlin attach
ment No effort was made to fix the small trochanteric frag
ment
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Fic 363 Intertrochanteric fracture of the fe
mur Following reduction position was mamntamed
by an angulated blade plate

Bryant s overhead traction (Figs 54 and 55) If unrecognized, they heal by massive
deposition of cnllus and a deformity that usually disappears as the child grows

FRACTURES OF THE TROCHANTERS

Fractures of one or both of the trochanters are not uncommon 1n association
with ntertrochanteric fractures of the neck of the femur They usually require no
treatment other than that which 1s directed to the major fracture Isolated fracture
of either of the trochanters however 1s relatively rare

FRACTURES OF THE GREATER TROCHANTER

Fracture of the greater trochanter may anse erther as a result of direct blows
to the regron or as a result of avulsion by the attached gluteal muscles In the former
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Intertrochanteric fracture of the femur The
fr are d with detach of the lesser
trochanter Reduction was obtained by traction on the frac
ture table and the position of the neck and shaft were main
tamned by a Smuth Petersen nail with McLaughlhn attach
ment No effort was made to fix the small trochanteric frag

Fic 362

ment
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such mstances there 15 1 separation of the entire trochanter at 1ts epiphysis, with
a small fragment of bone from the upper end of the femornl shaft (Fig 365)
Separation tends to be mimmnl ind no treatment, other than rest in bed during the
period of acute pun s necessary Where there 1s wide separation of the avulsed
epiphysts, open operation nd bone suture or fixation by a screw 1s ndicated

Fic 365 Epiphyseal separation of the greater trochanter The entire trochanter
along with a small triangular fragment from the upper end of the femoral shaft ha

been avulsed (left) (Right) There 1s healing by penosteal new bone formation

FRACTURES OF THE LESSER TROCHANTER

Because of 1ts deeply situated position, 1solated fractures of the lesser trochanter
are almost invanably the result of avulsion by the attached tendon of the iliopsoas
muscle They usually occur in adolescents during acts of extreme exertion such
as runming and jumping and almost always result 1n a detachment of the entirt
apophysis of the lesser trochanter Theoretically treatment mn flexion adduct ;
and external rotation 1s indicated to relax the iliopsoas tendon and to appro ot
the avulsed apophysis to 1ts normal site of attachment In actual metlcfph over
simple bed rest until pam has disappeared and the avordance of all’st::li‘z,)ex:s

actvity until firm bony unmon ha:
o y s occurred suffices to restore normal function
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mstance, the fragments may be comminuted 1n the Jatter the small proximal frag-
ment 15 usually solitary (Fig 364) The small fragment tends to be displaced
upward and mward, but the displacement usually 1s of slight degree owing to the
fact that the gluteus medius muscle attaches obliquely across the outer surface of
the greater trochanter While abduction may be painful and may justify the use of

Fic 364 Isolated fracture of the great
trochanter The upper half of the trochanter
has been avulsed There s however rela
tively shght separation of the fragments
since the tendon of the gluteus medius
muscle straddles the fracture line (Repro
duced from Milch H Avulsion fracture of
the great trochanter A M A Arch Surg 38
334 1939)

immobilization m a plaster of Paris spica m abduction thrs type of therapy 1s
usually not necessary In most mstances, healing takes place without complication,
whether or not the patient 1s tmmobilized, and normal activity need not be inter-
fered with save for the relief of paim Where there 1s wide separation of the frag-
ments, 1t must be presumed that extenstve laceration of the tendon of msertion of
the gluteus medius muscle has occurred and immobilization n an abduction plaster
of Pans spica or preferably open operative mtervention to fix the fragment
place 1s indicated

In children 1solated fracture of the greater trochanter takes the form of an
epiphyseal separation resulting from avulsion by the gluteus medius muscle In
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i the more dstal portions of the shaft in subtrochanteric femoral shaft fractures
the proumnl frigment 1s short wnd, under the influcnce of the shopsoas the gluteus
medius, the obturitors the gemeth nd the pynforaus muscles, 15 flexed abducted,
1nd externally rotated The longer distal frogment 15 pulled nto adduction by the
adductor group of muscles As 1 consequence there 1s 1 marked virus deformmity
of the upper end of the femur with outward nguliion 2t the site of fracture,

Fi6 367 Subtrochantersc fracture of the femoral shaft Early unprotected ambu
fation was perrtted i this case because of the presence of 2 large amount of callus
The varus deformity however promptiy recurred (lefr) and could only be corrected at
open operation Fixanon was performed using an angulated blade plate (right)

producing an adduction type of fracture In the more distal fractures displacement
1s usually that of overnding under the influence of the longutudinally placed quad-
niceps and hamstring muscles

Treatment of the adduction type of subtrochantenic shaft fracture will m
generat be that of abduction of the distal fragment so as to bring it into alignment
with the abducted proumal fragment The stability of the reduction will depend
upon the direction of the hine of fracture It has been said that 1f the fmclureplmc
i (;bhquc from above and Iaterally to below and medially, the reduction will be
stable when the distal portion of the himb 1s brought mto wide abduction and
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Fic 366 Avulsion fracture of the lesser
trochanter The avulsed fragment has been dis
placed upward under the action of the ihopsoas
muscle No treatment 1s indicated other than
rest  preferably with the thigh m flexion and
with shight external rotation

FRACTURES OF THE FEMORAL SHAFT

In contradistinction to fracture, of the femoral neck 1 which there 1s relatively
little trauma to the surrounding musculature and 1 which the therapeutic problem
1s largely of a mechanical nature fractures of the femoral shaft are characterized by
extensive damage to the surrounding musculature a marhed mternal blood loss
and a posttraumatic metabolic response sumilar n its mtensity to that observed
following severe third-degree burns The fractures usually anse as a result of
severe and violent injuries are frequently comminuted and often compounded
They are always acute surgical emergencies threatening limb function and occa-
stonally Life

While the observed displacements will naturally depend upon the nature and
direction of the fracturing force fractures at the upper end of the femoral shaft m
the subtrochanteric regton must be clinically differentiated from fractures present
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ever, mampulation in combination with traction on the fracture table 1s frequently
successful Where the fracture line 15 oblique, the reduction 1s unstable and con-
tinuous traction or internal fixation to mantamn alignment will be necessary
Continuous triction may be exerted 1 balanced suspension by skin traction
(Fig 368) by skeletal fixation (Figs 50, 52, and 369), or in Russell s traction
(Figs 56 and 370), which 1s specificaily designed for frictures of the femoral shaft
Balanced suspenston has the wdvantage of permutting motion at the knees by means
of the Pearson attachment to the Thomas full ng or Hodgen half-ring splint

ad
Fic 369 Fracture of the femoral shaft Balanced suspension with
skeletal traction A Kirschner wire is inserted through the lower end of

the femur and traction 1s exerted through the bow attached to the wire
A Pearson attachment permits motion of the knee

Treatment by means of traction demands constant supervision to avord distraction
and other axial malalignments until there 1s evidence of callus formation with fixa-
tion of the fragments Repeated roentgenograms should be obtamned to determine
the precise position of the fragments Transpositional malalignments may be cor-
rected by appropnately applied pressure pads attached to the splint and torsion
may be controlled either by balanced derotating wesghts or by fixing the foot to a
footpiece that 1s, mn turn, fixed to the splint

Where the prolonged hospitalization that traction necessitates 15 contramdicated
because of extramedical considerations 1mmobilization of the reduced tracture may
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immobilized m a plaster of Pans spica Conversely, 1t has been held that where the
fracture Iine 1s oblique from below and laterally to above and medially the fracture
1s unstable and the tendency toward medal displacement of the distal fragment
must be combated by continuous traction mn abduction

The essentral element 1n the treatment of these fractures 1s the mamtenance of
alignment eirther 1n a spica with or without traction or by means of the well leg
countertraction method of Anderson These fractures are particularly well adapted
to internal fixation by means of an angulated blade plate, which 1s apphcable even

Fic 368 Fracture of the femoral shaft Balanced suspension
with skin traction and a Pearson attachment to permit motion at
the knee

n cases of malunion with recurrence of the adduction deformuty (Fig 367) Blade
plate fixation has the advantage over immobilization 1n a sprca or by the well leg
countertraction method 1n that 1t permuts early motion both of the hup and of the
knee Weight bearing should not be perrmtted however without the support of a
Thomas walking caliper even after three months when umion appears to be satis-
factory by reason of the abundant callus that invanably forms To avord the
possible recurrence of a varus deformuty, the caliper should be worn for an addi-
tional period of from three to six months

In diaphyseal fractures of the femoral shaft treatment must be directed pri-
manly to correction of overnding and the prevention of angulational or torsional
malalignments Overriding may be corrected by manipulation or traction Where
the fracture line 1s transverse manipulation and apposition of the opposed fractured
surfaces to at least fifty per cent of their area are usually sufficient to accomplish
correction of overnding If this cannot be achieved by simple manipulation how
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Fic 371 Fracture of the femoral shaft Medullary
nailing assures excellent alignment and permits constant
bony contact

treatment of fractures 1n general to the neglect of older, equally satisfactory meth-
ods There can be no objection to the use of skeletal fixation, but 1t should be em-
ployed 1n selected cases rather than as a routine procedure Intrameduilary narting
1s the method of choice 1n multiple or severely comminuted fractures of the mid-
portion of the femoral shaft (Fig 372)

Preoperatively, the distance from the the trochanter to the level of the adductor
tubercle 1s measured and the diameter of the medullary cavity 1s estimated from the
roentgenogram On the average a nail of about 10 cm outside diameter usually
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be obtamed by transfixing each frigment by at least two Steinman pins that can
then be incorporated 1n a plaster of Pans spica

Where even so trivial an operative intervention as by transcortical pins 1s con-
tramdicated overniding m a Jong spiral fracture may be avoided by the unorthodox
procedure of immobilizing the fracture i an angular deformity This must be cor
rected after about two weeks when early callus formation may be expected

Where prolonged bed rest 1s contrandicated, open operation and fixation of
the fragments may be undertaken by means of long metallic plates preferably with

Fic 370 Fracture of the femoral shaft Rus
sell's tractron with skeletal traction exerted through
the upper end of the tibra has been employed

slotted holes so as to permt the mamntenance of bony contact without loss of
alignment

Delayed or nonunion 1s a not uncommon complication of femoral shaft frac-
tures treated in this manner Delayed union 1s usually the result of madequate
immobilization of the fragments and indicates the need for continued immobrhiza-
tion Operative ntervention should not be undertaken until there 1s unequivocal
roentgen and chimcal evidence confirming the presence of nonunion In some in-
stances fixation by metailic plates even of slotted types has been considered the
proximate cause of the nonumon and it 1s because of this that mtrameduliary
fixation 1s often a more desirable mittal method of treatment (Fig 371} It must
be stressed hawever, that there has been far too much surgical mtervention in the
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fragment that has been exposed by = lateral incision piaced directly over the level
of the fracture site The medullary naul 1s visunlly guded into the medullary cavity
of the distl fragment and should extend down to the level of the adductor tubercle
A small portion of the nul 1s feft protruding beyond the trochanter to facilitate ex-
traction 1f necessary Control roentgenograms should be made to ascertun thay

Fi6 373 Intramedullary nail fixation for fractured
femoral shaft A small incision 1s made over the tip of the
trochanter and the fracture site 15 exposed The nail 1s driven
mnto the proximal fragment and guided mto the medullary
canal of the distal fragment under direct vision (Repro
duced from Deyerle W M Medullary nailing 1n fractures
Clin Orth 253 1953)

there are no angulational or torsional deformities and that the lower end of the
nail does not penetrate mto the knee joint

Postoperatively, the patient may be permitted to be ambulatory with the aid of
crutches as soon as the postoperative reaction has subsided Early weight beaning
should be avorded until there 1s evidence of solid umon Weight bearing begun too
carly predisposes to bending or even fracture of the nait When there s evidence
of union weight bearing may be gradually resumed with the a1d of 2 Thomas walk-
ng caliper The nail may be left in place permanently or may be withdrawn when
there 15 evidence of firm bony union
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Fic 372 Comminuted fracture of the femoral shaft
(Left) Intramedullary nailing served to realign the fragments
and to re establish length The encircling wire band which was
used to mamtan the fragments n appositton about the nail
1s broken and serves no purpose (right)

allows firm fixation and easy passage through the medullary cavity of both frag
ments

The patient 15 placed 1n the Iiteral positton lying upon the unaffected thigh
with the mjured extremity up A small mcision 1s made directly over the greater
trochanter and a hole of appropriate size 1s drilled through the cortex of the tro-
chanter and to the medulla of the proximal fragment (Fig 373) The selected
nail 15 then driven downward until 1t appears at the lower end of the proximal
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As 1n other fractures of the femur, weight bering without the use of 1 Thomns
walking caliper should not be undertaken for n addittonl period of At least three
and preferably six months

In attempuing to restore mobihty of the knee which 1s frequently dimimished
during the penod of long immobslization c1re must be tiken to vord undue stress

Fio 374
lv;::lf:;;bg:;u‘(,ml of the distal fragment so that the paent has excessive bowing of
e e and al Igus of the leg (Reproduced from Milch H Splintering subperiosteal

¥y malumted fracture of the femur J Bone & Jont Surg 1] 562 1929 )

Malunited fracture of the femoral shaft There 1s anterior bowing as

at the fracture site It 1s frequently wiser to release the quadriceps by open oper-

tion than to exert excessive forces n flexion of the knee

e l:fi:;ld;:;rsfr:gztfl:’rres gl‘ the femoral shaft present 2 specil problem Under the

e Sy el : ownt;vard tilting of the pelvis and the acquisition of the

fombar : ceurred traction 1n extension invartably leads to forward
gulation at the site of fracture Since any form of skeletal fixation 1s contr un-

drcated m chuldren fractures in such
Ppatients must be t d
overhead posttion as described by Bryant (Fig 54) o b freated by traction n the
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Skeletal or ntramedullary fixatron tends to mmmize the possibility of union m
malposttion Malunion may occur, however, under both forms of treatment and
may present serious problems that will depend not only upon the nature of the
malalignment but also on the antecedent history of compounding or existing infec-
tion If prior infection has existed, no attempt at correction of malposition should
be undertaken for a period of at least s1x months after all signs of the mfection
have completely subsided The use of antibiotics i both early and late treatment
of nfected fractures has materially reduced the likelthood of reinfection, but is
no guarantee that a latent infection may not be reactivated Where the question 1s
entirely one of malposition, treatment will depend upon the nature of the malalign
ment

The correction of shortening 1s particularly fraught with danger because of con-
tracture of the adjacent soft tissues and the relative shortening of the neurovascular
structyres Especially mn the elderly, the correction of this type of malalignment
which mplies the necessity of complete section of the bone with subsequent trac
tion, may lead to neurovascular impairment that may threaten the integnty of the
Iimb Moreover, complete section of the bone re establishes the situation of the
onginal fracture, with all of its attendant possible complications In the treatment
of angulational transpositional or torstonal malilignments, these dangers may be
minimized by the performance of a subperiosteal splintering osteotomy

Sphntering osteotomy 15 performed by stripping the penosteum away from a
portion of the circumference of the bone with longitudinal sphitting of the bone over
the site of the malposition with an osteotome This results m the formation of
numerous nterlocking fragments of bone that restores mobility at the traction site
and under traction and molding at the time of the procedure permits of adequate
realignment without lo.s of bony contact Po toperatively, the fragments may be
maintaned 1n position either by traction or by transcortical pin fixation 1n a plaster
of Panis spica While the alignment may not always be anatomical, aesthetic cor-
rection of the deformuty with the re establishment of effective functional alignment
can almost always be obtained (Figs 374 and 375)

Where frank nonunton has occurred intramedullary fixation may occastonally
serve to re-establish the continuity of the bone Most frequently however, satis-
factory outcome can be assured only by the application of a massive onlay bone
graft (Fig 65) The medullary cavities of both ends of the fractured bone should
be opened the fracture realigned and held in place by bone-holding forceps while
the massive onlty graft 1s fixed to each of the fragments by at least two screws
sufficiently long to penetrate the graft and the opposite cortex The defect between
the bone ends should be packed with cancellous bone preferably of autogenous
origin and obtained from the region of the posterolateral aspect of the tlium where

the supply of bone 1s more plentuful In removing these grafts particular care must
attend the preservation of the inner table of the ilium so as to prevent postoperative
herniation The limb should be immobilized mn balanced suspenston or i a plaster
of Panis spica for a period of at least three months at which time complete healing
may be expected to have occurred
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To 1vord the dangers of circulatory embarrassment that this type of overhead
tracion mny preapitate, effectne treton with the proximal frigment mn flexion
mAy be accomplished by 1 modification of Bryant s method (Fig 55) o 3 bar

A padded plaster of Pans trunk cast 1s apphied 1n which 1s mcorpora eha N
at night angles to the trunk Tracuon 1s made aganst the end of this bar throug
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FiG 376 Femoral shaft fracture m an infant
Shight overriding and adduction of the upper frag
ment (left) have resulted 1n abundant callus forma
tion with effective restoration of the axial ahgnment
of the femur (right)

Buck’s extension strips attached to the leg  This portable type of Bryant s traction
permats change of position of the child, facihtates nursing care, and obviates hos-
pitalization The child should be mamtamed 1n the traction apparatus for a period
of six to eight weeks until there 15 evidence of adequate callus formation Over-
nding of as much as one mch and even shght axial malahgnment may be over-

looked 1n children since the deformity tends to be corrected during the process of
remodehing and growth (Fig 376)

nor the lateral angulation has been completely corrected but
the axes of both fragments are parallel sa that climically

the normal configuration of the limb has been restored Same
pattent as Fig 374
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Fic 375 Malumted fracture of the femoral shaft Sphin
tering osteotomy has been performed Neither the bowing
376
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Reduction 15 impossible without releasing tension on the gastrocnemius muscle,
which “cts as the motvating force to chuse displacement of the distal {ragment
Mere relaxation of the gastrocnenius muscle, however, does not act to effect re-
duction Reduction must be attuned under anesthesir on the fracture table by
mantpulation wnd with traction applied to the leg If end-to end pposition cn be
obtamed position cin be retuned by simple immobilization mn a plaster of Paris
spic that extends from the trunk 1t least to below the level of the knee, with the
knee 1n flexion

If end to-end apposition cannot be attuned by this method, 1t may be necessary
to insert a Sternmann pin mto the upper end of the distal fragment so that an up-
wardly directed force may be exerted against the distal fragment, while erther
skeletal or shin traction 1s mamtaned on the leg with the knee in flexion Downward
countertraction exerted through 1 sking over the lower end of the proximal frag-
ment may or m1y not be necessary Once satisfactory alignment has been obtained
the limb may be immobilized 1n a plaster of Paris spica mncorporating the transfix-
ing pins Where pins are used they may be removed after four or five weeks but
immobihization should be continued until satisfactory union has occurred usually
within three months

As 1 fractures of the femoral shaft marked stiffness of the knee may result
and particular care must attend any efforts at restoration of knee joint function
Excessive mampulative force may lead esther to refracture of the femur or fracture
of the patella Mamipulation of the knee joimnt 15 a serious procedure and where the
Iikehhood of success 1s judged to be mmmmal 1t 1s safer to perform operative
quadriceps lengthening rather than closed manipulation

SEPARATION OF THE LOWER FEMoRAL EpIpHYSIS

Epiphyseal separation at the lower end of the femur 1s a relatively rare ijury
It occurs under the age of twenty years when the epiphysis unites with the re-
mainder of the bone Formerly 1t was called wagon-wheel fracture because 1t most
frequently occurred as the result of the shearmg force exerted when the leg was
caught 1 the spokes of a revolving wheel It may, however, occur as the result of
direct blows or falls The displacement of the epiphyseal fragment hns been
described as being charactenstically forward This 15 however not mvartably the
case (Fig 378) and the displacement m all probability depends upon the direction
of the fracturing force

Mampulative reduction 15 possible only when the patient 15 seen relatively
early after sjury Callus formation occurs rapidly 1nd makes manipulative reduc-
tion almost mpossible several weeks after the mitial mjury When employed ma-
nipulation should be attempted only under rigorous roentgenographic control  If
the displacement was anterior before reduction mmmobilization should be accom
plished with the knee n fiexion even as much as nmety degrees If however the
displacement was onginally posterior retention of the reduced separation may be
with the knee 1n extension (Fig 379) Immobilization should be continued for a
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FRACTURES OF THE LOWER END OF THE FEMUR

Fractures at the lower end of the femur may be enther supracondylar inter
condylar or condylar In children the supracondylar fracture occasionally appears
m the form of an epiphyseadl separation of the lower femoral epiphysis

SUPRACONDYLAR FRACTURES

Supracondvlar fractures are nfrequent and arse m consequence of severe
blows or falls from heights Their treatment 1s complicated by the fact that as a

Fic ¥17 Supracondylar fracture of the femur
The distal fragment 1s rotated backward and down
ward Reduction was obtamed sn fawr poswion by
mantpulation and fixation was accomphshed by am
mobilization i a long leg plaster of Pans cast with
the knee it shight flaxion

result of the attachment of the gastrocnemius muscle the small distal fragment 18
almost svarsably rotated backward and dowaward (Fig 377) The possibility of
damage to the popliteal artery must always be envisaged No attempt at any mamp-~
wlative reduction should be undertaken until the status of the distal circulation
has been appropraately ascertamed Efforts at mamspulation must be correspond
mgly gentle
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Reduction 1s tmpasstble without selesing tension on the grstrocnemius muscle,
which auts as the motvatng force to cwse dnplacement of the distal fragment
Mero relixation of the gastrocnemsus muscle, however, docs not act to effect re-
duction Reduction must be attuned under anesthestn on the fracture tible by
manipulation and with teaction pplicd to the leg If end to end 1pposition ¢ be
obtuned position can be retuned by simple immobihzation n a plaster of Pans
spin tht extends from the trunk 4t least to belaw the level of the knee, with the
knee m flexion

If end to-cnd appositson cannot be attaned by this method, 1t my be nccessary
to wmsert 1 Stesnmann pin mto the upper end of the distal fragment so that an up-
wardly directed force may be cxerted gunst the dietal fragment while either
sheletal or skin taction 1s muntamed on the leg with the knee mn flexton Downward
countertraction exerted through 1 shing over the lower end of the proximatl frag-
ment may or may not be necessary Once satisfactory alignment has been obtaned,
the hmb may be immobihized 1 a plaster of Pass spica mcorporating the (ransfix-
ing pins Where pins are used they my be removed after four or five weeks but
ymmobilization should be continued until satisfictory umon has occurred wsually
withun three months

As m fractures of the femoral shaft marked stiffness of the knee may result
and particular care must attend any efforts at restoration of knee jont function
Excessive mampulative force may lead etther to refracture of the femur or fracture
of the patella Mampulation of the knee jomt s a senous procedure and where the
likeihood of success s judged to be mmmmal, st 1s safer to perform operative
quadriceps lengthemng rather than closed mampulation

SeraraTion OF THE LOWER FEMORAL EPIPHYSIS

Epiphyseal sepiration at the lower end of the femur s a relatively rare myury
It occurs under the age of twenty years when the epiphysis umites with the re~
mainder of the bone Formerdy 1t was cilled wagon-wheel fracture because it most
frequently occurred s the result of the shearng force exerted when the leg was
caught in the spokes of 1 revolving wheel It may, however occur s the result of
dircet blows or falle The displacement of the epiphyseal fragment has been
described as bemg charactenstically forward This 13, however, ot mvanably the
case (Fig 378) and the displacement 1 all probability depends upon the direction
of the fracturing force

Mampulative reduction s possible only when the patient 1s seen relatively
early after mjury Callus formation occurs raprdly and mkes manipulative reduc-
ton almost impossible several weeks after the wutil smyury  When employed ma-
tipulation should be attemipted only under rigorous roentgenographic control
the displacement was anterior before reduction mmobsization should be acLom-
Phshed with the knee in fiexion even as much as ninety degrees If however the
duplacement was onginilly posterior retention of the reduced separation may be
with the knce m extension (Fig 379) Immobihization should be continued for 1
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Fic 378 Lateral and anteroposterior views of separation of the lower femoral
epiphysis Outward and backward dislocation of the distal femoral epiphysts that fol
lowed a clipping injury 1n a football game
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Fic 379 Separation of the lower femoral epiphysis Postreduction result
of patient of Fig 378 The separation was reduced manually under x ray con
trol and the reduction was maintained with the leg 1n extension

period of four to six weeks after which gentle active motion of the knee may be
mstituted Weaght bearing should be avorded for several weeks thereafter

1f accurate anatomical alignment 15 impossible or 1f unton has occurred n mal-
position open operation for reduction of the fragments 1s necessary In all injunes
at the epiphyseal lne skeletal fixation that bridges the epiphysts 1s to be avoided
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Fic 380 Separation of the lower femoral eptphysis Because of
the existence of the femoral shaft fracture the epiphyseal separation
at the lower end of the femur was overlooked (left) with resulting
premature closure of the epiphyseal plate and the development of a
marked genu valgum (right) (Courtesy of Dr J Milgram )

since 1t leads to premature closure of the epiphysenl plate, mequality of growth
and subsequent deformity (Fig 380)

INTERCONDYLAR FRACTURES

Intercondylar fractures are usually comminuted The fracture hne may be Y-
or T-shaped and invariably extends into the jomt, which 1s charactenistically tensely
distended by a hemorrhagic effusion This should be aspirated under aseptic pre-
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cautions before anmv effort at reduction 1s made Where there 1s but Iittle displace-
ments of the fragments, immobilization by means of a plaster of Pans spica with
the knee 1r flewion until healing 1s complete usually suffices Separation and marked
displacement of the fragments results from mmpaction of the upper fragment be-
tween the portions of the distal fragments In such event, traction 1s necessary both
to restore length and to withdraw the distal end of the upper fragment so as to
permt of reduction This 1s usually accomplished by sheletal traction exerted

e
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Fig. 2S1 Commun od 1n ercondilar fracture of the lower end of the femur
Thes fractire wes freated by <keletz] traction for 2 penod of eleven weeks without
2av ¢hange 1 2lgoment tlefr) S.usfacton reduction was obtamed at open oper-
2100 a~d pos B was mamtar~d b gicerton of an angulated blade plate (right)
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through a pin or wire inserted tnto the upper end of the tibra at the level of the
tibral tubercle This type of traction exerts its effects through tension on the
capsular higaments which are attached to the lower end of the fractured fragments
Excesaivels prolonged traction of this nature mas result in stretching of the capsular

Fic 382. Communuted mtercondylar frac
ture of the lower end of the femur Reduction
%as obtamned by traction on the fracture table
The position was mamtamned by msertion of an
2azulated blade plate
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cautions before any effort at reduction 1s made Where there 1s but httle displace-
ments of the fragments, i1mmobilization by means of 1 plaster of Parns spica with
the knee 1n flexion until healing 15 complete usually suffices Separation and marked
displacement of the fragments results from impaction of the upper fragment be-
tween the portions of the distal fragments In such event, traction 1s necessary both
to restore length and to withdraw the distal end of the upper fragment so as to
permit of reduction This 1s usunlly accomplished by skeletal traction exerted

T

Fic 381 Comminuted intercondylar fracture of the lower end of the femur
This fracture was treated by skeletal traction for a pertod of eleven wechs without
any change mn alignment (left) Satisfactory reduction was obtamned at open oper
ation and position was mamtamed by msiriion of an angulated blade plate (right)
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marked over 1 considerable arer of the lower end of the femur, fixation of the
fragments m1y be accomphshed by the mnsertion of an angulated blade plate
similar to that used 1t the upper end of the femur, but  which the angles have
been modificd to conform with the configurition of the lower end of the femur
(Fig 382)

Although the apphicttion of this type of skeletl fixahon may be exceedingly
difficult 1t has the definite ment of permutting early mobilization of the affected
knee joint postoperatively The extremuty may be supported tn simple balanced
suspension with 1 Pearson attachment that permuts motion at the knee Where
balanced suspension ts not desirible the hmb may be immobilized n a plaster of
Pans cast, as mn the treatment of nondisplaced intercondylar fractures

FIG 384 Longitudinal fracture of the me
dral femoral condyle There was only shight dis
placement of the fragment and treatment con
sisted of immobthization 1n a long leg plaster of
Panis cast with the knee in shght flexion
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Iigaments This should be avoided, since the ulimate result 1s a lax knee jomnt If
reduction cannot be obtained within two to three weeks, other means of accomplish-
1ng the reduction should be undertaken (Fig 381)

After traction has been applied so that relative length of the limb has been
restored, reduction of the widenming of the knee joint resulting from dastasis of the
fragments may be accomplished either by manual pressure or by the use of a
carpenter s clamp If successful the ltmb should be supported m balanced suspen
sion while skeletal traction 1s mamntained on the leg Traction 1s usually necessary
for a mmmum period of four to six weeks after which the traction pins may be
removed and skin traction may be substituted for an additional period of about
four weeks Quadnceps exercises to maintam the tone of this muscle should be
mstituted from the very outset, but acttve motion should not be undertaken until
there 1s satisfactory roentgen evidence of umon Weight bearing with a Thomas
walking caliper may be permutted after this and should be continued for an add:
tional two to three months

1f sausfactory alignment of the fracture cannot be obtaned by traction methods
open operation should be performed In this circumstance the reduced position
may be mamtained by wires, bands, bolts, or screws Where the comminution 1>

Fic 383 Fracture of the lateral femoral condyle
The fragment consising of the posterior half of the ar
ticular surface of the condyle could not be reduced and
was later removed
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Fic 386 Skt point Parosteal calafication of the
ubtal colliteral hgament resulting from skt injunes must
be carefully differentinted from 1vulsion fractures of the
adductor tubercle

387



386 APPENDICULAR SKELETON LOWER EXTREMITY
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Fic 385 Osteochondral fracture of the lateral con
dyle The small fragment acted as jomnt mouse and was
removed after arthrotomy of the knee jomt

CONDYLAR FRACTURES

Condylar fractures are exceedngly rare and may vary from small tsolated frag-
ments that are shorn off the artieular surface of the condyle to vertical fractures
mvolving almost all the condyle and extending into the jont (Fig 383) In the
larger fragments the fracture line 1s usually longitudinal (Fig 384) Reduction
should be attempted by mampulation but 1if unsuccessful, open operation with
skeletal fixation by means of a screw bolt or angulated blade plate 1s mdicated
Anatomical reposttion 1s essential since the fractures are intraarticular and unless
perfectly reduced lead to a traumatic arthritis of the knee joint Where the frag
ment 1s small, it may act as a free body (joint mouse) and should be removed (Fig
385)

Avulsion fracture of the adductor tubercle occurs but anfrequently and must be
differentiated from parosteal calaifications that are seen after injunes to the tibral
collateral higament (ski pont) (Fig 386)



FRACTURFS OF THE PATFLLA 389

mod bone devetoped within the exten<ar tppacatus of the knee jomni and that such
fractures as lead to a loss of contnuity m the extensor apparatus lead to mability
to extend the hnee This however, apphies only to those transverse fractures
which there 15 2ctual loss of conttnuty n the extensor apparitus Other fractures
of the patelin that do not led to such a loss usually result i hittle inconvenience
and requrre but minmal treatment

Although the cxistence of prteliir fractures may be suspected chmcally ac-
curate diagnoss 1s possible only by means of the x-ray Routine roentgenography
of the patella mvolves the miking of standard anteroposterior and Jateral views
along with a specitl tangentiaf view

This speais! tangential view 15 made with the pauent lyng  the prone position
and with the aflected hnee flexed to about twenty degrees Jess than a nght angle

Fic 388 Types of patella fractures 4 The clamshell type i
which the plane of [racture 1s more or less parallel to enther the pos-
tertor or anterior surfaces of the patella B Longnudinal type m
which the fracture hne s perpendicular to the anteropostenor surfaces
C The transverse type in which the fracture hine 1s perpendicular to
the longitudinal aus of the pateila

(seventy degrees) The x-ray tube 1s tilted so that ats central beam 1s parallel to the
posterior surface of the patella This serves to progect the antenior and postenor
surfaces of the patella on to the x-ray plate beyond the most distal pomt of the
femur (Fi, 387) By this method, the anterior and posterior surfaces of the
patella are visualized

Fractures of the patelfa may be divided into three mam groups the tangential

gcslgmshell) type A the longitudinal type B and the transverse type C (Fig
)

TANGENTIAL FRACTURES

The tangential or clamshell type of fracture 1s charactenzed by the fact that
the plane of fracture 1s mare or less parallel to the anterior or pastenor surfaces
of the patella The continuity of the extensor apparatus 1 not disturbed and
frequently the fracture ttself cannot be demonstrated except by the tangential view
of the patella

Owing 1o the compresstve actron of the extensor apparatus, separation betseen
the fragments 1s usually shight and there 1s no need for reduction Because there
1s no loss it the continuity n the extensor apparatus immobtlization in a long leg



CHAPTER 20

Fractures of the Patella

Because of 1ts subcutaneous position, fractures of the patella are farrly common 1n
adult Iife They may result from direct blows or indirectly 1 consequence of force
exerted by the quadriceps femons tendon against the restraiming mfluence of the

Fic 387 Tangential view of the patella
The knee 1s flexed to about seventy degrees and
the central beam of the x ray 1s directed down
ward parallel to the postentor surface of the
patella

patellar tendon Fractures that result from direct trauma are more hikely to be
comminuted or stellate 1n character while indirectly caused fractures tend to
present transverse fracture lines
The importance of these mnjuries arises from the fact that the patella 1s a sesa
388
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central fractures may 1ppear more important becwise of the size of the fragments
and the posability of 1 Iate trumatie arthntis the smaller marginal fractures are
more 1pt to give rise to chrome svmptomitology

Central longtudinal fractures are nssocnted with severe hemnarthrosis and
repeated aspirtion of the bloody svnovil flurd 1s necessary Beeause of the fact
that the tendon of the quadriceps muscle attaches to both of the fragments, the
contmunty of the extensor apparatus 1s not interrupted and contraction of the muscle
tends to approumate the frigments As a consequence, reduction 1s frequently

N

Fic 390 Marginal longitudinal fractures of the patella
In the tangential view marginat fracture of the medial edge
which cannot be seen in the 1nteroposterior view 1s seen to be
associated with a marginal fracture laterally

unnecessary and immobilization 15 indicated primarily for the control of pan
Weight bearing and normal use of the knee may be permitted as soon as pain has
subsided Thus tends to reduce the amount of callus that 1s normally mmmal be-
cause of the close approximation of the fragments (Fig 389) Where there 1s ex-
tensive comminution without loss of extensor power it may be better to permut
healing and then 1f necessary to remove that portion of the posterior surfice
which 15 incongruous with the femornl condyles, rathe;
ston of fragments

cauhlarfl"}[:l gmgmlduml fractures (T1g 390) frequently result in nonunion be-
se of the dist
o storting action of the vastus muscles that attach to either side of

e patella These fractures, particularly when seen late may resemble a con-

r to undert1ke primary exci-
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cast with the knee n extension 1s necessary only during the perrod of acute pan
Thereafter, weight bearing and motion within the limits of pain may be permutted
The most pressing indication 1s for the treatment of the hemarthros:s that 1s a con
stant feature of all injunies to the mternal structures of the knee Failure to relieve
the internal tension by repeated aspiration leads to infiltration with blood and re-
laxation of the mntrinsic igaments, a disability far more serious than that due to the
fracture

LoNGITUDINAL FRACTURES
Longitudinal fractures of the patella are usually visible on a routine antero
posterior roentgenogram The fracture hine may be central or margmal While the
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Fic 389 C d central 1 il fracture of the patella (A) The
central fracture line 1s mdicated by the arrow The lateral view () shows that there
has been some commmution of the lower fragment The fracture was easily reduced
and accurately approximated by suture of the periosteal covering of the patella (C)



Fic 392 Transverse fracture of the lower
pole of the patella There 1s but httle separation
of the fragment and treatment with complete re
covery was by simple immobilization with the
Lnee in extension

FiG 393 (Left) Transverse fracture of the mud portion of
the patella There 1s wide separation of the fragments

FiG 394  (Right) Transverse fracture of the mud portion of
the patella Open operation was performed to suture both the bone
and the patellar retinaculum

393
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genitally bipartite patella The differentiation may be made by companson of the
x ray with that of the unaffected knee In erther event, the persistence of pam
represents a justifiable mdication for removal of the small fragment with subsequent
reattachment of the detached vastus muscle to the patellar margin

TRANSVERSE FRACTURES

Transverse fractures may occur at erther pole (Figs 391 and 392) or through
the center of the body (Figs 393 and 394) Fractures of the upper pole are rela-

Fic 391 Transverse avulsion fracture of
the upper pole of the patella Avulsion of the
small fragment of the upper pole has occurred
as a result of traction by the quadniceps femoris
muscle This patient was treated by simple cast

t ion with an 11 result

uvely infrequent while fractures at the lower pole are much more common Follow-
ng direct trauma however multiple fragments producing the so-called stellate type
of fracture are most common

Transverse fractures of the patella differ entirely from the other types n the
essenttal fact that they mnvolve 1 loss of continuity of the extensor mechamsm The
unopposed action of the quadriceps muscle pulls the proximal fragment upward
and separations of three or more inches between the fragments have been seen
Though a Mhiatus of such size can be repared by fibrous connective tissue with
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Fic 396 Transverse fracture of
the lower third of the patella Accuracy
of both anterior and posterior surfaces
was achieved by the mnsertion of
vertical mattress wire suture The pa
tellar retinaculum was reconstituted by
two layers of mterrupted sutures

Fi6 397 Transverse fracture of the lower
third of the patella Inaccurate reduction and healing
n malposition were followed by pamn and limitation
of motion of the knee joint owing to the develop
ment of a traumatic arthntis A piece of broken
needle 1s seen at the lower pole of the patella

395
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restoration of normal knee function, the probability 1s shight and should not dis
parage the effort to secure a more prompt and more assured result by bony unton

Where the condition of the patient 1s such as to contraindicate open reduction
and where there has not been too extensive a laceration of the soft tissues, the
proximal fragment may be held in place by encircling adhesive strips while the
action of the quadriceps may be mmmuzed by immobilizing the entire limb 1n a
plaster of Panis cylinder with the knee in complete extenston The plaster of Pans
cylinder should extend from the upper part of the thigh to well down toward the
ankle joint and should be left m place for a mmmum period of four weeks After
this the cast may be removed and a posterior molded splint substituted, which

Fic 395 Transverse fracture of the lower pole of the patellt
Treated by open operation and bone suture with chromic catgut

will permut the begmnning of quadriceps exercises without concomitant motion of
the knee jomt At the end of 1bout six weeks gentle attempts at active flexion may
be permitted, and the patient may be started on weight bearing with the postertor
splnt 1n place Gradual increase of flexion may be encouraged nd after about
eight weeks the patient may be permitted to walk about without the postertor sphint
Inadvertent forcible flexion of the knee should be forewarned against by the use of
crutches or a cane during walking

Full restoration of flexion nt the knee may be prolonged beyond this minimum
period Usually though not always flexion 1s eventually completely restored This
method 1s more apt to be successful where there 1s no separation of the fragments
Where separation of the fragments occurs Iaceration of the patellar retmacuium
must be predicated and open operation 1s the therapcutic method of choice

Operative intervention involves two different procedures (1) bone suture and
(2) reparr of the patellar retinaculum Exposure of the fracture site should be
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Probably the most important single factor i muntuning the reduction ob-
tuned s careful suture of the pateline reunculum, which 15 Hmost wvanably
lacerated widely to exch side of the bone Simple suture of the retinaculum 15 1
isell frequently sufficient to afford excellent apposttion of the {ragments and to
assure thowr retention Tt should always be repatred in two hyers

After shan closure, the extremuts should be immothized with 1 plaster of Pans
cylinder extending from the upper thigh to just 1bove the ankle with the knee jomt
mextension Ambulstion with weight beanng mav be permutted nlmost immediately
after operation The plster cast may be removed after ten days to two weeks and
gradual aetve and passive exercises may be wstituted Tull use of the hmb should
be interdicted, however, until there 18 roentgenographic evidence of bony unton
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undertaken through erther lateral or superior curved incistons Transverse or long:
tudinal mcistons over the patella are best avoided After retraction of the skin and
exposure of the fracture, the joint should be carefully flushed with warm saline to
evacuate the large blood clots In recent fractures, the bone fragments can be
readily approximated by sharp retractors or towel clips It 15 mose important to
assure accurate alignment of the posterior surfaces of the patellar fragments than
of the anterior surfaces Unfortunately, the posterior surface ss not as readily

—

TG 398 Communuted stellate type fracture of the patella The
postertor surface of the patella ts srregular owing to malpostion of
the fragments (Jeft) Complete excision ot the patella was performed
with satisfactory restoratton of function {right)

accesstble as the anterror and excessive arregular callus formation 1s the rule rather
than the exception

Where the patella 15 divided mto a large mam fragment 4nd a small mfertor,
polar fragment wregulanty or excessive callus formation at the site of umon 1s
not apt to traumatize the cartidlage of the femoral condyle The fragments may be
united erther by heavy chromic or wire snture (Figs 395 and 396) If, however
the fracture line occurs at a level where ircegular or excessive callus may traumatize
the articular surface of the femur, and thus lead to a traumatic arthntis (Fig 397),
removal of the fragment with resuture of the patellar tendon 1s to be preferred to
any attempts at bone suture

In cases of communused or stellate fracture where st 1s posstble accurately to
reduce the fragments bone suture may be attempted If, however, the commnution
1s great and the multiphesty of small fragments makes bone suture impossible, 1t 15
unquestionably better practice to remove the {ragments, or even the whole patella
rather than to jeopardize function of the knee by a prolonged and not infrequently
fruitless effort to secure bony unson (Fig 398)



~N

—~—
l e e
3

T 199  Bumper fricture of the b There 15 a communuted bicondylar fracture
of the upper end of the tibn cxtending 1nto the knee jont (left) There 1s shght
widening of the upper end of the nba but relatively hittle displacement of the frag
ments n relation to each other Uneventful healing followed simple ymmobihzation
a plaster of Pans cast (right)

Tic 400 Bumper fracture of the
upper end of the tibia There 1s marked
1on  with d g of the
transcondylar distance The fibular
head lies almost at the level of the
tibial plateau and clinscally  there
was evidence of peroneal palsy




CHAPTER 21

Fractures of the Leg

Fractures of the leg may mvolve either one or both of its constituent bones
Although 1solated fractures of the fibula occur, fractures of this bone are more
commonly seen in association with fractures of the tibia Because of its weight-
bearing function 1t 1s the fracture of the tibia that 1s of prime mmportance 1 frac-
tures of the leg Fractures of the tibia may occur at the upper end, the so-called
tibial plateau, where they volve the knee yomnt, m the shaft or at the lower end
where they ivolve the mortise of the ankle joint

FRACTURES OF THE UPPER END OF THE TIBIA

Fractures of the upper end of the tibra volve either one or both of the tibial
condyles, the tibral spines, or the tibial tubercle Fractures of the tibal plateau are
usually considered as a umt though they may be more properly subdivided mto
those that mvolve the entire plateau (brcondylar fractures) and those that mvolve
one or the other of the condyles (medial or lateral condylar fractures) The b1
condylar fractures are usually due to direct violence and, owing to their frequent
occurrence after automobile injuries, have been ealled bumper fractures The um
lateral condylar fractures usually result from mdirect violence following a fall
landing on the feet and are frequently assoctated with mjury to the collateral liga-
ments of the knee jomt

BICONDYLAR FRACTURES

Bicondylar fractures are frequently commmuted and may be charactenized by
displacement or widening of the knee jomnt Since they imvanably nvolve the
articular surface of the upper end of the tthia they are assocrated with a marked
hemarthrosis which must be aspirated repeatedly 1 f ry If the 1
configuration of the tibial pliteau s relatively well maintamed simple immobiliza-
tion m 1 plaster of Pans c1st extending from the mud thigh down to and including

398
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! nerve (A) Nor

FiG 402  Anterior tr: ation of the p
mal position of the peroneal nerve is wndicated by the arrows (B) After

releasing the tibal head of the peroneus longus muscle the peroneal nerve
may be easily transplanted from 1its posterolateral position to an anterior
position 1n front of the superior ibiofibular articulation The nerve rematns
n the transplanted position following resuture of the tibial head of the
peroneus longus tendon (Reproduced from Milch H  Anterior transposs
tion of the peroneal nerve for traction paralysis J Bone & Jownt Surg 27

608 1945 )
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the ankle, with the knee 1n slight flexion, for a period of from four to eight weeks
1s sufficient (Fig 399) Quadriceps exercises should be instituted even while the
leg 1s immobilized n the cast When there 1s evidence of adequate union, the cast
may be removed and active motion may be gradually instituted withn four to six
weeks after removal of the cast

Where there 1s a moderate broadening of the upper end of the tibia as the
result of impaction of the upper end of the tibal shaft between the fragments,
skeletal traction should be applied through the lower end of the tibia to withdraw
the upper end from between the fractured fragments (Fig 47) The fragments may
then be forcibly compressed, using an ordmnary carpenters clamp This should,

Fic 401 Peroneal palsy follow
g bumper fracture Traction was un
avaling for reduction of the fracture
and the patient developed a peroneal
palsy This was corrected by resection
of the fibular head with prompt sub
sidence of the paralytic symptoms

however, be applied quickly and for only a short penod of time so as to avord
pressure necrosis of the skin

Occastonally as a result of increasing the transverse diameter of the upper end
of the tibsa, the fibula 1s pushed laterally and the peroneal nerve, as 1t crosses the
neck of the fibula 1s put under tension with a resulting dropped foot (Fig 400)

Paralysis of the peroneal nerve may occur as a result of stretching This must be
recognized promptly and its treatment takes precedence over the treatment of the
fracture Traction paralysis of the peroneal nerve may be corrected by removing
the upper end of the fibula (Fig 401) so as to shorten the distance the nerve must
traverse, and thus to reduce tension on the nerve It may similarly be treated by
anterior transplantation of the peroneal nerve from ts normal posterolateral to an
antertor position {Fig 402)
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Fic 404 T racture of the media! tibinl condyle There 1s
downward depression of the medial condyle (left) Because
of the attachment of the tbinl collateral hgiment abduction
of the leg (distal frigment) causes tenston to be applied to
the tiial collateral ligament and the small fragment 1s held
fixed while the mun shaft is realigned (reght)

Fic 405 Posttraumatic genu va
rum  Following an inadequately re
duced depressed fracture of the medial
condyle a genu varum deformity has
developed This caused the patient no
difficulty and no further treatment was
indicated
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UNICONDYLAR FRACTURES

Isolated fractures of either the medial or lateral condyle may occur as a result
of falls or blows where the force 15 directed obliquely agamst the leg The key to
success 1n the treatment of these fractures depends upon the arrangements of the
collateral ligaments of the knee jont The tibial collateral higament 15 inserted
directly mto the medial condyle of the tibta and may be used as a counterforce
realigning fractures of the medial tibial condyle The fibular collateral igament on

FiG 403 The integnty of the
knee jomt 1s mamtamed by 1ts col
lateral higament The tibial collateral
ligament 1s inserted mto the medal
condyle of the tibia The fibular col
lateral ligament 1s inserted into the tip
of the fibula

the other hand 1s inserted into the head of the fibula and does not permut of exer-
tion of 1 counterforce 1n realigning fractures of the lateral tibial condyle (Fig 403)

FRACTURES OF THE MEDIAL CONDYLE

Fractures of the medral condyle of the tibia 1ppear to be considerably less com-
mon than those of the lateral condyle If seen early after mjury these fractures
can usually be reduced by abducting the leg aganst the counterforce exerted by
the powerful tibial (medial) collateral hgnment (Fig 404) If satisfactory position
1s attamned, the leg should be wnmobtlized n slight flexton for a pertod of about
eight weeks 1n a long leg cast After removal of the cast, active motion without
weight bearing may be begun and the patient may be ambulant on crutches After
an additional four- to six-week period gradually mcreasing weight bearing may be
permitted

Where there 1s marked depression of the medial condyle that cannot be over-
come by abduction of the leg open operation and boltng of the fragments must
be performed, provided there 1s a sufficiently firm cortex on the medial aspect of
the condyle to support a bolt If the cortex 1s not judged to be suffictently firm the
fracture should be immobihized 1n a cast until firm umon has occurred A varus of
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Tic 407 Depressed fracture of the lateral tbual con
dyle The lateral condyle 1s fractured and depressed (left)
Because of the fact that the fibular collateral higament 1s in
serted 1ato the tp of the fibula adduction of the leg (distal
fragment) tenses the fibular colliteral hgament to tts max-
mum without exerting any cffect on the depressed lateral
condyle (right)

Fi6 408 Depressed fracture of the lateral tibial condyle
assocrated with fracture of the neck of the fibula There 15
a depresscd fracture of the lateral condyle with a fracture of
the fibular neck (Jefr) 1f the superior tibrofibular higaments
are mtact adduction of the leg will serve to tense the fibular
collateral hgament and thus reduce the depressed fractured
tibal condyle with the fractured fibular neck (right)

405



404 APPENDICULAR SKRELETON LOWER EXTREMITY

the leg will develop 1n consequence of the uncorrected malalignment No further
treatment 15 indicated 1f the deformity 1s of moderate degree (Fig 405) On the
other hand, a marked degree of varus can be readily corrected by the performance
of a simple lineal osteotomy (Fig 406)

Fi6 406 Posttraumatic genu varum Following an inadequately
reduced medial condylar fracture a marked bowleg developed (left)

This was corrected by simple hneal y (right) (Reproduced
from Mich H Juxta articular partial tibial osteotomy Surg Gynec
& Obst 5987 1934)

FRACTURES OF THE LATERAL CONDYLE

Fracture of the lateral condyle of the tibia presents an entirely different problem
from that of the medial condyle There 1s not infrequently an associated injury to
the tibial collateral higament, the most important ligamentous structure about the
knee Because of the fact that the fibular collateral ligament 15 mserted into the head
of the fibula and not into the tibial condyle, 1t 15 usually impossible to replace the
depressed condylar frigment by adduction of the leg smce no counterforce can be
exerted directly on the lateral condyle (Fig 407) On the other hand, where the
fibular neck 1s fractured at the same time as 1s the lateral condyle and the restrun
g nfluence of the fibular collateral hgament 1s removed, adduction of the limb
the opposite maneuver to that used 1n fractures of the medial condyle will
frequently pernut molding and satisfactory reduction of the fracture (Figs 408



F16 410 Iricture of the Iteril tibinl condyle Depressed fracture of the lateral
condyle (lefr) was treated by open operation and bolt fixation of the fragment (right)
(Courtesy of Dr H Sternbery. )

Fic 411
shght depressio
articular platea
only shght incr

Depressed fracture of the lateral tibial condyle There has been only
N of the fragment without any marked disturbance of the level of the
u (left) The pattent was treated by simple cast immobilization with
€ase 1n genu valgum and no disturbance 1n jomnt function (right)

407
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and 409) In such event, the leg should be immobilized 1n a Jong leg cast 1 a posy
tion of shight flexion for 4 peniod of six to eight weeks Thereafter, progressively i
cressing weight bearing may be pormitted  As an all fracturcs about the Ynee,
meticulous attention should be directed toward mamtaming the tone of the quad
riceps femons group of muscles by quidriceps exeruses, which should be per-
formed within the cast

Ideally, perfect anatomical reposition of the fragments s to be desired, since
this fracture 15 intrasrtsicular and may Jead to o posttraumatse arthritis Such 1deal

o ——t

Fic 409  Fracture of the fibular necy and the laters] t1bral condyle The suresior
ubsofibular higaments have not been injured and the fractured fibula and the lateral
condyle act as a4 single fragment Adduction of the feg sgamst the counterforce
exerted by the fibular collateral igament served to realign the fragments

reposition can be obtamned only by open operative intervention and bolting of the
fragment (Fig 410) This can be accomplished only provided there 15 a sufficiently
firm cortex in the lateral frapment to permit passage and solid fixation of the bolt
The defect that results from elevation of the depressed condylar fragment should be
filled by cancellous bone grafts

Where a rupture of the tibial collateral Iigament 15 suspected or can be demon-
strated the imb should be immobilized m a plaster of Pans Jong leg, cast for at
Teast six weels to permit adequate healing of the higament If after removal of the
cast, hyperabductability of more than five degrees persists repair of the tibsal col
Jatera) igament may be necessarv Where no mjury to the tibal collateral izament



{ the lateral
Fic 410 fracture of the Intery) tihial condyle Depressed fracture o

condyle (lefr) ws trented by open operition 1nd bolt fixation of the fragment (right)
(Courtesy of Dr H Sternberg )

Fic 411
slight depress;o
atticular plateq

only shight increase 1n genu valpum and no disturbance 1n joimnt function (right)

407

Depressed fracture of the lateral tibial condyle There has been only
n of the fragment without any marked disturbance of the level of the
u (left) The patient was treated by simple cast immobiization with
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Fic 412 Traumatic genu valgum i an adolescent Synchon
drosis of the lateral half of the epiphvsis occurred with progressive
genu valgum (left) Correction by varous types of tibial and femoral
osteotorny was unsuccessful until after the fibular collateral Iigament
was detached and a juxta articular tibial osteotomy was performed
(right) (Reproduced from Mich H Juxta articular partial tibal
osteotomy Surg Gynec & Obsr 59 87 1934)

Fic 413 Marginal fracture of the
anterior p of the tibia  Accidental
finding mn a patient who presented no
symptoms of a fracture sustaned dur
1ng childhood No freatment was nd:
cated
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can be demonstrated after bolung the leg may simply be supported in balanced
suspenston and passive motion may be mstituted immedintely by means of 1 Pear-
<on attachment  Actine motion 15 bepun as soon as possible thereafter Weight
beanng however, should be moided for 1 period of at least three months, and
should then only gradunlly be resumed

Fi6 414 Marginal fracture of the
lateral tibial condyle There 1s a trans
verse fracture of the lateral tibtal con
dyle without displacement No treat
ment was indicated other than for con
trol of pamn

Fic 415 Segonds fracture of the
lateral tibial condyle The fracture hine
15 usually vertical and represents an
avulston of a small fragment of corti
cal bone from the site of insertion of
the tensor fasciae femomns tendon Sim
ple immobilization 1s mdicated prima
nly for control of pain

Not every fracture of the lateral condyle however, demands open opetation and
even depressed fractures treated conservatively may result i a perfectly normally
functioning knee jomt (Fig 411)

Where fracture of the lateral condyle occurs during adolescence, synchondrosis
of the lateral half of the epiphyseal line with resulung marked genu valgum may
ensue This can be corrected by osteotomy at the upper end of the tiba but only
after the fibular collateral ligament has been detached from the head of the fibula
and reattached to the elevated portion of the tibial condyle (Fig 412)
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Fi6 412 Traumatic genu valgum in an adolescent Synchon
drosis of the lateral half of the epiphysis occurred with progressive
genu valgum (left) Correction by various types of tibal and femoral
osteotomy was unsuccessful until after the fibular collateral hgament
was detached and a juxta arficular tibial osteotomy was performed
{right) (Reproduced from Milch H Juxta articular partial tibial
osteotomy Surg Gynec & Obst 59 87 1934)

Fic 413 Margmal fracture of the
anterior lip of the tibla  Accidental
finding 1n a patient who presented no
symptoms of a fracture sustained dur
g childhood No treatment was indt
cated
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can be demonstrated after bolung, the leg my simply be supported 1n balanced
suspenston 1nd passive motion m1y be instituted immedintely by means of a Pear-
son attachment Active motion 1s begun as soon 1s possible thereafter  Weight
bearing, however, should be avorded for 1 period of at least threc months, and
should then only gradually be resumed

Fic 414 Marginal fracture of the
lateral uibial condyle There 1s a trans
verse fracture of the lateral tibial con
dyle without displacement No treat
ment was jndicated other than for con
trol of pain

Tic 415 Segonds fracture of the
lateral tibial condyle The fracture line
1s usually vertical and represents an
avulston of a small fragment of cortt
cal bone from the site of nsertion of
the tensor fasciae femons tendon Sim
ple immobilization 1s ndicated prima
nly for control of pain

Not every fracture of the lateral condyle, however, demands open operation and
even depressed fractures treated conservatively may result in a perfectly normally
functioning knee joint (Fig 411)

Where fracture of the lateral condyle occurs during adolescence, synchondrosis
of the lateral half of the epiphyseal Iine with resulting marked genu valgum may
ensue This can be corrected by osteotomy at the upper end of the tiba but only
after the fibular collateral ligament has been detached from the head of the fibula
and reattached to the elevated portion of the tibial condyle (Fig 412)
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F16 416 Segonds fracture of the
lateral tihial condyle There 1s a small
avulston fracture of the cortex of the
lateral condyle Union has not occurred
but no treatment 1s indicated This type
of fracture must be carefully differen
tiated from avulsion of the head of the
fibula (See Fig 436)

Fic 417 Recurvatum deformuty of the koee Downward and forward sloping of
the supenor articular surface of the tibia (lefr) has been corrected by sumple angula
nional osteotomy (righr) (Reproduced from Mich H Juxta articular partial oste
otomy Surg Gynec & Obst 59 87 1934)
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Mnrginal fractures of either the anterior Iip (I'g 413) or the Jateral condyle
(Ig 414) usually require no treatment other than simple immobiliztion untl the
peniod of pun has passed

An unusual fracture of the Interil condyle (Segond s fracture) may result from
awvulsion by the tendon of insertion of the tensor fasciac femons (Figs 415 and
416) This fracture must be carefully differentinted from nvulsion frictures of the
tp of the fibult 2t the tnsertion of the fibular collateral Iigament or the biceps
femons muscle (Iig 436)

Recun atum defornnty of the knee owing to downward and forward sloping of
the upper cnd of the thin may result from 1 compresston fracture This can be cor-
rected by n oblique osteotomy (g 417)

FRACTURTS Ot THr TIBIAL SPINLS

Fractures of the tibial spines mny occur 1t ny age nd may 1nvolve either the
medial or the Interal spine These injunies mny be associnted with fracture of one or
the other of the condyles or my occur s 1solated njuries Fracture of the medinl
tibral spine has been attnbuted to avulsion by the antenior cruciate ligament, while
fracture of the lateral spinc his been described s being caused by blows directed
agamst the flexed knec with backw ird propulston of the femur on the fixed tibia
When there 15 but Iittle displacement (g 418) the knece should be immobilized
in a plaster of Panis cast with the leg fully extended for 1 period of four to five
weehs Quadniceps excreises should be nstituted from the very outset of the condi-

. Fic 418  Fracture of the tibial
nﬁnne There 15 essentially no displace
sh‘;ﬂl] of the fragment and treatment

Ul consist of simple cast 1mmo
bilization wath the knee 1n extension
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tion so as to mamtain the tone of this muscle After the cast 1s removed, active mo
tion may be instituted 1nd weight bearing with the aid of crutches may be started

If there 15 displacement of the fragment, extension of the knee may be limited
An effort should be made to overcome the displacement by mantpulation If this 15
unsuccessful and the bone block persists, open operation 1s mdicated Although
occastonal good results may be obtained by replacing and fixing the tibial spine, the
likelihood of postoperative imitation of motion should not be overlooked It has
been repeatedly demonstrated that, provided the tibial collateral igament 1s intact
the tiblal spine and either one or both of the cruciate ligaments may be excised
without jeopardizing the function of the knee joint Tt would appear to be preferable

F16 419 Fracture of the tibal
spime There 15 marked displacement of
the fractured fragment with himitation
of extension of the knee joint The
fragment should be excised in prefer
ence to attempts at reduction

therapy to excise the fragment and to institute early motion rather than to attempt
preservation of the fragment with the risk of imitation of motion (Fig 419)

FRACTURFS OF THE TIBIAL TUBERCLE

In the adult fractures of the tibial tubercle usually result from avulsion by force
exerted through the patellar tendon (Fig 420) There 1s immediate loss of the
power of extension and the only treatment 1s by open operation To msure agamnst
detachment by the patellar tendon during the period of healing, the fragment of
bone should be firmly fixed to the head of the tibia by a screw or wory peg (Fig
421)

In children, avudsion of the tibial tubercle has been misnamed Osgood Schiatter’s
disease There 1s no valid evidence to justify 1ts designation as a disease entity and
its mode of origin, as well as 1ts response to treatment would tend rather to estab-
1ish the condition as of traumatic origin The condition nvariably occurs mn chuldren
before the age of exghteen years at which tume the tibial apophysis unites with the
head of the tibia The onset 15 usually associated with excessive strain on the patel-
lar tendon and the condition s charactenzed by swelling Iocahized tenderness, and
patn on extension of the knee against resistance



Fi6 420 Tracture of the tibal tubercle Avulsion of the
tibial tubercle with upward displacement of the fragment has
resulted from the pull of the patellar tendon

mem 421  Fracture of the tibial
berc]e The avulsed portion of the
Ubial tubercle has been pulled down
and held 1n place by an wory peg
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Where there 15 merely elevation or even fragmentation of the tibral apophysis
(Fig 422), simple immobihzation 1n a long leg plaster of Pans cast with the knee
mn extension for six to eight weeks usually suffices to bring 1bout subsidence of the
symptoms On removal of the cast, the child should be cautioned against resump
tton of strenuous activity, since symptoms may recur at any time prior to bony
closure of the apophysis Drilling or screw fixation of the apophyss 1s to be avoided
as unnecessary, particularly in young giuls where the ultimate result may be an un-

Fic 422 Fracture of the apophysis of the tiial tubercle so called Os
good Schlatter disease The lingula has been elevated on both sides and shows
discontinmty suggestive of fracture Sumple immobilization with the knee 1n
extension usually suffices to control the symptoms

sightly prominence 1n the region of the tibial tubercle Where there 15 complete
avulsion of the apophysis, surgical intervention and fixation of the avulsed tubercle
15 unavoidable

FRACTURES OF THE TIBIAL SHAFT

Isolated fracture of the tibial shaft 15 not uncommon It may follow direct or
indirect trauma and, because the ntact fibula acts as an internal splint, there 1s fre-
quently but little separation of the fragments Immobilization may be accomphshed
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by 2 shantight or 2 bghtty padded phaster of Pans cast extending from above the
knee to and aincluding the foot, with the knee in shight fiexion The cast 1s mun
tuned 1 position for 1 period of cimht 10 twelve weeks, or until healing 1s comptete
After remonal of the ¢st, weight beaemg may be permitted with 4 two bar leg brace
for an rdditsional period of three months

Beeruse of the danger of torson i short spin ol frctures, even waithin the cst,
tranvinion of the frcture by Rarechiner wires ot wee incorpocated 1 the cst 1s 1

F1G 423 Spyral fractures of the tbnl
shaft There 15 a shght torsional displhcement
which has been controlled by Karschner wites
transfixing both the proximal wnd dsstal frag
Mments The wires are incorporated 1n the cist
which extends from the toes to the mid thigh

desirable precaution (Fig 423) Traction should be used with great caution in
such instances Healing 15 notortously slow, especially i fractures of the lower third
;))fellhe ;xbm, and traction seems to ict to prolong the period of wltmate heahng
andayeh union and nonunion are not uncommon sequelie of tib1al shaft fractures
: » Where these are feared bone plating or screw fixation t right angles to the
ine of fracture should be undertaken

Lm‘/:sﬂnigtlernanve procedure 1s by means of imtrimedullary fixation for which the
P wn;] 1s particalarly well adapted It1s however best smited for frictures that
10 the 1t a’ln an area three inches proximal to the ankle joint and three inches distal
dow g ”l tubercle (Fig 4244 and B) The nul 1s nserted through a corticl win

tilled at the Jevel of the mud-portion of the tibial tubercle and directed down
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ward toward the course of the medullary canal The width of the nail 1s determmed
by the diameter of the narrowest portson of the medullary canal, which occurs at the
junction of the muddle and lower thuds of the tibial shaft On the average, this
diameter ss about 0 37 nches (093 cm ), but there are mdividual varations that
should be determimed on x rays of this area After nailing, a Iong leg cast 1s apphied

INCISION
DRILL BoLE
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Fi6 424 Insertion of Lottes nail (4) The area within whch the natt may be
employed for tibial fractures 1s indicated 1n relation to the length of the nad to be used
and the site of uts msertion {Reproduced from Lottes J O Bhnd naling techmque
for mtroduction of tn flanged medullary nad JAM A 155 1039 1954 ) Communuted
fracture of tibia and fibta (B} treated by mtermedullary natling of tibia (C)

and the patient may be permutted to be ambulant after about two weeks Walking
without a cast may be permitted after about three months, when there should be
evidence of satsfactory heahing If not weight bearng should be mterdicted until
there 15 roentgen evidence of adequate healing When healing 1s complete, the nailt
may be removed or left permanently in situ

Where there 1s definite displacement accurate axial alignment must be obtamned
It 15 an error to behieve that an nngulttional displacement will be corrected by sub
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sequent remodeling, even i childeen (Fig 425) Skeletal traction by a prn through
the distal fragment with countertriction exerted agunst the femur with the Anee in
meety degrees of flexton, affords an efficient means of restoring axinl ahgnment A
plaster of Pans cst meorporating the teansfixion pin should be apphied wath the
hnee in shght flexson A sccond pin, wnserted through the proximal frigment and
incorporated 1n the cast, mahkes the fixntion more secure

MR )

Fic 425  Malahgned ubial fracture in a chid i
Persistent bowsng of the tibwa with medial con ¢
vergence of the tsbial articulations wall persist de
Spite remodeling at the site of fracture Qsteotomy
1S necessary to correct this bowing e

This method of treatment 1s usually not apphcable to nstances i which there
are multple fractures of the tibia It 15 particularly in such c¢ases that mtramedullary
?:‘lllenlf :Zi been advocated (Fig 424B) Equally satisfactory results may be ob-
b 4 s t;\l;r; by the use of a Jong metalhic plate The plate should be fixed and
noxt e sl prouimal fragment by means of a bone holding forceps while the

istal fragment 1s brought into ahgnment and both are firmly fixed to the
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ward toward the course of the medullary canal The width of the nail 15 determined
by the diameter of the narrowest portion of the medullary canal, which occurs at the
junction of the mddle and lower thirds of the tibial shaft On the average, th
diameter 15 about 0 37 wnches (093 cm ), but there are individual vanations that
should be determined on x-rays of this area After natling a long leg cast 1s apphed

~~FRACTURE AREA—w
s LENGTH  MEASUREMENT-

\a B

e

Fic 424 Insertion of Lottes nal (A) The area within which the nad may be
employed for tibsal fractures 1s dwcated 1n relaton to the length of the nad to be used
and the site of us msertion (Reproduced from Lottes 3 O Bhind nathng techmique
for ntroduction of tri flanged medullury nait J AM A 155 1039 1954 ) Comnusuted
fracture of tibra and fiva (B) treated by imtermedullary nathing of tibia {C)

and the patient may be permitted to be ambulant after about twa weeks Walking
without a cast may be permutted after about three months, when there should be
esidence of satisfactory healing ¥ not, wesght beanng should be mterdicted until
there 1s roentgen evidence of adequate heahing When healing 15 complete, the nai
mav be removed or left permanently m snw

Where there 1s defimte dsplacement accurate axial alignment must be obtamed
1t 15 an error to beheve that an angulational displacement will be corrected by sub-
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Fio 428  Synostons opintion for persistent nonumion of the b (4) The skin
cision 1s mady over e nlerier comparument of the kg The cdges are retracted
exposing the deep asert {The broken lines mdicate the lmes of osteotomy of the bones
later 16 be carned out 3 (B} The diep fasca is mesed longitudinally along the course
of the superfica! brch of the peronci nene and the peroned mscles wwe
retracted Iterly exposing the fibuls 1nd the outer half of the sterosscous membrine
(C) The fascia wncsed along the crest of the whiz and the attached muscles are
s!c;saé:;led (Reproduced from Mich H - Timo fibular synostomis  Surgery 27 770
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Fic 426 Multiple fractures of the leg Fic 427 Plate fixation
Adequate alignment was npot obtatned by of multple tbal fractures
transfixion wires and immobilization 1 a Same case as Fig 426 after
Pplaster cast realignment of fragments and

fixation by means of a metallic
plate

plate by adequate screw> The uppermost forceps may then be removed and used
for the purpose of realigning the next most distal frigment which 1s then similarly
fixed to the plate This 1s continued working distally unti) all the major fragments
have been ahigned (Figs 426 and 427) The lunb 1s then immobilized 1n a Jong
leg cast and treated 1n the same manner as all other fractures of the tibial shaft
Persistent nonumon of tibial shaft fractures owing to loss of subsistence mn the
daphysts, presents 1 partrcularly difficult problem It has been treated by onlay
bone grafting and by transplantation of the fibula nto the tibta When successful
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Fic 428  Synostosis operation for persistent nonunion of the tibta (4) The skin
Incision 1s made over the anterior compartment of the leg The edges are retracted
exposing the deep fascia (The broken lines indicate the lines of osteotomy of the bones
later to be carried out ) (B) The deep fascia 1s mcised longitudinally along the course
of the superficial branch of the peroncal nerve and the peroneal muscles are
retracted laterally exposing the fibula and the outer half of the nterosseous membrane
(C) The fascia incised along the crest of the tibia and the attached muscles are

Slegl‘saora)lcd (Reproduced from Milch H Tibio fibular synostosts  Surgery 27 770
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Fic 426 Multiple fractures of the leg Tic 427 Plate fixation
Adequate alignment was not obtuned by of multiple tibinl fractures
transfixion wires nd immobilization 1 A Same casc ns Fig 426 after
plaster cast realignment of fragments and

fixation by means of a metallic
phte

plate by ndequate screws The uppermost forceps miy then be removed 1nd used
for the purpose of renhgning the next most distal fragment which 1s then simlarly
fixed to the plnte This 1s continued working distally untit 4ll the major fragments
have been "higned (Figs 426 and 427) The limb 1s then immobilized 1n 1 long
leg cast nnd treated in the same manner s all other fractures of the tibial shaft
Persistent nonunion of tbinl shaft fractures owing to oss of subsistence 1n the
dinphysis, presents a particululy difficult problem It has been trented by onliy
bone grfung and by transplantation of the fibula into the ttbia When successful,
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Fic 428
maision 1s made over the anterior compartment of the leg The edges are retracted
€xposing the deep fascia (The brokhen lines indicate the lines of osteotomy of the bones
:fter to be carned out ) (B) The deep fascia s ncised Jongitudinally along the course

the superficial branch of the peroncal nerse and the peroneal muscles are

Synostoss operation for persistent nonumon of the tibia () The skin

Tetracted later,
(€) The fa
Separated  (
1950y

ally exposing the fibula and the outer half of the interosscous membrane
*c1a incised along the crest of the tibia and the attached muscles are
Reproduced from Milch H Tibio fibular synostosis Surgery 27 770
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these procedures afford excellent stability and the fibula usually increases in diam
cter under the stress of weight bearing The latter operation, however, has the dis-
advantage that if 1t fails, the leg becomes ncapable of supporting weight and per-
manent use of a brace, or even amputation, may have to be contemplated A less
dangerous and usually efficacious alternative 15 afforded by creating a synostosis
between the mner portion of the fibula and each of the ubial fragments (Figs 428
and 429)

ANTERIOR TiBtAL ssasciria
anTeRmon wes
ARTERY AND NERV: o
Rve ~-TisieL ToggecLg (TR AR) ATTUM
PERONES LONGUS =
TEADSSEOUS WANZEANE

TIBALS ANTERIOR
FIBULA ~ =

s

EXT DIGITORUM LONGUS! 3
PERONEVS BREVIS =~
INTEROSSEOYS MEMBRANE

EXT MALLUUS LONGUS- =
FIBULA~— =
CUT TENDONS OF
= TIBIALLS ANTERIOR
— = EXT HALLUCIS LONGDS.
016 tTokyM

Fi6 429 (A4) The muscle mass of the anterior compartment mcluding the anterior
tibial vessels and nerves 1s elevated exposing the medial portion of the fibula the
mterosseous membrane and the lateral portion of the tibra (B) The tihial fragments
are split longitudmally and the lateral halves are turned outward agamnst the inter
osseous membrane The fibula 1s split longitudinally and its med:al half 1s laid down
along the mterosseous membrane mosculating with the tibial fragments previously
laid down

The skin mcsion 1s made between the fibula and the tibia over the muscle
mass lymg m the anterior compartment of the leg (Fig 4284) The skin edges
are retracted and the emergence of the superficial branch of the peroneal nerve from
beneath the fascia 1s sought Following this nerve the deep fascia along the outer
aspect of the anterior group of muscles 1s mused Another mession 1s made along
the crest of the tibia on the inner aspect of the antertor group of muscles (Fig
428B) The peroneal muscles are retracted outward (Fig 428C) The whole mus-
cle mass, including the anterior tibial vessels and nerves, 1s elevated and retracted
exposing the mner side of the fibula, the interosseous membrane, the outer side of
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Fic 429 (Contd) (C) Cross section of the leg before (above) and
after the synostosts operation (below) showing the relation of the
Synostosing bone fragments to the tthia the fibula and the interosseous
membrane (Reproduced from Milkch H, Tibo fibular synostosis
Surgery 27 770 1950 )

the tibia and the intervening site of nonunion of the tibia (Fig 4294) The outer
half of each of the tibsal fragments 1s spht longitudinally along the crest and the
fragments are tumned outward and laid down agamnst the interosseous membrane
;?ll; gbula 1s spht longitudinally throughout 1ts whole length and 1ts inner half 1s
: OWN against the interosseous membrane where 1t mterlocks with the tibial
fagments (Fig 429B) The muscle mass is permutted to fall back above the bone
liilgmenls and the fascta 1s closed with mterrupted chromic sytures The skin 13
Closed withoyt dramage and a plaster of Paris cylinder 1s applied until there 15 X-ray
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these procedures afford excellent stability and the fibula usually mcreases mn dam
eter under the stress of weight bearmng The latter operation, however, has the dis-
advantage that if 1t fails, the leg becomes incapable of supporting weight and per-
manent use of a brace, or even amputation, may have to be contemplated A less
dangerous and usually efficacious alternative 1s afforded by creating a synostosis
between the mner portion of the fibula and each of the tibial fragments (Figs 428
and 429)

ANTERIOR TIBIAL a4
ATERIOR RTE RSN
ARTERY AND NER - (Y EWS OF
A YERE L ~TipaL TogEs g (IBAR) SEPTLUR 3\%,/5::‘;‘ D emamiume
A K TiBiauis AR
A
— TiAn
TIBIALLS ANTERIOR \
EXT DIGITORUM LONG 4
- —SLAR TISUE.

INTEROSSEOUS MEMBRANE.

EXT HALLUGIS LONGUS —

FIBULA - —
cur Tenons o
(I} St
¥ - S ERT MALLLL 5 LONGUS.
— €%V Dil>1TORL
A AN
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Fi6 429 (A4) The muscle mass of the antertor compartment including the antenor
tibial vessels and nerves 1s elevated exposing the medial portion of the fibula the
mterosseous membrane and the lateral portion of the tibia (B) The tibial fragments
are spht longitudmally and the lateral halves are turned outward agamst the mter
osseous membrane The fibula 1s spht longitudmally and sts medial half 1s laid down
along the mterosseous membrane mosculating with the tibal fragments previously
laid down

The sk mcision 1s made between the fibula and the tibia over the muscle
mass lying 1 the anterior compartment of the leg (Fig 4284) The shun edges
are retracted and the emergence of the superficial branch of the peroneal nerve from
beneath the fascia 1s sought Following this nerve the deep fascia along the outer
aspect of the antertor group of muscles 1s mcised Another ncision 1s made along
the crest of the ubia on the mner aspect of the antenior group of muscles (Fig
428B) The peroneal muscles are retracted outward (Fig 428C) The whole mus-
cle mass, including the antertor tibial vessels and nerves, 1s elevated and retracted
exposmg the mner side of the fibula the interosseous membrane the outer side of
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n nature and mvolve the ankle jomnt In children, separition of the lower tibil

epiphysis my oceur
SUPRAMALLEOLAR TRACTURFS

The suprimnllcolir fracture my mvolve only the tibri or both the tibia and
the fibula In the Iatter mstance, the fracture of the fibuln occurs ot 2 gher level

Fi¢ 431 Torus type of supramalleo Fic 432 Commnuted supra
lar fracture of the tibia The alignment 1s  malleolar fracture of the tibia and
satisfactory and treatment by simple cast fibula Internal torsion 15 present and
mmobilization suffices was maintamned by interposition of

the peroneal tendons between the
fibular fragments Tius could be cor-
rected only by operative intervention
and release of the peroneal tendons

than that of the tibia No fracture of the lower end of the tibia should be consid-
ered as properly mvestigated unless the roentgenogram includes the whole of the
fibula Where the fracture 1s of the torus type (Fig 431), simple immobilization 1n
a short leg plaster cast reaching to below the knee affords adequate treatment This
should be maintained until there 1s evidence of unson, usually six to eight weeks
Werght bearing should be prohibited until this time

If the fracture 1s communuted reduction and algy of the fr may
be obtaned by skeletal traction exerted by a pin driven throngh the os calcis (Fig
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Fic 430  Synostosis operation for persistent nonunton of the tibia (left)
Following synostosts operation umon has occurred between the osteotomized

fibula and the separatc portions of the tibia (right) (Reproduced from Milch
H Tibio fibular synostosts Surgery 27 770 1950 )

evidence of bone healing along the area of synostosis To prevent bowing of the
tibia, a two-bar brace should be worn until bone healing 1s sohid (Fig 430 )

FRACTURES OF THE LOWER END OF THE TIBIA

Fractures at the lower end of the tthia 1n adults may occur at a level above the
malleolt, the so called supramalleolar fracture of Malgaigne, or may be fongiudinal
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tic 434  Synchondrows of the
lower tbial eprphysts The onginal in
jury consisted of an epiphyseal separy
ton of the lower end of the fibuh
and a longitudinal fracture of the
medial mallcolus extending through the
epphyseal plate  Synchondrosis  oc
curred wn this area but not n the
region of the cpiphyseal separation of
the fibula As a consequence 1 marhed
sarus at the ankle with 1 varus de
formity of the foot developed

Fic 435 Synchondrosis of the
jower tbial epiphysis  Angulational
osteotomy of the lower end of the tibia
of patient shown in Fig 434 has been
performed to restore the axial align
ment of the ankle joint mortise (See
Fig 456)
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47) Occastonally, reduction 1s impossible either by manipulation or by skeletal
traction In such event, the possibility of interposition of the peroneal tendons
between the fibular fragments must be envisioned and open operation must be per-
formed to release these tendons (Fig 432) Accurate reposition of the fragments
by rotation usually suffices to mamtamn alignment The foot and leg may then be
mmmobihized 1 a shintight or lightly padded plaster cylinder extending to above
the slightly flexed knee

SEPARATION OF THE LOwWER TiBiaL EripHysis

Separation of the lower tibial epiphysss 1s more common than that of the
upper epiphysis The epiphyseal fragment 1s usually displaced posteriorly and

Fic 433 Separation of the lower
- tibial epiphysis The distal fragment 1s
displaced postentorly to a mnsimal de
i gree No treatment other than cast
i t on 18 y

laterally and may be associated with a tnangular fracture fragment from the outer
portion of the lower end of the tibla Where the displacement 15 mimmal, no treat-
ment 1s usually required except for simple immobilization m a short leg cast to
control pain (Fig 433) Where on the other hand, marked displacement has
occurred, manipulative reduction of the separaton 1s usually possible 1n early
cases Open reduction may be necessary if the mjury 1s first seen after several
weeks

This type of epiphyseal mjury usually does pot result in any impawrment of
growth swnce there 1s no compression of the epiphyseal plate 1n most mnstances On
the other hand, where longitudinal compression of the epiphyseal plate occurs
synchondrosis may result with the subsequent development of a marked varus
at the ankle (Fig 434) Such consequences should be treated by osteotomy to re-
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fibul1, smee 1t 1lmost 1lways heals and eauses but little distbility even when healed
in malposition

Isolted fractures of the fibuly are, therefore, more important in their recogni-
tion for the control of pun than for the correction of 1 malalignment

At 1ts upper end, fractures of the stylowl process of the fibuln may vary from
small fragments to 1-rge portions of the head of the bone (Figs 436 and 437)
Most frequently, they result from wulsion either by the attached collateral hga-
ment or the tendon of the biceps femoris muscle The smaller fragment should
be differentinted from the Segond fracture (Fig 416) resulting from avulsion of

Fi6 437 Avulsion fracture of the
upper end of the fibula The entire up
per end of the fibula has been displaced
directly upward Where the fragment
acts to block knee jomnt function 1t
may either be excised or resutured into
its normal position Where 1t 1s excised
1t 15 imporiant to reattach the fibutar
collateral ligament and the brceps fe
mons tendon

the cortex of the lateral tibial condyle by the tendon of the tensor fasciae femoris
Neither of these types requires any special treatment other than temporary immo-
bilization to control pain unless the fragment 1s displaced upward toward the level
of the knee jomnt where 1t may act as a bone block In this event, the fragment may
either be replaced and sutured or may be excised with reattachment of the fibular
collateral higament and the biceps femons tendon

Traction njuries to the peroneal nerve may occasionally occur with this type
of fracture, but 1t 1s more common m fractures that mvolve the neck of the fibula
Fractures 1n this region assoctated with evidence of peroneal palsy, should be
treated by open operation If the continuity of the nerve has not been ;nterrupted
antenior transplantation of the nerve or resection of the fibular head may lead t(;
subsidence of the paralytic symptoms If the nerve 15 actually lacerated an eff
at pnmary repair should be made " efort



426 APPENDICULAR SKELETON LOWER EXTREMITY

store the normal relationship of the ankle jomnt mortise to the shaft of the tibia
(Fig 435) Depending upon the age at which the deformuty occurs, repeated oste
otomy may be necessary until all growth has ceased 1n the fibula and mn the lateral
portion of the lower tibial epiphysis

This 15 to be preferred to epiphysiodests, or destruction of the uninvolved outer
portion of the tibial epiphysis Such a procedure leads to an overgrowth of the
fibula with recurrent varus deformuty of the leg unless the fibular eprphysis 1s
sunultancously obliterated If both are oblterated, the result 15 a dispanty m
length between the two legs, which may later require surgical correction Repeated
osteotomy avords these contingencies

Longitudmal fractures of the lower end of the tibia are considered under
fractures of the ankle jomt

FRACTURES OF THE FIBULA

Fractures of the fibula are most commonlv seen m association with fractures
of the tibra In such instances but little attention 1s usually paid to the fractured

Fic 436 Avulsion fracture of the upper end
of the fibula This fracture should be differentiated
from Segonds fracture of the lateral ubial condyle
though the treatment of both conditions 15 precisely
the same (See Fig 416)



CHAPTER 22

Fractures about the Ankle Joint

Fractures about the ankle jomt are almost innumerable 1n the vanety of their ap-
pearance and many schemes for their diagnostic classification have been devised
Ashhurst (1922) attempted a differentration 1nto first-, second-, and third-degree
fractures based both upon their severity and the mechamsm of thesr production
While there 1s general concurrence as to the definition of first- and second degree
fractures as ummalleolar and bimalleolar njures, respectively, there 15 no unamm-
1ty of opmion as regards third-degree fractures, which have been vanously defined
by different authors

From a therapeutic and prognostic pomt of view, however, the only important
differentiation 1s mto those fractures that do not disrupt the mortise of the ankle
Jomnt and those that do Fractures that do not disrupt the mortise may nvolve one
or both malleoh When one malleolus 1s mvolved the fracture Iine may occur any-~
where along 1ts extent When both malleolt are involved, however, the fracture hnes
ahays occur below the level of the superor surface of the astragalus Fractures
that disrupt the mortise of the ankle joint may result either from a unumalleolar
fracture with concomutant rupture of the collateral hgament attaching to the op-
posite malleolus or from a bimalleolar fracture In the latter event, the fracture
hme always occurs at or above the level of the supenor articular surface of the
astragalus (Fig 440)

In order to differentiate between those bimalleolar fractures that do not involve
the ankle jomt mortise and those unimalleolar frictures associated with igamentous
munes that may lead to disruption of the mortise, 1t 1s extremely 1mportant to
obtain not only the routine anteropostertor and lateral roentgenograms, but also
oblique views, views with the foot n twenty five degrees of mtemal rotation (mor-
tise view) as well as stress films with the foot in mversion or eversion

FRACTURES THAT DO NOT DISRUPT THE MORTISE
Fractures not distupting the ankle jomnt mortise are of four general types (1)
unimalleclar, external rotation fractures of the lateral malleolus, (2) unmmalleolar,
429
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Fic 438 Spiral fracture of Fic 439 Malunited fracture
the fibular shaft There 1s but httle of the fibula Healing has occurred
displacement and stmple immobil m external rotatton but with no
zation tn a plaster boot until heal impatrment 1n the function of the
ing had occurred sufficed ankle joint

Fracture of the shaft of the fibula may be either communuted, as the result of
direct blows, or sprral, as the result of external rotation of the foot on the leg (Fig
438) Unless there 1s nterposition of muscle, these fractures almost invanably
heal Overniding 1s usually of no consequence Even external rotation of the distal
fragment, which tends to rotate the mortise and, thus the foot externally, usually
causes but little difficulty (Fig 439)



CHAPTER 22

Fractures aboul the Ankle Joint

Fractures about the ankle jomt are almost innumerable m the variety of their ap-
pearance and many schemes for therr diagnostic classification have been devised
Ashhurst (1922) attempted a differentration mnto first-, second-, and third-degree
fractures based both upon their sevenity and the mechamism of therr production
While there 15 general concurrence as to the definttion of first- and second-degree
fractures as umimalleolar and bimalleolar mjures, respectively, there 15 no unanim-
ity of opimion as regards third-degree fractures, which have been variously defined
by different authors

From a therapeutic and prognostic point of view, however, the only important
differentiation 1s wmto those fractures that do not distupt the mortise of the ankle
jont and those that do Fractures that do not disrupt the mortise may mvolve one
or both malieoh When one malleolus 1s involved, the fracture line may occur any-
where along tts extent When both malleolt are nvolved, however, the fracture lines
always occur below the level of the supenor surface of the astragalus Fractures
that disrupt the mortise of the ankle joint may result erther from a umimallealar
fracture with concomtant rupture of the collateral ligament attaching to the op-
posite malleolus or from a bimalleolar fracture In the latter event, the fracture
hine always occurs ar or above the level of the superior articular surface of the
astragalus (Fig 440)

In order to differentiate between those bimalleolar fractures that do not mvolve
the ankle jomt mortise and those ummalleolar fractures assoctated with Iigamentous
mjuries that may lead to disruption of the mortise 1t 15 extremely mportant to
obtan not only the routine anteroposterior and lateral roentgenograms, but also
oblique views, views with the foot twenty-five degrees of nternal rotation (mor-
tise view) as well as stress films with the foot 1n mnversion or eversion

FRACTURES THAT DO NOT DISRUPT THE MORTISE
Fractures not disrupting the ankle jomt mortise are of four general types (1)
ummalleolar, external rotation fractures of the Jateral malleolus, (2) ummalleolar,
429
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Fic 440 Cntcal lme for bimal
leolar fractures Fractures at or below
the level of the ankle jomnt usually do
not result in disruption of the mortise
Fractures above this line are almost 1
vanably associated with disruptions of
the ankle joint mortise

abduction or adduction fractures of either the medial or lateral malleols, respec-
tively (3) longitudinal fractures mvolving the anterior or posterior margins of
the tibia or Tillaux tubercle, and (4) bimalleolar fractures occurring below the
level of the superior articular surface of the astragalus

MaLLEOLAR FRACTURES

External rotation fractures of the lateral malleolus are characterized by a spiral
fracture Ime, runming upward and outward from at or above the level of the infe-
rior tiblofibular jont (Fig 441) There 1s usually hittle 1f any displacement and re-
duction 1s accomplished by simply rotating the foot internallv Immobilization m a
walking plaster of Pans boot extending from the toes to just below the neck of the
fibula with the foot mn the neutral position for a peniod of three to four weeks,
usually suffices to assure adequate healing Thereafter the ankle may be sup-
ported by adhesive tape strapping Where there 1s but httle pamn 1t 15 occasionally
possible to immobilize these fractures by simple adhesive tape strappmg from the
very beginning

Unimalleolar abduction fractures are transverse fractures of the medial mal-
leolus occurnng at or below the level of the ankle joint (Fig 442) Nonunion
or fibrous unions 1s not an uncommon complication of these fractures and reduc-
tion should be as accurate as possible to assure bone to bone contact This can



i 441 External rotation [rc
ture of the lateral mallcolus There 15
a spiral fracture of the lower end of the
fibula at the tevel of the uhofibuinr hp
ament m good positton The ankle joint
mortise 15 well presenved and simple
mmobihization 1n 1 short leg cist 15 all
that 1s necessary

Fic 442  Abduction fracture of the medial
malleolus The fracture has occurred just above
the tip of the malleolus 15 transverse n direc
tion and the mortise of the ankle jomnt 15 pre
served by the base of the medial malleolus
Simple cast immobilization 1s usually adequate
to assure healing

431
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be facihitated by holding the foot in slight adduction so as to relax the tibial col-
lateral Iigament If there 1s any doubt as to the validity of the bony contact, open
operation for skeletal fixation, either by a wire suture or a screw, 1s indrcated
The leg should be immobilized m a plaster of Paris cast with the foot in slight
adduction, and the cast should be left in place for a pertod of at least six weeks
A walking 1ron or heel may be incorporated in the cast

Unimnalleolar adduction fractures are transverse fractures of the lateral mal-
leolus occurring at or below the level of the ankle joint (Fig 443) They should

Fic 443 Adduction fracture of
the lateral malleolus There s shight
lateral displacement of the fractured
fragment but the mtegnty of the jomt
mortise s mamntaned The fractured
fragment should be pushed medially to
secure axial alignment and immobihza
tion should be maintained with the foot
n shght abduction for a period of three
to four weeks A walking on or heel
may be mcorporated mn the short leg
cast

be reduced 1n a shight degree of abduction, so as to relax the fibular collateral lig-
ament Umnion usually occurs after simple immobilization 1n a walking plaster of
Parnis boot for a pertod of three or four weeks

Bimalleolar fractures below the level of the ankle joint, usually require no
reduction and should be immobilized 1 a plaster of Paris cast for a period of about
six weeks After this active motion without weight bearing should be mstituted
for a penod of an additronal four to six weeks, when bony union 1s usually com-
plete (see Fig 450)

LoNGITUDINAL FRACTURES

Longitudmal fractures of the lower end of the tibia result from upward im-
paction of the astragalus agamst the inferior articular surface of the tibia When
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the foot 15 1 dorsifiexton at the time of njury, the fricture usually involves the
antertor margmn of the ttbin. When the injury 1s sustuned with the foot m plantar
flexton, posterior marginal fractures usually result: Small fractures of the anterior
margin e not uncommon n football and soccer players, and have been desig-
nated -5 footbnller s ankle (Figs 444 and 445)

Fracuures of the postersor lip are the more frequent type Where the frigment
1s small, nothing more than immobilization 1s necessary and union 1s usurlly com-

FIG 444 Footballer s ankle There
1s a small fracture of the anterior sur
face of the tibia just above the ankle
jomnt There 1s migmal displncement of
the fragment and simple immobilization
cither with an adhesive tape dressing
or a light plaster cast usually suffices

Fic 445 Footballers ankle A
small fragment of the antenior margin
of the tibia has been fractured No
treatment other than rest 1s :ndrcated

‘lzie‘:ism about six weeks (Fig 446) Where the fragment 1s large however and in-
cpem":lor: than 25 per cent of the surface of the lower tibial articulation, open
i or;;'ccumte replacement and skeletal fixation of the fragment 1s nec-
mamtamec‘igf 7) In such event immobilization 1 a short leg cast should be
wtnghe Boan :r a period of at least six weeks Thereafter active motion without
Mo :) tgrmay be instituted Weight bearing should be prohibited until there
b irm bony unton Failure to secure aceurate repostion and firm fixa-
almost invaniably results 1n a traumatic osteoarthritss (Fig 448)



Fic 447 Posterior marginal frac
ture of the tibia There 1s an external
rotation fracture of the fibulh with a
fracture of the postertor margm of the
tibia mvolving almost half the infenor
articular surface of the tibra The tibial
fracture was reduced at open operation
and fixed by means of a screw No
sheletal fixation was necessary for the
fibular fracture

Fic 446 Posterior margmal frac
ture of the ibia There 1s a spiral frac
ture of the fibula 1ssociated with a pos
terior margnal fracture of the inferior
surface of the tibia Treatment con
sisted of reduction of the fibular frac
ture and immobilization m a plaster of
Panis cast No specific treatment of the
tibta was ndicated




Fc 448  Antenor marginal fric
ture of the titir The fricture myolves
about a third of the ferior articulir
surface of the nbia It was not 1
curately reduced and 1 punful trw
matic osteoarthritis resulted

P ———
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Fic 449  Fracture of Tillwx
tubercle There 1s an oblique fracture
of the lateral portion of the lower end
of the tibia without marked displice
ment or disruption of the tibiofibular
ligament and ankle jorat mortise Simple
immobilization 1n a plaster boot 15 1n
dicated
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An interesting and unusual type of longitudmal fracture 1s represented by frac-
ture of Tillaux tubercle the lateral projection of the mnferior portion of the tibra,
which 1s grooved for articulation with the fibula (Fig 449) This fracture s fre-
quently overlooked and 1s often misdiagnosed as a chromic spramn of the ankle un-
less x-rays are taken with the foot in internal rotation so as clearly to expose the
mortise of the ankle joint and, particularly, the inferior tibiofibular artrculation
Where there 1s no marked displacement, immob:lization i a short plaster of Pans
leg cast for a period of about six weeks or until firm bony umion has occurred
results 1n adequate healing Where there 1s displacement with drastasis of the ankle
joint mortise, open operation and fixation by a screw passed through the tibia into

Fic 450 Bimalleolar fractures be
low the level of the ankle jont There
are fractures of the tips of both mal
leolr The ankle mortise 1s entirely pre
served and mmmobihzation 1n a plaster
of Pans cast resulted 1 satisfactory
healing

the fibula are necessary Active motion may be mstituted after six weeks but
weight bearing should be deferred until there 1s evidence of firm bony union

FRACTURES THAT DISRUPT THE ANKLE JOINT MORTISE

The stability of the ankle joint 1s maintamed by the integrity of the bony mor-
tise the collateral Iigaments and the mfertor tibwofibular igament While mjury
to the collateral igaments may lead to chromic spramn and weakness of the ankle
jomnt mjuries to the tibiofibular ligament or to the malleolar structures lead to a
widemng of the mortise instability of the ankle and, unless satisfactorily corrected
to a traumatic arthritis of the ankle joint Fractures that disrupt the mortise are
therefore fracture-dislocations and not simple fractures of the ankle

In general, these may be divided into two mamn types (1) lateral or medial
dislocations  resultmg from bimalleolar fractures or umimalleolar fractures with
rupture of the opposite collateral ligament and (2) anteroposterior dislocations
resulting from fractures of the antertor or posterior margins of the tibia 1n assocy
ation with factures of one or both of the malleoh
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LATFRAL OR MinIAT FRACTURT DISTOCATIONS

Lateral or medial fricture-dislocations may result from externl rotation or
from tbduction or adduction forces acting agunst the malleoli The fracture lines
alwavs occur abore the level of the superior articular surfice of the astragalus

External rotation fracture dislocanons of the ankle re charcterized by a
spiral fracture of the lower end of the fibulv, usually above the level of the tibio-
fibular jomt and ather 1 transverse or oblique fracture of the medial mlleolus
(Fig 451) or 1 rupture of the il collaterl lignment, the equvalent of 1 fric-

Fic 451 External rotauon frac-
ture dislocation of the ankle There 1s
a spiral fracture of the lateral malleolus
above the level of the inferior tibio-
fibular joint and a transverse fracture
of the medl malleolus 1t the level of
the ankle joint There 1s lateral dis
placement of the foot

ture of the medial malleolus (Fig 452) Anatomical re establishment of the mor-
tise 1s essentral This can usually be 1ccomplished by internal rotation with pres-
sure agamst the lateral malleolus Care must be exercised however to avoid over-
correction and the creatson of the opposite type of displicement When satisfactory
reduction has been achieved a short leg cast should be applied and left in place for
a peniod of at least six weeks after which active motion without weight bearing
may be begun If accurate reduction cannot be obtamed open operation with
skeletal fixation usually of the medial malleolus should be undertaken (Fig 453)
N Open operation can be performed through a small longitudmnal or horseshoe-

:m'flped ncision directly exposing the malleolus The smnll frigment 1s manipulated
& eo sll::zm? and a Kirschner wire 1s then passed through the malleolus up mnto
2y Of ltlhe: mvolved tibia X ray exammation should be made to venfy the
be ﬁnally (;i tde reduction Only 1f the alignment s satisfactory should the fragment
penelrauynnxe[ mn place Where a long screw 1s used, care should be taken to avoid
well up ot of the ankle joint and the screw should be sufficiently long to engage
e alP o the shaft of the bone and prefernbly, the opposite cortex Fixation
¥ also be obtained by means of a vertical mattress suture but this 15 not as sat-
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Fig 452 External rotation fracture dislocation of the ankle There
15 a spiral fracture of the lateral malleolus above the level of the tibio
fibular jomt with outward displacement of the foot There 1s no evidence
of fracture of the medial malieolus and the lateral displacement must be
attnibuted to a rupture of the tibial collateral ligaments (lefr) The fracture
was reduced and held in place by screw fixation of the fibula with com
plete restoration of the joint mortise (right)

3 ]'—T“'— T
}

Tic 453 External rotation frac
ture dislocation of the ankle Follow
1ng reduction of the fracture by mamp
ulation the medial malleolus was fixed
by means of a vertical mattress wire

i suture

wsfactory as 1s screw fixation Following fixation, the leg should be immobilized 1n
a short leg cast with the foot 1n the neutral position for a penod of about six
weeks, after which active mouon without weight bearing may be gradually re-
sumed

Abduction fracture dislocations are characterized by a transverse fracture of
the medial malleolus usually at the level of the ankle jomnt with an additional
transverse or oblique fracture of the lateral malleolus at or above the level of the
ankle joint, with lateral dislocatton of the foot Reduction 1s accomplished by ad-
duction of the foot Where the fracture of the medial malleolus 1s below the level



TPACTURIS ABOUT THT ANKIE TOINT 439

of the ankle jont excesane Adduction 1s presented by smpingement of the mednl
wall of the autrapalus agmnit the remnant of the base of the medinl malleolus
Where however the fracture of the medinl malleolus 1s 2t or above the level of
the ankle joint «pecil care must be taken to prevent excessive adduction While
these fractures can be treated by closed mmpulatine methods open operation with
screw fixation of the medinl matleolus ffords 1 more expeditious method of treat-
ment Asan other fricture<hidocations about the nkle jont phister cast immobili-
zation should be muntuned for 1 peniod of shout six wechs after which 1ctive

\

Fi6 454 Potts or Dupuytrens fracture There 1s a high fracture of the
fibula duastasis of the infenor ubjofibular joint an abduction fracture of
the medial malleolus and a widening of the ankle joint mortise This could
not be reduced by closed mampulation The fibular fracture was reduced at
open operation and was then fixed by a screw passing through the fibula mto
the tibia at the lesel of the nferior tibiofibular articulation The medial
malleolus was reduced and held n position by an additional screw The leg
“asimmobilized 1n a short plaster of Panis leg cast

motion, without weight bearing may be permitted unul firm bony umon has oc-
:l\:trer;d Thereafter gradual weight bearing with the aid of a cane may be msti-
lur:;tgl] s or Dupuytren s fracture constitutes a special type of abduction frac-
ot mocatxon charactenized by a transverse fracture of the medial malleotus
and leure of the nfenor tibiofibular higament leading to diastasis of the ankle
© an obvsl?nscqrucncc of this an inward bending of the fibula that 1n turn, leads
Jomt (1 ql‘;(;“mcturc of the fibula 1bout two inches above the level of the ankle
o cari b 12 These fractures may be treated by closed methods provided that
diastacs ofstha €n to compress the inferior tubofibular joint so as to overcome the

¢ mortisc. Usually however, a more satisfactory fixation of this joint
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Fic 452 External rotation fracture dislocatton of the ankle There
1s a spiral fracture of the lateral malleolus above the level of the tibio
fibular joint with outward displacement of the foot There 1s no evidence
of fracture of the medial malleolus and the lateral displacement must be
attnibuted to a rupture of the tibial collateral igaments (eft) The fracture
was reduced and held 1n place by screw fixation of the fibula with com
plete restoration of the joint mortise (right)

A

TG 453 External rotatton frac
ture dislocation of the ankle Follow
ng reduction of the fracture by manmip
ulation the medial malleolus was fixed
by means of a vertical mattress wire

i, suture

1sfactory as 1s screw fixation Following fixation, the leg should be immobihized 1
a short leg cast with the foot i the neutral position for a period of 7bout six
weeks after which active motion without weight bearmg may be gradually re
sumed

Abdi fracture-disl; are characterized by a transverse fracture of
the medial matleolus, usually at the level of the ankle joint with an additional
transverse or ablique fracture of the lateral milleolus at or above the level of the
ankle joint with Jateral dislocation of the foot Reduction 1s accomphished by ad
duction of the foot Where the fracture of the medial malleolus 15 below the level
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with "hgnment of the fibulir fracture and restoration of the 1aternl buttress of the
ankle mortise c1n be accomplished by screw fixation of the ttbia ind fibul at the
level of the mferror tibsofibular joint The screw should be anserted from the fib-
ular side nd should be sufliciently long =s to engage the medul cortex of the tibia
This frequently suffices to permut realignment of the medinl matleotus 1f not, the
medil mallealus may be addittonnlly fixed by 2 wire suture or obliquely directed
screw (g 455)

Adducnon fracture-dislocanons are charactenized by a transverse fracture of
the lateral malicolus wath 1 transverse or obhique fricture of the medinl matieolus
and medinl dislocition of the foot (g 456) As in other adduction fracturcs,
these may be reduced by tbducting the foot, care being tiken to avoid overcorrec-
tion of the deformuty If nccurate natomueal reposition cnnot be obtamned, open
operation and screw fixation of either of the malleolt 1s mdicated In any event,
postreduction immobihization should be continued 4s for all other fractures about
the ankle

ANTEROPOSTERIOR IRACTURE-DISLOCATIONS

Amteroposterior Jracture-dislocations are predicated primanly upon a fracture
mvolving erther the anterior or posterior margin of the lower end of the tibia 1n
association erther with rupture of one or more of the colinteral igaments or frac-
ture of one or both of the malleol: Where the anterior tibral margin 15 fractured,
dislocation of the foot usually occurs anteriorly where the posterior Ip ts frac-
tured, the foot 15 usually displaced posteriorly (Fig 457) The associated fracture
of the malleoli may be either of the external rotation, abduction or adduction type
and treatment must be directed first toward reduction of the dislocation and there-

Fi6 457  Postenor fractur
¢ dislocation of the ankle There 15 a sprral ext
x;gtea:glsl‘ efraclure of the Jower end of the fibula with a fracture of a smgll pom:x:“ :;:’
Tior margm of the tibia (lefr) Closed reduction 15 usually satisfactory 1 these

tases
(nghnpmuded that the dislocation 1s reduced before the fractured fibula 1s realigned
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Fic 455  Abduction fracture dislocation of the ankle There 1s
an obhque fracture of the lower end of the fibula and a transverse
fracture of the medial malleolus with lateral dislocation of the foot
The fracture was reduced and the medial malleolus was fixed by a
screw that passes upward imnto the tibia without involvement of the
ankle Joint

Fic 456 Adduction fracture dis
location of the ankle There 15 a trans
verse fracture with epiphyseal separa
tion of the lateral malleolus The foot
has been displaced medially and has re
sulted 1n an unusual longrtudinal frac
ture across the lower tibial epiphysis
Despite  satisfactory reduction  pre
mature synostosts of the inferior tibal
epiphysts occurred leading to retarda
tion of growth and the development of
a varus deforrmty at the ankle (See
Fig 435)
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Fic 460 Cottons trnimalleolar fracture
There 1s 1 cxternal rotation fracture of the
Interal malleolus with 2 transverse fracture of
the medtal malleolus and a large posterior mar
gmal fracture This was reduced by open op
eration with screw fixatton The medial mal
leolus was subsequently fixed by a wire suture
with restoration of the ankle joint mortise

Fic 461
leolus diastasis at the iferior tibiofibular jomt and high fracture of the fibula there

Malunited Pott s fracture In addition to the fracture of the medial mal

15 also a posterior marginal fracture of the tibia with posterior dislocation of the foot

Vas improperly treated by closed methods with resultant disturbance of

gnment of fibula and + panful traumatic osteoarthnitis of ankle joint
443

mortise malaly;



Fic 458 Unusual quadnmalleolar fracture There 1s an abduction fracture of
the malleol with both anterior and posterior margmal fractures m good position The
anterror and posterior margimal fragments required no reduction and the bimalleolar
fracture was treated by closed reduction (Lefr) Anteroposterior view (Right) Lateral
view
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Fic 459 Cottons tnmalleolar fracture There 15 abduction fracture of the
medial malleolus with an obhique fracture of the lateral malleolus and a posterior
marginal fracture involving more than half the inferior articular surface of the
tibia This required open operation and screw fixation of the posterior marginal
fragment The medial malleolus was fixed by a screw and the foot was im

mobilized 1n shight adduction
442



FRACTURES ABOUT THE ANKLT JOINT 445

In M the fricturc-dislocations about the ankle, 1 punful posttraumatic arthntis
of the ankle jomt 15 n almost certun sequel unless accurate anatomical realign
ment 1s achiesed (Fig 461) Arthrodesis then offers the only hope for the retief
of symptoms (g 462)

Fic 463 Rupture of the inferior
tibofibular ligaments Widening of the
mortise and instability in the ankle jont
may anse as a result of rupture of the
mfenor tibiofibular higaments  Exist
ence of rupture 1s betrayed by widen
g of the inferior tibiofibular jount It
may lead to a pawnful arthntis i this
jont that can be controlled only by
bolt fixation of the joint

Widening of the mortise of the ankle joint may result from rupture of the
inferior tibiofibular ligaments 1n the absence of any bony injury and may lead to
instability and a panful arthniuis 1n this jot The symptoms may be controlled by
bolt fixation of the inferior tibiofibular jomnt (Fig 463)
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after to the specific treatment of the fracture type Reduction of the dislocation can
be accomplished by traction mn the axts of the leg and by manual pressure directed
either postentorly or antertorly agamst the foot Where the fracture of the margm of
the tthia wnvolves more than 25 per cent of the total articular surface, screw fix-
atton of the fragment must be undertaken Thereafter 1mmobilization 1s wdentical
with that previoush described for other fractures about the ankle jomnt

Fi6 462 Old maluntted Potts fracture The site of the former fibular fracture
the duastasis of the mfertor tibwofibular jomt and the site of the medial malleolar frac
ture ¢an still be visualized There was marked narrowing of the joint space with panful
homtation of motion that necessitated arthrodesis of the ankle

Fractures of the postenior margin of the rbia are not mfrequently seen m as-
sociation with bimalleolar fractures and have recewved the designation of tnmal
teolar or Cottons fracture Where the fracture of the postemor margm msolves
jess than 25 per cent of the wnferior articular surface of the ubma attention must
be directed pnimanly to the treatment of the malleolar fractures This may be ac
complished by closed reductson (Fig 458) Where, however the posterior frag
ment mvolves more than 25 per cent of the tibal artcular surface (Fag 459) at s
essential to reduce and fix the posterior marginal fracture before directing attention
to the bimalleolar fracture (Fig 460)
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Fic 464 ‘Tuber joint angle On the lateral roent
genogram of the foot 1 lme drawn from the tip of the
tuberosity to the posterior articular facet of the os calcts
makes an angle of thirty five to forty degrees with a hine
drawn from the posterior articular facet to the upper
border of the antenior portion of the os caleis Angles
of less than this magnitude are wndicative of fracture of
the os calcis

When esther the tuberosity or the anterior portion of the os cales are displaced
upward or when the posterior facet 15 compressed and displaced downward the
tuber-jomnt angle 1s flattened and becomes incongruent with the undersurface of the
overlymg astragalus As the upper surface of the body of the os calcis 1s depressed,
the lateral walls bulge, Jeading to a widening of the heel (Fig 465) While this
widening of the heel may lead to subsequent difficulty, part:cularly n the fitting of
shoes 1t 1s the disruption of the astragalocalcaneal jownt that 1s the determimning
element 1n the ultimate outcome of calcaneal fractures

Regardless of the anatomical restitution that may be accomphshed by manipu-
lative efforts the subsequent development of 2 tramatic arthnitis n this Jomnt 1s not
infrequent Conversely although 1t would appear inconcetvable that an mnjury so
severe as to mutilate the contour of the bone could occur without extensive damage
to the articulation between the os calcis and the astragalus there are many prtients
in whom the tuber-joint angle has not been restored and who are able to resume
relatively normal use of the foot with but Intle difficulty It 1s impossible to fore-
cast the outcome of an os calcis fracture merely from 1ts roentgenographic appenr-
ance

Where fracture of the os caleis has occurred with no or shight displacement
of the fragments and no distortion of the tuber-jont angle Intle 1 necessary beyond



CHAPTER 23

Fractures of the Fool

Fractures of the foot include fractures of the tarsal bones, the metatarsal bones,
and the phalanges They arse as a result of severe crushing injunes or from falls
from a herght, m which the patient lands directly upon the feet Not infrequently
such injuries are associated with mjuries elsewhere, as at the upper end of the femur
and, particularly, the lumbar spine The history of such an mjury should always
indicate the necessity for careful exammation of these areas before instituting treat-
ment of the foot condition Depending upon the severity and direction of the frac-
turing force, displacement of the fractured fragments may be so shght as to defy
diagnosis even after x ray examunation or so great as to lead to complete distortion
of the foot

FRACTURES OF THE TARSUS

Fractures of the tarsus involve primanly the os calcis Fractures of the astraga
lus may occur, but are proportionately nfrequent, and fractures of the other bones
of the tarsus must be considered as exceedingly rare

FRACTURES OF THE Os CaLcls

Fractures of the body of the os calcis (calcaneus) acquire their particular sig-
nificance because of the resultant disruption of the astragalocalcaneal (subastraga
lar) joint Weight beaning and mversion or eversion of the foot are mediated across
thus joint and any loss of anatomical configuration or destruction of the articular
surface necessanly leads to the possibihity of pamful imitation of motion The most
mmportant of the os calcss fractures consequently are those that mvolve the body
of the bone with loss of the so called tuber-joint angle

Normally, a hine drawn from the tip of the tuberosity to the upper portion of
the posterior articular facet of the os calers makes an angle of about forty degrees
with a lime drawn from the posterior articular facet to the upper border of the an
terior portion of the os calcis (tuber-joint angle) (Fig 464)

446
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body of the os caless This docs not seem to be 1 desieble appronch, first, because
of the fact that 4 disabling arthraus 1s not an anvannble sequel of the fricture, and
second, beeuse of the techmical difficulties snvolved 1f operated upon shortly after
the fracture, the operatine field presents 1 soupy mass m which it 1s almost impos-
sible to identify anything but the infenior surface of the astragalus It s far better
to wait for 1 pertod of six to nine months after fencture before contemplating oper-
ative intervention for functionat impurment 1 pan ind disability stell persist, sub-
astragnlar fusion must then be undertahen

Fractures of the antertor portion of the os enlers are relrtively rare Their 1m-
portance lies 1n the fact that the anterior portion articulates with the cuboid and

Fic 466 Fracture of the os calets with astragalonavicular
dislocation The antenior portion of the os caleis has been frac
tured and displaced downward by continuance of the force that
has resulted m a dislocation at the astragalonavicular joint (talo
navicular joint)

supports the head of the astragalus Loss of this latter support leads to the develop-
ment of a traumatic flat foot or the appearance of a traumatic arthritis of the cal-
caneocuboid jomt Where the distal fragment 1s displaced downward there may be
an associated dislocation at the astragalonaviculir joint (Fig 466) In such event
closed reduction of the dislocation may serve to replace the fractured antersor
fragment When this 1s mmpossible, open operation may be necessary After reduc-
tion, the treatment should be the same as for fractures of the body If arthntic
2};";5:::;:2 r:I;:velop, fusion of the mvolved articulation usually leads to subsidence
ent "{;:e;"gfer&m) or posterior portion of the os calcis may be the site of two differ-
Tt © acture (1) avulsion of the apophysis or (2) the ‘beak” fracture
vilston of the apophysis where the fragment 1s displaced upward, the pull
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FiG 465 Fracture of the os calcis The tuber jont angle 15 reduced to eight de
grees owing to compresstion of the superior articular surface (4) On the special
plantar dorsal view taken with the foot in dorsiflexion and the central x ray beam di
rected obliquely toward the heel bulging of the lateral walls of the os caleis owing to
axial fractures can be seen (B)

stmple ymmobilization of the foot 1n a short plaster of Paris boot Where, however,
the tuber-jomnt angle has been reduced an effort at anatomucal restitution of the
fragments may be made

The primary step in the treatment of these fractures 1s the breaking of the 1m-
paction between the fragments This may be accomplished with the knee flexed and
the foot 1n plantar flexion to relax the Achilles tendon Great force 1s frequently
necessary to disimpact the fracture and 1t 1s important to avord damage to the
ankle jomnt by firmly grasping the jomt and directing the disimpacting force solely
against the os calcts This may be facilitated by permitting only the os calcis to pro
Ject beyond the table upon which the reduction 1s carried out If complete distmpac-
tion can be achieved, an effort to restore the tuber-joint angle may be made by
plantar flexing the front and hind parts of the foot over a wedge or a bar placed
against the sole of the foot 1n the plane of the axis of the leg The tuber-joint angle
should be increased to shightly beyond the normal forty degrees The increase m
the width of the os calcis may be overcome either by using a carpenter s clamp to
compress the walls of the os calcis or by a mallet blow aganst the adequately
padded lateral surface of the bone

If satisfactory anatomical restoration has been accomplished, the foot should
be immobihized m a short plaster of Pans boot for a period of at least six weeks
At the end of this time the cast may be removed to permut active motion of the
foot and ankle but weight bearing should not be permutted for at least another
month or until there 1s evidence of healng Thereafter weight bearing with
crutches and later without crutches should be instituted

Because of the severe disability that frequently follows these fractures, some
surgeons have advised primary fusion of the subastragalar joint i fractures of the
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body of the os c1leis This docs not seem to be 1 desienble appronch, first, because
of the fact that 1 disabling arthritis s not an invarble sequel of the fracture, and
second, because of the technienl difficulties mvolved If operated upon shortly after
the fracture, the opertive field presents 4 soupy mass m which 1t 1s 1lmost impos-
sible to idenuify anytiung but the nfenor surface of the astragalus It 1s far better
to waut for 1 peniod of six to nine months after fracture before contemplating oper-
atnve mtervention for functional impurment If pun nd disability stilf persist, sub-
astragalar fusion must then be undertahen

Fractures of the antertor portion of the os calcis are relatively rare Their 1m-
portance hes mn the fact that the anterior portion articulates with the cuboid and

Fic 466 Fracture of the os calcis with astragalonavicular
dislocation The anternior portion of the os calcis has been frac-
tured and displaced downward by continuance of the force that
has resulted in a dislocation at the astragalonavicular joint (talo
navicular joint)

supports the head of the astragalus Loss of thus latter support leads to the develop-
ment of a traumatic flat foot or the appearance of a traumatic arthntis of the cal-
caneocuboid joint Where the distal fragment 1s displaced downward there may be
an associated dislocation at the astragalonavicular jomt (Fig 466) In such event
closed reduction of the dislocation may serve to replace the fractured anterior
fragment When this 1s impossible, open operation may be necessary After reduc-
tion the treatment should be the same as for fractures of the body If arthnitic
symptoms develop fusion of the mnvolved articulation usually leads to subsidence
of symptoms

The tuberosity or postertor portion of the os calcts may be the site of two differ-
ent types of fracture (1) avulsion of the apophysis or (2) the beak’

fracture
In the avulsion of the apophysis where the fragment 1s displaced upward,

the pull
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FiG 465 Fracture of the os calcis The tuber joint angle 1s reduced to eight de
grees owing to compression of the supenor articular surface (4) On the specal
plantar dorsal view taken with the foot 1n dorsiflexion and the central x ray beam di
rected obliquely toward the heel, bulging of the lateral walls of the os calcis owing to
axal fractures can be scen (B)

simple 1immobilization of the foot 1n a short plaster of Paris boot Where, however
the tuber-joint angle has been reduced an effort at anatomical restitution of the
fragments may be made

The primary step in the treatment of these fractures 1s the breaking of the im-
paction between the fragments This may be accomplished with the knee flexed and
the foot 1n plantar flexion to relax the Achilles tendon Great force 1s frequently
necessary to disimpact the fracture and 1t 1s important to avord damage to the
ankle jomnt by firmly grasping the joint and drrecting the disimpacting force solely
agamst the os calcis This may be facilitated by permitting only the os calcis to pro
ject beyond the table upon which the reduction 1s carried out If complete disimpac-
tion can be achieved, an effort to restore the tuber-jont angle may be made by
plantar flexing the front and hind parts of the foot over a wedge or a bar placed
agamnst the sole of the foot 1n the plane of the axs of the leg The tuber-jomnt angle
should be increased to shightly beyond the normal forty degrees The increase in
the width of the os calcis may be overcome erther by using a carpenter’s clamp to
compress the walls of the os caleis or by a mallet blow agamnst the adequately
padded Iateral surface of the bone

If satisfactory anatomuical restoration has been accomplished the foot should
be immobilized n a short plaster of Pars boot for a period of at least six weeks
At the end of this time the cast may be removed to permut active motion of the
foot and ankle but weight bearing should not be permutted for at least another
month or until there 1s evidence of healing Thereafter, weight bearing with
crutches and later without crutches should be mstituted

Because of the severe disability that frequently follows these fractures some
surgeons have advised primary fusion of the subastragalar jomnt 1 fractures of the
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Fi6 468 Tracture of the sustentaculum
talt. The sustentaculum ts oblique and 1s not Jo
cated as normally beneath the head of the talus
which 1t supports

forefoot should be strongly pronaied while upward pressure s made on the ner
aspect of the foot agamnst the fractured frigment If reduction ss successful, the foot
should be immobilized 1n a plaster of Pars boot that should be left on for at least
six weeks When weight bearing 1s to be resumed, the patient should be fitted with
a foot plate to support the longitudinal arch of the foot

FRACTURES OF THE ASTRAGALUS

Fractures of the astragalus, though more common than those of the other tarsal
bones, are far Jess frequent than fractures of the os caleis They usually result from
falls upon the feet and may mvolve the body, nech or posterior process

Fracture of the body may be simple or commnuted In the simple fractures,
there 1s little tendency toward displacement and treatment conssts of simple m-
mobilization for a period of six to eight weeks Though active motion may be per-
mitted after six weeks weight bearing should pot be permitted for at least eight
weeks

Where the body 1s severely comminuted an effort should be made to reduce
the fragments by skeletal traction apphed through a wire passed through the os
caleis while the foot 15 gently mamipulated through flexion extension, nversion, and
eversion If displacement 15 so great that reduction cannot be accomplished by
manspulation the outlook 15 serons not only because of the displacement but also
because of the impairment of the circulation m the astragalus that must be predi-
cated Open operation for reduction of the fragments may be undertaken but with
realization of the fact that 1schemsc necrosis of the bone with the subsequent de-
velopment of an arthritis 1s not unhihely Arthritis may 1nvolve esther or both the
ankle and the subastragalar jomts Arthrodesis of the inv
panarthrodesis of the astragalus 15 1o be
adult yields at best indifferent results

olved jont or even
preferred to astragalectomy that m the
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of the Achilles tendon acts as the fracturing force The line of fracture 15 longitud
mal and, m children, follows rather accurately the line of the calcaneal apophysis
Even m adults, after closure of the apophyseal line, the avulsion fracture occurs
through or near the former location of the apophysis

Where the fragment 1s displaced downward, the Achilles tendon cannot be con
sidered as the disrupting force In either event, 1t 1s desirable to replace the frag
ment to avoid the possibility of excessive callus formation and difficulty 1n wearng
a shoe If replacement by closed manipulation 1s impossible, open operation and
skeletal fixation of the fragment 1s indicated

kN

Fi6 467 Beak fracture of the os calcis The fracture
line 1s horizontal and the small fragment ts usually displaced
upward This may be reduced by closed manipulation or if
that 1s unsuccessful by skeletal fixation

The horizontal or beak fracture of the tuberosity 1s, 1n all probability, not
due to the pull of the Achilles tendon, since the fracture line 1s usually situated
above that portion of the tuberosity mnto which the tendon s mserted (Fig 467)
Failure to reduce this fracture may lead to discomfort in the wearng of a shoe
Reduction may be accomphished by plantar flexing the foot while pressure 1s made
on the small fragment If this 1s unsuccessful, more direct pressure against the small
fragment may be exerted by downward pressure of a sound or heavy wire passed
above the fragment 1n front of the Achilles tendon Where neither of these methods
1s successful the fragment may be exposed and wired into place through a small
mcision along the outer side of the Achilles tendon

Isolated fracture of the sustentaculum tali 1s extremely rare (Fig 468) It
results from a fall upon the inverted foot and 1s caused by the impact of the head
of the astragalus Since its function 1s support of the head of the astragalus, fallure
to replace the fractured fragment leads to a disabling type of traumatic flat foot
Reduction may be accomphshed by plantar flexing and mnverting the hind foot The
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Fic 470 Asulsion fracture of the
astragalus  There s upward displice
ment of 2 small flake of the dorsal
aspeet of the nech of the astragalus
probably owjng to wvulsion by the 1t
tachment of the eapsular igmment The
leg should be mmmobihzed n dorsi
flexion to prevent excess callus forma
tion n the vieity of the astrpilo
navicular joint

FiG 471 Fracture of the astraga
lus There 15 a fracture of the lateral
mass of the astragalus that has healed
with excess callus formation

F16 472 Shepherds fracture of
the astragalus The processus  posticus
has been fractured and displaced up
ward The margins of the fracture are
sharp as contrasted with the smooth
contour presented by a normal os
trigonum
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Fracture of the nech of the astragalus 1s the most common of all fractures of
this bone, and results from a fall on the dorsiflexed foot The body of the bone 15
held fixed between the ankle mortise and the os caleis while the anterior portion of
the os caleis exerts a shearing action on the astragalar neck that 1s usually displaced
upward (Fig 469) Appreciation of this mechanism 1s essential to proper treatment
of the fracture The fracture must first be disimpacted by manipulation Thereafter,
the forefoot must be pulled nto marked plantar flexion so as to permt realignment
of the head and neck with the body of the astragalus The foot and leg should be
immobilized n a short plaster of Paris boot that should be left undisturbed for a

Fic 469 Fracture of the astragalus There 1s a
fracture of the neck of the astragalus with upward
displacement of the distal fragment This can be re
duced only by marked plantar flexon of the foot

period of about six weeks Active motion without weight bearing may be permitted
after six weeks but werght bearing should be avoided for about another month
and then only with the aid of a foot plate to support the longitudinal arch

Avulsion fracture of the neck of the astragalus probably results from the pull
of the attached capsule of the ankle jomt (Fig 470) Displacement 1s usually
mimmal but immobilization 1 the position of dorsiflexton 1s desirable to prevent
excess callus formation near the astragalonavicular jomnt

Occasionally the lateral mass for the fibular articulation may be fractured by
excessive mversion of the foot (Fig 471) This fracture 1s frequently unrecognized
but when diagnosed requires nothing more than immobilization of the foot 1n the
neutral position for control of pan

Fracture of the processus posticus (Shepherds fracture) (Fig 472) 1s sig-
mificant pnmanly because of 1ts medicolegal implications It results from impac-
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Fio 474 TFracture of the cuboid
There 1s a crush fracturc of the bone
with lateral displacement of 1 small
fragment

FRACTURES OF THE MLTATARSAL Bonrs

Fractures of the metitarsal bones may occur 1t either end or in the shaft of the
bone Except for the fifth metatarsal, fracture of the base is eviremely uncommon
Fracture of the base of the fifth metatarsal, on the other hand, 1s frequent (Fig
475) 1t may result from 2 misstep 1nd 1s possibly due to 1vulsion by the peroneus
brevis tendon which s 1nserted into the base of the fifth metatarsnl bone The dis-
placement 15 usually rummal but unless properly immobilized may lead to a pro-
longed disability Simple strapping 1s insufficient, but prompt rehief of pamn with
healing of the fracture occurs after tmmobilization 1n a plaster of Pans boot for
a peniod of four to six weeks

Fracture of the shaft of the metatarsal bones 1s usually obhque with hittle separa-
tion of the fragments If there 1s no displacement, the foot should be immobilized
n a plaster of Pans boot for a period of four to s1x weeks If there 15 a displace-
ment, reduction may be nccomplished by traction through 2 banjo splint sumilar
to that used 1n fractures of the metacarpal bones

A specral form of fracture of the metatarsal bones has been designited as
march or stress fracture (Fig 476) It 1s subperiostenl 1n nature and s charac-
terized by pam and a periostenl proliferation at the site of fracture Displacement
does not occur but, unless the foot 1s put at complete rest, the pam persists and
excess callus, occasionally suffictent to interfere with the digital circulation, may
be formed Treatment 1s by immobilization 1n a plaster of Pans boot untid all pam
has subsided

Fractures of the distal ends of the metatarsal bones are of farrly frequent
occurrence and their proper reduction 1s of the utmost importance 1n maintaining
norm il function of the foot Contrary to popular belief 1bout the anterior transverse
arch of the foot the heads of the metatarsal bones ali lie 1n the same plane and they

must be restored to this position following fracture This can only be assured by

the use of the footboard (Fig 92) when postreduction immobilization 15 under-
tiken
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tron of the process aganst the posterior rim of the tibia during marked plantar
flexton No treatment other than simple immobilization for three to four weeks 1s
usually necessary Where pam persists, the fragment may be removed Care must
be taken to differentiate this fracture from the appearance of an accessory bone,
the os trigonum, that 1s frequently normally present In a true fracture, the separa
tion between the small fragment and the body of the bone 1s small and the bone
edges are sharp as compared with the smooth appearance noted bilaterally 1n cases
of os trigonum

FRACTURES OF THE NAVICULAR

Fractures of the navicular may result from a fall on the adducted forefoot (Fig
473) The tuberosity of the bone 1s compressed between the astragalus and the

T Fic 473 Fracture of the navic
! ular The tuberosity and medial half of
H the navicular have been compressed
i and displaced slightly medially
medial cunerform bones Displacement 1s usually slight and ymmobilization for a
period of four to six weeks m a plaster of Panis boot followed by weight bearng
on a foot plate suffices to restore normal function of the foot Where there 1s dis-
placement of the tuberosity digital pressure frequently leads to reduction If arthritis
develops between the astragalar head and the navicular bone arthrodesis of this
jomnt may be necessary

FRACTURES OF THE CUBOID

Isolated fracture of the cuboid as of the cunerform 1s exceedingly rare Dis-
placement 1s mumimal and treatment 1s durected toward the control of pam by a
plaster of Panis boot for a perrod of four to six weeks (Fig 474)
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Fia 477  Multiple metatarsal fractures Fractures have occurred through the necks
of the second third and fourth metatarsals with a dislocation of the fifth toe (4) Re-
duction was accomphshed by open operation and bone suture (8)

Fi6 478 Freibergs nfraction The
head of the third metatarsal the charac
tenstically snvolved site 1s flattened and
a transverse fracture line 1n the subchon
dral region 15 visible

fifth toes (Fig 477B) The foot should be 1mmobilized m a plaster of Pams boot
Healing sufficient to permut weight bearing 1s usually complete within four to six
weeks

Infraction of the head of the third metatarsal 1s occasionally seen (Fig 478)
This condition (Fretberg s infraction) 1s usually seen 1n adolescents and may lead
to considerable pain  Symptoms subside under simple cast immobilization

FRACTURES OF THE PHALANGES

Fractures of the phalanges usually occur as the result of direct violence The

line of fracture may be transverse or oblique In the former mnstance reduction can
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Fic 475 Fracture of base of fifth
metatarsal Fracture of the base of this
bone 1s common and displacement 1s
usually 1 Unless bilized 1n

a plaster of Pars boot healing 1s de
layed and pain persists

Fi6 476 March fracture of the sec-
ond metatarsal No fracture line 1s visible
but there 1s periosteal new bone growth
Treatment 15 by simple immobilization 1n
a plaster boot with the foot n the neutral
position

‘When multiple metatarsal head or neck fractures occur the distal fragments are
usually displaced laterally (Fig 4774) This seems to be due to the pressure
exerted by abduction of the big toe Occasionally, 1t 15 possible to overcome the
distorting action of the big toe by 1ts forcible adduction If this can be accomplished,
the big toe should be held 1n the adducted position by incorporation in a separate
plaster of Pans pocket with careful attention to mamntaiming the metatarsal heads
1 the same plane by use of the footboard Failure to assure this almost certainly
leads to painful weight bearing and has resulted 1n the useless and harmful sacri
fice of first one and then others of the metatarsal heads

Where 1t 1s 1mpossible to secure accurate alignment of the metatarsal heads by
this method open operation for accurate reposition and bone suture s mdicated
Open reduction can be carried out rather easily through two small incisions made
in the dorsal nterspaces between the second and third and between the fourth and
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be accomplished by manpulation i the Itter, displicement 1= usunily shight (Fig
479) Immobhization for 7 period of three to four weeks can he accomplished
either by 1 prdded tonguc-depressar sphint applied to the plntar surfee of the
affected toc or by simply sphinting the toe wunst the neighboring taes by an adhe-
sive tape dressing Hehing 1s usually complete within three weeks

Fractures of the ternunal phalances of the toes are usunlly communuted 16 1
result of severe compresston junes (Fig 480) The subunguat hematoma that 1s
almost imvanably present 1s punful and my be carefully evacuated by exaston of
a portion of the nul if indiented The fractured fraements should then be molded
mto place wnd the toe should be protected by 1 metalhe toe guard untit healing has
taken place

Fracture of the sesomord of the hig toc oceasionnlly occurs and may be the
cause of such pain 15 1o require exeision
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FIG 479 Fracture of the proximal
phalanx There 1s an oblique fracture of
the shaft of the proximal phalanx of the
fifth toe with practically no displacement
Immobilizatton may be accomplished
cither by a plaster sphnt or by splinting
the affected toe to its neighbor by ad
hestve tape

Fio 480 Communuted fracture of
the distal phalanx There 15 marked com
munutron of the tuft and shaft of the
phalanx with but little displacement of
the fragments Healing usually occurs
following simple protection by a metallic
toe guard
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Lammccmrsny 1n vertebral column fracture
151

Lane plate 71
Leadbetter s maneuver 353
Leg casts for 99-10%
fong
short 99
walkwog sron with 99 100
fractures of 398-428
fibula 426428
fower end of tibia 422-426
tibsal shaft fractures 414-422
upper end of b 398-414
splinting of fractores 9
Lengthenng of fractured bone 16
Ligation vascular 118
Lineal axial malalignments 15-17
Linton s artersal anastomosis 119
Long bon;: fractures regional anesthessa for

6
{Zgucs ol 416
wer extrematy ankle joum
femur 334-337 oiat 423445
foot 446-459
lez 398-428
patella 3BB-397
pelvic girdle 313-333
Lumbar region fractures of 166
paravertebral block of 137-138
Lunate fracture 293

Afelaughfin bar attachment 1o wntertro
:c;}éazn:cn: fracture of femur 361
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Femur fractures of (Contd }
transcervical 335 348 351-360
at trochanters 363
greater  363-365
lesser 365-366
at upper end 334-366
head ofr!»;nctranng floor of acetabulum

prosthetic head 346

pseudofracture of nech 360

regionil anesthesia for reduction of frac

tures 144

sphinting of fractures 8
Fenestration of plaster cast 90-91 11t
Fibula fractures 426-428

bolt fixation of tibtofibular joint 445

rupture of tibiofibular ligaments 445

shaft 428

styloid process 427

synostosts tibiofibular 419 420-422
Finger fractures 307 308-310

regional anesthesia in 142 143
Fissure fracture of radial hend 245 247
Frxation i Bennert s fracture 297 298

blade plate 1n femoral fractures 71 354

356 361 363 368

bolt fixation of tibiofibular joint 445

1 Colles fracture 275

1n elbow fractures 245

1n femora! epiphyseal separation 340 342

tn femoral fl?c;ures at nech 343 344

5.

at shaft 369
m forearm fractures of both bones 259
mtercortical 70-72
mtramedullary  72-73
1 clavicular fractures 188
n metacarpal shaft fracture 301
natls mtramedullary 72 74 7§
in femoral shaft fracture 371-373
Kuntscher 72
Lottes 415 416
Rush 74
Johansen 361
Smuth Petersen 71
1n intertrochanteric fracture of femur
362

1n subcaprtal abduction fracture of
femoral neck 344 345
Stemman 54
n clavicular fractures 188
1n phalangeal fractures of hand 308 309
pin fixation 55-57
plates 71
blade plate 1n femoral fracture 71 354
356 361 363 368
Fggers 71
m humeral shaft fracture 212
Lane
i Monteggra fracture 255
n ulnar shaft fracture 254
wires §5-57
1n epiphysiolysys 340 342
m subcapital abduction fracture of
femoral neck 343 345
Flaps skin 129
Flafh:md preventron of 96
Flexion deformity of finger 306

INDEX

Flexion fractures of humerus supracondylar
and dicondylar 217
Flexion injurtes of cervical spine 154-159
Foot dropped 99 399 400
fractures of 446-459
astragalus 451154
cubord 454
metatarsal 455-457
navicular 454
os calcys 446-451
phalanges 457459
tarsus 446
Footballer s ankle 433
Forearm cast for 96

cubitus valgus 221 231 233 234 235 236

cubrtus varus 234 237 238
dislocation of Interal 229
fractures of 252-285
Barton s fracture 282 283
both bones 257-262
Tower third 257-259
upper third 259
Colles fracture 166-282
Montegpia s fracture 254-256
Smuth s fracture 281 282
splinting of fracture 11 13
tendon repar in 123
See also Radws and Ulna
Foreign body removal 109 111
Fracture-dislocations of ankle 437-445
of cervical spine 155 161 168
of lateral humeral condsyle 226
of shoulder 201-204 207
Frieberg s infraction 457

Ganglionic blookade 116 136-138
Genu valgum deformity 381 408 409
Genu varum deformity 403 404
Glenowd fractures 183

Goldberg s splint for metacarpal fractures

Grafts arterral 118

bone 73-77

See also Bone grafts

shin 128-130
Granberry bow use of 303
Greenstick fracture of clavicle 185

of forearm both bones of 259
Gutter spimt 9
Gypsum formation 79

Hamate fractures 250-292
Hand flat prevention of 96
fractures of 295-310
metacarpals  295-308
phalanges 308-310
regional anesthesia for 142-143
sphnting of fracture 11
tendon repair . 123-128
Hanging cast 97-98 208
winged 98 210
Healing of fractures 3645
clotting of hematoma 38-39
delayed umion 4244
fibrous callus formation 40
mmeduiate effects of trauma 36-38
nonunion 44-45
reactive inflammation 38
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Pectoral girdie fractures (Contd )
scapulr 179-185
Peditric conditions Barton s fracture
283

clavicle fracture 185
elbow roentgenography 231
epiphyseal separitions 31 312
See alvo Cpiphyses separations of
femur fractures Bryants traction for 63-
[

greater trochanter 364
mtertrochanterie 364
shafi 375-377
stbeapital 336
iranscervieal 351
forearm fractures 259
humerus fractures Dunlop s traction for 67

ca
nech 194 197
shalt 205
open reduction of fractures 70
radws fractures lower end 263
upper end 251
nb fractures 171
tibtal fractures 417
avulsion of wbercle 412
Pelvic girdle fractures 313-333
coceyx 321
tlum 314-316
ischium 316-320
1solated fractures 313
pelvic ming 324-333
pubis 321-324
sacrum 320
shng for 323
sphinting of 11
Pelvic ring fractires 324-333
acetabulum 330 331-333
antertor and posterior rings on opposite
sides 326
anterior and posterior rings on same side
327-329

antertor rning  325-326
Peripheral nerve block 138-146
lower extremity 143-146
upper extremity 138-143
Peroneal nerve block of 145
paralysis of after pelvic fracture 329
after tibual fracture 399 400
Phalangeal fractures of foot 457-459
of hand 307 308-310
regional anesthema for 142 143 146
Pillow and sides splint 9 10
Pin fixation <5-57
Pinform bone fracture 286
Plaster of Panis 78-106
accelerator substances 81
application of 82 B6-8§7
bandages 80-82
bivaived cast 92 102
body cast 101-103
bonding sgents 81
boots 99 339 341
bredging gaps i 88 90
carpal scaphord cast 289
chemstry of plaster 78-80
n Colles fracture 273
cumng of cast 89 91

467

Plaster of Paris (Contd )
fenestration of cast 90-91 111
forearm cast 96
full arm cst 97
hangng cast 97-98 208 210
hinged casts 94 95
hip spicas 103 105
Jahss turnbuckle 324 329
leg cwsts 99-101

walking 1ron with 99 101
melamine formaldehyde plasters 82
\inerva jachet 102~103 139 160
mobilization of joints 93-95
padded casts 85
reinforcement of casts 88-80 101
retarder substances 8
seting of plaster 87
skn preparation for 83-84
slurry 81
spicas  103-106

n femoral neck fracture 353

in fumoral shaft fracture 368

fup 103 105

shoulder 103 103
trimmang nstruments for 89
types of casts 96-106
unpadded casts 84-85
wedging of cast 92-93

axml 92

clamshell 92 102
wetting of plaster 86

Plates fixation 71
See also Fixation

Portable Bryant s traction 377

Postosteatomy angle 359

Pott s fracture 439 443 444

Projections bony at elbow 220

Prosthetic femoral head 346

Protrusio acetabult 333

Pseudarthrosis epiphyseal 35

Pseudofracture of femoral neck 360

Pubic fractures 321-324
ischiopubse junction 318 319
ramus 321
separation of symphysis pubis 321-324

Quengel apparatus 93 94

Radial nerve biock of 141
njury with humeral fractures 213
Radsus fractures antenor Lip 283
Barton s fracture 283
fum radu and i}
fracture 249 250
Colles fracture 266-282
at head comnunuted 245 248
depressed 245-24¢ 248
fissure fracture 245 247
lower end 263 266
longitudinal  284-285
Monteggin s fracture 254-256
rotation and torsion 24
shaft 262
Smuths fracture 281 283
styloid process 285
torus 262 268
upper end 245-251
Recurvatum deformuty of knee 410 411

humer;
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Malalignments angulational 22-30
axial 30
lineal 15-17
torsional 19-22
transpositional 17-19
Malgaigne s fracture 422
Malleolar fractures 430-432
bimalleolar 432
external rotation 430 437
quadnimalleolar 442
supramalieolar 423-424
tnimalleolar 442 443 444
unimalleolar abduction 430
adduction 432
Malunion of fractures of fumoral shaft 374
of fibulr 428
Mnaneuver Leadbetter 353
Whitman 352
Mampulation 50
femoral 1n epiphyseal separation 379
m supracondylar fracture 379
in humerus fractures 201
March fracture 455, 456
Markers rndlopaquc 89 258
Median nerve block 140
Medullary nailing See Fixation
Melame formaldehyde plasters 82
Metncarpatlls ﬂglphg';&’ll separation at base of
2!

fractures of 295-308
Bennetts 297-298
distal portions 305-308
head 305
neck 305
oblique 304
proximal portion 295-29§

S
Metatarsal fractures 455-457
base 455
distal ends 455
Freiberg s nfraction 457
march fracture 455 456
shaft 455
Milkmans syndrome 360
Minerva jacket 102-103 159 160
Mobilization of joints 93-95
Monteggia s fracture 254-256
extension type 255
flexion type 255
Musculocutaneous nerve block 141
Myositis ossificans after elbow muries 249

Nails See Fixation
Navicular fracture carpal 286-290

tarsal 454
Nelaton s me 63 349 351
Nerves injuries of 119-123

with humeral fracture 213
peroneal nerve paralysis after pelvic frac
ture

after tibial fracture 399 400
regional anesthesia of 133-146
See also Regional anesthesia
ulnar nerve palsy after supracondylar frac

ture 222
Neufeld naxl n osteotomzed femur 354

INDEX

Neural arch fractures 1n thoracte region 168
Nonunion of fractures 44-45

carpal scaphoid 289

femoral shaft 370

tibial shaft 418

Odontoid process fractures 159-161
Olecranon process of vlna fractured 242-245
Onlay bone grafts 76-77 374
Open fractures 107-132
See also Compound fractures
Open reduction of fractures 69-77
See also Surgery
Operative pmcedurcs See Surgery
Orr method 114
Os calais fractures of 446-451
anterior portion 449
beak fracturc 450
body 446-449
posterior portion 449
sustentaculum taly 450
tuberosity 449
sheletal traction wire in 56 57 423
tongs 54
tuber joint angle in 446 447
Osgood Schintter s disease 412 422
Osteoarthritis See Arthnitis
Osteoclasts 40
Osleogcmc fmnt n callus tormauan 41

n of
Tower txbxal tplph)SIS 426
in Colles fracture 276
1n cubrtus valgus 231-232 234236
1 cubitus varus 234
Schanz subtrochanteric 348 351 354 355
356 358
1 acetabulum fractures 33! 333
postosteotomy angle 359
splintering subperiosteal 374 375 376
Ottos pelvis 327 333

Padding m plaster cists 85
Palsy See Paralysis
Paradoxical respiration 173
Parallax phenomenon 27 28 29
Paralysts peroneal nerve after pelvic frac
ture 329
after tibial fracture 399 400
ulnar nerve after supracondylar fracture of
humeru
Volkmann s 1schemic 218
Paralytic 1leus m vertebral column fractures
150 152

s 222

Parvplegia_from vertebral column fractures

Parham band 71
Patella fractures of 388-397
longitudinal 390-392
central 391
margmal 391
stellate 392 396
tangentral 389-390
transverse 392
retinaculum repair 397
Pauwels angle 352
Pearson attachment use of 60 6’7 368 369
Pectoral girdle fractures 179-190
clavicle 185-190
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Pectoral predle fractures (Contd )
scapuly 179-18%
Pudiatric conditions Barton s fracture
281

clavicle fracture 189
clbow rocntgenogriphy 241
epiphyseal separations 31 312
See also T piphyses separations of
femur fractures Bryants trictron for €3-
(34

greater trochanter 364
mtertrochanteri, 164
shaft 375-377
subcapital 136
transcerviaal 351
forearm fractures 259
humerus fractures Dunlop s traction for 67
head 191
neck 193 197
shaft 208
open reduction of fractures 70
radws fractures lower end 263
upper end 251
nb fractures 171
tibial fractures 417
avulsion of tubercle 412
Pelvic girdle fraciures 313-333
coceyx 321
ihum  314-316
ischium 316-320
1solated fractures 313
pelvic ring  324-333
pubis 321-324
sacrum 320
shing for 323
sphintng of 11
Pebvie ring fractures 324-333
acetabulum 330 331-333
anterior and pOSterior fings on opposite
sides 326
anterior and posterior rings on same stde
327-329
antersor ning  325-326
Peripheral nerve block 138-146
fower extremuty 143-146
upper extremity 138-143
Peroneal nerve block of 145
paralysis of after pefvic fracture 329
after tibial fracture 399 300
Phalangeal fractures of foot 457-359
of hand 307 308-310
regronal anesthesia for 142 143 146
Pitlow and sides sphnt 9 10
Pin fixation 55-57
Pisiform bone fracture 286
Plaster of Paris 78-106
accelerator substances 81
application of 82 86-87
bandages 80-82
brvalved cast 92 102
body cast 101-103
bonding apents 31
boots 99 339 331
bridging gaps in 88 90
carpal scaphoid cast 289
chemustry of plaster 78-80
1n Colles_fracture 273
cutting of cast 89 91

Plster of Pans (Contd )
fenestration of cast 90-91 111
forearm cast 96
full arm cast 97
hanging cast $7-9% 0% 20
hinged casts 93 95
hip spicas 103 10¢
Jahav turnbuckie 324 329
feg oty 99-101

walking iron with 99 101
melamine formaldehsde plasters 82
\Mincrva jacket 1024103 159 160
mohilization ol joints 93-95
padded easte 85
reinforcement of casts 38-90 101
retarder substances
setung of plaster 87
shin preparation for 83-%4
slurry
spicas  103-106

1n femoral neck fracture 353

n femoral shaft fracture 368

hip 103 105

shoulder 103 103
tnmming mstruments for 39
types of casts 96106
unpadded casts 84-85
wedeing of cast 92-93

axmal 92

clamshell 92 102
wetting of plaster 86

Plates fixanon 71
Sec also Fixation

Partable Bryant s traction 377

Postosteotomy anele 359

Pott s fracture 439 443 444

Projections bony at elbow 220

Prosthetic femoral head 346

Protrusio acetabuli 333

Pseudarthrosis epiphyseal 35

Pseudofracture of femoral neck 360

Pubic fractures 321-324
sschiopubic junction 318 319
rmus 321
separation of symphysis pubis 321-324

Quengel apparatus 93 91

Radal nerve bloch of 141
mnjury with humeral fractures 213
Radws fractures anterior ip 293
Barton s fracture 283
1 radie and 1l
fracture 249 250
Colles fracture 266-282
at head comminuted 245 248
depressed 245-246 248
fissure fracture 245 247
lower end 263 266
Tongitudinal 284-285
Montegena s fracture 254-25¢
rotation and torsion 24
shaft 262
Smuths fracture 281 282
styloid process 285
torus 262 268
upper end 245-251
Recurvatum deformuty of knee 410 411

humen

467
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Reduction of fractures 50~78
closed S
mampulation 50
traction 51
See also Traction
compound fractures 110
open 69-77
See also Surgery
Regional anesthesia 133-146
agents for 134-135
brachial plexus block 138-139
n chest injunies 146
digital nerve blocks 146
elbow blocks 140
femoral nerve block 143
finger blocks 142 143
hand blocks 142
intercostal nerve block 146
in long bone fractures 146
lumbar paravertebral block 137-138
median nerve block
musculocutaneous ncr\c block 141
peripheral nerve block 138-146
fower extremuty £43-146
upper extremity  138-143
peroncal nerve block 145
radial nerve block 141
sciatic nerve block 143
stellate ganghon block 136-137
suprascapular nerve block, 139-140
sympathetic ganghon blockade 116 136—
138

tibsal nerve block 145

tovic reactions from 135-136

ulnar nerve block 141

wrist blocks 141-142
Reinforcement of plaster casts 88-90 101
Resection cuff of ulna 266 271

of humeral head 201

of radial head 246-249
Resection angulation operation 333 348

357 358-360

Resin plaster bandages 82
Resprration paradoxical 173
Ribs fractured 171-174

ntercostal nerve block of 146
Roentgenography of fractures 29-30

at elbow joint 230-231

m foreazrm fracture of both bones

58

1n humeral shaft fractures 210
markers 1n 89 258
mn patella fractures 389
m scaphotd fracture carpal 288
mn spram fracture carpal 294
Rolandos fracture 296
Rotatson of bone 16
differing from torsion 20-22
of radws 24
Rush type of mtramedullary nail 74
Russell s traction 65-67 360 369 370

Sacrum fractures 152 320

Savre dressing 187
Sayre halter for cervical spme traction 154
156

INDEX

Scaphoid fracture carpal 286-290
distal tuberosity 286
proximal pole 288
waist 288
tarsal 454
Scapuln fractures 179-185
acromion process 179-182
body 179
coracowd process 182
glenoid 183
mfraglenod 185
spinous process 182
strapping of chest 180
Schanz subtrochanteric ostcotomy 347 35t
54 355 356 358
in acetabulum fractures 331 333
postosteotomy angle 359
Sciatic nerve block 143
Segond s fracture 409 410 411 426 427
Separation apophyseal of ischial tuberosity

1
epiphyseal 31-34 215
See also Epiphyses scpnrnuons of
of symphysis pubts 321-324
Shepherd s fracture 452
Shock prevention of 4-7
spinal 150
Shorteming of fractured bone 1
Shoulder fracture-dislocations of 201-204
scapula fractures 179-185
spica for 103 104
splinting of fractures 11
suprascapular nerve block 139-140
Silver fork deformuty_tn Colles fractures
6 269 272 276
Skeletal fixatton See Fixation
Sheletal traction 53-57 423
Skt point 386 387
Skin defects 128-132
Shin traction 1n femoral shaft fracture 369
Sling pelvic 323
Smuth fracture 281 282
Smuth Petersen nails See Fixation nails
Spicas 103-106
See also Plaster of Paris
Spinal column Ses Vertebral column
Spinal shock I5
Spural fracture of ﬁbular shaft 428
of humerus 20
of metacarpal sh:\[t 299 303
of tibra] shaft 415
Splinting of fractures 7-13
banjo sphint 95
1n cervical spine fracture 13
n clavicle fracture 11
coaptation splint 12
Cotlins hitch 10
m elbow fracture 11
mn femur fractures 8
m forearm fracture 11 13
Goldbe;gs splint for metacarpal fractures
06

gutter splint 9

in hand fracture 11 13
Hodgen half ring splint 8
Jomes humerus splint 11
m leg fractures 9

mn long bone fractures &



INDLA

Sphinting of fractures (Coned )
piliow and sides sphimt 910
plaster of Pans 78-106

Sec also Plater of Pares
prefabricated sphints 8
in shoulder fracture 11
Thomas sphint 9 304

Pcarson attachment to 60 62
n upper extremnty fractures 11
m vertebral column fracture 11
volar sphint for fracture of finger 307

308

mwnst frcture 1113
Splinting subperioste! psteotomy 174 375
37

Sprain fractures of carpus 292-294
Steinman nasls See Faxation nauls
Stellate ganglion block 136-137
Step formation 1 torsional vaat matthgn
ments 18 19
m transpositonal axial malabgnments 18
Sterpum fractures

174-176
Sulle cutter 89
Strapming of chest 174
Stress fracture at ischiopubic junction 318
19

metacyrpal 455 456
Styloid process fractures of radius 285
of ulna 257
Sudeck s syndrome 46-49
Suprascapular nerve bloch 139-140
Surgery arterial sutures i;n 117
bone suuglre 1n patella fractures, 395
396

in carpal scaphord nonunion 290

corcygectomy 321

1n cubitus valgus 231-232 234-236

1n cubitus varus 234

cuff resection of ulna 266 271

grafung See Grafts

lamm:c(gr‘ny 1n vertebral column fracture
1

nerve sutures 120-121
osteotomy See Osteotomy
reduction of fractures 69-77
1n acetabulum fractures 331-332
bone grafts 73-77
m clavicular fractures 188
mn femoral neck fracture regional anes
thesia for 144
n humerus fractures mtercondylar 222
at fateral condyle 229
at shaft
at tuberosity 194
ntercortical fixation devices 70-72
ntramedullary fixation devices 72-73
m Monteggra s fracture 255-256
resection of humeral head 201
of radal head 246-248
of ulna 266 271
resection angulation operation 333 348
351 357 358-360
skin defect repair 128-132
sympathectomy 1n Sudeck s syndrome 48

D for of tibra
419 420-422

469

Surgery (Contd')
temdon wittires 123-128
Suspension fractton balanced 60-63
See also Teaction
Sustentaculum il fracture 450
Suture arterist
bone mn pitellr fractures 395 3%6
nerve 120-121
tendon  123~128
wire in patella fracture 395 396
“ympathectomy in Sudeck s syndrome 48
Sympathetic ganglion blockade 116 136-138
Synchondrosss of epiphyses radial 34
tibial 34 408 409 425
Synostosts operation for nonunion of tiba
419 420-422

Talus See Astagalus
Tarsus fractures 446
Telson wires m epiphystolysis 340 342
1n subcapital abduction fricture of femoral
neck 343 345
Tendon mjuries 123-128
Thomas collar, 159 160
Thomas splint 9 308
Pearson taichment to 60 62
Thoracic cage fractures 171-176
regonal anesthesia for 146
nbs 171-174
sternum  174-176
xiphoid process 176
Thoracic spine fractures 162-166
Thumb egxphyscal separation at base of

fracture at base of 295
Tibia epiphyseal separation of 424-426
fractures of anterior margmnal 433
bicondviar 398-401
at lateral condyle 404-411
at lower end 422-426
Tongitudinal 432-436
at medial condyle 402-404
posterior margmnal 433 434 444
Segond s fracture 409 410 411
shaft 414-422
spines 411-412
supramalleolar 423-424
tubercle 412-414
umcondylar 402
at upper end 398414
Tibial nerve block 145
Iibrofibular joint bolt fixation of 445
Tibiofibular ligaments rupture of 445
Tibiofibolar synostosis 419 420422
Tidal drainage mn bladder disorders 152
Nillaux tubercle fracture 435 436
Toe fractures 457-459
anesthesta 1 146
Tongs 1n cervical spine traction 155
os calais 54
Torsion o; bone differing from rotation 20—

of radins 24

Torsional axral malalignments 16 19-22
step formation in 18 19
wedging of plaster cast for 92
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Torus fracture of radius 262 268
of tibia 423
Tourmiguet use of 4 109 121
Traction 51
balanced suspenston 60-63
n femur fractures 61 368 369
n humerus fractures 61 62 209
1n sternum fractures 176
Bartons 155 157
1n Bennett s fracture 297 298
Bryants 63 363 375
modified 64-65 377
Buck s extension 57-59
mod:fies 9
countertraction 58 59
well leg method 68-69 326 361 368
Crutchfields 155 158
Dunlops 67 219
elastic 93-95
n humeral shaft fractures 205
Iateral pelvic Jahss method for 329
n metacarpal fracture 303
overhead position shoulder muscles in 203
portable extreruty traction 64-65
Russells 65-67 360
Sayre halter fog cervical spine traction
4

skeletal traction 53-57 423

skin triction 51-53

im sternum fracture 176

Thomas splint 9 308

Pearson attachment to 60 62
Traction pulsion reduction of humerus {rac
tures 203 206

Transection of spnal cord 150
Transfixion of fractured fragments 53-57

See_also Fixation
Transfusions use of 5-7
Transpositional axial malahgnmcm 16 17-19

step formation 1n 18

wedging of plaster cast for 92
Trauma combined injurtes 132

immediate effects of 3640

nerve 119-123

tendon 123-128

vascular 115-119
Triquetrum sprain fracture of 292
Trochanter fractures 363

greater 363-365

mtertrochanteric 335 360-363

lesser 365-366
Trochlear groove fracture through 229 235
Tuber joint angle 1n os calcis 446 447
Turnbuckle cast Jahss 324 329

Ulna dislocation of congemlal 243

at lower end 280
fractures of 240—251

coronoid process 240-242 243
lower end 257
Monteggia 254-256
olecranon process 242-245
shaft 252-254
styloid process 257
upper en 0

INDEX

Ulnar nerve block of 141
palsy after supracondylar fracture of
humerus 222
Unciform fractures 290-292
Upper extremity carpus 286-294
clbow 215-251
forearm 252-285
10

han
191-214
pectoral girdle 179-190

Varus deformity at ankle 424 425
Vascular myuries 115-119
Veins njunes to 115-119
Velpeau dressing 181
Vertebral column fractures 149-170
anterior segment 153-166
bladder care 1n_151-152 153
cervical spine flexion njuries of 154-159
fracture-dislocations of
Minerva jacket for 102-103 159 160
splinung of 13
whiplash njuries of 162
clay shoveler s fracture 167
facet syndrome 169
Jaminectomy 1n 151
lumbar spine 166
paravertebral block 137-138
neural arch fractures 168
odontotd process 159-161
paraplegia with 150
posterior segment  167-170
sacral lestons 152
spinal shock with 150
spinous process 169
splinting of 11 13
thoracic spime 162166
transverse processes 169
treatment of fracture 152-170
of patient 149-152
Volar splint for fracture of finger 307 308
Volkmann s ischemic paralysis 218

VWagon wheel fracture 379

Walking 1ron with leg cas( 99 100
Walther s fracture 327 328

Watson Joncs reduction of pelvic fracture

Wedging of plnslcr cast 92-93 102
Whiplash njuries of cervical spine 162
Whitman maneuver 352

Window edema after fenestration of cast 90

91 111
Winged hanging cast 98 210
Wire fixation 55-57
n epiphysiolysis 340 342
1n subeapital abduction fracture of femoral
neck 343 345
Wnst nerve block of 141-142
splinting of fracture of 11 13
spramn fracture of 292

Xiphoid process fractures 176
X ray examunation of fractures 29-30
See also Roentgenography of fractures






