SURGERY OF THE LLBOW

Med1al epicondyle of humerus displaced into the duslocted elbow jont
Phorograplt shows aperative exposure of the medial aspect of the joint
(A) Trochlear process of humerus. (B) Flexor pronator group of mus
cles curling 1nto the joint just distal to trochlea The medual epicondylar
fragment comes into view only when the muscles attached to
it arc pulled upen and withdmwn from tie joint. (See Chapter X)
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Preface

HFRE H\S long essted need for 1 hook dealing with surgical condi
Tuons of the elbow Tlus region 1s subject to severe types of triuma (frac
tures dislocations Icerations gunshot wounds crushes etc) or to milder
forms of traum such 1s constant usage (occupation) sports (baschall pitch
mg) or to mtation from mal unton 1fter previous fractures or from post
traumatic arthritis The joint m1y become the site of sepsis or tuberculosis
and thus rcqum:' operatine surgery  Arthnus (gonorrheal or rheumatord)
does not 1equire surgery 1 the early stage but fibrous or bony 1nkylosis
the late result of either of these mnfections m1y require surgery to increase
jomnt motron Other non traumatic conditions of the clbow such as con
genital deformities neoplasms ostcomyeliis paralyses loose bodies and
bursiuis often call for relref by operative surgery

Although numerous monographs have been written upon such subjects
as the shoulder hand Ip and foot the student must search through one or
more of these or other text books 1n order to cover the elbow region thor
oughly He must consult a text book on fractures for traumatic lesions many
of which fail to warn against important associated soft part lestons or fail
to advise how to avoird mcurring therr comphications For late deformities
or for tuberculosis of the joint he must consult a text book on operative
orthopedics In this 1s described one or more methods of treating such a
lesion usually stressing the particular method of the author the latter well
Mustrated Not only the medical student but the resident or the younger
surgeon may become utterly confused by the number of plaustble methods
of treatment suggested for a given condinon He 1s not 1n a position to
decide for himself which method to choose from the information presented
He may recall the principles of treatment for fresh mnjuries but for late
deformitiecs—thus 15 something entirely different. It 15 just as important for
the wniter to inform his reader how a certain deformity might be vorded
as 1t 13 to tell im how to correct 1t when present.

The purpose of this book 15 to deal with the various conditions 1n the
region of the elbow that are amenable to surgical treatment or to a com
bmnauon of surgical plus physiotherapeutic or radiotherapeutic measures
Inasmuch as trauma and the results of trauma make up a large part the
bool. will stress the principles of treatment pomt out the danger spots try
to predict what can or may happen with good or bad treatment and thereby
help the younger surgeon avoid the pitfalls that his predecessors have learned
via the hard way  For the purpose of 1mpressing upon the reader the main
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Vi Surgery of the Elbou

prinaples of treatment and the 1mportance of careful attention to details so
necessary 1n the successful care not only of a particular patient but of all
patients coming under his attentron retteration in the text 1s employed
solely as a means of emphasis

FrepErick M Svuth
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Cuarrrr 1

Traumatic Lesions of the Elbow Region

GENERAL CONSIDERATIONS

HE FI BOW JOINT 1s an mstriunent of precision and one of complex
mechamsm It 1s made up of three jomts which workmg together give

the function of one the ulnar humeral the radio-humeral and the (superior)
radio-ulnar jownts. The first two allow lunge jomnt motion (flexion and ex
tension) the latter two wlow rotary motion of the forcarm and hand (prona
ton and supinatton) It requires no ntricate knowledge of anatomy and
only a little common sense 1o realize that shght alterations 1n the jomnt
structure may cause profound disturbances 1 1ts function For example
a dicondylar fracture of the humerus with the condyles displaced 1n rela
tion to the shaft and to each other may be compared to an ordinary door
with 115 two hinges improperly aligned Just as the door may be parually
closed or opened the elbow joint may be parually flexed and extended
but neither motion can be performed freely or completely If one uses force
to open or close thns door beyond 1ts free arc the hinges may bind and
squeab. 1f enough force 15 used one hinge may pull away from the door or
wall or a portion of the hinge may breah If one uses force (passve motion
or mampulation) to crease motion similarly following a fracture mto an
elbow jomt 1t also may bind and 1f enough force 1s used something must
gneway 1e a bone fragment ligaments or muscle

Besides the importance per se of free flexion extension and rotation m
the clbow Joint 1t 15 1mportant to remember that loss of one or more of
these motiony may seriously interfere with use of the hand In many occu
pations complete pronation and supination are not absolutely essential and
shght loss of esther or both may not handicap the mdividual seriously since
he can often compensate (sormetimes tmperceptably) for this loss by rotation
of the humerus at the shoulder Joint Other individuals may be very greatly
handicapped by the loss of only tuenty or thirty degrees of one of these
rotations Consider the pianist who loses thus amount of full pronation For
filteen to twenty minutes he may compensate by abducting his humerus
but this becomes 3o tning he has to stop playing when formerly he was able
to play the piano for two to three hours at 2 time A violinust should he lose
thirty degrees of full supmation 1n his left hand
to a rather abrupt termination

There are many reasons why pronation and supination may be interfered

3
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with following injury Among these are dev clopment of rregulanity or
enlargement 1n the radial head adhesions within the jomnt loose bone frag
ments 1 the jomt and post raumatic arthritis These are but a few of the
mechameal reasons for difficulty following injury Pan and suelling are
add:tional reasons for loss of function and use (These disabilities therr
etrology and treatment will be dealt with later in more detail 1n their proper
chapters )

So far nothing has been said of injuries to the surrounding soft tissues m
the region of the elbow Physicians with limited experience may forget that
the soft tissues surrounding the bones and jomts often exhibit more 1mpor
tant pathology than the fracture or dislocation itself. The muscles arteries
vemns lymphatics and nerves may be of much greater importance than the
bone or the jomnt. For example what good 15 an extrermity which shows a
well healed fracture but also shows a Volkmann s schemic contracture?

In general 1njunes about the elbow give fairly successful results if treated
with 1wverage consideration and ntelligence. On the other hand there are
many elbow fractures of a complicated nature which requure some special
knowledge and skill to be able to handle properly if the patient 1s to obtain
a good functioming joint Thirty or 40 years ago the treatment recom
mended for dicondylar fractures of the humerns 1n adults was reduction
and 1mmobilization for six to eight weeks 1n plaster casts or splints in such
posttion as was considered optimum for the individual should the joint
become ankylosed The majonity of them did ankylose after such prolonged
immobilization This 1s a pecultarity of elbow jowts following severe mjury
when subjected to prolonged immobthzation The 1dea however was purely
defeatist from the beginmung It 15 now encouraging that more and more
surgeons who treat such mjurtes are beginning to be enhghtened and are
now getting these patients on early active motion 1n order to allow them
to regain as much funcuon as possible 1n thus very mportant jomnt It takes
courage to sacrifice an excellent appearing elbow or a nice xray film of 2
perfect (?) reduction 1f a sacrifice has to be made erther 1n anatomy or
function and strive to restore jomnt function as fully as possible

Furthermore many of the commoner and less serious elbow injuries are
often mussed 1n respect to proper diagnosis and consequently are grien
improper treatment The position of acute flewon 1s not the routine and
proper posttion of immobihization 1n all elbow wjuries There should be no
routine treatment of a particular type of fracture Each patient should be
examined and treated as an individual and the best method of treatment
selected for am It 1s better to vary or adjust the method to the wdividual
than vice versa. Routine flexion routine circular plaster and, what 15 worse
a ronunc surgical mind are probably responsible for more Volkmanns
contractures than anytlung elte Too many times have we scen a child
brought to the chnic or office months following wmjury and demonstrating
httle or no motion 1 the elbow joint seeking help after hus original doctor
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hs mustikent 1 senious Iaterl condyle fracture for v clup off the bone
and had resmted to forced stretclung mupulations

HIGH INCIDENCE OF ELBOW INJURILS

The clbow region 15 one of the common sites of myury both 1n the cluld
and adult being mjured m the traumas of ordinary hfe (falls) sports and
1 farm nd automobile aceidents In large aties roller shaung and traffic
acadents become frequent ciusative gents of these mnjurtes At the Preshy
tetian Hospitl New York Cuy from 1929 to 195 inclusive frictures nd
dislocations of the clbow made up 99 percent wnd 188 percent of the
total fractures and dislocitions respectively treated on the Fracture Service
Omutung the dislocations this nmounts to more thin twenty-one thousand
fractures treated during thus seventeen year penod

WHAT ARE WE TRYING TO ACCOMPLISH?

The above question may best be answered 1 the words of Murmy !
who smd

In traumatic injuries what we ag surgeons are trying to accomplish is the
restoration insofar as possible of the individual to his former uscfulness
m the shortest possible tune with as complete restoration of normal anat
omy as can be accomplished under those arcumstances

From the Standpont of the Pauent. The writer has been taught 1n med:
cal school and had wmnpressed upon him thoroughly during Ins subsequent
surgical trmming that the patient s welfare takes precedence over all else
Tlus 13 a fundamental principle and s such desenves our 1mmediate atten
ton All else including teaching research etc. 1s of secondiry 1mportance
In other words given an injured or 1ll patient one must turn and devote
all fus attenuion shall and fachnies within reason to relieve hus suffering
and to mend lns mnjury

This 1s an excellent principle and one that can and should be adhered to
strictly i cnvihan practice In the treatment of large numbers of war
casualties 1t may be necessary and wise to forego the mdividual patent and
to follon a method of treatment shown 1o be better for the entire group
of injured otherwuse a few would be adequately treated at the expense
of many It s hoped that civilian surgery however will occupy the greater
part of our future expenience nd to this end 1s the majortty of tlus book
wnitten

We hope therefore to gine the patient the best posuble advantage
anatormically funcuonally economieally and psychologically that can be
furnished hum

From the Standpoint of the Insurance Company Rarely 15 \nyone sorry

UMurmay Dr (lay Ray



6 Surgery of the Elbow

because an msurance company has to retmburse a patient for damages or
time lost Actually this 1s beside the point The honest surgeon with a con
scrence will treat and take care of the mjured patient with the best of hys
shill and knowledge which means that he will not prolong the treatment
unnecessartly In the end the insurance companies should not be long
I recogmang that good surgical care does not consist solely of Leeping
the paper worl up to date Good surgical care costs money but if 1t 15
good 1t will 1n the long run result mn an actual saving of money

From the Standpomnt of Improving the Treatment of Trauma. Througl
betng alert a constant search will be made for new methods of treatment and
the management of traumatic mnjunies will be made clearer and less diff
cult. The surgeon who 18 to be successful must never hesitate to learn from
others He will do well to attend scientfic meenngs and enter mnto dis-
cussions He must heep up with the current literature to be aware of the
progress 1 lus field To think over the new methods of treatruent and try
to reason why these may or may not fit into the scheme of general principles
of treatment 1s time well spent. It will stress the tmportance of these and
will make him a better surgeon because good surgical judgment 1mproves
from years of expenence 1n following sound prinaples

From the Standpoint of Teaching There 15 no question but that medical
students are molded by the type of teachers with whom they come 1n con
tact and the teaching which they recenne This cannot begin too early n
their careers They must be honest with themselves they must seek the
truth they must face facts They must be taught the importance of giving
the patient a break first and bemng purely saenufic later If this can be
instilled 1nto them they 1n turn may be entrusted with the future of surgery

The teaching of undergraduate students should be limuted largely to
the principles of treatment and should not take imto consideration the
vanious maethods of treatment. Only those methods should be mentoned
which help to 1llustrate a particular principle Students are only human
and look for short cuts tending to classify a certain cure with a certamn
disease (or inyury) They must be given enough ground work such as
anatomy and physiology and be made to understand the patholegy of
mjury as well as that of discase They must be advised when where and
how to look for various types of complications and be taught their 1mplica
tions None of this should be done solely with didactic lectures. These
must be curtatled to a minmum merely to give a general survey of the
parncular subject at hand The main part of hus teaching 1n this type of
clinical work should consist of demonstrations of actual chimieal cases,
roentgenologic examination discussion of cases observation over a penod
of ume and actual parucipation 1n the care of the pauent. This can be
carried out with small groups of students studying cases 1n the out patient
clinic or on the surgical ward In this way the student gets to see the actual
management of 1 case and 1f he gets to discuss its possibilittes  this form
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of texching 15 mfinitely more valuable to lum than a dry lecture on the
same subject

The terchmg of grduate students should augment this same terching of
sound prnciples by going into more detail as to various methods of treat
ment nd the rewsons for the choice of particular methods Tt should also
if posstble permit them to parucipate wm the actual treatment Jn thys
fashion they will learn refinements of diagnosis ind techmque that they
had not previously rcquired Criduate students will benefit ~lso af given
an oppottunity to carry out cither 1 scientific or chnieal research problem
and n turn mAy help the professional staff or the mstitution under which
they are working

FRACTURES
Traumatic Etiology

Fractures 1n the region of the elbow are usuatly due to trauma but they
may have a spontancous ongin Trauma may be diided mto the direct
and tndirect types Without 1dentifying cach and every vartety st might be
mentioned that of the slow-speed objects causing fractures by direct contact
we have a pitched baseball a club a knife pistol butt falling glass nd
other falling debrnis High speed etiological agents consist of pistol or rifle
bullets shrapnel shell bomb or mine fragments Then there are crushing
mjuries such as result from a window falling on the elbow or a crush from
adoor 1utomobile or mirplane acaident. The elbow may be occasionally run
over by a pneumatic tire of a car or by the flanged wheel of a street car or
train (in the latter cse traumatic amputation usually resulting) Both the
elbon nd the object with wlich 1t comes m contact may be moving and
the combined speed of the two plus the mass result 1n a shattering Imost
explosive mnjury to the elbow such as seen 1 the so-called truck swipe or

sideswipe 1njury sustained not mfrequently by drivers of cars who nsist
on restung their forearm and elbow on the window sl while driving long
the lnghway  Probably the commonest cause of elbow fractures comes from
falls sustained by the patient in the home at work at play or on 1cy streets
Although many of these fractures come from hitting the elbow directly
many more come from a fall upon the hand the force bemg transmitted
indirectly to the elbow through the radius and ulna but ey entually knock
ing off the capitellum or rdial head Fractures resulting from pure indirect
trauma are usually those caused by an avulsion mechanism as 1s sometimes
scen 1n the olecranon after forcefully throwing a baseball or 1n a dislocated
clbow where the medial epicondyle epiphysis has been avulsed by the pull

of the medal collateral ligament or the bicipital tuberosity wvulsed by a
sudden violent pull of the biceps tendon

Spontaneous

Spontancous fractutes 1n the elbow region are usually due to some local
1zed bone pathology the commonest of which 1s 2 metastasis from a malg



8 Surgery of the Elbow

nant tumor Giant cell tumors (bemign) may also cause thinnung of the bone
suffizently to allow 1t to become fractured without adequate trauma The
same may be said for bone cysts although these are rare 1n the extremities
of the bones making up the elbow jont.

Other Causes of Spontaneous Fructures. Osteoporosis due to senility dis
ease or paralysis ostcomalacia coehac discase Paget s dusease primary bone
neoplasms (sarcoma or myeloma) and ostcogenests imperfecta

Epiphyseal Separstions and Epiphyzeal Trauma

In the growing child an injury to the extremty of a bone very 1nfre
quently tales the form of a fracture passing along the eprphyseal hine and
separating the epiphysts and displacing 1t upon the diaphysis These are true
fractures even though the fracture line passes through cartilage Usnally
when the epiphysis 15 displaced 1t carries a small trangular shaped fragment
of the diaphysis with 1t All such cases, of course should be treated by re
duction and 1mmobilization sufficiently long to permit healing to tale place
Just as tn a shaft fracture Still more rmportant 1s epiphyseal trauma without
actual displacement demonstrable on the roentgenogram. The diagnosis
must be made chinically on the finding of linear tenderness maximun along
the epiphyseal line 1n the absence of roentgen findings The rmportance of
the diagnosis of epiphyzeal trauma with or without displacement 1s the pos-
stbility of growth disturbance and later deformity The chance of growth
disturbance taking place 1s equally good whether or not there was displace
ment onginally In each casc the extremuty should be immobilized suffi
cently long 1 e. unul the linear tenderness imuted to the epiphyseal ine
has disappeared

Immediately after an mnjury 1t may be difficult to differentiate between a
sprain of the elbow joint and an epiphyseal injury In the child true spruns
are rare at the elbow Epiphyseal traumata are very common If there 15 any
doubt whatsoever the 1njury should be treated as one of an epiphysis by
immobilization for this may prevent subsequent growth disturbance Just
as much and sometumes the worst grouth disturbance may occur 1n those
cases with the least amount of displacement or in those without any dis-
placement of the epiphysis Should the epiphyseal line tenderness disappear
1n four to seven days after wjury we may assurne that merely a spramn had
occurted and discard the immobihizing splint. On the other hand if 1t should
last for two or three weeks or more one can be certain that the onginal
trauma was of epiphyseal ongin and should keep the jomnt sphinted unul
the tenderness completely disappears. Only by treating these injunes con
servatnvely will growth disturbances be mimmuzed

Wheneier separation (fracture) of an epiphysis has been diagnosed or
trauma to 1t suspected the surgeon who 1s wise will forewarn the child s
parents or guardian of the posstbihity of growth disturbance This can be
done without alarming them unnccessarily because the probability of dis
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i bance i growth in non weght beanng bones 1s relatively small (less than
20 peicent)

It 15 lso mmportant m epiphyseal separations o perform reduction by
closed methods without undue force nd without frequent repetition
Aever perform open reduction on 1 trumitically displced epiphysis af 1t
an be naded 1 ¢ by obtammg rewsombly good anitomical repositton
through dosed teduction Open reductions and often reperted attempts t
closed reduction definitely predispose to growth disturbnee

DISLOCATIONS

Duslocation means the displacement of one or more bones which ordy
mrly make up a joint so that the artienlar surfices are no longer in contact
These m1y be pure dislocations 1 ¢ without associated fracture or they
may he associated frictures Postertor or posterolterl dislocation of hoth
forearm bones upon the humerus at the elbow joint not mfrequently 1s
accompanted by one of the following fractures vdinl hewd coronoid process
of ulna and avulsion of the epiphysis of the medial epicondyle of the
huimerus Certam other dislocations almost mvarbly accompany certain
specific fmictures, such 1s an anterior dislocation of the mdial head when
there 15 a fracture of the upper third of the shaft of the ulna with volar
angulation Tins particular combinntion of fracture and dislocation 15 com
monly known as a Monteggia fracture Certun types of dislocation at the
elbow must have an associated fracture in order to make possible the dis
location The best example of this 1s the anterior dislocation of both forearm
bones upon the lower articular surfice of the humerus which cannot posst
bly take place without a fracture of the olecranon process of the ulna

Subluxations (or parti1l dislocations) can occur nd these as the name
mmplies connote only partial displacement of the bones 1t the joint Fracture
of the lnteral condyle of the humerus often makes possible a lateral subluxa
tion of the radius and ulna and 1f not corrected may tesult 1n 1 consider
able increase in the carrying angle as well as cause some loss of joint function

fMe important fact to remember 1n a dislocation (especially 1n such a
stable joint as the elbow) 13 that none can posnibly take place without exten
sive damage to the hgaments and joint capsule During the process of repatr
followmng an elbow joint dislocation calcium 1s frequently deposited 1n the
collateral hgaments Tlus ts so commonly seen 1n late follow up roentgeno-
grams that the presence of such deposits even 1n 1 pauent not presiously
seen should lead the surgeon to question the pattent concerning previous
serious njury It may also help to explain (on the basis of a previous mnjury)
why tunction does not return fully as expected Besides wide tearing of these
structures Which normally bind the bones to one another there frequently
;?g:‘:l\]i:::\:nia;mgc]lo the soft tissues lying tmmediately superficial to the

psule as does the brachialis anticus muscle the ulnar nene
and brachinl vessels (See Chapter NI\ )
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COMBINED FRACTURES AND DISLOCATIONS

Mentton has 1ready been made about combmations of fractures and
dislocations 1n the region of the elbow and these will be treated 1n detail
(See Chapters X \I \II) Inasmuch as combined fractures and dislocations
1re extremely common at the elbow and often of a serious nature 1t would
be wise to be on a constant lookout for them With a dislocation of both
bones one should always search the roentgenogram for possible fractures and
vice versa

DEFINITIONS
Fractures

A [racture 15 2 loss (ot breal) 1n the contimuity of a bone or a portion of
a bone or cartilage n a Iving individual The fact that the fracture occurs
n 2 person 1 stressed  because 1t 15 often more 1mportant to handle the
individual with the fracture than the fracture wself Tlus means carrying
out treatment with the patents future well being 1n mind as well as Ius
immediate needs

There are 1n general two main groups of fractures—Stmple and Open
(compound) A stmple fracture 15 any hind or variety of fracture not asso-
aated with a wound 1mvolving the shin or mucous membrane These are
clean (closed) fractures An open (compound) fracture 1s any vanety of frac
ture 1n which there 1s 2 wound of the soft parts extending from the fracture
site to and including the shin or mucous membrane These fractures are
unclean contarmnated and may occur by an external object breaking or
lacerating the skin (compounding from without) or by one or more sharp
fragments of bone forcing their way through the shin (compounding from
within) The differences between compounding from without or within
need not be discussed here The essential difference between a closed (sim
ple) fracture and an open {compound) fracture 15 that the Iatter 15 an mjurs
contamnated by unknown organisms carries a potential serious threat to
limb and life and demands immediate treatment to prevent or minimize
the possibility of infection

Further defimtions are 1n order for designatng the types of fractures that
are commonly met with tn treating traumatic cases Any of these may be
closed (stmple) fractures or open (compound) fractures

Comminuted fractures 1re those with more than two man fragments 3 ¢
with actual fragmentation or with loose fragments. These can be either
closed commnuted or open comminuted (the Iter only when the shin 1
broken and the wound communicates with the fractured area of the bone)

Greenstick fractures are seen tn children only where due to 1ts greateT
springmess the bone may bend and only one cortex shows a breal 1 con
unurgy

Lead pipe fractures are a form of green stick fracture usually occurring 10
thie cancellous portion of the bone and appear on roentgenograms as a
wrinkling of the thin cortex
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Tssure fractures n1e usually short nasverse frcture hines extendimy, par
ually ot wholly through one cortes of 1 bone These occur commonly 1n
Paget s diseasc of bone and often 1epresent the first stige in 1 fatiguce fracture
before the fmcture becomes complete

Impacted fractures aic those i which one frigment of 1 frctured bone
1s driven or jimmed mto the 1emaunimg bone or mto mather mun frigment

Pathological fractures are those occurting 10 1 bone which s the site of
pre-existing disense or other abnormal concition and not duc to adequate
traumn

Sprain fractures are small surfice chips pulled awry fiom 2 bone by 2
ligament when 1t 1s spruned

Articular frictures re those near the estremity of a long bone i which
the fracture hine passes 1cross or through the articular surfice mto the jomt
proper

Intra articular frctures are those where the enure fincture line 1 withm
the joint civity The commonest of these 2t the elbow are fmctures of the
radrl herd coronoid process of the ulna and the capitellum

Avulsion fractures are those 1 which 1 portion of bone or epiphysis 15
pulled off the mtn bone by muscle igament tendon or a combination of
these Fracture and separation of the medial epicondyle epiphysis 1s an
excellent example of this type

Fracture<hislocation 15 a combination of 1 fracture of the extremity of a
bone 1 which the [ragment entering into the joint has been dislocuted or
displaced from 1ts articulation with the remuning half of the joint.

Dislocations

The term dislocation applies to bones that form a jomt and metns com
plete displacement of one or more of these bones on the others so that their
arucular surfaces are no longer 1n contact

Dislocations may be imcomplete where there 1s 2 partial shuft of the artic
ular surfaces but no complete displacement. These are also called
subluxations

As with fractures duslocntions may also be classified s closed or open

depending upon the absence or presence of a wound m the shan communi
caung with the affected joint

Displacements

Deformuties. In fractures as well as 1n dislocations the bone fragments or
the bones themselves are often displaced These displacements are sometimes
called deformities but 1t would seem more logical to use the term  de
for:m) 1n descibing a clinteal picture and 1o use the term  displacement
mn descriling the actual shift 1 the bones seen roentgenol 11
- el genologically s well

In dessgnating any displacement 1t 15 usual to describe 1t 1n termns of dis
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placement of the dustal fragment upon the proximal If everyone would do
this we should all be speaking a common language and 1t would be far
simpler for physicians and surgeons as well as students to understand the
terminology ‘The same should apply to dislocations 1e. 1n describing a
dislocation at the elbow as posterior, we mean that the radius and ulna hate
been duplaced postertorly upon the lower end of the humerus rather than
umplying that there 13 an antenior dislocation of the humerus upon the
torearm bones

The simplest type of displacement wmn a fracture 13 lateral or antero
posterror 1f the amount of duplacement equals the full diameter of the
bone 1t 15 usnally accompamed by over iding and shortening In some
oblique fractures there may be shortening without a complete lateral shuft
of the ragments. Another common displacement (or deformity) 13 angula
tton or it of one fragment upon the other In describing thus 1t 15 advisable
to describe the direction 1n which the apex of the angle points 1n order to
be consistent 1n the terminology Rotary displacement 1s common and means
a rotation of the distal fragment upon the proximal This may be of any
amount up to 180 degrees Occasionally the fractured end of one fragment
1s found 1n direct contact with the side of the other fragment. This 1s known
as an end to side position It always requrres correction if bone healing 13 to
tale place and if full return of jownt function 1s to be made passible

Dislocations may show similar displacements The common ones at the
elbow are posterior and lateral or a combination of the two Medral disloca
tion at tins joint 1s rare antertor dislocations here cannot take place without
a fricture of the olecranon Dislocations may also be accompamed by a
certamn amount of rotation Very rarely there 1s seen at the elbow a divergent
dislocation In this variety the forearm bones are not only dislocated from
the humerus but from each other as well and therr proxamal ends are spread

apart
Other Traumatic Lestons

Many injuries 1n the region of the elbow do not imolve the bones in a
fracture or in a dislocation and are relatively minor 1n nature By causing
pamn deformity or partal loss of function these njuries bring the patient to
the surgeon for relief It would seem advisable to enumerate them here but
describe the pathology and treatment under a separate chapter reserved for
that purpose Such conditions are contusions lacerations (especially over
the olecranon bursa) spratns hemarthrosis acute nd chronic olecranon
bursitts  tennis elbow  (radio-humeral bursitis) calcium depostt m the
conjoined tendon of the flexor pronator group of muscles and rupture of
tendons and muscles (See Chapter XXIT)
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Pathology of Fractures

ACUTE PATHOLOGY

HFNFVER frcture of any bone occurs the first pathological change
to take phce 18 mmedinte hemorrhage from the bhone self Tius
occurs around the bone ends and n the Adjacent marron ety Comadent
wath the ortgrual wnjury and displcement of the frigments and depending
also upon dditional secondary trauma from madequate splinting and mus
cle spasm during transportation there 1s ¢ varnble amount of damnge to the
surrounding soft parts With ny degree of dusplacement periosteum 1s
always torn 1f displcement 1s marked or 1f the injured extremty s handled
roughly or protected madequately there 1s in addiuon gross tearing of
muscle tissue ligaments fasair tendons and thewr sheaths smll caliber
arternies and vems (occasionally vessels of major proportionsy lymphatic
vessels and nenves. Contusion of these same solt parts likewise occurs Even
with the lesser degrees of soft part traumn accompanymng a fracture there
are innumerable capillaries both venous and lymphantc that are ruptured
and cach of these 1s a potential source of hemorrhage and exudation of fluid
Hemorrhiage comes first but 15 soon followed by exudaton of inflamma
tory leucocytes and phagocytes and fluid into the winjured area and immedi
ately surrounding 1t All the soft parts (whether damaged or merely adjacent
normal tusue) become nfiltrated suollen edematous and lose therr clas
uaty In addinon to bleeding from countless small veins and capillares
many of these become thrombosed as well This leads to airculatory stasis
and stagnation A vicious cycle 1s created due partly to the hemorthage and
partly to the chemical 1rmitation of the free blood in the tissues as well as to
the toxic products iberated by the death of bone cells and damaged soft
parts In addition to the acute local mflammatory reaction a systermic
reaction 1n the pauent 15 manifested by malase fever elevation of both the
leucocyte count and sedimentation rate Shock 15 often present and may be
of a seriots nature if much blood has been lost from 1njury to medium and
large s17e vessels or 1f there has been extensive soft ussue damage The trent
ment of shock. though helped very appreciably through replacement of blood
loss by wansfuston may be very neffective or slow to bring about recovery
unless other measures are carned out to rid the traumatized area of 11s
collection of toxic products {dead cells and tissue debris) which 15 a constant
source for absarption of these products mto the general fystem Everything

3



14 Surgery of the Elbow

that can be done to assist the patient s minute circulation by pliystologrcal
measures 15 justified These would mclude active exercise of muscles physio-
therpy gravity and at times even operative evacuation

During the early phase of exudation death of ussue and curculatory stass
the tissue fluids at the site of fracture can be shown to have an aad pH
Although bone repair begins certainly within the first two or three days
after fracture no great amount of calcium can be precipitated or deposited
in the newly formed granulation tissue unul the local ussue reaction has
changed from an aad to an alkaline pH Thus alkaline reaction can only be
brought 1bout early by removal of the products of tussue death and by over
coming the circulatory stasis (For specific methods of dealing with the local
acute pathology see Chapter XV1I1)

The climical 1mplications of the concomtant acute fracture patholog)
carculatory stasis and early bone reparr are that we must act early 1f we hope
to reduce a fracture adequately and eastly before ussue elastiaty 1s com
pletely lost and without causing addittonal damage n our attempt to do so
Immediately following a fracture there 1s a pertod of local tissue shock last
ing from fifteen to thirty minutes During thus tume there 1s Iittle or no pain
and no muscle spasm When sufficient hemorrhage has occurred and Jocal
exudation of fluid and cells infitrate the surrounding tssues (1 ¢ when
the acute wmnflarmmatory reaction gets under way) the muscles go mto spasm
and the nerve ends regain their sensittvity This spasm and 1ncreased tissue
tension further increases arculatory stagnation and interferes with cas)
reduction The acute reaction reaches its height between tuelie to eighteen
hours or even earlier Much can be done mn the first three or four hours
followtng fracture that cannot possibly be accomplishied at tweaty foar hours
by closed or open methods of reduction Anyone who has operated upon 2
severe elbow fracture immediately after tnjury and has compared 1t to onc
operated upon after two to three days will tesufy to the advisabilny of the
former procedure because he can mobilize the fragments easily he does not
have to explore through highly edematous hemorrhagic tissue or tissue that
15 completely rubbery and wfiltrated and last but not least he 1s able to
close the wound with ease 1n the early case

LATE PATHOLOGY

The late pathology at the site of a healed fracture (aside from the healed
bone) will depend directly upon the extent of the origmal ussue trauma
and upon the speed and case with which the acute pathology was eradicated
and function restored to the muscles and jonts Extensiie early hemorrhage
into muscle bellies and actual damage to these muscles will Jead to fibrosts
and connective tusue replacement which m turn will render them less
elastic and less strong resulung 1n foss of joint function and early muscle
fatigue and pain on use Besides affectng muscles ncreased amounts of
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fibrous tissue may by (ontCLoN c1use pressure Upon senous and lymphrtic
chmnels 1esuling m prolonged or evan permanent swelling It iy cuse
nenves to become adherent to bone or fascn with subsequent sensors or
motor functionl impattment  \gmn meresed fibrosis the result of exten
sue liemorrhige and cellular inhliruon Ay cuse definite thickening of
higaments and jomnt cpsules with resulting loss of their plibility and
limutation of full jomnt motion This when it occns the regron of the
anterior capsule of the cibow jomnt my greatly handiap M mdimadond
exther 1 lus reguiar occupation or 1 his ordiary everyday wetnaties Should
the ongnal injury be an open (compound) fricture with infection necesy
taung prolonged healing by secondary mtention  the resultng scar mvy
use adherence of skin 1nd subcutancous tissue to the bone with 1ctul
mechameal impairment of function

REPAIR OF FRACTURES
Usual Repair of Bone

In the adult there 1s probably no specific osteogenetic cell Whatever oncs
preference may be m describding the process of new bone formation following
a fracture 1t must be admitted that certamn fundamentnl conditions exist
These may be cnumerated s follons Hemorthage detth of tissue local
calaum concentration granulation ussue formation and local adequate
(mimute) arculation

Hemorrhage 1t and surrounding the fracture site 1f not excessive finnlly
results in the blood forming 1 clot The flud portion 1s squeezed out and
eventually absorbed by the arculation The fibrin 1 the clpt forms a net
work along wlich fibroblasts 1nd new capilliries m1y grow permeate and
replace with grinulation tissue

Hemorrhage and death of the damaged ussue as noted under the acute
pathology cause writwon and an acute inflammatory reaction which
changes the tissue reaction at the fracture site from one of alkalinity to one
of mild aadity (acid pH) The fractured bone ends die for 1 shight but
vartable depth nd the dead bone 15 bathed 1n this acid medium which 1n
turn withdraws the calaum content from the dead bone and holds 1t focalhy
mn affinity with the fibrin 1n the blood clot Comminuted frctures frequently
heal with more callus than those without commnution and an explanation
for this 15 the greater area of fracture surface from which a greater amount
of cilcium may be obtained After the fibrin has become replaced by new
granulation tisue (undifferentiated connective tissue) and the products of
tusue death hve been carmied away by the venous and Iymphatic circulation
the ussue reaction returns to 1ts normal alkaline state At this time the
calcium held Jocally by the fibrin 1s rapidly  precipitated  and laid down 1n
B o6 sl o v s o e e, s T

re calcium s Iud down and
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the new connective tissue becomes more mature and more firm the bony
trabeculae ncrease 1in density and eventually form new cortical bone com-
pletely healing the ongnal fracture

The most important aspect of bone healing to remember 15 that m orde
to form good bony callus the calaum that goes into 1ts formation come
from the local fracture site and must be laxd down 1n the new connective
tissue while this 15 sull 1n an undifferentiated state Once this connective
tissue becomes differentiated nto defimite adult fibrous tssue calaum
cannot be depostted 1n 1t to form healthy callus Instead there will be gran
ular deposits of calcium completely surrounded by scar tusue but not
forming bone trabeculae This delay therefore results 1n either a delayed
or non unton It 1s readily scen that there is an all important time element
mn the healing of bone If for any reason circulatory stasis 13 permutted to
pensist by madequate elevation of the mnjured part, by constricting diess-
mngs or by failure to give early physiotherapy 1n the form of heat massage
and actine muscle contractions the pH of the tissues will remamn acd
Should such be the case the opumum ume for the deposition of calcrum
will have passed and the factors for delayed union will he brought to
play one of the tmportant of which 1s the formation of dense scar tissue
between the bone ends without adequate deposition of calcium within 1t

There are of course other factors that influence the healing of bone Those
having an unfavorable influenoe are (1) the site of injury—wuhere the bone
may hase a poor blood supply owing to lack of hughly vascular surrounding
soft parts as 1 the lower third of the shaft of the bia or 1n a fracture of
the radial head where the fragment by 1ts intra articular displacement has
become completely deprived of 1ts blood supply  (2) the extent of the injury
may so disrupt the local circulation (as well as larger arteries and vemns) and
cause damage to the surrounding soft parts that bone healing will be slow
at best (8) extensne hemorrhage may by virtue of the large amount of
fluid present cause a mechanical block to ingrowth of the new granulation
tssue so necessary to the formation of early callus (4) compounding of the
fracture may grve rise to nfection at the fracture site which even if not of
a virulent nature may cause marked delay o bony healing () interposition
of muscle or other soft parts between the fracture fragments cannot do else
but delay or prevent bone union

Some of these factors are controllable by the surgeon (as well as by Jay
people) 1n rendenng first aid treatment or by the former 1n carrying out
definitive treatment of the injured mndinidual We cannot of course con
trol the site of the fricture or the extent of the oniginal 1mjury but much
secondary trauma both to bone and soft parts can be mmnimized by creful
handlhing applicauon of emergency splints and dressings and by careful
transportation  This will prevent increased hemorrhage and shock may
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lessen commuunion nase md vessel dunge and my avord inta position
of soft pmts hetween bone ends and keep 1 simple fitcture from bemg
comverted 1mto an open (compound) one

The type of bone m which the firctre occurs Iy 1 henng on the
healing process Cancellous hone hemg, spongy and ety viscilr always
heals well and Faprdls cortiel bone on the other hand 15 dense or hard
poorks vacular and often heals with ditficulty or nat at alt

Cenenl or systemic factors hive hittle o1 no fluence 1t 41t m the healing
of frctures 1 mectine heling 1s the result of loctl factors as deseribed above
md not due 10 1ge dibetes penerbized Arteniosclerons or such metbolic
or endocrine conditions 1s hyperparathytoidism or Paget s diserse or to
sheletal conditions such as osteogenests 1nperfectn or senile osteoporosis
Actually maost non unions after clean fractures of the shaft of a jong bhone
occur 1 mdividunls below the age of thirty five years rather than after
mddle e

Delayed Union

Ordinarily Wy fracture becomes solidly hiealed m three to four months
at most and 1s suffictentls strong to allow waght bearing even 1n the lower
extremity except for some fractures of the femoril neck With fractures
m the region of the clbow bouny heahing becomes sohid ordinarily 1n six
weeks and unrestricted active motion m1y be freely permitted sooner than
this.

The causes of delayed unmon are madequate teduction of the fracture
fragments madequate mmolnlizatton of the reduced frigments erther from
splints that 1re too short or not 1pplied for a sufliciently long time from
over pull or distraction of the fragments (if treated 1 traction) which leads
to formation of dense scar ussue between bone ends without Actual callus
formation to mterposed muscle or other soft parts to an mmpared local
arculatson and lack of nutrition or to circulatory staghation and to too
early use When mav 1 fracture be said to show evidence of delayed union?
Usually tlis has heen considered to be anywhere up to six months followimg
the myury Perhaps 1t would be better to define delnyed union s a period
anywhere from four to six months following njury where monthly roent
genograms have shown shight but progressive diminution of the fracture
Ime but not complete unton or evidence of mcreased absorption of the bone
ends. Delayved umon may be accompanied by subjectine symptoms such as
pam (especially on weight bearmg 1n the lower extremity) or ou use or by
such objective findings as persistent tendetness or 1 continued false pomnt of
motion at the fracture site
fn;lr;l:cﬂ:: o];;d;:]c:lz[ the({:laors causing delayed umon must be kept 1n mind

g and none of these allowed to persist Shonld delayed
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unton occur 1t will be advisable to eradicate any of the factors that ma
still be acting 1f thu cannot be done the fracture wall very likely go on t
a non umon and operatie measures will be necessary

Non upion

This 13 a stage beyond delayed umon 1n which there 1s no further hop
of unton taking place across the fracture site without operative snterfereno
by dnlling of the bone or by the 1mplantation or laying on of bone grafu
The causes are 1dentical to those of delayed union but carried on for a longe
period of time Just when delayed unson ceases and non umon begins 1
difficult to define from the element of ume It varies with different bone
and with the level of the fracture in these bones but i general 1t ocour
anywhere from the eighth to the twelfth month following fracture

There are altogetlier too many cases of non union The majority of thew
(excepuing those following compound fractures or injurtes with severe sof.
part damage) could be avoided 1f the surgeon treating the case was more
avare of the pathology of acute fractures the process of bone repair and
would follow the fundamental principles of fracture treatment mstead of
following a particular or routme method of treatment.

Avascalar Necrosis

Asepuc or avascular necrosis of bone means death of 2 bone fragment due
to loss of circulation to that fragment rather than the result of any infectrous
process The commonest sites of avascular necrosis are the head of the femur
and the proximal fragment m a igh fracture of the carpal scaphoid bont
At the elbow wntra-arucular fractures of the radial head and capitellum may
exhibit this same condition

The condition of avascular necrosis becomes esident late after bone heal
ing should have been completed and appears on roentgenograms as an
increased denmity of bone Actually thu bone density 1s relatne Dunng the
process of bone healing and physical macuvity the surrounding bones ha
g a good circulation have become somew hat decalafied and less dense du¢
to mcreased inflammatory hyperemia The dead fragment having no circu
lation has not become equally decalcified and therefore appears on the films
as hauing greater density than the others. Later even 1f the dead fragment
becomes revascularized and unites s blood supply may be greatly dimin
1shed as compared to normal and thus portion of the bone may not be able
to stand conunued and prolonged function or weight bearing It undergoct
1 slow degeneration and 1ts articular surface becomes mregular and rough
and may later become the cause of a past traumatc arthntis. Occastonally
late symptoms develop and become progressne and function may decrease
1f so operative measures of treatment may be necessary
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RIPAIR OF SOFT PARTS
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Anatomy of the Elbow Region

NF MUST KNOW the normal anatomy of the elbow region to under
stand the pathology and displacements madent to trauma found n
pauents of any age group A thorough understanding 1s absolutely essentuial
for the successful approach to the problem and in restoring the anitomy to
as nearly normal as 1s possible without impairing the return of jomnt
function
BONY STRUCTURE

The elbow joint 1s formed by the artculacons of three bones thie lower
extrermty of the humerus and the upper extremtties of the radius and ulna
As the lower extreruty of the humerus 1s approached from the shalt 1bove
1ts shape changes from a triangular cross section to a flatter and broader
expanded portion As the bone widens out mechally and laterally nto the

AnTtERionr PosTarion

Fig 1 Skatch of loner humerus showing capsular attachments 1n relaton to articelar
surfaces of trochlear and capitellar processes.

supracondylw ridges 1t becomes thinner m 1ts antero-posterior dameter It

finalls forms the two condvles medial and lateral which again are thicker

but made up of less dense curcellous bone The condsles contain at their

most distal cnds the articular surfaces of the capitellum and trochlea The

apitelium 1y dome shaped for muiculinion with the shallon concave proxi
20
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mal swiace of the rdinl head Just proximad to the cpitellum there 18 2
llow fossa on the aterior surface of the Iaterl condyle which recenves
the mugm of the mdil hewd on full fleston of the elbow There 1s no
articular cutilage on the postertor 1spect of the epitellum since an full
extension of the elbow jomnt the hied of the 11chus 15 m hine with the long
axis of the hunierus and does not swing around bedund s does the uln
The trochlea 1s the wrticuliting process on the medil condyle which reccives
the hook shaped upper extrennty of the ulm It s somen bt spool shaped
and 1ts medinl margm extends distally from the condyle at least 1 10 15
centimeters The articular surface of the trochlea extends completely wround
the distal end of the humerus and on to the postertor surface s fr as the

A B

Fig 1 The amying angle at the elbow  (A) Right, normal  (\) left, revensed armying
angle (cubitus varus or gunatock deformury) (B) Right normal (B} left ncreased
armying angle (cubitus valgs deformuty)

olecranon fossa for articulation with the olecranon process when the joint 1s
fully extended. Just proximal to the trochlea the broad porton of the
humerus becomes thinned out into deep hollows known as the coronoid and
olecranon fossae for reception of the coronoid process of the ulna m full
cibow flexion and for the tip of the olecranon process 1n full extension

The supracondylar area curves shghtly forward upon the axis of the
humerus The condyles and articular processes tilt forward upon this so that
the long axis of the articulir surfice slants forward approximately forty
degrees upon the axis of the humeral shaft. Inasmuch ns the transserse 1xus
of the lower arucular surface of the humerus 1s not perpendicular to the
long axis of the shaft but ults downward shightly at 1ts medial end (due to
the distal extension of the trochlea) the forearm when fully extended at
the elbow deviates away from the body or into abduction This forms a
definee angle with the arm of approximately fifteen degrees less than a
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straight ine known as the carrying angle at the elbow The carrying angle
varies 10 different mdwviduals but 1n normals (without previous njury) 1t
1s Tarely less than five or more than twenty degrees Following wnjuries and
due to cither incomplete reduction of a fracture or due to growth disturb-
ance from eprphyseal trauma the transverse axus of the lower extremity of
the humerus may eventually become increased or decreased 1n relation to
the longitudinal axis This will result in extreme carrying angle deformiues
known as cubitus valgus where the deviation of the forearm 1s away from
the body or cubitus varus where the deviauon of the foreanm 1s towards
the body In the latter tvpe the carrying angle may become very markedly

/— OLscranowy

Fig 8 Sketch ol upper extremity of the ulna (A) Anterior aspect (B) posterior aspect.

reversed and if so 1s often called 2 gunstock deformmty owing to the
sumlarity of 1ts shape to the wooden stock of a nfle or shot gun

Surmounting the expanded condyles of the humerus there are two pal
pable prominences known as epicondyles These are both readily palpable
and represent muscle attachments. The medial eprcondyle gives mise to the
common tendon of onigin of the flexor pronator group of muscles and at
1ts posterior mfertor aspect to a portion of the medial colltteral ligament of
the elbow jomnt The lateral epicondyle gives attachment to the origin of
the extensor muscles of the wrnist and fingers The medial epicondyle 15
much more prominent than the lateral Both epicondyles Iie 1n a portion of
the bone outside the elbow joint proper

The upper extremuty of the ulna 15 the most expanded portion of this
bone and 1s considered as the direct extension of the humerus Its broad
notch (or hook) 13 formed by the coronoid and olecranon processes The
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former 18 distal to the Iatter and the two together form 1 deep senulunar
notch cilled the geater sigmotd fossa (incisura seanlunnns) covered with
cattilage for articulation with the trochle of the humerus The proxunal
end of the olecrmon 1s shghtly vough for the msertion of the triceps tendon
The anteror surface of the coronoid process 1t ats base 15 rough where the
brachiahs anticus tendon mserts The posterior crest of the ulnr shaft
fattens out mto 1 triangulir plitea shghtly below the olecranon into which
18 unerted periosteum and the triceps expansion. Overlying this area 19 the
olecranon bura closely ttached to the periosteum Sianted on the latera
side of the ulna qust distal to the greater sigmoid notch there s a shallow
groore concave laterally and running ntero-postertorly known 1s the lesser
sigmoid fossa (incisura vachnhis) covered with cwrtilage for articulwuon (pro-
nation nd supination) with the peripheral margin of the mdinl head

In the upper extrenuty of the mdius the neck 1s 1 conunuition of the
shaft At the proximal extremuty of this 1s the head which 1s 1 thick disc
shaped portion of the bone The head of the mdtius 1s covered with articular
cartilage on 1ts proximat end which 1s concave and shallow for articulation
with the capitellum and on 1ts circulir periphery for articulation with the
lester sigmord fossa of the ulna Approvimately two and one half to three
centimeters distal to the lower margin of the radial head and located on the
shaft of the bone 15 the bicipital tuberosity (tuberositas radu) Thus projects
medially and antenorly and inserted 1o 1t 1s the infertor tendon of the
biceps brchu muscle

EPIPHYSES AT ELBOW

In view of the large majority of fractures and dislocations that occur 1n
children s elbows as compared to adults 1t 1s important to appreciate the
anatomtcal differences that occur 1n these age groups The configuration of
the bone ends of the humerus radius and ulna wre practically 1dentical 1n
the child and adule. The soft ussues are dentical except for lesser muscular
development 1n the younger child The great difference between the two 13
that 1 the very young child the entire lower extremity of the humerus and
the upper extremuues of the radius and ulna re composed of cartilage and
not merely covered with cartilage on the articular surfaces This may to
some extent explamn the greater frequency of certain types of injury 1 the
cluld the epiphyseal cartilage being less strong and more readily subject to
trauma than 1s fully developed bone

For this reason 1t 1s essential that the physician or surgeon have a thorough
Lnowledge of the roentgenologic appearance of the numerous epiphyses
forming the efbow joint from birth to the time these epiphyses fuse with the
diaphysis The roentgenogram of a young child 1s often very confusing and
fiequently 1t fails to show a bony lesion because the fracture line may pass
through a portion of the articular surfice which has not developed a visible
ossification center The various ossification centers appear at different ages
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enlarge and eventually fuse This development often leads to additional con
fuston because one center when displaced may be mustaken for another
unless one knows what to suspect and keeps a sharp watch for 1t Such an
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Fig 4 Sketch showing development of ossificauon centers at lower end of humerus as
16N 0N rocnigenograms from age two years to the adult stage.

D

QD

example may be seen 1n a separation of the medial epicondyle epiphyss
which becomes displaced 1nto the elbow jomt and may be mistaken as onc
of the ossification centers of the trochlear epiphysis The following table
gives the time of appearance of the epiphyseal ossification centers and the
times at which they eventually unite with the shaft 1n the bones forming the
elbow joint. Tu1s well 1o note that considerable vananon occurs due 1o racal
charactenistics etc  and that these figures are rough averages It may there
fore be necessary to make an allowance of one or sometimes two years m
the extremes of tlus table

EPIPHYSES IN REGION OF ELBOW
(As seen om roenigen examination)

S rs af Unites uith
phes shaft at

Capitellum (and outer part of rochlea ERY: A
Trochlen (inner bally © ) 0 5. 16y
Medial Fpleondyle 3 18y
Lateral Epicond)le 12 YL 16y
Olecranon 10 311 16 yrx.
Head of Radins 37V 8y

There 15 fortunately 1n most cases of elbow 1njury the opposite normal
arm for compartson by roentgenograms as well as by chinical exammauon In
case of doubt films should be taken of the uninjured elbow to prevent such
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common ervors 18 nustiking 1 displiced medial epicondylc for 1 part of the
trochlear epiphysis There 1re many other conditions that may also lead to
errors m chngnosts unless the good arm 18 used for roentgenologic com

partson
BONY LANDMARKS

There arc thice cwly palpable bony prominences that define what 1s
Lnown as the bony triangle of the clbow  These are the two cpreondyles and
the tip of the olecranon process The base of the imverted trangle 1s 1 hine
drwn fiom one epicondyle to the other With the clhow 1t go° of flexion

A B G
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\
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Fig 5 Sketches of the normal bony Jandmarks at the elbow the relations of which may
be altered dimically by duplacements following fracure or dulocation  (A) powenor
view with elbow 1n go degrees of flexion There 13 scen an isosceles tnangle with the lase
pasung through the medial and lateral eprcondyles of the humerus and the apex or third
point of the triangle represented by the up of the olecranon process. (B) All three points
are on the same straight line when the elbon 13 in 180 degrees of extension  (C) Lateral
view thowing the three polnts in the same plane and lvug in the aws of the shaft of
the humerus

and examined from behind the 1pex of this trngle 1s the tip of the olecm
non which 1s practically equudistant from each epicondyle With the elbow
still at go° of flenion and examined from the side all three of these points he
m the same vertical plane as the axis of the shaft of the humerus. hnowmng
this 1t 13 not difficult to make a differentinl diagnosis climcally between 1
supracondylar fracture of the humerus and a posterior dislocation of the
1adius and uina upon the humerus When the elbow 15 exammed 1n the fully
extended position and from the posterior aspect the three bony ponts above
described will be found to lie along the same transyerse lie If they do not
on chnical examinauon there 15 abviously a displacement of one or more of
these points due to fracture or dislocation
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The radial head 1s readily palpable and can be felt to roll beneath the tp
of the thumb when the forearm 15 either pronated or supmated. Along with
the lateral epicondyle and tip of the olecranon the radial head forms another
triangle which 1s frequently useful to know Within ths triangle lies the
anconcus muscle and deep to 1t the postero-lateral capsule of the elboy

A B

Fig 6 Sketch showing the landmarks at the elbow (1) Supracondylar fracture of the
humerus. The three points of the bony triangle are in normal relation to each other but
are all displaced postenior to the axis of the humerus (compare with Flg 5 C) (B) Pos
tertor dulocation st the elbow joint an which the point of the olecranon is displaced
behind the epicondyles which t turn remain i the normal axis of the humerus.

jomt. With an intra articular fracture such as a crack 1 the radial head
which leads to a tense hemarthrosis the capsule of the elbow joine bulges
most promunently 1n the center of this triangle An aspiratng needle inserted
equidistant from these three bony landmarks and directed shghtly forward
and diwstally will easly enter the jomnt and permet evacuatron of the en
trapped blood (See Chapter \II')

JOINT STRUCTURE

The bony structures of the elbow jomnt have been described It 15 ume to
review and describe the ligamentous connections holding these bones firmly
together yet alloving a full range of motion also to describe the capsule
and the synovial hning of the jomt The mam supporting structures of the
joint aside from the configurauon of the bones which give additional sta
bility are the two collateral (medial and lateral) igaments Fach of these
takes its origin from the loner edge of 1ts respectne epicondyle on the
humerus It then fans out 1n a dsstal anterior and posterior direction to
become attached to the forearm bones The medial (internal) collateral
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higament becomes attached to the medil margin of the ulna along the edge
of the greater sigmoid Tossa olecranon nd bise of the coronmd pmccssl
The laterl (externl) colliter! higament hecomes attached to the latera
margin of the olecrinon nd greater sigmotd fossa nd mto the orhieular
{annular) hgument surrounding the Mditl head wuch whieh 1t blends and
with the capsule distal wd mednl to this Both of these higuments are
thichenings m the jomnt capsule are very tough nd strong nd normally
prevent any abnormnl Iteral motion at the elbow jomt The orbiculr (an
nular) ligament 1s 1 thickening i the capsule nd 15 attached 1t erther end
to the antenor and postertor margns of the lesser sagmond fassa of the ulna

ORBICULAR
LicAmeNT

Fig 7 Sketch showing the relations of capsule 2nd higamentous thickemingy holding the
humerus, radius and uinz together at the elbom joint.

and surrounds the pertpheral margin of the head of the radius except for
the portion 1n contact with the notch 1tself

The capsule envelops the entire jomnt and except for the thickening of the
hgaments descnibed above 1t 15 thin and pliable 10 order to allow for free
motion 1n flexion and extension It 1s reinforced anteriorly by the brachialis
anticus muscle and tendon and posteriorly by the triceps muscle tendon
and 1ts expansion each of which lies in direct contact with 1t The capsule
1s ined by a synovial membrane which 1s reflected on to the humerus above
the coronoid and olecranon fossae and extends to the margn of the aracular
carulage It forms small cul-de-sacs where 1t 15 reflected on to the neck of the
radsus and lower humerus The synovial lining secretes synovia (Jont flund)
which 1n turn lubricates the joint surfaces The rachal head and a porton
of 1ts neck are by virtue of the capsular attachments and synovial reflections
located entirely within the joint The 1mportance of this 1s seen when frac
ture occurs because of the possibility of a loose fragment because being
mtra artsicular such a fragment 1s usually devoid of a blood supply and
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finally because of the resultant hemarthrosis The up of the coronoid
process 1s likewuse intra articular 1n Jocation wnd m1y also geve rise to hemar
throsts or loose body formation when fractured

JOINT FUNCTION

The clbow 15 a drathrodial gymglymus or hinge jomt It 1s actually three
joints in one Hinge motion takes place between the lower extremuty of the
humerus and the upper extremities of the ulna and radius The range of
moton 1s best measured theoretically starting with the elbow 1 absolute
flexion and considering this to be an angle of rero Normal extension 1s
therefore to an angle of 180° (or a strught line) It 1s of course mmpossible
for an elbou to be flexed to an wngle of less chan 25° to 20° The anerge

Fig 8 Sketch demomtrating how to mneasure tlie ares of motion at the elbow

adult has 2 rauge of mouon 1n Ius elbow therefore from approxamatels $0°
to 180° This means he actually has hinge motion amounting to 2 total of
one hundred fifty degrees Some thin individuals can flex to less than a go°
angle nd some young girls and women may be able to hyperextend d:}c
elbow as much 13 ten or twenty degrees 1 ¢ to an angle of 1go° to 200

When elbow motion 1s hmited following trauma or disease the Irmitation
may be sa any of the lunge or rotation motements or all of them The
ncutral position as far as flexion and extension are concerned 13 with the
elbow flexed 1t an mgle of go° Any moton to decrease this angle 1s there
fore known as flexion and any motion to increase it 13 known as extension
If the motion by 1ctual measurement 1 the jont 1s from Go® 1o 120 then
the total mouon rnge 1s sixty degrees This range 15 often described a3
thirty degrees each of flexion and extension If the arc of motion 15 from 8o

to 110 the total rnge of motion 1s likewise sixty degrees but tlis repre
sents flexson of ten and extension of hfty degrees Consequently 1t 18 nl<’)1
only sumpler hut more logical to tramn oneself to express elbow ranges l)|
designating the extremes of mouon In this way the total ringe of motia
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cm be readily understood and the arem which this ringe 15 possible cm be
casly figured The are of moton my be of extreme mmportnce to the
pauent 1f his 11nge 15 lited Tor example one person mty have 1 very
wseful arm when I e of hnnted ethow motion s from ro° 1o 110° but
suppose lis totl rnge were the same (stxty degrees) wd his arc1s 100° to
160° hie would be unable to et with thns hand e bis necktie or do ury
thing else very useful around hus face or hed

Rotary motton (pranatton wd supmation) at the elhow occurs at the

Fig g Sketch shawmg method of measurimg degree of
pronation and suplnation {rom
mrd point of rotation when the elbow Is held against side of the ghcu. ©

radio-humeral joint and at the proximal radio-ulnar joint For rotation to
be possible at the elbow 1t 15 1lso necessary that there be rotation at the
distal radio-ulnar joint as well The ulna does not rotate at all 1n pronation
and supination Thus seems to be a difficule fact for students to appreciate
The upper end of the radius turns on 1ts long axis the head rotating within
the orbicular hgament 1n contact with the lesser sgmod notch of the ulna
and the capitellum of the humerus The loner end of the radius swin

around the head of the ulna as 1ts proximal portion rotates at the clbo%s
The long axis of the radius 1f projected proximally on a lateral roen cn‘o—
gram always passes through the center of the capitellum or capitellar cqf h

;1“ of the humerus Tlus 15 normally constant regardless of what dcg}:'cl:: zf

exion
oo n(::yc;elr:lon the joint may be 1n or what degree of rotation the

Pronation and suptnation are difficult motions to measure Accurttely be-
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cause of the tendency of the patient to compensate by abduction adduction
or rotationt of the humerus at the shoulder jomnt A umiform method for
this measurement should be used. In the first place rotation and other mo-
uons of the humerus must be made 1mpossible and therefore ruled out as a
possible source of pronation and supination In order to do this properly
1t 15 necessary to have the pauent hold his upper arm (humerus) along the
side of lus thorax and hold the elbow flexed at approximately a right angle.
Any rotary motion of the forearm with the arm and elbow thus held repre
sents pure pronation or supination Actual measurement of this motion 13
best determined by starting 1n the neutral position 1 ¢ 1 mud Totation
with the abducted thumbs pointing towards the cetling This point 1s con
sidered 1s zero degrees. Any pronation or supimation should then be ety
mated 1n degrees rather than 1n percentage figures or fractions of the normal
The reason for this 1s that the normal vanes considerably i different
indriiduals The usual normal pronauon range 1s ninety degrees but some
people can only pronate normally through an arc of 70° some patients can
supinate through an arc of 110° but tlns 1s rather unusual

The umnportance of getting an accurate comparison of the rotary range
with the uninjured forearm 1s obvious when 1t comes to rate end results of
function and disability espeaally in compensation cases. Pronation and
supination 15 usually designated as 0/go° (0/g0°) or o/50° (0/80°) (Fig
ures 1n parentheses represent the rotation range of the uninjured side for
comparison ) If for any reason there 1s marked Iimitation of rotation so that
the neutral position cannot be reached but some further rotation to thus
same side 1 possible this can be designated as follows pronation o°
(0/g0°) supmation 20/75° (0/go°) From reading such a record 1t will
eastly be recogmized just what arc of rotation 1s lost In other words this
patient has 1o true pronaton and his supination begins at 20° and rotates
to only 75° his actual range of supnaton therefore 1s fifty five degrees

Loss of pronauon or supmation may interfere considerably with some
patients  occupauons or earming capacity or with their daily usage or
avocation

SOFT TISSUES OF THE ELBOW REGION

From a practical standpoint the soft tissues surrounding the elbow will
be conssdered 1n the order of the superfictal to the deep The skin and sub-
cutancous tissue 15 freely movable upon the deep fascia The shun 1s thin
antertorly and laterally but thicker posteriorly especally overlying the
olecrmon Situated anteriorly but superficial to the deep fascia are 2 number
of rather large veins the cephalic and the basilic with their communicating
vens which form roughly a letter M These are the veins most commonly
used for venipuncture Likewise situated at this same level there are found
branches of the following sensory neries—the lateral and medial antibracinal
cutaneous nerves The net laver consists of the deep fascra. Tlus not only
covers each muscle gioup but binds these muscle groups together Poste-



natomy of the 11lhouw Region %1

1totly the deep fascir blends with the pentosteum of the upper ulnn and the
expansion of the triceps tendon This fsaas composed of a tough melastic
membrne Medial to the biceps tendon 1t recersed dditional strength from
the fibers of the lacertus fibrosus (biapitt] fasan) whteh msere to nd
blend with 1t The fuein 1s not only of mportance from ats natomical
function hut m1y he still more mmportut from the stindpount of the pa
thology 1t creates m supricondybar frictures with marked displacement of
the fmgments and extensine hemorthage mto the underlying muscle It s
thus possible for dangerous tissue tension to be built up by confimng the
extravasated blood beneath this deep fascia which m turn may compromise
the crrculation sufficiently to cuse 1 Volkmann s 1schaetmn The fascin and

Fig 10 Sketch of solt tissue structures on antenor surface of elbow

A halic vein
(B) basilic vein  (C) lateral \nubmachial Cutancous nenve {D) mc(di)nr??\)mlbnrj:)nl
Cutancous nene  (E) median Cephalic vein  (F) median basilic vein (G) deep fascia

(H) lacertus fibrosus (1) biceps musdle (J) bic
eps tendon
muscle (L) median nerve (M) brachial artery and veins
{O) brachio-radialis muscle,

(k) brachialis anterior
(N) pronator teres muscle

lacertus fibrosus may hkewise be responsible for angulating the brachial

artery and vewns over the lower end of the humeral shaft fragment 1 these

tractures. It 1s for these reasons that many surgeons advocate splhitting the

:ijccp f::cla m a threatened Volkmann s 1schaemia 1n order to decompress
1¢ underlying muscular compartment by allowng 1t

lular exudate and edema fluid ’ § fhe cxeape of blood cel

The main muscles acting upon the elbow joint are the triceps {(extension)
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and the brachialis mecus and bice,
very powerful supnator of the foma';?ly Ia?\l:r ?:ZI;:;C;ddluon o
anterior aspect of the jomnt to msert 1nto the base of the Corono: roree
the ulna and into the bicipital tuberosity of the radius (and ch ng:‘ .
[acertus fibrosus) vespectively As these muscles become narrow cdpdm N
tendons two other groups of muscles come 1nto prommnence from thc:c‘;xlao]
ix:ril)a;;;al aspects These cousist of (1) the flexor pronator group (pronator
], or carpt radsalis palmaris longus flexor digitorum sublimys and
exor carpr ulnars) taking its origin from a conjoined tendon attached to the
medial epicondyle of the humerus nd (2) the brachio-radsalis ongmaty
from the Jateral suprmcondylar ridge of the humerus and the extensor gmt,ig
of the wrist and fingers (extensors carp: radialis longus and brevis txlcmo’:‘

/

O

& 4

Fig 11 Sketch of brachial vessels (arron) m relation to the proumal fragment 1 4

supracondylar fracture of the humerus {a) with postertor duplacement  (b) compresor

of vessels is mevitable if the elbow is put flexson without obtaiing correction of the

bony displacement. The fragments must be reduced before flecion of the elbow an be
carried out

indicis proprins and exiensor carpt ulnaris)
eril epicondyle of the humerus These two
\ When the deep fascin 15 divaded between
and each side of the brceps muscle a clear
2 up medialls and laterath The

dlg‘ltorum connnunis extensor
which tales ortgin from the Jat
groups come togethet to form 1
theae groups 1nd between them

cut wntermuscular plane 15 found to oper
ncurovaseular bundle consuung of the meduan nerse brachual artery and

vetns 1s found which passes deeply nto the antecubital space medial to the
Inceps tendon and deep w0 the lacertus Gbrosus Deep m s space the
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brachnl artery 1s found to dunade into ats ridinl and ulnar branches the
tormer coursing distally beneath the brachiorwdinhis muscle and the Intter
passing medially wnd distally beneath the pronator teres fiexor carpr ridialis
flexor sublimis  palmans longus and median nerve

The medim nenve dips deeply mto the ntecubntal fossa heneath the
prontor teres ind then emerges more distally upon the smface of the flevor
digitornm profundus muscle Branches of the rdil recurrent vessels arc
found cxtendmg Jaterlly which must be dinided wnd ligated before the
mtermuscular space on the lateril aspect and jout cw be fully explored
Deep  the more proximal poruon of this laterl mtermuscular phine 1s
found the radial nernve lying between the brichioridinhis and the brachihs
anticus muscles Appronimately three to four centumeters proximal to the
radio humeral articulation the rdial nerve divides mto (1) 1 motor branch
(posterior mterosseus nerve) which courses distally and then Iaterlly to
wind around the lower portion of the neck of the mdius between the super
fial and deep bellies of the supmator muscle md finally reaches the pos
terior compartment of the forearm nd (2) 1 sensory branch which passes
distally beneath the briclioradinhs muscle and lateral to the radral e
and fimlly to the back of the hand and thumb Before the radial nene
divides mnto these two man branches 1t gives off sever] small muscular
branches from its laternl side wlich nnervate the brchiordialis and ex
tensor carpr rachahs longus and brevis muscles It 1s therefore perfectly safe
m exploring the antero-lateral aspect of the elbow jomnt 1f the operator
retracts the nenve laterally and incises the jomt capsule medial to the nerve
In so doing none of these small or mam brinches can be harmed

On the postertor aspect of the joint the triceps tendon covers the capsule
before coming to nsert mto the olecranon The fascia overlying the triceps
muscle spreads out medially and Interally into expansions similar in nature
and function to the expansions of the quadriceps muscle at the knee Ihese
expansions nsert 1nto the decp fasaa of the forearm and 1nto the periosteum
of the upper ulna It 1s these expansions that prevent wide separation of an
olecranon fragment when fractured. 1f the expansions remamn ntact the
fragment can only separate a mimmal amount and 1t 15 posstble for the
patent to extend the elbow agamst gravity On the other hand 1if the
expansions are widely torn when the olecranon 1s fractured the fragment
will become badly displaced and the patent will be unable to extend the
arm against gravity Operative reparr 1s therefore necessary 1 this latter
type of such fracture and 1t 1s just as important to Tepair the expansion s
1t 13 to fasten the bone fragments together

Medial to the tnceps muscle can be found the ulnar nene which passes
just posterior to the medial epicondyle of the humerus. As 1t crosses the
epicondyle 1t lies in a shallow groote n the bone wlhich 13 covered by a
rather tough roof of fibrous tissue After leaving the epicandyle the nene
passes 1nto the forearm deep 1o the humeral liead of the flexor carpr ulnaris
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muscle The close proximity of the nerve to the epicondyle and medial
collateral igament of the elbow joint predisposes 1t to direct tnjury 1n frac
ture or dislocation Late disturbances (neuritis) i this nene may develop
as a result of an increased carrying angle following growth disturbance
Transference of the nerve anterior to the medial epicondyle when necessary
shortens its course removes the tension of stretching and does away with
1ts being crowded by the extended olecranon (See Chapter \\I)

Some menuon should be made of the lymphatics 1n the elbow region
These consist of both superficial and deep vessels Any serious mjury not
only causes laceration of many of these but superimposed swelling com
promuses lymphatic drainage
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Symptoms and Signs of Fractures
and Dislocations

SYMPTOMS

HE OUTSTANDINC symptom of 2 frcture 1s fiatn Thus 13 subjec
tve and 1s wsually nhat brings the patient to the doctor or hospual for

relief It occurs 1n pathological fractures 1s well as i those following trauma
Pan may precede a pathological fracture and lead to the tiking of a roent
genogram which may reveal the presence of metwstass from a distant malig
nant neoplasm It may reveal the presence of other expanding lesiong such as
a grant-cell tumor of bone which has thinned the cortex sufficiently 10 make
ane wonder why 1 pathological fracture has not already occurred. Radrtion
(xray and mdium) osteitis may cruse persistent bone pamn and very often
does 1n the regron of the hip following mtensive radiotherapy for carcinoma
ot the cervix utern Tlus pan frequently precedes a pathiological fracture
through the area affected by the rad:ation for a peniod of one to twa months
and should enable the surgeon to predict that a fracture may occur sponta
neously at a later date

Immediately following 1njury there may be very httle paun due to local
ussue shock. It 1s 1n this pertod lasung about fifteen to twenty minutes that
some fractures and dislocations may be reduced eastly without the necessits
ot an anesthetic. Hemorrhage 1nfiltration with fluid and cells into the sur
rounding ussues soon causes increased tssue tension and muscle spasm
results Pain then begins and may become severe Intra-articular fractures
such as those of the head of the radius without displacement gradually
develop a hemarthrosis When this mcreases to the point where tension 1s
created within the mtact jont cipsule pamn which was orginatly mild 1n
character then becomes severe

Pain being a subjective symptom 1s difficule at times of evaluation when
there are no other physical or roentgen findingy assocrated witht 1t. Patients
vary 1n their senmitivity of pain Those with a low threshold may describe
2 muld to moderate pain as very severe Others my have very little pan or
at least complan of very hittle when 1t would appear that they should have
considerable

Whenever actnve or passive motion 1s attempted 1n a jont adjacent to a
freture or dislocation muscular {protective) spasm will occur and pain will

35
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be increased Motion at the fracture site whether involuntary or attempted
by the examining physician will also give spasm and pain In some fractures
a small amount of active or passive motion may be obtained without 1ncreas
ing pain but the moment the motion 15 increased beyond a certain amount,
severe pain will be felt.

Suffness suwelling or inability to use an extrenuty are other symptoms
that patents with fractures or dislocations complamn of frequently Less
commonly do they complain of an actual deformuty When major neries
have been traumatized the pauent may complun of numbness or 1nability
to move the fingers as well as before but this 1s rather rare He usually does
not offer thus complaint untl he has been questioned about 1t and the motor
and sensory function of the nerves have been tested chimically Occasionally
radiation of pain down the course of or in the skin distribution of a nene
will be offered as a symptom

Physical signs on the other hand if carefully looked for and compared to
the opposite uninjured extrermty are far more reliable 1n m1lang the diag
nosis of a fracture or dislocation than are symptoms

The first sign to look for m a suspected fractare or dislocation 1s deform
1ty If present, the diagnosts may be obvious or 1t may show characteristics
that lirmt the actual bone injury to one of two or three types Starting from
here one should be careful in his examination mn order not to hurt the
patient or cause additional local trauma On the other hand there are a
great many fractures mn which there 1s no obvious bony deformity so that
1t will be necessary to examine the extrermty carefully and gently to eliat
other positine signs and rule out false signs

Swelling will almost certamnly be noted unless the patient be very obese
or unless the fracture be early and located purely within the joint (radial
head) Swelling often gives the false 1mpression of bony deformity and the
latter can only be ruled out by very careful palpation

Redness and locahzed heat may be noted 1n the region of the swelling but
represent inflammatory reaction 1n the soft tissues and not necessanly a bone
or joint mjury

Ecchymosis may or m1y not be present n a fracture or dislocation It 13
often stated that this 1s one of the cardinal signs of a fracture but actually
1t 1s not usually an early sign to appear Whenever ecchymosis appears early
L ¢ within the first hour or two following a fracture it means that there
has been severe mnjury to the soft parts as a result of one of the bone frag
ments having ruptured through the overlying muscle and 1ts over lying deep
fascia thus allowing the escape of free blood nto the immediate subaurta
neous area Early ecchymosis may also 1mply that one will have difficulty
reducing the fracture because of interposed muscle between the bone frag
ments It 13 a sign that warrants great respect when noted early Ecchymons
appearing four to frve days after a fracture 15 of no practical assistance as a
physical sign
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Tenderness 15 onc of the most valuable of phystel signs an helptng, to
mke 1 diagnosis of 1 bone mjuty Ius w1y be of two types—direct or
mditect Direct tendesness 1s that which 1s clicited when piessure s applied
directly over the brctine site. There m1y he mild tenderness on etther side
of tins but 1t 15 maamal 4t the hine of frcture One m1y occsionlly be
fooled by direct bony tenderness when the only injury 1s 1 severe contision
Indirect tenderness 1 such cases 1s often 1 more relible sign Thisas ehaited
by pushing, proximntly upon the shaft of the bone suspected of beng fre
tured or by tapping or percussing this bone at some cistance but along its
axis 1f on domg this the patient compluns of pun at the suspected fracture
site the diagnosss 1s 1lmost certnin

Crepitus 15 a sign which 15 pathognomonie of 1 frcture 1t may be felt
as 1 definte grating of two bone ends together and 1 such case 15 known s
bony crepitus It m1y be felt to guve the sensaton of rubbery surfaces slip-
ping or shidding on each other Thus 1s called soft tissue crepitus and usunlly
miphes the presence of nterposed muscle between the bone frigments
Crepitus 15 1 most viluable sign when ehated BUT the examiner should
not repeatedls attempt to chiat 1t because by so doing he my cause adds
tional injury to the bone ends muscle or wy vessels or neres that may he
caught between the frgments

False motion 1s motion chicited 1 the region of a bone where there nor
mally 1s no joint and 1s pathognomonic of 1 fracture Continued attempts to
elicit this sign should be avorded 1 order to lessen trwuma and additional
P’lln

Limitauon of joint motion does not necessartly umply the presence of a
fracture but frequently 1s associated with one ‘otion of the extremety
agawnst gravity often 1s Imited and causes pain whereas supported motion
may not Immediately following an injury joint motion may not be lIimited
1ppreciably according to the patient but within an hour there 1s very
noticeable imitation and after two hours joint motion 1s markedly impaired
and pain becomes extreme Tlus suggests the development of a hemarthrosis
With other mjuries jomnt wotion may be markedly limited from the begin
ning even before pain becomes severe Tlus suggests an intra artucular frac
ture with displacement of a {fragment that 18 canstng an actunl mechamal
bloch Tlus may be seen 1 cases of fracture of the radial head or of the
apitellum with displacement Instead of there being simply limitation of
motion the complamt and finding 1s weakness of certamn motions or nalnhty
to mose the joint 1 certain directions 1garnst the pull of grav 1ty A fracture
of the olecranon w ith displacement and separation of the fragment 1s a good
example of this type Motion limited or absent due to nene mnjury 1s usually

tound not at the jomnt affected by the fricture but at a more distal jont.
Hemarthrosis as a physical sign has already been mentioned as being a

cause for delayed loss of motion 1 a Jont after ijury The actual presence

ot the hemarthrosts can be detected clmxt;ﬂl) by noting a bulgmg tense
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Jomnt capsule which 1s tender to pressure Thas 1s often seen on the outer
side of the elbow m the triangle bounded by the three following bony land
marks lateral epicondyle radial head and up of olecranon The mmportance
of looking for this 1s because if present aspiration of the blood from the
distended joint will not only relieve pamn wstantly but wall allow freer mo-
uon and make 1t unnecessary for 1t to be absorbed (which 15 a slow process
normally) and lessens the chances of formation of intra articular adhestons

Circulatory disturbances may be arterial or venous in nature or both
Diminution 1n the volume of the radial pulse as compared to that i the
normal wrist usually means that there 1s pressure on the brachial artery from
the lower end of the humerus or from the pressure of swelling 1n the ante
cubital fossa plus perhaps too much flexion at the elbow If no radial pulse
can be felt even when the elbow 15 extended and traction applied 1t means
erther contusion of the brachial artery with subsequent spasm or thrombosis
or perhaps even lacertion Any lessening of the palpable pulse calls for
emergency measures such as Rirschner wire traction removal of all splints
discontinuance of the flexed position or at times even operatine exploration
To permit a feeble or absent pulse to continue will very likely be dusastrous
The great majority of Volkmann s 1schacmias and contractures are avoidable

Nerve dusturbances can be motor or sensory or both Motor impairment
may be found to be merely weakness (palsy) or 1t may be complete paralyns.
Sensory disturbances are more often a diminution 1n skin sensation to pin
prick but may be complete loss of sensation Occasionally a hyperesthesia 15
noted. (For complete details of nerve mmoliement associated with elbow
mjuries sec Chapter XIV)

A wound of the skin situated anywhere near the site of a fracture and
trom which there oozes old blood should be considered a communicating
wound. The fracture should be considered as an open (compound) fracture
and treated as such until operation proves that contamination of the frac
ture site does not exust (See Chapter XV)

Numerous symptoms and signs of fractures and dislocations have been
described many of which are found 1n other surgical lesions of 1n inflam
matory nature as well as following triuma The cardinal signs of a fracture
are bony deformity indirect bony tenderness false point of motion and
bony crepitus When these signs are all present it does not take a physicun
or surgeon to make the dragnosis. It 1s sclf-evident even to the 1verage lay
man Where trained surgical expenience does count however 1s m making
the diagnosis or at least suspecting the ltkelihood of 1 fracture when none
of these signs are present and 1n sphnung the injured part for transporta
tion and rocnigen examination m order to prevent the four cardial signs
from becoming evident
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Physical Examination of the Elbow

(And s relation to the am and hand)

NAMINATION of the elbow region forearm and hand should be car
nied out Just s systematically and thoroughly s physical exammation
clsewhere m the body for the purpose of chetmg 2hnormnl physical signs
which wath the lustory of the case will assist 1n miking a chimical diagnosss.
Exen though a completely accurate dingnosis cannot be made chintelly due
to evcess swelling which may obsure ll the bony landmarks a careful exam
mation will giie very definite clues as to the probable diagnosts which should
subsequently be venified by roentgen exammnttion Simply because rocntgen
cxamimation 1s usually mnde as 1 shortcut to dragnosis and visuahzation of
bony displacenients 1t should not be used as a substitute for careful physical
caminanon and thorough chmeal evaluation of the mjured ewtremics
Roentgen examimation though helpful i disclosing accurately mamv dis-
placements (though not mfalible 1n sery young children) 1s of no assistance
whatsoever in aiding the surgeon or practitioner to decide whether or not
urgency in treatment or even if specral treatment 1s indicated from the stand
point of the areulation or of a nerve tnjury Tt should be most embarrassing
to reduce a fracture or dislocation and to later discover a paralysis without
Lnowing whether this paralysis exasted prior to mamipulation Sull more
mmportant a different form of treatment might hase been indicated 1n the
presence of a definite nene leston
As 1n physical examimation of the heart and Jungs a definite systemn should
be followed 1n examning an extremety The four main methods of exam
mation should be adliered to rehigrously and n this order
Palpation percussion and auscultation
1 By inspection can be determmed the presence of bone or soft part
deformuty swelling ecchymosis redness bleb formation the generl attunde
of the patient and whether or not he guards the elbow to prevent pain or
discomfort. The general contours of the limb may ndicate partteular
mjury The color (pallor or cyanons) of the hand and fingers can be noted
Tt 15 also possible to note the attitude of the fingers and thetr funcuon or
lack of funcuion which may gue direct evidence of nerve or \essel damage
at the elbow  Atrophy of musele and of the pulp of the finger tps may indt
Qte nene mjury of long standing Scars should also be looked for and if
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found the patient questioned as to preivious injury or operation Very often
loss of function may be due to a previous nerve or tendon 1njury and not to
the injury of the moment.

2 Palpation will elicst deformities and displacements often mussed on
mspection as a result of swelling It will also give one some 1dea of the
amount of swelling and tissue tension surrounding the njury or the degree
of tension n a joint capsule the result of a hemarthrosis Tendemness both
direct and indirect may be found and if carefully sought for will gne a
strong clue as to whether or not a fracture exists and 1n what region of the
bone 1t Iies Crepitus and false motion may be discovered on palpation The
presence of and the quality of the radial pulse can be evaluated by compar
ing 1t to that 1n the uninjured arm The temperature of the hand and fingers
should be tested by palpatton to determine the presence or absence of vas
cular impairment Muscle action strength and muscle tone may be deter
mined by palpation often better than on inspecuon alone Muscle spasm
may be similarly appreciated

8 Percussion though not resorted to routinely 1n examination of trau
matic njuries 1s sometimes of aid in determining the presence of indirect
tenderness It may also be useful mn detecting deep bony tenderness in the
presence of a lesion such as a Brodie s abscess

4 Auscultation 1s most commonly used at the elbow 1n determming the
pauents blood pressure with a sphygmomanometer and stethescope Occa
sionally 1t 1s useful in determiming the presence of intra articular crepitation
Where 1t may be of extreme mportance 1s in detecting the presence of an
arterio-venous fistula formation following a stab wound or gun4hot wound.

DIAGNOSIS

A Clmical Diagnosis

Clnical diagnosis must be based upon a carcful history of the case
whether 1t be traumatic 1 ongin or of an nsidious onset, and upon careful
physical examination Very often the history alone may grie a clue as to the
diagnosis or actually make the diagnosis As an example of this we may
consider the socalled pulled-elbow  (subluxed radial head) 1n very young
chtldren who have had their arm jerked by the nurse or parent when being
hurnied or 1n an attempt to check therr falling when they stumble Another
example might be a fall on the hand followed by pain m the outer aspect
of the elbow which did not seem serious at the moment, but which after
several hours became much more patnful and less eastly moved by the
patent as 1s often the story with fractures of the head of the radius with
gradual development of a hemarthrosis. Agamn the patient may giie a story
that following a fall lus arm or elbow was out of shape and that a friend
pulled on 1t, causing reduction Thus Justory vers probably indicates that
the pauent has had a dislocation In view of such a Iustory and being unable
to detect anmv defimte bony deformities on physical examipatton one should
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kecp m mnd what Jestons are commonly assocrted witl dislocations
cheek finther for these cloucally 15 well a5 making 1 speenl sexrch for them
on rocntgehogrims

1t should be remembered that the three bony pownts forming the trn,le
at the elbow cn be of great assistanee 1 helping the surgeon or prictitionet
to make 1 chimical diagnosis The three pomts (medil nd Tteral epreon
dyles and olecrnon process) form n mverted sosceles triangle with ats hase
lymg on the trans-epicondylr Iine and s tpex at the olecrinon when the
elbow 13 held 4t go° On viewmg the elbow from the Interal spect these
three pomnts should be i line wd i the same vas 15 the shaft of the
humerus If all three pomts mamtan their proper relationslup to cach other
but all three are belhind the shaft of the humerus 1 supracondylar fracture
with displacement must be present If the triangle 1s distorted yet the ¢pr
condyles remun m the s of the humerus and the olecrinon 1s sitnated
pastertorly there must obviously be 1 dislociion of both forearm bhones
upon the humerus (See Fig 6b) At laast thus 1s the mam dingnosis and
other fractures must be sought for and ruled out

So complicated may many clbow mjuries be that a complete diagnows 1s
frequently impassible from 1 climel standpoine. This may be due to exces
stve swelling that prevents accurite deternunation of the bony relations or
1t may be due to mabihity to perform a thorough exammation m 1 child on
account of pam or fear In such cases 1t 1s jusufied at umes to do only what
1s necessary to convince oneself that a fracture or dislocation exists and to
deterniine 1ts general nature and resort 1o Toenigen exammmttion for the
actual diagnosis of the bone or jont lesions Agam after examination of
roentgenograms one may wish to re-examine the hand and fingers for the
passible presence of a speaific nerve mjyury It 15 always wise to check ulnar
nerve function 1f the film discloses 1 displacement of the eptphysis of the
medial epicondyle of the humerus.

Likewise with obvious compound frictures in the region of the elbow
chincal examimatnon of the local lesion may be curtailed the wound and
fracture protected with 1 stenile dressing and splint and the patent sent for
roentgenograms without delay The reason this 15 permussible here 15 he
cause mspection 1nd debridement of the wound 1s to be carried out 1n the

operating room as soon as passible and can be more safely done there than
1 an office or hospital emergency Toom

B Roentgenologic Diagnosis

Rocntgenologic diagnosis 1s not always as satisfactory or as casily made as
one might suspect. In the first place 10 acute traumatic njuries 1t 1s often
extremely difficult to obtun perfectly satisfactory views 1n two planes 1 ¢
anteroposterior and lateral Thus 1s because of pamn because of rotation of
the extremity or a major fragment because of mability to hold the extremity
quict duning the examnation and because of the size shape and opacity of
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the emergency splints With many elbow lesions chronic as well as acute 1t
15 impossible for the elbow to be extended beyond 120° to 130° In such
cases 1t 15 therefore impossible to obtain a sausfactory anteroposterior roent
genogram by the usual techmique If the tip of the olectanon 1s balanced on
a film holder with the shafts of the humerus and forearm bones slanting
away from the plate all of the bones at the region of the elbow will show
great distortion when projected upon the film The only method by which
a good anteroposterior roentgen examination can be made under such con
ditions 1s to take two separate views—one with the humerus resting flat on
the plate and the second with the forearm bones resting flat on the plate

Tt -

} !

Fig 12 Sketch showing method of taking roentgenogram of elbow when 1t 11 mpossible
to fully extend the joint. Thus technique gives a good view of the lower humerus 1o

(A) and of the upper radius and ulna m (B) (Surrw F A Displacement of medial
epicondsle of humerns 1nto the clbow ot Ann Surg 124 410 1946)

Roentgen examination 1n the very young patient may be difficult owing
to the lack of ossificanon of the numerous eptphyseal centers A thorough
Lnowledge of the time of appearance of these their development and final
fusion with the diaphyseal portion of the bone 15 essential 1n the treatment
of clbow mjunes and discases. (See Fig 4) All that the film may show 152
small crack 1n the lower end of the diaphysis which may appear rather minor
1n nature Some lateral condyle fractures of the humerus are of this type
and unfortunately the only diagnosis made 1s a chip fracture If one
understands the films and, what 1s more realizes that there may be and
hikely 15 an extension of the fracture line down into the jomnt exisung 1
the eptphiseal cartilage not visible on the films he will not muss the most
important aspect of this and other types of fractures

Certain roentgenologic diagnoses can be made only by taling comparatin¢
films of the umnjured extremity Owing to the Jarge number of epiphyseal
ossification centers 1n childrens elbows internes residents and younger
surgeons m practice should always get these comparate films to keep them
from mussing mnor fractures and displacements and also to famtharze
themsehes with epiphyseal desvelopment at vanous ages.

Most surgeons who treat traumatic cases read their own films and tlus 13
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1s 1t should be The roentgenologist should not be expected to describe all
the smaller detuls shown on the film which e of 1o interest to anybody but
the climam who 15 canng for the pauent The roentgenologist cn be
arded vern maternally 1f the chimann ordetng the Glins will be spectfic n
designmting exactly what region and views he wishes tiken 1n the examinn
tion and also if he will state on hus requusitson what his tentitive diagnaosis
15 Requests for post reduction or post-operatine films should also have these
detuls stated 1f the roentgenologst 1s not expected to guess 2t them The
chinan will recenve not only a more complete report but lso one more
to the pomt 1f he takes the time to cooperate thus with the roentgenologist
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Genetral Principles of Fracture Treatment

ITHOUT a thorough knowledge and understanding of the accepted
principles of fracture treatment 1t 1s hopeless to attempt to furnish

mtelligent and completely adequate care to fracture cases beyond the -
mediate period of emergency New methods of treatment are being con
stantly devised and new imstruments or gadgets are being just as constantly
placed on the market with the 1dea that they help 1n the treatment of this or
that fracture either by facihitating reduction mamtaning reduction or by
helping to get better and quicker bony umon No doubt many of these are
extremely helpful in particular fractures but if they are used without
regard to following the general principles of treatment they may very well
do the patient more harm than good

To be spectfic consider a fracture of a long bone treated by pins through
each fragment and fixed by external bars of one sort or another If the pins
are pot put 1n at the correct angle the fragments may slide back and forth
upon them the pin tricts become contarmmnated and eventually 1nfection
gets 1nto the bone at the site of the pin hole This leads to a low grade
osteomyelius and the formauon of 1 ring sequestrum  a sinus tract persists
and will often not clear up untl removal of the dead and mfected bone 15
resorted to by operation This may be more annoying than serious but may
prolong the patient s convalescence until long after the fracture site has
solidly healed On the other hand suppose the same method has been used
1n a fracture where there has been extensive stripping of the soft tissues sur
rounding the bone and suppose one pin passes through this area and the
adjacent hematoma and 1n 1ts tract there develops infection  the result may
be extensne ostcomyelitis at the fracture site with loss of bone fragments
and posstble non umon One or more operatn ¢ procedures may be necessary
10 combat the infection and assist n the sequestranon of dead bone frag
ments Late bone grafting may be required. All this may take years to
accomplish with very dubious possibilities as to the ulumate results

Stmilarly these pins have been known to led to suppurative arthritis
when they have been applied close to the jont and pass through the jomt
capsule The prinaple violated 1 the above examples 15 lack of adequate
fixation due to erther improperly applied apparatus or to the apparatus
stself which was madequate 1n being able to mamntain the reducuon These
types of apparatus if not readjusted two or three weeks following application
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s tend to hold the ends of trmmetse hone fragments apart and thereb
act as 1 distrcting force which my yesult erther m delyed or non unton of
the frcture

Although methods of neitment my undergo 1 constant change wd be

10 A state of flux the genertl principles reman the same over 1 period of
wny decdes It 18 not the mtention af the ruthor to cotdemn any particu
lar mcthod of treatiment so long s 1ts wdvisors have worked 1t out on sound
surgrctl principles md 13 long s ats users Keep these principles 1n mind
when using 1t nd apply the method properly mstead of attemptimg virious
modifications rccording to therr own whims

Another catremely important factor m the treatment of 1 fmcture 1s to
Lnow when A particular method of treatment 1s working and 1ccomplishing
what 1t wis mtended to do Bhnd use of any method even though 1t was
indicated 1t the begnning does not men that st should be continuted for
two months without adjustments bheng made or without change 10 mother
method once the first has rccomplished us prime purpose In other words
the aterage smgeon ar genertl practitioner wilt be able to do very much
better with s fracture patients and his ultimate results will he vastly am
proved 1f he ngidly follows the accepted principles and plins his methods
of treatments for the spectfic injury based on thesc prinaples Treatment
otherwise may be good or 1t may be poor but it 1s far from mtelligent.

In medical schools and hospitals students and 1nternes 1re not only taught
how to take a complete history and perform a proper physical examiaton
but they are given ample practice 1nd constant repetiion mm doing these
things The reason for this 1s that by so doing they train themselves 1n 1
logical well planned method of obtamning chinieal data which establishes a
basis from which to determine what Jtboratory studies are necessary to com
plete the diagnoss atid also to begin a plan of treatment In other words
they 1re not taught merely the short cuts to diagnosis and treatment. Why>
Because first the diagnosis 1s not always clear cut second « particular treat
ment does not always work nd third the complications of the disease are
often more serious than the disease 1tself Just so with fractures which have
tremendous yanabihty numerous assoctated lesions frequent complications
and take a long ume to heal unless one follows a well orgamzed plin based
on sound and accepted principles which have stood the test of time he will
have a hard nd rocky road to hoe These principles are not difficult to learn
and undeistand They represent merely an orderly logical common sense
hist of principles which everyone should know but which are frequently not
followed It makes Iittle difference where one 1s working Whether 1t be 1n a
large well equipped hospital or 1n a small hospital less well equipped the
o ek 1o prplen Ot (pun,ts the surgeon s abiiy 10 fllon

ent in deading upon what methods or
apparatus he should use

Below 15 a list of principles to be followed crryiug out the treatment
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of fractures (and dslocations) Each of these will be amplified 1n some detal
n the paragraphs to follow

PRINCIPLES OF TREATMENT
1 Protection

a For the mnjured part
b For the pauent
2 Early (and adequate) reduction of the fracture
8 Adequate immobilization for the fracture
a Types
b Length of ume
4 Employment of means to lessen local pathology and to promote bone
and soft part healing
5 Restoration or maintenance of function
6 Restoration of the individual to his preinjury status in so far as
possible
The purpose of treatment of any fracture or dislocation may be stated
briefly as follows to restore the mjured person to as nearly a perfect cond:
tion anatormucally, functrionally and economically as 15 posnble It 15 also
common practice 1n evaluating the results of treatment to judge these on
the same basis.

1 Protection

(a) Protection to the mjured part means splint em where they lie It
also means careful handling during transportation The purpose 15 obvious
(1) to prevent additional 1njury to the fractured bone (2) to prevent lacer
ation of adjacent blood vessels and nernves (3) to prevent the interposition
of soft parts betneen the bone fragments (4) to prevent a sumple fracture
from being comverted mto a compound fracture with 1ts possible threat of
mfection (5) to lessen patn and bleeding and thereby diminish the tendency
to surgical shock and (6) to make the ulumate treatment much easter for
the surgeon as well as the patient.

Various methods of emergency immobtlization may be used the best of
which 1s the Thomas sphnt for the loner extrermty and the Murray Jones
splint for the upper extremity with or without fixed tractton Numerous
other splints may be 1mprovised from basswood or other boards padded
with cotton pillow sphnts cardboard sphnts (padded) etc In some elbow
cases a shng alone 1s sufficient for emergency sphnting A padded wood or
folded newspaper splint may be applied medually across the angle formed by
the humeral shaft and forearm bones This along with a shog gives protec
tion and comfort Figure-of-8 adhessve dressings are not good for emergency
splinting because they constrict the airculation and are extremely difficult
and painful to remove since they are usually applied on the unshaven skm
Thev also wmnterfere with the taking of the roentgenograms
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(1) Protection of the patient smplics the use of methds to present hiem
orrhage {tourhiquet pressee dressings marphine) to present pan (mor
phine demerol codeme md protecuive sphinung) 1o prevent shock The
prevention of pam and hemorrhage will both help to prevent shock or
lessen the degree of - Whole blood plasm or other blood substitutes
should also be grven s @ protective mesure where shock 13 either imminent
or lready present Early operation by its evacuation of the hemorrhnge
removes many tonie products from the mjured extremty that would other
wise have ta be absorbed systenncnlly and which tend to prolong the con
dition of shock

Abae 1l it must constantdy be kept in mund that for the protection of
the pattent with an obvious serious injury 1 complete phystcal examuntion
must be made Injuries are frequently muluple Very often a serious com
pound fracture m1y  sterl the show  and everyone s attention and all treat
ments are directed towards this while at the sune time the patient may have
2 ruptured Inver or bladder which requires more immetinte attention 1f hus
hic 1s to be saved

2 Early and Adequate Reduction of the Fracture

The reasons for performung early reduction are obrious from 4 study of
the acute pathology that occurs at and surrounding the fracture site These
are mamnly swellmg and mfiltration of the surrounding soft tissues espe
cially muscle tissue which thereby loses 1ts elasttaary  Thus anfiltraton plus
spasm makes 1t very difficult to stretch the muscle by manual and other
forms of traction Since the soft part pathology reaches 1ts maximum ap-
proximately tuelve to sixteen hours 1fter injury 1t will be seen that any
delay tn treatment will increase the difficulty of reduction with each hour
that passes Also 1f reduction 15 attempted after twelve hours 1t may necess:
tate more force being used which in turn may cause additronal tearng of
inelastic muscles further

There are 1nstances when patents come for treatment after the 1deal time
for reduction has passed Suppose the first time a patient 15 seen 15 two days
after imury swelling 15 tremendous and 1mmediate reduction 1s out of the
question The prinaple holds however that reduction should be done just
as soon as 1t 13 possible The mjured extremity should be lughly elevated or
suspended and heat applied 1n order to hasten disappearance of the excess
swelling and extensive infiltration so that the deformity may be reduced s
soon as the soft parts permt

Early reduction has been stressed Adequate reduction must also be
stressed The term adequate 1s emphasized because 1t 1s not always posstble
to obtain a completely perfect anatomical reposttion of the bone fragments
by any means, closed or operative Adequate reduction also means that what
ts adequate for over-coming the deformuty (angular or shortening) of the
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parucular fracture and region of the bone affected 1s at the same time
adequate to permit maximum function later of the adjacent jonts It also
means what 15 adequate for the particular individual according to Ins age
and needs In other words a fracture of the olecranon without displacement
or with mimimal displacement requires no reduction Its position s ade
quate One with marked displacement should be reduced 1n a young to mid
dle aged individual but 1n an elderly arthniuc person 1t would be better to
1gnore the displacement not reduce 1t and not immobulize the jont which
would very likely sttffen 1f kept splinted for four to six weeks Minor de
formities 1 cluldren frequently require no reduction and will correct
themselves by subsequent growth Consequently the position of these may
be considered adequate and merely sphinted for protection against further
jury and for the relief of patn

8 Adequate Immobilization for the Fracture.

(a) Types. If fracture fragments must be held in position following reduc
tion 1t usually means that the adjacent jomts must be immobilized. Some
times 1t 15 necessary to apply molded splints or arcular plaster casings to
accomplish this In the elbow region 1t 1s preferable not to apply arcular
plaster owing to the danger of swelling etc. and 1t 15 difficule to 1mmobilire
the shoulder joint even by placing the pattent 1n a plaster spica In supra
condylar fractures of the humerus the elbow 1s placed 1n flexion after
reductton 1s obtained and a posterior molded plaster splint 13 applied from
the axilla to the metacarpophalangeal joints It mught be ashed how this
type of plaster can give adequate immobilization without including the
shoulder joint. The answer 1s that the plaster per s¢ does not but the plaster
and dressing Leep the elbow 1n flexion while the triceps muscle and tendon
act as a direct splint upon the postertor surface of the lower humerus and
the flexed position keeps this muscle taut. Suspension of the flexed elbow by
a cuff at the wrist with a halter around the neck accomplshes the same
purpose even without the sphint.

Traction (skin and skeletal) may be used to carry out immobilization and
at the same ume allow active exercises 1n the adjacent joints Some fractures
require no immobilizatton and frequently do better 1f given none or only
munimal immobilization A radial head fracture without displacement 1s 3
good example of this type. Internal fixaton often gises more adequate mm
mobilization as well as mamntenance of anatomical reposition and at the
same ume replaces external apparatus and permuts immediate cuve func
tion of the adjacent joints.

(b) Time of Immobilimtion. The duration of 1mmobilization cannot be
stated 1n general terms Dafferent fractures vary so greatly in their healng
time that 1t 15 best to judge the ume necessary for 1mmobilization by the
study of specific fractures and by expertence At the elbow we have a Inghly
speaalized joint with both hinge and rotary motions Function 1s far more
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important 10 tlis joint than perfeet mtomy Tt is 1 jomt that 1s prone to
become partially or entinely suff af completely immobilized for long periods
of ime after myury Probably the longest that an clbow should he 1immo-
bilized 15 six weeks The muyouty of elbow mjunies (including severe
supticondylir frictures i cluldren) need not be nnobtlized beyond Tour
weeks. Other injuties certun 11dinl head fractures and nuld disphcements
of the medil epicondyle epiphysis i childien (ke m unusunlly long time
to recover full funcion f they are mmobihized for as long 1s two weeks
\ast radinl head fracunes wath hatle or no displacement do best if the joint
18 aspited (for acliel of pam) and started on 1mmedite actne motion
thereby preventing the formation of mtra wtculr adhesions

4 Removal of Lol I"thology

The local pathology surrounding the fracture site has already been de
scribed 1n detu] Ay ncaswies that cn be used to dununsh suelling ten
sion and nd the 1rea of 1ts cellular filimtion and products of ussue death
which are toxic to the system nd mterfere with the treatment of shock are
justifiable Tlus 1s because the ussue reaction will the sooner be converted
to an alkaline pH which will enhance the deposition of clctum 1n the new
granulation ussue to formn carly bone callus Ridding the tissues of 1ts
local pathology also acts mechameally 1n making 1t possible for muscles and
joints to be actively exercised and hastens rther than delays the return of
therr funcuion N\cedless to say any healing of the soft parts 1s improved as
well as healing of the bone

Means of promoting improvement of the local pathology are by the avaid
ance of any more extensite immobilization than 15 necessary to maintain
the fragments 1n posiion by averdance of any constricting dressings, splints
ar ather appariutus by the elevaton of the mjured part to asmst 1n grvaty
drainage of the vems and lymphaucs by the use of low mtensity heat and
active contraction of the muscles in the extremity even though jornt motion
1s not possible Al of the above measures if carned ont from the beginming
as they should be will improve the entire circulatory status of the extremty
improve the chances of early bone healing will lessen the functional recon
ey nme nd do awy with prolonged measures of late rehabilitation

Open 1eductions with nigid internal fixatton of the bone fragments by
Plates and screws where feasible and possible will do wway with the necessity
of external splints for more than a few days following operation Actine

motion may thus be begun almost immediately with comfort and these

pauents really never lose therr funcuon or require more than 1 mimmal

mn;)oi{zlastzu;:?[:\ym‘:];at little 1s needed may be carrred out 1n the

nd by frequent active exercises Under this

?;?ﬁ:?;f,\::lﬁc atrophy remams at a minmmum and joint stiffness s a
ged immobihization does not have a chance to occur



CHAPTER VII

Anesthesia

(A) PURPOSE

HE PRIME purpose of an anesthetic 1n order to reduce or otherwue
care for a fracture or dislocation 13 to make the procedure painless

If the patient does not experience pain during the manipulation there 1s
no muscle spasm to overcome and the whole procedure may be done with
greater case as well as with greater thoroughness Much less force 135 neces-
sary and therefore the rish of causing additronal damage to bone and soft
parts 15 lessened

Some patuents may feel that they can stand the procedure without anes
thesia but 1f a real reduction 1s necessary and not merely a single quick
push to straighten a sumple angulatton 1t 1s unfair to the patient and to
the surgeon as well not to adminuster an anesthetic. During the period of
after-care cooperation of the pauent 1s very necessary This 15 very likely
to be lacking m a child who has been made to stand severe or prolonged
pan

(B) CHOICE OF ANESTHETIC AGENT

Anesthetic agents may be grouped 1nto three classifications those that act
by local apphcation those that give regional anesthesta by nerve and plexus
block and general anesthetics

Local anesthesia obtained by the jection of a one percent soluton of
procame hydrochloride or proper concentrauon of some other safe local
anesthetuc mto the region of the hematoma swrrounding the fracture sie
1s advocated by many surgeons especually Bohler Its advantages are (1)
It does not require the services of an assistant (or anesthetist) to admintster”
1t may be given by the surgeon humself and tn his office 1f necessary  (2) if
properly adminstered and sufficient ttme (15 to 20 minutes) 15 alloned for
the procaine or other agent to diffuse thoroughly throughout the hema
toma excellent anesthesia and relaxatton may be obtained (3) 1t 15 valuable
where a general anesthetic 15 contra indicated due to the presence of an
upper resprratory nfection cardiac decompensation or when the patient
has eaten a meal too recently to expect 1ts digestion to have been completed

There are several disadvantages in the use of local anesthesia in the treat
ment of fractures and dislocations which should be carefully balanced against
the adsantages before the surgeon should decide upon s use The dis-
advantages are (1) frequentls too little time s allowed to elapse between

5o
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injection of the procune md stuung the mnipulitse reduction the pa
uent expertences pan and 15 umble to relix  (2) 1t 15 2 poor type of
amesthesin m young childien who i general are apprehensive and hate
needles (3) though 1t may be uscful m the regron of the wrist or ankle
the author believes 1t to be 1 poor 1gent for elbow frictures owing to the
presence of excessive swelling and the sk of mcreasing this by the addition
of fiftcen to twenty cubic centuncters of anesthetic solution  (3) occaston
ally the solution when mjected gets nto v ven and into the generil
arculition d 1f thts happens the patient may expire
Nenvc or brachial plexus block testhesit has very little use m the treat
ment of elbow juries Its chiel advantage 1s where 1t 1s cither unpossible
or mdwvisable to wdntmster 1 gener anesthetic for the resons stated 1bove
under local anesthesia The disadvantages are numerons (1) 1t requires
considerable prictice nd skill to admumster properly  (2) 1t should not
e used as n office procedure because it 1s too comphcted  (3) 1t 15 of no
use 1 children and frequently of no use m over ipprehensive ndults (1)
there 1s also considerable risk mn getting the anesthetic solution mto 1 large
‘e or in creating a pneumothorn by madiertently pimciuning the plenra
over the apex of the lung
Cener! anesthesia when 1t 13 possible to give without undue nsk 15 1n
the opinon of the wthor the very best type of anesthesin for use m reduc
uon of elbow injuries Tts advantages are many (1) the patient 1s uncon
scious and not worrying about posstble pam  (2) he cannot over hear bits
of conwversanan or discusston about difficulties during reduction or other
remarks by the surgeon or asmistants that he as a layman 1s 1n no posttion
to understand and will very Iikely misconstrue if he tries to do so  (8) he
1s completely relaxed which makes easier the procedure of reduction (4)
he s not frightened by the array of surgical tnstruments or apparatus visible
n the room  (5) 1t may be prolonged for any necessary length of procedure
The disadvaniages of general anesthesia administered by nhalanion are
(1) 1ts sk 1n upper resprratory 1infection and cardiac decompensation
(2) powble prolonged anoxemin 1f mitrous oxide 1s used without sufficient
oxygen and (3) the hazard of explosive muxtures however small 1n the
presence of static electnical sparks or those from the control switch of the
fluoroscopic machine General anesthesia 15 not as well tolerated as 15 local
regional or nerve block anesthesia in pauents in shock or 1n tapient shock
Pentothal sodium given intravenowsly as a general 1nesthetic 1s excellent
except m young children Its chief advantages are the ease of induction
and the complete relaxation obtamed 1t 15 excellent n long or short pro-
cedures and the patient usually recovers consciousness farrly quickly and
has less frequent after effects of nausea or vomiting than following some
other general anesthietics. Its clinef duisadvantage 1s that 1t occasionally causes
laryngospasm  Patients who have just recorered from such an anesthetic and
are ambulatory should not he permitted to go home alone They frequently



52 Surgery of the Elbow

lose all sense of directton and may be almost completely oblivious to
ternal surroundings thus either wandering off and getting lost or mju
m a waffic acadent. If a friend or member of the family can accomp
the patient 1t 1s perfectly safe to let him go home The effect of the d
wears off completely fter two or three hours 1s 1 rule It 1s contra indica
mn patients with extensive renal damage

(C) SAFETY OF ANESTHETIC AGENT

The use of local anestheuc agents such as procaine metycane nu)
catne or monocaine or the use of any of these for nerve or plexus bl
18 relatively safe provided 1t 1s not 1njected directly 1nto a vem or 1 pnew
thorax does not result from the procedure and provided the safe dose
the drug 1s not exceeded

Most of the agents used for inhalation anesthesta are explosise 1n nat
when mixed with oxygen whether the latter be from the room air or fi
a tank. Fthylene or cyclopropane with oxygen though two of the very b
are so highly explosive that special precautions must be taken to grot
the patient anestbetist and anesthesta apparatus agamnst the possibility
static electrical sparks Ether and oxygen or mitrous oxide and oxygen
much less explosive muxtures and therefore far safer from thus standpo
It may be very difficult to anesthetize a chironic alcoliolic with erther one
these without giving him so much of the agent that it tends to asphyxi
hin In working with colored people this may be a real hazard owing to
difficulty of being able to detect cyanosis It 1s therefore far safer for
patient to have either one of these agents adminustered by means of a :
chine such as the Connell or Mckhesson type which measures accurately
percentage muxture of agent and oxygen It should be kept in rmnd h
ever that since any mechanical device may lose 1ts accuracy the mechan
regulator cannot be considered a substitute for careful observauon of
pattent In children under the age of seven years 1t 1s usually conside
not particularly safe to use nitrous oxide and oxygen

Young children needing a reduction or operation do best and are m
safely handled with open-drop ether The imuial mduction can be obtan
in a few seconds with ethyl chlornide mhalation and then changed to et!
Thus gets away from much of the fear and struggle so often present with et
induction alone Open-drop ether except for 1ts definite contra indicatt
15 probably the best and safest anesthetic agent for use 1n all age gro
ncluding the aged and hypertensine cardiovascular risks. Nitrous oxide §
oxygen alone 15 not 1 good agent n thus latter group because of s tende
to ncrease the blood pressure and possibly cause a cerebral vascular 2
dent Nitrous oxide with oxygen inhalation along with mtravenous sodt
pentothal 13 an excellent combination 1n adults even 1n the aged. The
of pentothal makes 1t unnecessary to have to administer more than a v
weak mixture of ninous oxide and oxygen
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Owing to the fact that 1 pauent coming 1 for 1 emergency procedure
may huve recently eaten or beciuse gastric emptying 1s frequently slowed
following injury 1t 15 not only beneheinl but extremely desirble to induce
vomiting before mduction of 1 general nesthetic. Tns e be accomplished
by tickhng the patient s posterior pharynx with a finger  I'lus method of
emptying the stomach 1s far better thin attempting, to do t through 1
stomtch tube owing to the lirge quantty and large preces of undigested
food often obtined that could not possibly pass through cven 1 lrge tube
Such 1 procedure my save the patent the nisk of aspintion pneumonin
atelectis or even asprranon asphyxin since such food would ahmost un
questionably be vomuted durng the anesthesin

When 1t conies to the chotce of anesthesin for 1 particular patent this
should be made by the surgeon responstble for the care of the patent and
tus injury The surgeon should consider the patient s age wd general physt
cal 1nd mental conditton he should know how much shock or strain the
reduction or operatton will cause the patient how long 1t should take
(including apphication of and “setting” of plaster-of Pans sphnts) and how
much relazation 1s going to be required to accomplish the procedure satis
factorily After wesghing all of these factors experience ind sound surgical
Judgment should cause the surgeon to clioose whatever type of anesthestt
and form of anesthetic agent he believes 1s best (not necessanily 1deal) for

the particulr patient wath lus particular mjury and lus particular general
condttion
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lose all sense of direction and may be almost completely oblivious to ex
ternal surroundings thus either wandering off and getung lost or mjured
mn a traffic acadent. If a friend or member of the family can 1ccompany
the patient, 1t 18 perfectly safe to let lum go home. The effect of the drug
wears off completely after two or three hours as a rule It 1s contra mdicated
in pattents with extensive renal damage

(C) SAFETY OF ANESTHETIC AGENT

The use of local anesthetic agents such as procaine metycame nuper
camne or monocaine or the use of any of these for nenve or plexus block
1s relatvelv safe provided it 1s not injected directly 1nto a vein or a pneumo-
thorax does not result from the procedure and provided the safe dose of
the drug 1s not exceeded

Most of the agents used for inhalauon anesthesia are explosive 1 nature
when mixed with oxygen whether the latter be from the room atr or from
a tank Ethylene or cyclopropane with oxygen though two of the very best
are so Inghly explosive that spectal precautions must be taken to ground
the patient, anesthetist, and anesthesia 1pparatus against the possibility of
static electrical sparks Ether and oxygen or mitrous oxide and oxygen are
much less explosive mixtures and therefore far safer {rom this standpownt.
It may be very difficult to anesthetize a chronic lcoholie with erther one of
these without giving lum so much of the agent that 1t tends to asphyaate
lum In working with colored people this may be a real hazard owing to the
difficulty of bemng able to detect cyanosis It 15 therefore far safer for the
pattent to have cither one of these agents admmustered by means of 2 m2
chine such as the Connell or Mchesson type which measures accurately the
percentage mixture of 1gent and oxygen It should be kept in mind how
ever that since any mechanical device may lose 1ts accuricy the mechanical
regulator cannot be considered a substitute for careful observation of the
patent In children under the age of seven years 1t 1s usually considered
not particularly safe to use mitrous oxtde and oxygen

Young children needing a reduction or operation do best wnd are mor¢
safely handled with open-drop ether The mtial induction can be obtained
m 2 fen seconds with ethyl chlonde mhalaton and then changed to ether
Tlus gets anay from much of the fear and struggle so often present with ether
induction alone Open-drop ether except for 1ts defimte contra indicatiors
1s probably the best and safest anesthetic agent for use 1n all age groupt
mcluding the aged and hypertensive cardiovascular risks Nitrous oxde and
oxygen alone 1s not 1 good agent 1n this latter group becanse of 1ts tendenc
to ncrease the blood pressure and possibly cause a cerebral vascular aca
dent Nitrous oxide with oxygen inhalation along with intravenous sodim
pentothal 1s an excellent combinaton 1n adults even m the aged The us¢
of pentothal makes 1t unnecessary to have to admmnister more than 1 very
weak minture of muous oxide 1nd oxygen
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Owing to the fact that 1 patient comng m for an emergency procedure
m1y hae recently eaten or becuse gastric emptying 1s frequently sloved
following mjury 1t 15 not only beneheinl but estremely desimble to induce
vomiting before mduction of 1 generl esthetue ITus can be wecomplished
by uckling the patient s posterior pharyns with 1 finger s method of
emptying the stomch 1s far better than attempung to do it through 1
stomach tube owing to the luge quantity nd luge preces of undigested
food often obtuned that could not possibly pass through even 1 Irge tube
Such a procedure mty save the patent the nisk of aspiritton pneumonin
atelectsis or cven aspiration asphyxin sice such food would 2lmost un
questtonably be vomited during the anesthesta

When 1t comes to the choice of anesthestr for 1 patticular patent this
should be made by the surgeon responsible for the eare of the pattent and
s injury The surgeon should consider the patient s 1p.¢ wnd general phys
cal and mental condition he should know how much shock or strain the
reduction or operition will cause the patient how long 1t should take
(including application of ind  setting”™ of plaster-of Pans splints) and how
much relaxation 1s going to be required to accomplish the procedure satis
factonly After weighing all of thesc factors experience wd sound surgical
Judgment should cause the surgeon to choose whatever type of mesthesin
and form of anesthetic agent he believes 1s best (not necessarily 1deal for

the particular patient with lus particular njury and Ins particulir general
condition
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General Considerations of the Patient

(A) THE INDIVIDUAL AS A WHOLE

HENEVER WE are called upon to treat a patient with an 1njury we
must consider him as a whole It 1s therefore necessary to consider
hisage sex hus interests in life ande from lus regular occupation his possible
fear of doctors needles or anesthetics as well as hospitals his tendency to
blame his condition on someone else 1f he feels he has a just complaint and
can sue for damages There 15 also the patient who has been under the treat
ment of another physictan and who comes 1n on the adsice of a friend. Tlus
patient comes somewhat reluctantly and often with a preconcersed 1dea 1n
his own mind as to just what his condition 1s He names the diagnosis and
relates just what Dr So-and-so sud about 1t. After taking a history and
examiming the patent 1t 1s sometimes obvious that the patient s condition
1s something other than his version of 1t. Considerable tact may be required
to handle the sitnation especially if a radical change 1n treatment 15 to be
adwvised and the patent 15 to be sent back to his onginal physian
Age 15 very mmportant. There are times when complete and acaurate
reduction of the fracture fragments 1s intdvisable This of course depends
to some extent upon the particular fracture but very often considerable
dusplacement may be alloned to remain 1n young chuldren because growth
can be counted upon to correct certamn deformities As long as the general
axas of the fragments 1s good even though there be lateral displacement
the chances of correction by growth are excellent Angular deformities of
the other hand do not correct so readily by growth and often take four or
five years to become corrected Fractures along the epiphyseal line or across
the cartilagenous plate of the epiphysis may result in actual growth dis
turbanee (retardation) For this reason 1t 1s often wiser to accept an 1ncom
plete reduction of the fragments (as scen on roentgen examnarion) after
one or two attempts to mampulate them than to keep repeating the maniptt
lations m the hope of obtaimng perfect position and at the same time
subjecting the mjured part to additional trauma which almost certainly will
predispose to growth disturbance Stmularly 1t 15 1n general unwise to per
form open reductions upon epiphyscal displacements 1f a reasonably satis
factory closed reduction can be obtained These 1if opened are very prone
to show growth disturbances of a severe nature An ocaastonal exception

n4
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howerer must be made nd thus must depend upon the mdividunl case and
the judgment of experienced [mcture suigeon

In healthy active adults who must use therr arms and hands 1t s impor
{ant to restore the masimum 1mount of function i their ctbows that the
particular mjury will allow to be recovered In ciderly mdnadunls who no
longer need to work for a lvng strength and mrxaimm functton are not
so mmportant It 13 important however to restore enough function so that
the patient may be able to dress and feed imsell and for a woman to be
able to fix her own hair without being completely dependent upon someone
else for these everydiy necessities of life In young nd muddle aged adules
1t might be impentnve to operite on certun clhow fractures such as one of
the olecranion but i 1 patient older than G, years this would perhaps be
foolhardy Deciston 1s to the actunl treatment of the case requures judgment
and depends upon how actine the particulnr pauent 1s and how nous he
15 to regam full use of the elbow Some elderly mdividunls look upon an
injury as an excellent excuse to  slough  off houschold duties upon a
vounger generation Others cannot get back to work soon enough

The sex of the pauent may have a bearmg upon the treatment dvised
and upon the rapidity and completeness of s functional recovery Boys
and men 1n general go 1n for rougher sports ind more strenuous occupa
tions. Treatment designed to restore full strength as well 13 maximum
function 1n order to allow them to continue with heavy work 1s tmperatne
Formerly the man was the bread winner 1n the famly and therefore 1t was
important to restore him to this full capacity Women are more and more
entering occupations which make them important in the family economc
arcle so therr 1mjuries now also demand treatment offering restored func
tion and strength rather than just 1 good cosmetic result

We must not neglect the fact that almost every indnidunl has some
mterest outside s occupation He may like to play golf shoot paint knut
or play a musical instrument and 1f 1t becomes necessary to give up hus
avocation he may become exceedingly unhappy Some persons with several
hobbies are 1n luck, Others who have but one hobby and are so mentally
mflexible as to be unable to take up another are 1 a very sad position 1f
they have to give theirs up

There are also patients who have a real fear of a doctor or a hospital
Tius 15 sometimes a very real problem m a cluld who fears the doctor 1s
going to stick him with a hypodermic needle or who has had a previous
anesthetic of ether and becomes ternfied at the thought of another Some
times these may be reasoned with but oftentimes not Sometimes the parent
13 the one who 15 worrying for the child wnd fusses over lum The child
mamnly wants to know 1f 1t 13 going to hurt when the bone 1s set  If 1t 18
possible not to hurt lim (and for this reason general anesthetics are advisa
ble 1 children) we should do what we can 10 mond pamn If 1t 13 going to
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hurt and this cannot be avoided always tell the cluld beforehand that 1t will
burt for a moment but try to make the moment a bricf one Never tell 1
child that 1t will not hurt lum and then do something that does you will
never regamn huis confidence and cooperation His subsequent care will be
difficult and the result very likely unsatisfactory

There are patients who look upon an pjury as an opportunity to collect
for damages Many of these have jusufication and should collect, Others
mjured while working are protected by lan and should be taken care of
and paid compensation while definitely unable to return to their former
or other gainful occupation Nobody will argue about either of these types
of patents There are howeter thase who feel sorry for themselses even
though their shight injury was not the fault of another or of their occupa
tion These individuals unfortunately and frequently get into the hands of
unscrupulous doctors and lawyers who see an opportunity of making a good
case out of 1t and finanaal gain to themselves This 1s bad practice and
should be frowned upon by all reputable professional men and medical
societics. Such 1 pauent should be discouraged 1n foraing lus smt. The
surgeon 1n charge should Leep accurate and complete records of the case
from start to completon of his treatment. If the case later comes to court
actual factual evidence may save an innocent defendent from a luge daim

(B) AN INDIVIDUAL WITH AN INJURY

We must not overlook the fact that when a patient 1s presented with an
mjury he 1s not just a case True 1t may be an interesting case from a
surgrcal point of view and the patrent may also be pleased to know that hus
1s an mteresting case But John Doe 1s mostly mterested 1n John Doe the
pain he 1s suffering and what are the prospects of his relict nd ultimate
recorery He may be mnterested 10 hnowing what was donc for the last
twenty simular cases and therr results but only n so far as these may help
him to get well Long academic discussions and explanations of treatment
techniques cannot be understood by the pauent. It 1s best to sire up the
whole situation and then to explan to the patzent 1 brief but understand
able terms what must be accomplished and how this should be done With
a chuld this should be discussed with the parents. With patents of lon
mtelligence or 1 wluch there 15 a language barrer a relauve foend or
nterpreter should be used If there 1s some doubt 1n the surgeons oW
mund as to what 1s the best form of treatment he will do well to carry out
what he thinks ought to be done for himself or on a member of his own
family with 1 stoular mjury He should not be influenced by any me""l
prejudices to methods of treatment 1f he feels that the method chosen offers
the patient the best posstble chance of recovery mn the shortest possible ume

It 13 extremely important n trexting an injured patient not to allow him
or his family to 1alk or argue the surgeon out of what he feels Is the correct
treatment and persuade him to substitute a compromise method This 11t
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the end will only Iead to mcrensed trouble both to the patients thus treated
and to the surgeon
(C) OCCUPATION

GConsidertion of the mndiidual pauent s occupation 1s most important
m sclecung proper trewment for him What s adenl treatment for one
person may be improper for wother \ violunst with a injured left clhow
must recover full supmation of this hand and pracuclly full clbow cxten
sion Any form of treatment or positon of munobiliztion that results in
much hmitation of either of these functions will put an end to his profes
sional career  Also any fonm of treatment that prolongs hisccovery unnec
eaarily or the applicauon of phystotherpy (such s dinthermy alone) to
help him regamn motion 1s useless nd ciuses 1 hardship to hun finncially
and mentally and may be hard on his employer or the msurnce carrer as
well if he happens to be 1 compensation case

Not nfrequently certamn types of mjury preclude the patient ever return
ing to his originil occupation Severe communuted compound fractures
the elbow or mjunes with severe nenve damrge my so affect the forearm
and hand that 1 shilled workman will become totally disabled for his par
ticular hind of work Individuals whose work does not require skilled use
of therr hands and those whose work 15 10 0 office or other sedentary work
may very well be able to carry on their usual occupatton and continue with
the same earning capacity even with one arm useless or wmputated It 15
far more 1mportant 1n general to save an arm than a leg If the question of
amputation arises as a result of tissue damage and ability to reconstruct
the injured extrermity one should try to save the hand or as many fingers
and thumb as possible provided there 1s adequite arculation to sustan
nutrition If gangrene occurs or serious nfection develops 1t may be 1m
perative to amputate to save the patient s hfe No artifictal arm or hand can
ever substitute for the patients own even if he retamns but a thumb and
two funcuoning fingers. Many such patients become expert though seriously
handicapped and are able to return to their regular occupation It 15 there
fore extremely important to try to return a man to lus former occupation
and earning capacity because above the age of 45 1t may be difficult or
impossible for him to ~dapt himself to a new job and new surroundings
particularly 1f he has to work at the same tempo as lus unhandicapped
fellow workers

(D) PATIENT'S ECONOMIC STATUS

Thus brings up the question of the patent s economic status Any scrious
mjury requining a prolonged pertod of treatment convalescence and reha
brlseation 1s an economic catastrophe to the average individual Exen af he
be a compensation case the amount be 15 paid while 1way from work can
never equal what lus earnings would have been had he been working Hu
and his family s hiving expenses probably do not change during this period
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except by absolute necessity when his savings have been used up or unul
he has to scll his house or car to furmsh enough money to feed his children
1f hus injury has been recened at sports and 15 not compensable, he then has
to stand the enure expense of trearment himself and mav at the same ume
receive no wages or salary This patient if not covered by acaadent nsurance
may have to borrow money sell property or use up his savings. If he cnnot
do any of these he may have to submit to treatment at a aty or other chan
table institution agamst hus wishes. It 1s therefore rmportant from the stand
pomnt of any of these reasons noted abose to give this man a planned course
of treatment that will get hum back to work as soon as possible and return
him to his former economuc status. If this 1s not passtble, 1t may take much
work on the part of physiotherapists occupational therapists, physicians,
social service workers etc. to get him a job that he can do or to get him
trained for another type of occupation

(E) MORALE OF THE PATIENT

The morale of the patnent 15 based on so many factors and 1s so complex
that 1t 1s only possible here to discuss a few of these The morale of an
mjured child recovers almost as soon as the pam disappears. He has no
family wornes or occupation to think about his next meal will come auto-
matically he has no mortgages to pay off or hife msurance premiums to
Leep up or any of the multitude of other responstbilities that an adult
would have. The morale of the adult ts subject to all these and other factors
plus the acquisition of an incapacatating mjury even though not hopeless
of recovery The longer he 1s hospitalized and the longer he sits around the
home convalesang (and not working) the Ionger 1t will take to rehabilitate
him and return him to his regular work This 1s especially true n compen
sation cases. Whether the case comes under compensation status or not
many fractures become completely healed and functon may be fully ¢
stored 1n three months. The pattent may Jack full muscle power and mav
fanigue eastly at this tme  he may have a httle residual swelling and possiblv
some mld ache and pamn Should he stay away from work unul perfecth”™
well and strong® The answer1s no  To do so will keep his morale low He
gets used to taking 1t casy and 1s 1n no hurry to get to work. He sits around
feehing sorry for humself and finds plenty of reasons m his aches and lack of
full strength to yusufy (or alibr) his warting another fen weeks before going
back to work The only trouble with this attitude 1s that 1t tends to repeat
1tself at the end of those few weeks just when he said he would go back 10
work. Very often this may lead not only to financial but also to familt
difficulnes and these again react unfavorably upon the patient s morale

Compensation cases may act the same way Countless numbers of patents
with mmnor njunies aside from serious mmjunes conunue to it around
wating for the treatrments to make them better and 1n the meanume recen
ng therr compensation checks at regular mtervals. This 13 why many of
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these patients come 1o be clled cases of  compensatiomus 1t s not always
the patient s fwlt though e ocesional true malingerer 1s found  The re
sponubihity 15 the faalt of the hibor I the employer  the msurance
carriens the referees nd the doctors

To cte but two of these—the employer and the msurnee errier—much
could be rccomphshed to the benefit of themselves s well as to the patient
and his morle 1f they would get wogether and 2llow him to return either to
hght work or half time work when he 1s able to do this mther than mnsast
that he return to hus regular full schedule of heawy work This would get
a lot of panents hack to work 2t three or four months boost ther morale
get thewr minds off their troubles give them an exrming cpaaaty and Jast
but not least llow them to be domng sometlung uscful



CuarTrr I\

Classification of Elbow Fractures

HE TYPES OF injury encountered 1n the region of the elbow are
extremely varied Fractures are by far the most frequent especlly 1n
children Dislocations are also common but not quite so varied (Chapter
XIN\) There 1s a group of combmned fractures and dislocations which
though not so common 1s a very important group because of the possible
poor prognosts and the difficulty of handling properly
Owing to the vanability of the lesions occurring at different age groups
1t would scem best to classify the mnjurtes accordingly Below 1s a clasifica

SPECIFIC FRACTURES AT THE ELBOW
(In order of their frequency in cach bons)

Children tdults

Lower Extremity of Humerus (Chapter \)

Suprrcondylar (Transcondylar) Dicondylar Y or T
Medial Eplcondyle (Epiphyseal scparation) Lateral Condyle
Lateral Condyle Capltellum
Capitellum Supr?;m‘ld)]lr]

hyseal Seﬁraliﬂn (entlre) VMedlal Condyle
Efcsui Condy Trochlea

“Side Swipe Tmctures

(usually nvelve radlm and ulna ajwm)
Medlal Eplcondyle

Door Haodile Injury

Gun Shot Wound of the Fihow

L pper Extremty of Ulna (Chapter \I)

Shaft, upper /8 Olecanon
Olecranan or epiphy | Coronoid
Cororrofd Shaft upper 1/3

Upper Extremily of Nadius (Chapter \II)

Head (cplEh)»ca] scparation) Head
N\ it ithout | t Nedh
ek (nith or mpactien) Bicipital Tuberosdty

- —_

tion which 1s felt to be useful especially for medical students nternes, and

hospital residents It 11 a general classification and cannot of course embrace

every individual varant of injury This classificition 1s also not intended ta

differenate between fractures with displacement as agamnst those without

displacement It would also seem advisable to list the dificrent types af

frictures according to the nature and tegion of the bone Affected yather
Go
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than list them 1ccording to etiology or type of displicement In doing this
1t 1s made easter for anyone tooking up 1 particular type of mjury to refer
to the chapter ind section dealing wath 1ts treatment and locate any varnm
tions which he wishes to study or 1dopt

COMMON COMBINED TYPES OF FRACTURE AND DISLOCATION
AT THE ELBOW

Frcture of Coronoid with Postertor islocation of Radws and Ulna

Scparation of Epiphysis of Medinl Epicondyle with Postero-Lateril Dis

location of Radws nd Ulna (Fpicondyle may be displiced into the

clbow joint cavity )

Fracture of Head of Radius with Posterior Dislocition of Radius aind

Ulna

d Anterior Dislocation of lead of Radius with Fricture of Upper 1/3 of
Shaft of Ulna (Monteggia Fracture)

e Lateral Subluxation of Radius ind Ulna with Fructure of Lateral Con
dyle of Humerus

£ Antenor Subluxation of Ulna (and Radtus) with Fracture of Olecranon
The majority of the fractures histed 1bove are simple rather than open

(compound) fractures The one type of fracture 1n this region that 1s almost

always compounded 1s the sideswipe or truchswipe vanety Other

types that not infrequently become compounded are fractures of the olec

ranon supracondylar or dicondylar Y or T fractures 1nd Montegga

(upper 1/3 of ulna shaft) fractures In the case of 1 gun shot or blast injury

most anything can happen to the bones s far as fragmentation compound

ing and extensive soft tissue damage 1s concerned

foail =}

2}



CHAPTER X

Fractures of Lower Extrerty
of Humerus

DICONDYLAR (INTERCONDYLAR) *Y” AND *T" FRACTURES
General Conmiderations

HE DICONDYLAR “Y or T shaped fracture (also called inter
condylar diacondylir or bicondylar) of the lower extremty of the
humerus 1s a relattively common 1njury n adults It may occur 1n young
adults but 1s more frequent in those of nuddle age or older It 1s caused
by a fall directly upon the elbow the patient Janding on 1ts posterior aspect
or upon the flexed elbow causing the upper ulna to act as a wedge thus
splitting the humeral condyles There 1s usually considerable separation of
the fragments as a result of the original force nd these are spread apart
and tilted upon each other 1n one or more planes by the constant pull of
the muscles attached to each eprcondyle Thus the articular surface of the
humerus 1s disorganized and offers 1rregular contours and axes for articu
lation with the ulna and radius unless the fragments can be reduced and
held 1n reasonably good position There 15 also the likelihood of adhesion
form1ton mn addriion to possible bony block that may cause subsequent
pain as well as ltmuted joint motion Unfortunately many of these fractures
exhibit extensive commmution of the lower humerus with as many as six
or eight separate bone fragments thus presenting 1n 1impossible situation
for reconstruction of the jomnt by open operation If the fracture should
consist of two or three main fragments only and these are relatuely large
1t m1y be a wise procedure to perform open reduction and apply mternal
fixation provided the surgeon has had adequate experience n thus type
of work and can perform the operation 1n a hospital properly equipped
and staffed for taking care of open operauons n acute bone and jotnt
trauma More will be said about treatment further on n this chapter
The soft part 1njury accompanying dicondylar fractures 1s often extensne
and 1t m 1self may lead to permanent disability Assocrated wath the frac
ture cspecially 1f marked comminuuon and displacement of the fragments
exans 13 laceranion of the joint capsule periostenm muscle and not nfre
quently injury to one or more of the major nerves A fair number of these
fractures are accompanied by a compoundmg wound in the shin The ar
culanion may be considerably disturbed owing to the displacement of the
62
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cating fixation m a posiuon opttmum for ankylosis  Tlus suggestion of
treatment seemed to assume that the recovery of reasonable Joint motion
was neter to be expected Such an attitude would now be regarded as purely

n C
D L

.

Fig 14 Dicondylar fracturc of Jower humerus with comminution (\) Antas-posterlor
and (B) lateral views of original bony injury Owing to the comminution the fracture in
this L5 vear old woman was treated with skeletal traction by means of a Kinchner wire
passed through the olecranon  (C) Shows lateral view n taction (D) and (E) Represent
antero-postenior and lateral views revpectively taken eight months after injury

defeatist. The present trend and the only logical form of treatment strives
to regan jomnt function and not to worry so much about the cosmetic
appearance of the elbow or necessanly try to obtain excellent reposition of
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the frgments s scen on toentgen films In other words with this type of
fracture 1t 1s frequently mmpossible to grve the pauent 1 good looking clbow
and 2 good functionng clbow at the sume time Consequently 1t 15 often
necessaty to compromuse nd 1f such 1 compromise must be made 1t should
be made early m the teatment ind usunbly for the more nnportant retum
ol function

‘Treatment

Closed Reduction Severl miethods have been adiocated  but none 1«
completely satisfactory Wilson and Gochrute have advised closed manipu
Yation molding of the fragments and fixation 10 a neck lter If reduction
15 obtuned by this method (which s frequently impossible) 1mmobihzation
m the halter must be continued for at least four wechs to allow sufficient
bone healing to take place to prevent shipping of the fragments. Such pro-
longed fixation even though active flesion 1s permitted 1s very likely to lead
to mtra articular adhesions peninrticular fibrosis nd marked loss of jomt
extension regardless of the quality nd persistence of after treatment

Since the advent of the hanging cast 1n the trewment of shaft fractures
of the humerus as mntroduced by Caldwell some surgeons have tried the
method 1n the treatment of dicondylar fractures with good results 1n the
mlder forms of displacement. The method cannot be expected to give
sausfactory results with such a fracture where separauon of the fragments
has been extreme The author believes thus method of treatment should be
vesermed for what it was onginlly intended 1 ¢ fmectures of the shaft of
the humerus

There 13 often great difficulty 1n applying a plaster cast, sphint or other
dressing for fixauon that 1s competent to maintain reduction of the dicon
dylar fragments unless 1t be employed 1n conjunction with some form of
traction or traction and suspension A good form of traction for these
mjuries has been described by Magnuson which employs the use of a felt
cuff applied to the upper anterior surface of the forearm (flexed to go
degrees) and with ten to filteen pounds of weight furnishing the traction
force. The patient hies supine in bed with the forearm suspended vertically
by skin traction with just enough wewght to keep 1t n tlus posiion The
clbow 15 at a rght angle The weight attached to the felt cuff applies trac
tion to the upper forearm in a dorsal direction and through the muscles
and higaments to the condyles of the humerus in a distal direction It may
be advisable to mampulate and mold the condylar fragments under anes
thesia after a day or two of this traction to overcome angulation and spread
g If the tendency to spread persists 1t may be wise to apply a well molded

plaster compression splint of the sugar tong type The elbow 1s usually Lept
g A el exrencs s et ot o e sphns
after the splint being removed to e e auervals there

permit these As a matter of fact some
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active motion may be permtted as early as four or five days while the elbow
1s suspended 1n the traction apparatus It would seem advisable to begin the
motion as early as this for the movement of the ulna and radius upon the
humerus may help to mold the condylar fragments 1nto a somewhat better
postaon  thus 1mproving the opportunity to regain more complete flexon
and extension Early motion also rminimizes the formation of adhesions
between the joint surfaces

Skeletal traction 15 much more effectine m assisting reduction of a frac

/'
4.%——___- 6 ———

li '
+yi B R
Feur Cure Parrean

Fig 15. Sketch showing application of felt cuff for tracton in T or Y fracture of the
humerns. Imset shows pattern for felt so that it will fit snugly around lower end of
humerus. (After Magnuson )

ture of this type and 1ts use 1s therefore to be preferred over skin or felt-cuff
traction It may be employed by means of a hirschner wire inserted through
the olecranon as described under 1ts use 1n some serous supracondylar frac
tures (See Fig 28) In dicondylar fractures the surgeon 1f he does not wish
to suspend the elbow 1n over head tractton may employ the Kirschner wire
traction with the arm 10 the same position as 15 used for the Magnuson felt
cuff traction Orer-head position 1s often preferable since 1t maintains the
injured clbow at a much higher level than the shoulder and consequently
permits suwelling to recede more rapidly Further mampulation may be
performed 1n the tracuon if necessary and 1 postertor molded splint may be
applied prior to removal of the wire 1f desired. Wire traction should

kept on for at least three weels and n some 1nstances 1t may be adwisable
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to prolong 1t to six weeks to Allow firmer bone healing Active elbow motion
15 encouraged withm the fiest week after injury while n tmction and these
exercises should be perforned for five minutes every hour while the patient
15 awake 1 order to help mold the frgments mto 1 more optimum position
for flexton and extenston and 1lso to mmmize the risk of adhesions Heat
and gentle massage may hkewse be given to decrense su clling and improve
the arculation round the injured clbow (See After trewment )

The Jones traction sphint ks been advocated for the treatment of this
fracture but this his two very defimte disadvantages (1) 1t 1s heavy and
cumbersome and (2) 1t does not pernut active motion m the elbow joint
If triction and early active motion e to be used 1t 15 inuch more cffica
cious to employ the Magnuson cuff or the Rirschner wire skeletal trction

Occasionally a patient may be encountered who owing to senility alco-
hohism or some form of mental agitation makes the use of any 1deal type of
treatment 1nadvisable and dangerous In such a case 1t m1y be imperative
to discontinue tractron and acttve motion tf already nstrtuted and to avord
all operatine measures In order to protect the patient from causing himself
additzonal harm 1t may be necessary to 1mmobilize hus arm  elbow and
forearm 1n a well padded ctrcular plaster casing and allow him to be ambu
latory This type of treatment should be resorted to only when no better
method can be employed

Operatne Treatment As stated previously there are some dicondylar
fractures which lend themselves to open reduction nd internal fixation and
are probably best treated by such a method if all the qualifications for the
use of open reduction are met ‘There are many ads ocates of open reduction
and hkewise many critics Open reduction should not be employed without
experience 1n this form of surgery and without the proper equipment and
matenals for internal fixation One reason the method 18 cnttictzed 1s that
the extensnne comminution of the lower humerus in many cases makes 1t
difficult 1f not impossible to re assemble the fragments 1 an anatomical
position without interfentng with the blood supply to these and because 1t
frequently turns out that the many fragments cannot be adequately and
rigidly fixed by means of screws plates nails ete. If such circumstance
occurs more harm may result than good and the elbow may huve to be
immobilized 1n plaster anyhow which really defeats the prime purpose of
the operation 1 ¢ to obtamn reposition and fixation of the fragments and
to mstitute early motton 1n order to regain function

Certain types of dicondylar fractures where comminution 1s at a mim
mum and the rocntgenograms reveal only two or three reasonably large
condylar fragments that definstely appear amenable to internal fixation
may be and probably should be operated upon This should not be per
formed in elderly individuals in persons whose physical condition 1s poor
or where there 1 a dirty abravion n the viantty of the e)bow There are
many cases however where operation can improve the bony anatomy of
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the elbow and also offer the patient the probability of recovering far better
function than can be expected from any form of treatment

If operation 1s 10 be performed 1n dicondylar fractures 1t 1s best employed
as a primary form of treatment and not after one or more other methods
have failed to give a reduction Also 1f performed 1t 1 best to do so within
the first eight to twelve hours after the injury before soft part swelling has
become too great wid before extensive 1induration has made these soft parts
non<hstic This procedure 1s casier 1f performed early and a better job
may also be done

Operative Method Several different incisions may be employed for expo-
sure of the posterior aspect of the condyles of the humerus Some surgeons
prefer the use of two lateral incisions 1n order that a bolt may be passed
transversely through the two condyles A Ushaped incsion may also be
used to advantage by turming the skin and subcutaneous tissue flap upwards
and approaching and exposing the posterior aspect of the lower humerus on
cither one or both sides of the triceps tendon The Van Gorder wmnasion
also g1ves an excellent exposure for this region (Chapter \VII) The ulnar
nerve must be 1dentified and protected from harm in any of these exposures.
The skin margins must be well protected with towels before the fracture
site and joint 1s exposed since mnfection would be very serious and probably
result 1n ankylosis When the fracture site 1s exposed blood clots should be
remoyed and the main fragments handled as gently as posstble 1n order not
to strip more muscle and penosteum than 1s necessary to fit them together
and fasten them securcly If any completely loose smll fragments of bone
or cartilage are found 1n the joint, these should be removed since they will
otherwise act as loose bodies and cause trmitacton The marn condylar frag
ments should next be re assembled and also aligned with the lower end of
the humeral shaft. At thus point the operator will have to study the situation
and deaide upon the best and most Tigid type of fixation that can be used.

Some cases will requrre the use of a transierse bolt to fasten the condyles
to cach other possibly one or two screws or natls may accomplish the same
fixauon In any case neither the bolt screws or nails must pass through the
olecranon fossa or they will interfere with joint motion The most dufficult
part of the procedure may be n fastening the reduced condyles to the Jower
shafe. If fortunately a bony spike 1s found on one condylar fragment this
may be transfixed to the shaft by means of a screw At other umes one of
more small or natrow (forearm) plates may be used to bridge the postenior
or lateral surface of the condyles or shaft These plates should be bent to
conform to the surfaces upon which they are to lie If a transfixion scres
can be used 1n addition to the plate without causing unnecessary damage by
further exposure so much the better for 1t will increase the firmness of the
internal fixation and permit freer and carher active motion which 15 desir
able to regain full function The anthor recommends the use of screws
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Frg 16 Rocntgenograms of lower humerus showing 3 dicondylar fracture m a 4o year

old man with mimimal comminution (A) Original injury (B) and (C) antero-posterior
and lateral views of mame clbow eight months after open reduction and internal fixation
with two screms. Excellent functional and anatomiaal result obtained
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rather than nailx for frxation since these obtain a better grip upon the bone
and are less likely to loosen Many surgeons prefer nails however and seem
to have less difficulty 1n nserting them Loops of wire 1f used for fastenng
the condyles to the shaft rarely gise satufactory fixation and plaster 1m
mobilization 1s usually required n the post-operatine period If for some
reason 1t 1s found possible to locl the two condyles together by a bolt or
screws but umpossible to fasten them to the lower end of the shaft, the
clbow should be put up 1 over-head harschner wire tracuon followmg
operation

The metal used 1n the plates screws nails or bolts should be of a non
writating type such as stainless steel or Vitalllum

After treatment. Followng any of the methods of ongmal treatment
employed (closed or open) the elbow should be elevated and kept at rest
for the first few days to asnist in decreasing the swelling and to make the
pauent more comfortable Low 1ntenstty heat may be applied contnuously
and gentle massage twice a day will hielp to mmprove the circulation to the
wmjured part. Active exercises withen pain limits should be started early
the treatment (five to seven days) and carried out for periods of five min
utes each hour Thus regame can be followed 1f the patient has been treated
by traction or by open reduction with adequate 1nternal fixauon No sphat
1s necessary 1n the latter except for the first day or two following operauon
and at mght thereafter for protection only for three weeks A shing for sup-
port and rest 13 advisable after coming out of traction but may be removed
for excrase pertods and discarded altogether after the end of five or six
weeks Soaks in warm water several trmes a day combined with active exer
cises are beneficial and may be started as soon as any wire holes or operatie
wounds have healed. Whirlpool baths may be substituted for the regular
soaks Occupational therapy may be employed to great advantage m these
cases to assist 1n regaining function and muscular strength through actne
use These patients should be started on hight work and this gradually 10
creased as thetr conditton improves.

Again 1t hardly seems necessary to caution aganst the use of passne
motton forceful manipulation weight<carrying etc. n the treatment of
these mjuries but 1t 15 too often found to be employed frequently and to
the detriment of the patient s recovery Present day surger) respects tissues
and calls for the gentle handling of these at operation The same prnaiple
should and wmust apply 1n the after treatment of traumanc 1njuries

Complications

\ene injuries may occur as complications of these fractures These
should be treated conseriatively at first and only operated upon later 1f no
improyement 18 noted m their function after four to six months.

Limitation of elbow motion mn flexion or etension or both particularl}
1f the arc of motion 1s such as to greatly handicap the pattent in his worh of
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daily life m1y hue to be cortected by operative means Some cascs m1y
develop this as a result of bony block 1f s0 n ostectomy my have to be
performed  Others 1y show lnuted extension because of fibrosis of the
antertor capsule of the elbow jomt ths m1y necessitate 1 cpsular relesing
operation (capsulotomy) after the muner deserbed by Wilson an which
the entire attichment of the nterior jont capsule 1s freed from the front
of the humerus (Chapter \\I)

Should fibrous or bony ankylosis oceur wd constitute a grive handicp
to the patent some form of arthroplisty nny Iater be performed 1 order
to give hun 1 movable and more useful clbow  (Sec Arthroplasty )

Disabality Time

If the injury has been tieated by one of the closed methods described
the disability time 15 likely to be as long as four to six months If 1t falls
into the type that can be adequately treated by open reduction and internal
fixation the disability time will be shorter and mn the neighborhood of
three to four months

Prognosis

In general the prognosis 1s far from excellent in dicondylar (intercon
dylar) fractures owing to the frequent occurrence of comminution and to
the age of the pauent. A reasonably good functioming and useful clbow
however may be obtamned 1n a lugh percentage of cases if traction and
carly motion are employed as treatment or 1f operation can be done with
good finatton of the fragments If closed reduction and complete 1mmobilt
mtion 1n plaster 1s employed as treatment  the functional result 15 veny
Ikely to be poor

The prognosis 1s better now that 1t 13 known that we must strive to re
cover function and not try so hard to obtain and marntamn anatomical
reduction by closed methods

SUPRACONDYLAR (TRANSCONDYLAR) FRACTURE IN CHILDREN

The most frequent fracture sustained 1n the region of the elbow 1n chil
dren 13 the supracondylar (transcondylar) fracture of the lower extremity
of the humerus Some writers attempt to differentiate between what 1s
considered to be a supracondylar or a transcondylar fricture of this bone
From a purely academic view point there 1s a very shght difference as the
names 1mply For all practical purposes when one considers the pathology
accompanying the trauma the type of trextment to be given the complica
tions and prognosis the two types are identical For the purposes of
desaripuion and dlanty the author prefers to use the term supracondylar

fracture sice he believes 1t will lead to less confusion 1 the following
paragraphs
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General Considerations

Supracondylar fractures are common 1njuries and may be serious, They
usually occur from a fall upon the hand while the elboy 1s partially flexed

A 1 c
D L F

I'g 17 Roenigenograms of supracondylar fracture of bumerus. (A) and (B) Antero

pouteriar and lateral views barely thowing fracture line and munimal displacement

requnng no reduction. (C) and (D) Show aimilar views n another child with modenie

displacement. (E) Lateral view after partial reduction and (F) later view ol same elbow
two and one half years later

The force imparted travels upwards along the radius and ulna and 1s trans
mitted to the lower extremity of the humerus which becomes fractured
through or just ahove the broadest portion of the condyles The most com
mon deformity 1s thus a posterior angulation or displacement of the distal
fragment of varving degree In addition to the usual posterior displacement
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of the tower fiagment there 15 often a lateral or medial displicement nd

cven rotation of tlus upon the shaft fragment -
(Very rucly there 1s 1 ntertor displrcement of the distal frigment bu

A B c
E

D F
Fig 18 Supracondylar fracture of humcrus with marked displacement 1z a 12 year old
gl with assocated paralyss of postenior interosseus nerve. Patient was treated by
Kmchner wire skeletal tracuon through olecranon and mampulation. (\) and (B)
Aptero-posterior and lateral views of original injun and duplacement. (C) and (D)
Sunilar views in skeletal tractlon ux days alter injury (E) and (F) Similar views of the
same elbow eght yean alter injury The nerve recovered full function in two and one
half months. Except for five degrees himitatlon of flesion this patient regained full
range of motion including rotation

this occurs mn less than five percent of the cases The Intter type of displace

ment 15 usually due to 1 fall 1 which the patient lands upon the back of
his flexed elbow )

As menuoned above the bony deformity may vary considerably there
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may be no deformity or 1t may be extreme. Besides the maimn types and
degrees of displacement shown in Figures 17 21 the reader must keep m
mnd that there may be any degree of angulation or deformury between
those pictured He also must remember that these fractures may occur at

A B C
Fig 19 Supracondylar fractures of humerus with marked duplicement of distal fragment
and amociated njunies. (4) and (B) Antero-posterror and lateral Tocntgenograms of 2
s vear old boy showing assodated [ractures in middle third of shafts of tads and ulnz.
Thus patients elbow was treated by kirschner wire skeletal wractlon and the foream
fractures by molded plaster splints. (C) View of elbow in another boy eight years of age
mn which the distal fragment of the humerus 1 displaced so far posteriorly that the
lower end of the shaft perforated the skin creaung an open (compound) fraciure.
hanschner wire skeletal traction and suspension were also used in this pauent to main
tamn reduction of the fragments after thorough mrgical debridement and cleansing of
the contamated wound.

practically any age from one and one half to 14 years The associated soft
part pathology swelling hemorrhage circulatory tmpairment and possible
nerve damage 15 1n direct proportion to the 1mount of bony displacement I
the displacement has been suffictently extensne the distal end of the shaft
fragment may puncture the skin on the anterior aspect just above the
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clbow flexion crease causing the fracture to be  compounded e g (open
fracture) Likewise with marked displicement the brachn vessels are com
promised by pressure from the shaft frigment nd the airculition below
the elbow may be grewtly mmpared 1 not treated judicioudy aud 1mme
diately this m1y tesult 1 Volkmann s schacme and paralysis  Before
duscouruing further upon ths whole
subject the author would lhike to
emphuize the fact that the best
way to overcome an impaired arcn
lation 1n a badly displaced supma
condylar fracture of the humerus 1s
to bring about immediate reduc
tion of the fragments.

Associated Lesions

Hemorrhage from the lacerated
brachialis anticus muscle and small
blood vessels may be extensive and
cause marked swelling and diffi
culty 1 mamntaming reduction n
the flexed position thus further
compromising the arculation

Nerve njury 1s not nfrequent
the radial or 1ts motor branch (pos-
terior 1nterosseus) bemng the most
commonly injured The ulnar 1s
next 10 order and the median nene
1s the least frequently injured m
this type of fracture Imparrment Fig 20. Supracondylar fracture of humerus
of nerve function 1s the result of ;L‘:;;?:}nd:mw::fm;ﬁmﬂ;:n—}?f ud;:
contusion or stretching 1IN most  exuemely rre type of displacement and
cases rather than from direct lacera  results from a fall with the patent landing
o (e Chapes X1V 17 b ponen g o e o

Circulatory impairment 13 pres P Gfga nine )::\‘c:\d g::L © o
ent 1n all cases with displacement of
the fragments Thus 1s of two types (1) the minute circulation and (2) the
gross circulation The former 13 due 10 laceration of small veins artenoles
and capillaries in the torn muscle tissue This causes local hemorrhage and
inflammatory swelling stasis and tension beneath the deep fascia winch
if permitted to increase by lack of reduction elevauon or by the application
of too ight sphnts or bandages may secondanly compress the larger veins
brachual artery and lead to Volkmanns ischacmia The gross arculation

(brachial artery and vemns) may be compromised by the bony deformty
perse ¢ g these vessels may be drawn tightly over the forwrd Projection
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Fig 21-A Sketch of lateral view of lower humerus (o show normal forward dlt of

arucular process (capitellum) (a) Varying degrees of displacement of drstal fragment in

supracondylar fracture. (b) Loss of forward ult. (¢) Samc plus partal posterios
dusplacement. (d) Complete posterior duplacement with over-iding

of the prosimal fragment. The artery may be scratched or otherwise 1m
tated by the sharp edge of this fragment and respond by going 1nto extreme
spasm thus shutting off the arculatton to the lower forearm and hand.
Spasm may last unul the wntauon 1s relieved hence the 1mportance of
performing tmmediate reduction of the fracture and of removing the 1m
tating factor Thus 1s the reason why waiting for the snelling to go down

%ﬂ% = O

1 %
Fig 21 B Sketch of fragments 1n supracondylar fracture of humerus (¢) Possible relation
of brachial vessels to anteror distal end of proximal fragment secn from lateral vie®
(O A p view showmng Jateral displacement of the distal fragment jncluding the varfos
eplphiseal osuficaion centers. (f) Roution deformity with the procimual fragment sech
from the antero-postertor aspect and the distal fragment scen from the lateral aspect
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m badly dusplced suprcondylie fractutes before performing 1 reduction
1s a1 mexcusable mistake 1nd h1s accounted for many cases of Volkimann s
paralysis. The artery 15 very ruely lcerted The rdinl pulse will not
return after teduction nd the hmd will remun blnched wnd cold of
J1cerition of the artery 1s present

Injury to the cartilgenous plate of the Jower humeral cpiphysts may
occur at the same ume that a supricondylar fricture 1s sustained Tt as
usually impossible to make an addinonl dirgnosis of this myury unless
roentgenograms 1evetl ttue displicement of the ossificition center of the
capttellum upon the laterl condyle That eprphysenl uyjury my occur 1n
this region we know from the fact that some of these patients develop
growth disturbance after several yeirs lewding to n alteratton of the carry
g angle that wis not thus altered six months or one year after the onginal
mjury

Hemarthrosts may tlso tccompany the fracture and account for the ex

treme pain that some patients have when mnimal displicement of the
iragments exists

Diagnosis

Supracondylar fractures must be differentiated climaally from posterior
dislocation at the elbow joint. In fresh cases hefore swelling has completels
oblitcrated the bony anatomy the differentiation should be easy In supra
condylar fracture the three landmarks (medial and lateral epicondyles of
the humerus and the tip of the olecrinon) forming the bony trangle of the
elbow will all be found postertor to the s of the humeral shaft when dis-
placement 15 marked 1f no displicement 1s present the bony anatomy may

7((1INS

1/

A\
A
(A) lateral and (A7) posterior

ither projection shows comvex
contours {rom above downwards and from ddz to‘l side.

Fig. 21 Sketch showing outhines of normal dbow from
upects note that the dorsml surface of the elbow 1n ¢
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be normal and the diagnosis will have to be made upon the finding of local
1zed bony tenderness over both humeral condyles In posterior dislocation
the two epicondyle landmarks will remain 1n the same axis as the shaft of
the humerus but the up of the olecranon will be dusplaced pasterior to all
of these The posterior aspect of the elbow 1s normally convex from above
downwards and also 1n 1 transverse direction In this fracture the convexity
1s 1ncreased by suelling and the change from convexity to concavity {on
lateral mnspection) takes place three or four inches proximal to the elbow
jomnt. In dislocatton the triceps tendon 1s bow strung taut, and concave
from above downwards and the subcutaneous tissues and skin are drawn
unvards to make concase lollows on erther side of the tendon helund the
lower humerus

The student may ash the reasons for performing detailed chnical differ
ential diagnosis when roentgenograms are to be taken One reason for the
importance of the clinical examination 1s that the surgeon must perfect hu
diagnostic acumen and use the roentgen examunation only to verify and
augment his clinical findings Too much reliance upon roentgenograms
may lead to sloppy judgment i selecting treatment or in overlooking
soft part lesions such as nerve palsies Another reason for careful climeal
diagnosts 18 that some of these injuries occur where 1t 15 impossible to get
the patient to a bospital for many hours or even longer An elbow disloca
ton 1f seen withm fifteen to twenty munutes after injury may be reduced
readily by traction alone without the necessity of an anestheuic. This may
save the patient many hours of pamn and subsequent difficulty from at
tempts to reduce forcibly the dislocation after swelling and muscle spasm

Id boy Note how the

Fig 13 Photograph of dalocated elbow deformity in a tx year ol

ml)xrmj convex contours on the posterior aspect of the lower arm 2nd clbow region hase
been changed to concavities from above dovwnwards and from side to slde
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Fig 24 Rocnigenograms of supracondylar fracture of humcrus in a six year old gl
(A) Lataal view two days after dosed reduction showing rotation deformity Note
“fsh-tail” appearance of Jower end of humcrus which means that 1t 15 not in a truc
lateral projection campared to the distal (ragment. 1€ such rotation deformity 1 allowed
to penist there will result a low of or revenal of the aarrying angle of the elbow (B)
Shows correction of the rotary deforimty \ moderate posterior displacement of the distal
fragment as noted i this view rarely gives more than a few degrees himitation of flexion
as long as the general alignment and rotation are correct. Children do not correct
angular or rotary deformitics readily by growth

have set in Reduction of a duslocation on the athletic field may be per
formed immediately by the team surgeon should he be certan that no
sertous fracture with displacement were present to complicate 1t Any dis
location thus performed should be followed by roentgenographic examina
tion to check on possible additional fractures of the radial head or of the
medial epicondyle epiphysis with possible displacement mto the elbow joint
requiring further operative therapy

Treatment

To sumphfy the description of treatment of supracondylar fractures 1t
seems advisable to divide these tnto four main groups for those with mim
mal or the usual posterior displacement Those with anterior displacement
and those with assoctated compound wounds will be considered separately
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Posterior Displacement. The four types to be constdered are

A Fracture with mummal dusplacement.

B Fracture with mld displacement.

C. Fracture with moderate displacement.

D Fracture with complete posterior displacement angulation rotation
and over nnding

The student will do well to study and familianize lumself wath the lateral

A B

Fig 25. Photographs showing the posterior moulded plaster splint bandaged in place.
The sphnt should ctend from the axillary fold to the metzarpophalangeal Jofnts. 1
the lower end cxtends only to the wrust joing, ity exlge causes pressure and pain over the
ulnar head or styloid proces. (1) Splnt bandaged snugle In postion and suspemded
from neck by a halter or aling  (B) Cut away view showing bow the sphint 1 hekd securehs
in place by figureof8 bandage which avoids pasing through the antecubital fowa,
thereby cansing no drcular constriction to Impede the arculation The gauze projecting
from the antecubital fossa keeps the skun srlzees apart and also acts as 2 wick 1o asit
in evaparation of perspiration This prevents skan maceraton In mnisture that woald
otherwise collect 1n this area

sketches 1llustrting these four degrees of deformity  {See Figs 17 18 19)
Again he must realize that intermediate deformities may occur and he
should try to formulate an opimon as to the proper weatment for each
according to the nearest type mnto which 1t falls Lateral displacement or
rotation of the distal fragment of the humerus may occur mn any of the
types where considerable posterior displicement has occurred
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Rotation deformity m suptacondsin fracture ss not difficult to recognize
1{ one will remember that on lateral roentgenogrims of the elbow the thick
ness of the distal and shaft fragments should he idenucal However 1f on
sch 4 view the lower end of the shaft frgment appears to broaden out
(are of the suprcondyir ndges) gnang it the socalled  fish tnl  appear
ance wlnle the thickness of the distal fragment remuns novmal at s quate
abvious that the shaft 1s bemg viewed
more of '\ll(Cl’l)—lXNlCrl()T I)ll)j(.‘(‘ll()ll
than 1 lateml one This means Totion
of onc fmgment upon the other This
same discrepancy of  fshtul 1ppen
ance noted on postieduction Iaterl films
mdicates the 10ty defonmity has not
been corrected

A Fracture with Mammal Displace
ment  Supricondvlar  fmctures with
metels a viable crck n the lower hu
merus, but with less than twenty degrees
loss of the normt forward mgulation of
this portion of bone actually do not re
quire reduction of the fragments At
most these need protective immonhn
tion 1 a posterior molded plaster sphint
extending from the axlln to the base of
the fingers The elbow should be flexed ? o

1

to an angle of approxumtely scventy de
grees n this sphint and owing, to the

lack of excessue swelling 1 such cases Fig 6 Skewh showing neck halter

and cuft emploved to malntain flexion
there 15 no real 15k of compromusmg the ol the elbow

cairculation by this amount of flexion A
sling should also he worn to support the weight of the 1rm and splmt In
stead of a splint some surgeons prefer to employ the halter type of sling
suspending the flexed elbow from the wrist (well padded) Circnlar plaster
casts are unnecessary and dangerous They do not provide allowance for
subsequent swelling they mash, 1ncreased sw elling and prolubit 1ctive elbow
motton Figure-of-8 adhesive dressings also present the same disadvantages
and are difficult to 1emove later without hurting the child

Healing 15 rapid m children and in fractures of this type immobihization
by more thn a sitmple shing 15 urmecessary after ten days to two weeks Ic s
best to allow euly actve motion for this will permit early return of func
ton without harm  One may be sure that most children will not exercise
01 use the elbow to the extent of causing pain Unnecessarily prolonged
sphnting may gneady delay recovery of function by falsely siressing che
tmportance of the njury  (See After teatment )
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B Fracture with Mild Displacement When the distal fragment of the
humerus 15 angulated to the extent that more than 20 degrees of the normal
forward angulauon has been lost 1t 1s usually advisable to attempt rednc
tion Certamnly 1f there 15 complete loss of normal forward angulation
reduction must be performed otherwise the patient will be unable 1o

A

Fig 27 Sketch showing tech
nique of menuaf reducuon for
2 supracondylar fracture of
the bumerus with postertor
displacement of the distal frag
ment. (A) Tracton on fore
arm (B) counter traction (C)
posterior push with flat of
hand (not with finger tips) on
proximal fragment snd (D)
lorward push on distal frag
ment with one or both
thumbs. (Banaoft and Mar
ple  Surgery of the Mofor
Skeletal System  Chap 32
and Ed  Lippincott Phila
delphia 1951)

accommodate for the loss by growth and will
have a permanent smpatrment of elbown flexion
of possibly 20 to go degrees At the same time he
will gain hyperextension at the elbow wluch
will serve no useful purpose and may predispose
to his sustaimng a postenior dislocation from a
fall at a later date If very little flexion needs to
be regained 1t 15 occasionally possible to reduce
the loss of angulation by slow and steady flexion
of the joint to an angle of 60° or 70° In order
to accomplish this the child must be cooperative
and the procedure painless. If the mampulation
(in flexion) 15 painful and the elbow cannot be
flexed sufficiently there 1s no advantage 1n lean
g 1t thus since the angulauon will not hate
been corrected In such case or where there
would seem to be considerable pain 1t will be
best to give the child a short general anesthetic
for the reduction manocuvre Under anesthesia
and with the patient s muscles relaxed the opes
ator may apply direct pressure with hs two
thumbs to the posterior aspect of the distal frag
ment and angulate this forward to its proper
postion  Following such reduction the elbon
should be flexed to an angle of 60° or 70° (See
Immobilization and After treatment )

In case the greater part of the patients pain
seems due to hemarthrosis of the elbow joint
rather than from the fracture marked rehef
may be obtained by aspiratton of the jont. (See
Chapter N111)

C. Fractures with Moderate Displacement In cases with moderate angut

lation displacement 1n one or more directions and rotation of the dustal
humeral fragment a reducuon should always be performed and under a
general anesthetic 1f possible This avoids all pamn gives complete muscutar
relaxatton and permmts the surgeon to perform reduction more esily more
completely and with less force and rish to the pauent

Reduction should be performed by first applying slow steady tracuon to
the forcarm wlile an assistant grves counter traction to the upper arm 1
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order to gun 1clnatton and length Any medinl or terd displacegnent of
the distal fragmemt should next be contected by pushing this m the direction
necessy to mvetcome its disphcement amd using the other hind to give 1
counter push upon the shaft m the opposite direction Postertor displce
ment and mgultion m1y now be cortected by having the assistnt mantdin
the forearm trcnon while the opetator uses s thumbs on the postcr(or
aspect of the distal fmgment nd pushes this forsud upon the proximal
(shaft) fragment The operator may use the flat surfice of his fingers to
farnush counter pressure on the lower shaft m ¢ posterior direction Winle
domng this he must be ereful not 1o allow s finger tips to concentrte
pressure upon the biachil vessels and medimm nerve  thus triumatizng
them 1gmst the sharp mgged lower edge of the shaft frigment

Under no arcumstinces should flexion of the clbow be employed to
reduce a supricondslar frcture when there exists moderite to marked dis
placement The usc of acute Hexion (1 e the Jones positon) s for the
matutenance of reduction only and not for the purpose of securing reduc
tion To flex an clbow before the postertorly displaced distal frigment in
a supracondylr fracture has been brought forward md engaged m s aas
with the shaft fragment 1s defimtely harmful and will Almost certamly oblit
erate the arculation thus brmgmg on 1 Volkmann s isclinemia Flexion of
the elbow follouwtng reduction of thus fracture 1s employed to muntun the
reduced fragments 1n posinon Flexion tightens the triceps tendon and
muscle wluch acts 1s 1 chirect sphint on the fragments thus helping to sta
bilize and jam them together The postertor molded splmt used for 1m
mobihzation 1s primarily for the purpose of keeping the elbow 1n flexion
wiile the triceps furnishes the actual immobilization of the fragments
When the clbow 15 flexed after reduction this should be to a pomt 1t least
ten to fifteen degiees short of weakemng the mdinl pulse which point will
vary 1 different indniduals depending upon the amount and tenseness of
the soft part swelling accompanying the fricture It may be possible to flex
the elbow to an angle of 50° or 60° but 1f much swelling 1s present 1t mav
not be possible to flex 1t to an angle of less than 75° or 80° A safe rule
to follow 13 to flex the elbon slowly (while keeping a finger on the radial
artery at the wrist to palpate the pulse) unul the pulse begins to wetken
then to extend the elbow ten or fifteen degrees until the full volume of the
pulse returns The elbow should therefore not be immobilized 1n any more
acute flexion than 1t a pomnt thus determined The reason for leaving such
a margin of safety 15 that swelling has probably not reached a maximum
following the njury and because manipulitive reduction may add addi-
tional trauma and ciuse added swelling

Followmg reduction of the lateral and posterior displacement the oper
ator should next undertake to correct any Totary deformity This s
performed by manipulation with the thumbs and 15 best controlled by fluor
owopic chech In order to mamtan correct rotary alighment of the two
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fragments the hand should be directed towards the shoulder Jount when
flexaon of the elbow 15 performed to mamntain reduction By doing this the
fragments 1re locked and the distal fragment will not be mtemnally rotated
upon the proximal If the hand 1s brought across the chest 1 flevion 15
mareased, 1nternal rotatton will result which 1f left, will give a permanent
loss of or a reversed carrying angle 1f Aexaon of the elbow with the hand
directed towards the shoulder 1s completed and the posteror molded splint
apphed 1 tins posiuon then the entire splinted arm may be rotated
medally to he along the chest 1 a sling without the risk of then rotating
one fragment separately upon the other (See Immobilization and After
treatment )

D Fracture with Complete Posterior Displacement, Angulatron, Rota
tion and Over nding In supracondylar fractures with marked and com
plete displacement, angulation and over nding of the fragments 1t 15 often
possible to reduce these by closed reduction as described under the less
severe type (C) A general anesthetic and firm steady traction and counter
tracon must be employed The reduction procedure 15 identical excupt for
correction of the over nding of the fragments where 1t may be necessany
to hyper-extend the distal fragment (while applying traction) n order to
push 1t forward sufficiently to engage 1t with the loner end of the shaft
fragment (See Immobihzauon and After treatment.)

So far only those supracondylar fractures have been described m which 1t
has been passible to reduce and maintam reduction by ordinary means and
which have not been accompanied by difficult procedures or soft part lesions
of a serious nature

Complicated Supracondylar Fractures
(Treatment by Rirschner 1Wire Sheletal Traction)

Approwumately ten percent of supracondylar fractures are of such serious
nature that some form of treatment other thn the usual attempt at reduc
tion and 1mmnobilizauon must be resorted to m order to secure and man
tam reduction without runmng the sk of Volkmanns ischaermt and
paralysis ot other serious complications The method of treatment to be
described cmploys over head skeletal traction and suspenston to reduce and
mamntain reduction of the fracture and has practically eliminated the neces
sity for performing open reduction In general there are four vancues of
sertous supracondylar fractures where hirschner wire traction s indicated.

1 Where 1t 15 impossible to reduce the fracture by other closed methods.

2 Where 1t 15 possible to reduce the fracture but impossible to mamntun
the reduction by flexion without compromusing the circulation

3§ Where suelling 1s excessive crculatory impairment 1s present of Volk
mann s ischaena already threatens

4 Where assoctated lesions are present such as compounding of the fric
ture addiional fractures 1n the same extrermty or paralysis of a nerve
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The rdvantages of the karschner wire triction method are

1+ Skeletal traction s mare effective than shm traction m reducing or
muntaimng reduction

2 It does not 1equire 1ente flesion of the elbow 1o muntun reduction
thus offering no 1mpediment to the crrenlation

3 No constrictive bndages or dressings are needed

1 The mjured extremity s hept Inghly elesated  thus pernitting gravity
to assist both the venous md lymphatie aircuhiion m reduction of the
suelling

5 The patuent remuns under direct olscrvation m the hospial and
cmnot fall and re mjure lumself

6 Early actine elbow jomt motion e be permitted m triction and sus
penston without misk of loss of reducuion of the fragments

7 Roentgenogrplie or fluoroscopic check up for posinon of the fmg
ments may be made 1s frequently as 1s necessary or desired

8 Heat may be applied i the erly stages to assist the arculation

g The method of treatment 1s comforttble wluch 1s espeainlly important
m children

10 Tt allows access for change of dressings or mspection of 1n open (com
pound) wound without the nisk of losing position of the fragments

11 Tt does not mterfere with the use of splints for other fractures or a
cock up sphnt for radial nerve palsy if desired

Method of Apphiation Wiath strict aseptic techmique and under general
anesthesia 1 small masion (three milhimeters long) 1s made on the medial
aspect of the uln three cenumeters below the tip of the olecranon 1n order
to avoid uts epiphysenl plate A No 13 needle 1s then mtroduced until 1ts
point reaches the posterior crest of the ulna An assistant holds the point of
this needle on the bone but moves the whole needle anteriorly thus crond
ing the soft tissues (muscles and ulnar nerve) away from the posterior crest.
While the needle 13 thus held transyersely with its pont agamst the side of
the ulma 1t 15 used 15 a cannula nd the Kirschner wire 1s inserted 1nto 1ts
barrel drilled through the bone nd brought out on the lateral side Sterle
dressings are applied to the shin at the sites of entry ind emergence of the
wire A traction yoke 1s fastened to the wire and the latter tightened

The arm should then be placed m traction and suspension aecording to
Figurc 28 It will be noted that the traction weight apphed to the Kirschner
wire (A) causes a pull i a distal and forward direction upon the lower frag
metit while that applied to the swathe around the upper arm (B) forces the
shalt fragment posteriorly Body weight furmishes counter traction The
swathe under the forearm furnishes support and counter balances 1t The
operator may wish to manipulate the fragments once the traction and sus
{:?é:;:a]‘;;lb:::;‘:[[zp mcgrdcr to [ac:]luntc reduction If 1t 15 1mpossible
e o ![I?m L s i\ccn? ;’ uction at this time another attempt may be

y four or 48 hours of traction Frequently 1t 15 thus
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possible to accomplish reduction under anesthesia (if the traction 1self has
not secured 1t) by sumply giving a forward push to the lower fragment
Rotary displacement may be corrected by changing the transierse aws of
the forearm and this may be checked by the fluoroscope  The amount of
traction weight needed on the wire varies with the size of the child but 15
usually about four to six pounds Oser pull (distraction) of the fragments

Fig 28 Overhead skeletal traction and suspension by means of Rirschner wre through
olecranon This metlod plus manipulation helps to bring about reduction of the frag
ments and the trictron maintains the fragments m the reduced posivon  (A) Traction
an wire in olecrmnon  (B) pull to keep shaft of humerus n a posterior postlon if
necessan, High ¢levation assists gravity drainage of veins and lymphatics and gets nd of
excenslve swelling rapidly Note that the positton of acute flexion is not necessary to
maintain reduction aclhieved by this method also note absence of constricung bandages
around elbow Insets (b ¢) show pouvon of fragments before and alter reduction by
this method  (Surrt F M Traction and suspension in the treatment of fracures. Surg
Chn North Amenica Saunders, Philadelphiia April, 1g,1)

can best be detected by roentgenograms and guarded against by decreasing
the traction weight.

The pauents should be kept 1n this form of traction and suspension until
good evidence of callus formtion along the posterior margin of the hu
merus can be seen on lateral roentgenogrims This takes about two weeks
on the average At this pomt the Kirschner wire may be remosed and the
elbow ymmobdized m a posterior molded splint without fear of com
pronusing the pulse

In a scries of thuty mine cases thus ueated reviened and publshed by
the nuthor 1 194y not 1 single case of \olkmanns paralysis devcloped
(See Immobihization and After treatment )

Dunlop Traction for Supracondylar Fractures

Another excellent method of shin triction as described by Dunlop may
be used for handling difficult and comphicated supraconds lar fractures. This
method 15 carrsed out w1th the patient 1n bed with adhesive traction apphed
to the skin of the forearm The upper arm over hangs the side of the bed
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and the forcum which s 1 supmation s suspended 1 trction by 1 rope
and pulley 1ttached to 2 frume at the side of the bed The direction of
traction mamtams the forewm m m angle of approsimately 13,> with the
arm 1 ¢ 1t exetts traction v 1 distal and forward direction A swathe and
weight apphied to the horizontal upper anm exeits pressure upon the shaft
of the humerus m 1 postertor ditection: Body weight 1cts s counter traction

Fig 29 Dunlops methad of apphing skin traction for supracondylar fractures with

displacement and or arculators smpairment Counter traction 1s obtained by tilting bed

to opposte side with shack blocks and utihzing body weight for this, Insets (3 b) show

posttion al fragments before and after reduction by this method  (Svrmie T N Traction

and sspenmion n the treatment of fractures Surg Chin North dmerica Saunders
Philadelphia April 19,1)

consequently the bed must be tilted towards the uninjured side Te will be
seen that the purpose of traction by this method to gain and maintam
reduction 1s the same 1s with over head Kirschner wire traction It also has
many of the same advantages except that the mjured elbow 1s not so hughly
clevated 1t would seem to be just as safe a method and just as efficacious m
avoiding the risk of \olkmann s 1schacrma

Immobilization for Supracondylar Fractures

In general 1t 1s necessary only to tmmobilize the elbow 1n acute flexion
n order to maintan reduction of 1 supracondylr fracture assumuing that
1t has been possible to reduce the fragments prior to attempting flexion
Tt 13 this position of flexion utihizning the tensed triceps as 1 direct sphint that
maintains the reduction Consequently 1ny method of immobilizanion that
keeps the elbow flexed will lihewise keep the fragments reduced Some
methods however are safe while others are dangerous m the period of
acute swelling

Circular plasterot Paris casts and figureof-8 adhesive dressings should
never he used immediately after reduction to mamntain flexion since they
are non-elasuc constricting and mask swelling to the pownt of permutting 1t
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to reach dangerous proportions Besides these dangers neither of these two
means offers any more efficient 1mmobihizaton than do sumpler and less
dangerous ones

Perfectly safe means for immobilization of an elbow 1n the flexed position
are shings neck halters and the pastenior molded plaster-of Paris sphint.
Many supracondylar fractures without any duplacement need no more
fixation than that afforded by a simple sling made of mushin or 2 kerchief
Neck halters may be made by suspending the well padded wrist from the

Fig 0. Sketch showing triceps muscle (arrow) acting as a direct splint on posterior
surfacc of humerus when the elbow 1 fexed folloning reduction of a supracondylar
{racture.

neck by means of a bandage or esen by rubber tubing A sling or halter will
permut the patient to practice a small amount of elbow flexion but pre-
vents extension of the joint beyond the position m which it 15 suspended
Active flexion by the patient will not disturb the reduced bone fragments
It 15 also possible for the surgeon to increase the amount of elbow flevion
by shortenmg the sling or halter when swelling has decreased 1f he fecls
that by so domg the position of the fragments may be 1mproved

The Posterior Molded Splint

For the majonty of supracondylar fractuies 1equinmg 1ednction and m
mobilization the posterior molded splint made of plaster-of Paris 13 advisable
This type of splint has the advantage that 1t can be molded to fit any sue
pauent before the plaster has set  Therefore 1f properly made (sce below)
1t should have no rough edges or creases to irmitate the shin or cwuse pres
sure sores over bony promimnences. The sphnt 1s Iight 1 weght may be
cauly removed for inspection of swellng condition of the shin and may e
re apphied wrthout altening nts shape The bandage holding the splnt 1
place may be cut or loosened to accommodate for any mcreased or persistent
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awelling of the <oft patis The bandae m1v be applied 1 a figureof 8
fashion over the splmted clbow so tha it bidges the mntecubatnl fossa
@nnot cat mnto the swollen soft paits o1 mto the postertor 1spect of the
am o lomenum {see Fig 2,) Ilie splint should extend from the posterior
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Tig 31 Splnts  to he auorded after 1eduction of supracondyler fractures of the humerus
x after other acute elbow injuries. (\) The arcular plasterof Parls cast offers no
wafety valve™ for suelling wluch alwayvs continues to ncrease following reduction unless
the elbow 13 highly clevated 1t may mncrease congestion and help to cause 1schaemia in
spite of being well padded 1t definitely hides the undedying pathology and delays early
correction of compliauons In virtue of heeping the surgeon unaware that they are
occuming (B) The figureof8 adhesne strap dressing If not kept under close and
frequent obseriation because 1t 1s non ylelding and will ncrease congestion swelling
and bLleb frrmatn It is difficult to remove because of pain,

aullary fold to just proximal to the metacarpo-phnlangeal joints If 1t 1s
made shorter so that 1t reaches only to the wnist jomnt the weight of the
hand will cause the latter to rest on the distal edge of the sphint. Irmtation
of the shin trom locahved pressure will Tesult Prominence of the ulnam
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head resung on this same edge will Itkewtse be uncomfortable and may
cause a localized pressure area or even shin necross,

Preparation of the Posterior Molded Splint. The width of a molded splint
will vary according to the size of the pattents arm In joung cluldren up
to s1x or seven years of age (unless very obese) a splint two inches wide 1
adequate 1n larger children and 1n adults the sphint 15 better 1f made from
plaster three mches wide Rarely 131t ever necessary to use four inch plaster
The desired length of the sphnt 1s first determined by measurement of the
flexed uminjured arm—postertor axillary fold to knuckles of hand A layer
of Canton flannel one inch wider than the plaster and three nches longer
1s cut and laid upon a board or other firm support with 1ts fuzzy surface
down The plaster bandage 15 then rolled out dry layering 1t back and forth
the full length of the Canton flannel for a total of twelve to fourteen layers
i thickness  (Plaster sphints always shrink shightly when wet) The plaster
15 then gathered up and dipped quickly and completely 1n luke wartn water
the excess water 1s quickly squeczed out and the wet splint stretched out
1ts full length on a board and rubbed back and forth to smooth 1t and nd
1t of air bubbles It 1s then placed upon the Canton flannel and the edges
of the latter folded over the edges of the wet plaster and pressed down

Appliation of the Molded Sphint. The splint 1s pow ready for apphca
tion The soft (fuzzy) side of the flannel should be placed next to the shin
An assistant holds the splint at 1ts upper and lower ends 1n 1ts proper post
ton upon the reduced elbow The operator (or other asustant) should
then bandage the splint smoothly and quickly to the enure arm elbow
forearm and hand In doing so 1t 1s mmportant to keep the bandage flat
where 1t passes over the wet sphnt. If 1t 15 necessary to twist or reverse the
bandage this should be done over the pauent s skin so that 1t will mold the
splint smoothly evenly and without any depressed creases 1n 1t As soon
as the plaster has set the splint must be rebandaged because the wet
bandage will shrink upon drying and constrict the arculation Rebandaging
of the splint may be done by removing only a part of the original bandage
at a ime without fear of losing the reduction After the arm and forcarm
portions are securely rebandaged care being taken not to apply any crcular
layers of bandage 1n contact with the front of the elhow a figurc-of-8 ma)
be mde to bndge the front of the arm and forearm to act as a check rem
to prevent loss of flexton and to heep subsequent circular layers off the skin
By doing thus dangerous constriction 1s avoided and subsequent suelling
may occur without great risk of bleb formation This will also permit
mspection of the antecubrtal area for swelling bleb formation 1f 1t occurs,
and cleansing and powdening of the skin to prevent macertion from per
sprratton If suelling should be discovered on the mcrease the cleck rc::;
may be cut and reapplied with the elbow 1 slightly less flexion Shoul
swelling subside rapidly after three or four days allowing the splnt t0
loosen 1t may be re bandaged more snugly and flexion increased by short
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ening the check 1am If the patient 1s ambulitory the splmted arm should
always be suppotted i 1 shing

Aftercare for Supracondylar Frictures

The after-care for suptrcondyir fractures may be furly well sewndardized
so that 1t apphes to those recenving closed reduction reduction by triction
and snspension i open reduction for open (compound) frictures

The mulder forms of frcture with hittle or no displacement and not
requinng manipulatine 1eduction need not be kept nnmolnlized for more
than 10 to 11 days m 1 sphnt \ctine exeraises under guidance my be
started certunly at the end of the first week The patient should be seen and
the splint and arculation inspected wnd evaluated the day alter apphication
If no excess swelling or pam s present on tns visit he my not need to be
seen gun for two or three days 10 swelling and pam are present the dress
ing may have to be loosened wnd the pauent ought to be seen daly there
after untl hus condiion has definttely mmproved  An mterval of a week
between visits at tlus stage 1s too long (even if the patent 15 comforttble)
becaunse 1t may be dvisable to snug up on the sphint m order to prevent loss
of elbow flevion

It 13 a wise and safe rule to admit to the hospital every pattent with a
supracondylar fracture that has required mampulatnve reduction of the
fragments even 1f no imparrment of the arcultion or excess swelling exists.
The reason 15 that an mcrease m swelling 1lways takes place during the
first tuelve to twenty four hours following reduction It may only be nec
essary to keep the pauent m the hospital over might for observation 1nd
clevatton of the injured arm With the patient 1n the hospital his pulse
swelling color temperature and mouon of lus fingers can be and should be
evaluated every hour and measures may be quuckly taken to correct impair
ment if necessary hefore 1t 15 too late If the patient has been allowed home
the parents cannot be expected to know when dangerous signs or symptoms
present themselves They may feel sormy for the cluld because of his suffer
ing and loss of sleep and mAy fail to bring lum back the following day 1n
order to gne him some rest—not reahzing that he may be developing a
Volkmann s 1schaemia and parlysis A delay of six hours with a markedly
impaired circulation may be all that 1s necessary to bring on such 1 con
ditton Had the chnld been 1n the hospital with such persistent pan suell
g and weakened pulse measures could have been taken to loosen
constrictive bandages decrense elbow flexion give the arm lugher elevation
or even to resort to hirschner wire or Dunlop traction If necessary through

failure of any of these methods to bring back the pulse operatne explora

tion or sphttng of the fascia mught have to be performed

. ;I;I;Icl:]lllllr:’d l;lbo“ should always be elevated upon a pillow so that 1t

clbor el 1 the patient s shoulder At tmes suspenston of the sphinted
P3 to keep down excessive swelling Low mtensity heat (goose neck
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desk lamp) may be applied to the swollen area The patient should be kept
mn the hospital unul all danger from swelling has passed He should then
be given an appointment to the clinic or office at an early date for chech up

The length of splinting necessary for supracondylar fractures with mod
erate displacement 13 approximately three weeks for those with marked
displacement splinting for four weeks to a full month 15 enurely adequate

Fig sr Sketch showing method of obtuning pasifive clevation of a spiinied elbow

following redaction to reduce and/or prevent excesuve swelling The suspension ading

fs applied after the postenior molded plaster splint has hardencd so thar It pressure i

diffused and rot concentrated 1o a small localized area Therefore there results no prex

sure arca or constricung band to cause parn or impede return crenlation Thiy same

shng entwines the sphinted arm and forearm in a figure-of8 fashuon consequently the
extreputy aanooet fall out of 1t

This applies as uell to those cases treated by traction and suspension To
sphnt these cases for longer pertods than mentioned permits much of the
soft part thickening to become permanent through fibross and leads 10 de-
layed recovery or even permanent loss of function (Thus 1s not merely the
author s personal opiion 1t 15 the opon and cxperience resulung from
a careful review of over 500 consecutive cases of supracondylar fracturc
treated on the Fracture Service of the Presbyterran Hospital New York
City)

Actrve elbow moton should be msttuted 1 these cases just s 3000 28
the surgeon feels that there 13 no longer any danger of the frigments shp-
ping This 13 usualls between the second and third week The fragments
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mn bendor gne f allowed to go unprotected for prolonged pertods but
they wall not shp readily fter two ancd one hall weeks smce cluldren form
allus carly m tis particular tpe of finctwie The best means of getung
the patient to move lus elbow actuvely s for the suigeon to sit down with
am cucfully supporting the forenm portion of the splint after the hand
age hins been 1emoved The patient 1t fust apprehensice will see that no
hum s intended  nd e be persuaded to flex s elbow shghtly espeenlly
if the waist 15 supported wlile he does 1t This 18 to prevent 1t from falling
back suddenly 1nto the splint d cwsng im pam - After tins has been
performed 1 half dozen times the sphint and sling should be reapplhied
The patient should return every two or three days followmg this and hne
the sime procedure 1eperted with shightly increwsed range of motion cn
courged cach ume By the ume the splint has been discarded the patient
frequently will have 1 are of active motion of 1t least forty five degrees and
will not be 1fraid to wear 1 shing only Wlule wearm,, the shing he may be
permitted flexion excreises as often as desired and may be llowed to remove
s arm from the shing half 1 dozen times a day to prictice extension
exercises
Usually by the end of the fifth or sisth week the shing may be discarded
and the patient permitted mnld active use He should not be put on a
regular time schedule for exeraises and should not be wade to do exercises
an exact number of tntes The patent 1s Ins best Judge s to how far he wall
exercise the elbow Under no carcumstances will hie move 1t beyond the
limits that cwse pam If the patient does not seem to be improving mn hus
range of motion passive motion (stretching  pump-handling etc) should
very definttely not be attempted since 1t will cause pam overstretching of
mfiltrated and imelstic muscle and predisposes to the formation of myosits
ossificans The carrying of heavy weights (flat tron  dumb-bell or buckets
of sand or water) should hkewise be frowned upon as a method of ganung
extension n the elbow Tlus 15 just another method of applymng passtve
manipulation and causcs pamn 1nd nsoluntary spasm on the part of the
patient, thus delaying recovery of lus active motton Diathermy and massage
are practically worthless followmg supracondylar fractures m children nd
very frequently cause barm and delayed recovery If the chuld refuses to
uie lus elbow or to regan actine mouon after eight to ten weehs the one
trick  that may be tried with advantage 13 to tic up lus good wrm nside
Ius shurt so that he cannot get 1t out d must use hus mjured arm for play
and for eating Some children 1f scen often 1n the chimic or office become
mpressed with the seriousnexs of their mnjury even after solid bony
healing has taken place They will permit themselies to tike treatments
(diathermy etc) regularly for months without showing the shghtest 1m
frovement in function It will be noted that 1n the mtervals between treat
‘,T;C“U these pauents do little or nothing to help themselves regain function
such a stage 15 reached 1t 15 often best to cancel all further visits to the
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clinic or office put the patient on  follow up and gine him an appointment
not earhier than three months hence In the meantime one must advise the
parents to let the cluld play at wall with others and not to caution hum bout
his condition It 1s a pleasant surprise to see how much mmprovenient will
be made more frequently than not by such a regime

Operative Treatment

Except for open (compound) frictures open reduction 1n supracondylar
fractures of the humerus 1n children 1s rarely indicated It used to be com
mon practice tm many clinses to operate upon all badly dusplaced supracon
dylar fractures where there was impairment of the arculanion This was
performed 1n the beltef that the deep fascaa could be Ieft open 1n order to
decompress 1t and get r1d of the hemorrhage and edema beneath which was
responsible for venous stasis also for the purpose of relieving pressure of
the proximal fragment upon the brachial vessels by reducing the frigments
under direct vision and because 1t was felt that this was one certain method
of prevenung Volkmanns ischaemic paralysis It has since been learned
that open reduction does not necessarily prevent Volhkmann s 1schaemia or
even guarantee that the reducuon of the fragments can be mamntaned. Be
sides open reduction may predispose to growth disturbance i the lower
epiphysis of the humerus and if performed a week or more after 1njury
1t may very likely cause a myositis ossificans With the ncreased usage of
Kirschner wire skeletal traction and Dunlop skin traction in these serious
fractures there 1s mrely any need for operauve reduction The arculatory
embarrassment can be overcome by erther form of traction and a reduction
of satisfactory (if not perfect) quality can be obtamed and mantamed by
traction

Once 1n a great while a supracondy lar fracture may be encountered which
shows marked displacerment which can be easily reduced and remains re
duced as Jong as the elbou s kept acutely flexed and direct forward pressure
with the thumbs 15 made continuously upon the Jower fragment however
when this pressure 1s removed the distal fragment again slips postenorly
These cases are rare but the arcumstances mdicate that penosteum 18
interposed between the fragments prevenung the one from locking upon
the other If tno or three immediate attempts to reduce such a fracture
result 1n no success 1t may be justified to perform open reduction The
surgeon should remember however that less than one pereent of suprd
condylar fractures in children require open reduction

In cases of open (compound) supracondylar fracture the dusplacement of
the fragments 15 usually great circulation 1s often impaired and nerves are
not infrequently mvolied. The wound of compoundmg 13 most often
situated 1n the region of the anterior flexion crease of the eltbow Operauon
should be performed 1n these cases—not L 5 the fracture but because
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of the contammated wound commummcertng with it This should be por
formed immedintely md m 1 regular hospital opertng, room and not
the office or emetgeney dhimie

Very careful prepatation of the skin surtounding the compound wound
honid be cnnied out by saaubbing with green soap wd sterile water for
Ine mmutes folloned by alcohiol md ether The skin wound must he cov
ered with a sterile compress while the above preparation 1s bemg performed
The extremity should then be pamted with alcohol agam or with a mild
shn antiseptic e deaped with stetile hinen s for 1 perfeatly clewn oper
ton The operitine techmque consists fist of excising the lacerited con
tammated and devitalized skin edges m toto with 4 sharp scalpel The
mstruments used for this must be discarded and the wound should be
lavaged thotoughly 1nd forcefully wuth normal saline sotution care heing
taken to wash from the center of the wound outwards and not to allow fliud
to run from the adjacent skin mto the wound Winle the wound s thus
being lavaged 1t 1s justifiable to sponge its surface gently with 1 wet com
press 1 order to help loosen and remove particles of adherent dirt. The
debridement must then be continued to include contanunated and devital
rzed bits of subcutaneous [t and deep fascia Lavage with saline 1s again
performed  Furthier debridement of torn and devitalized muscle ussue and
pertosteum 1s then performd and all tissue spaces (potential pockets for the
collection of hematomn and bactertn) must be lard wide open Careful
hemostasis 1s important nd careful removal of all devitailized tissue 1s like
wise important 1f hetostasts 13 poor and blood collects deep 1 the wound
or 1f devitahized ussuc 1s left behind both enhance the proliferation of
pathogenic bacterra Important nenves blood vessels and tendons must of
course be left but the debridement should otherwise be complete Lavage
1s agamn performed before reduction of the bony fragments 1s attempted
The fragments may now be manipulated 1nto position under direct vision
and the elbow flexed to hold tlus position It 1s best not to suture the wound
prmanily  Sutures may be lad but left untied while the wound 1s gently
packed open with fine mesh gauze A secondary closure may be carmed out
after five or six davs. At the termmauon of the operation 2 harschner wire
may be placed thiough the olecranon for skeletal traction when the patient
B returned to s bed Dunlop traction mny be applied mstead 1f the
Operator prefers

Pemicillin may be given intramuscularly after operation 1f desired but
a5 an adjunct only 10 lessen the misk of mfection Under no arcumstances
must the surgeon curtail his operative debridement 1n the belief that chemo-
therapy will make up for his lack of thoroughness As a matter of fact 1t 1s
rarely necessary 10 give chemotherapy 1n this type of upper extremity com
Pound fracture smce with cueful debndement and lavage they almost
ferer become intected This of course 1s quite the opposite of experience
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with compound fractures i the lower leg Tetanus antitoun ought to be
given after first tesung for skin sensitisity and if necessary after desensi
tization

Supracondylar Fractures with Anterior Displacement of the Lower
Fragment

Anterior displacement of the distal fragment 1n a supracondylar fracture
of the humerus 1s extremely rare and occurs m less than two percent of
such fractures (See Fig 20 ) It usually results from a fall striking directly
upon the posterior aspect of the elbow and lower humerus Several differ
ences may be noted from those with posterior displacement First the de
formuty 1s different. The forearmn appears slightly elongated and the elbon
does not have the characteristic backward bulge as in posterior displace
ments Second there 1s never the serious threat to the circulation as n the
usual type, because the brachial sessels become pushed forward and are nat
stretched over the sharp end of the shaft fragment or kinked between 1t and
the distal one by flexion

Treatment. This will depend upon the amount of actual displacement of
the fragment. If this be shight 1t 1s only necessary to trmmobilize the elbon
i 2 postertor molded sphint 1n extension rather than n fiexton 1f dusplace
ment be complete mampulative reduction under anesthesta 1s indicated
and should be accomplished by traction and counter traction and by forang
the distal fragment posteriorly until 1t engages with the proximal one The
posttron for tmmobiliztion 1s usually 1 full extension Very rarely 1t may
be possible to utilize the flexed position for immobilization after reduction
but fluorascopic chech will best deternne which position 1s the better If
by any chance the surgeon should decide to immobilize the elbow 1n flexion
the radial pulse must be carefully and frequently cheched for the next 2
hours. Pauents upon whom reduction has been performed should be ad
mitted to the hospital so that any complications may be watched for and
giien immediate care should they arise If 1ny rotation deformuty 1s present
this should be corrected at the same time as the anterior displacement.

The after treatment 15 essentially the same as with other supracondylar
fractures with a sunilar degree of displacement

Unreduced Supracondylar Fractares

It 15 somettmes 1mpossible to obtatn anatomical reducton of the supta
condylar fragments by any means including open reduction Other cases
may be seen 1n which the origmal reduction was excellent but owing to
loosening of the splint as swelling recedes or because of over activiry of the
patient m graction after pain has disappeared the lower fragment of the
humetus becomes angulated or even displaced again postertorly This 18
often very disturbing to the surgeon and to the parents of the child If the
recurrence of the deformty ts discovered early 1 e withwin four or five davs
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after the imtral myury 1t may be conected by wmother manpulrion inder
ancsthesta ot 1l the cise 15 havang tiaction treatment  the amount of tric
tron may be metersed nd the ks of pull directed 1n 1 more antertor diree
uon while an macsed pull m the posterior direction 1s pliced upon the
swathe 1pplied to the humerl shaft If conection 1s not reacily obtamed
by ather one of these means undue foree should not be used and further
attempts should not be 1eperted over 1 period of several d1ys These will
only cause harm and will Almost careunly result i the formatron of myo
siis ossificans w1 the binchinhs anticus musele Fyen when the distal frg
ment becomes 1e<hsplrced s much s ifty peteent 1t my under these
arcumstances e advinable to lewe it prostded the enculition to the fore
arm and hand ate not compronused It ts certunly a much wiser decston
for the surgeon to  leave well enough alone  than to msst upon obtanmng
complete anatonneal restorition of the fmgments at the ghly probable
price of incurring myositis ossificans T hese fractures 11y down callus carly
and heal rapidly and that 1s the reson for the mabihity to reduce them
after five days to a week hve passed These chuldren more often than not
will tend to out-grow sowmne of the deformity and 1if encouraged to begin
actine excrases of the elbow no Iater than three or four weeks will often
regain all but ten to fifteen degrees of flexion

Should the loss of 1eduction be so great that the distal fragment com
pletely over rdes the provimal and the circulation 1s sertously 1mparred 1t
would be far safer to perform open reduction three or four days after injury
than to attempt further closed mampulition It 1s 1mportant to check the
position of the fragments at tlus ume by roentgenogrims so that further
corrective procedures may be done before 1t becomes too Iate and too risky
Should the loss of posiion not e discovered unul ten days to two weeks
following the orygminal jury at may be fuule to attempt correction by
closed methods and to perform open reduction at this stage when active
new bone production 1s at 15 height will Tesult almost certminly m the
formation of myositis osstficans Should the deformity be discovered at this
stage or later 1t will be best to leave 1t entircly alone and put the patient
on 2 regume of active (xercises and use as soon as possible 1n order to allow
him to regain as much jont functron as posstble If with growth and con
sant use marked limitation of function should result and give the patient
areal disability operatinve correction (osteotomy or ostectomy) can always
be performed at a much later date (one year or more) without the risk of
his dc‘clopnng this comphcation

Late Deformitzes Following Supracondylar Fracture

Operative Correction The deformitics following supracondylar fracturce
;‘;i“) result from 1ncomplete reduction or from growth disturbance n the
ar <t epiphyreal plate of the humerus Those from ncomplete reduction

¢ the cubitus varus ( gun=stock ) deformrty where the carrying angle 1s



98 Surgery of the Elbou

markedly reversed or the flexion block deformuty due to persistent posterior
duisplacement of the distal fragment which was never reduced or which
slipped following reduction Cubritus varus deformuity may result from n
complete correction of an original rotary displacement 1n which case the
deformuty 15 noted early On the other hand a cubitus varus deformty may
result from injury to the lovwer humeral epiphysis which through subse

Fig 88 Cubitus varus (gun+tock) deformity of rght elbow following an incompletely
reduced supracondylar fracture of the humerus.

quent growth allows the lateral condyle to grow more rapidly than the
medial condyle This deformity 15 bikely to be progressive over a period of
three or four years and may be detected by careful yearly measurcments of
the carrving angle with the elbow fully extended. It 13 extremely unlikely
for a cubitus valgus deformity to occur following supracondylar Iracture 10
contradistinction to 1ts common occurrence followng fracture of the Interal
humeral condyle 1n children

Treatment of Cubitus Varus Deformaty Should the deformity become so
marked that the reversed carrying angle measures nty fine degrees or
greater 1t may be wise to perform operative cor pecrally i girls.
who desire a more perfe c result. Such ! carrying angle
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Yooks ugh and mkes the patient appesr avkwd It practically nover inter
feres with «Ibow jont funcuon

Opaatnne cottection should consist of an ostcotomy of the lower humerus
with temoval of 1 wedge of bone the base of wluch must lic on the laterl
side To determine how side the hise of this wedge should be m order to
conect and bring the s of the lower humerus and forearm back to 1
notml canying, angle the operator will do well to ke 1 trcing of the

A B

Fig 34 Cubistus varus deformity Rocntgenograms  (A) before correction and (B) after
osteotomy and correction (see Fig 83)

anteropostertor roentgenogrim showing the deformity This should then
be cut out with scissors 1o leave the mere outhne of the bones on paper A
transverse cut 1s then made mn lus traang just above the condyles of the
humerus By anguhitng the distal fragment and forearm laterally unul the
tdeal correction 1s reached 1t 1s a sunple matter to measure the exact angle
of the wedge of bone to be remored by osteotomy Such a tnal procedure
:1:) e the surgeon much worry and difficulty during the operatie pro-

ure and assure lum of greater 1curacy 1 his ultumate correction The
OPeration should not be performed 1n young clldren but should be post

poned (even in bad deformities) untd the bones have reached or nearly
reached full growth



100 Surgery of the Flbow

The techmaque of operation 1s carried out by makmng a posterior or
postero-treeral meision The triceps tendon 1nd muscle may be sphit long:
tudinally and the two halves retracted to expose the posterior upect of zll;xc
lower humerus at its junction with the condyles. Should the operator prefer
be may use the Van Gorder type of masion which dissects a long tongue
of triceps tendon downwards and splits the underlymg muscle (Chapter
XVII) The level for the osteotomy 13 then chosen which 1s at the juncuon
of the shaft and condyles and which 1s sufficiently low to avosd the radial
nerve The periostenm should hikewise be split elevated and retracted to

Fig 35 Sketch showing: (a) cubitus varus deformity of cibow and site of wedge-shaped
mteotomy of humers and (b) aiter correction and internal fixation of fragments.

beyond the later1t and medial margns of the bone The asteatom) wedge
15 then marked out on the postertor aspect of the bone with its angle on the
medial side and with 1ts base on the Jateral side The wedge may be marked
by a sharp broad osteotome after wlp~ 111 holes should be made along

the two sides clase together and tl entire thickness  « (4
The osteotome 15 then used to com steotomy and rer he
wedge Any projectng spurs that fere with appo he
raw ends in the corrected posion m with a ronge

There willh ¢ who will et 1or for advis of
mternal fi ¢ fragment fo tomy but om
to be ghly rovided ade 1d fixatiot e
plo):d The this are (1 y 1 not
young cluldr surgeon 1$ uble t

d deform e

ctomy for con
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sk he ought to be able to asswe the panent that the deformity 1s not only
conrected but wall vemam <o (3) with sigued mternal fixatton by plate nd
screns additional plaster immolthzation for a long period of time 15 not
necessary and () gentle acine exercases and motion may be begun after
mwowechs withgreuly tncrersed chnees
of full functionm! 1ecovety The expo
smes wdvocated ginve dequate 10om for
the apphecation of 1 plite and sacus and
cven an Addinonal umsfiviion screw
which will incierse the ngidity of fixa
tion and s thus lighly advsable Wne
loops should not he used 1t tns sate for
mternal fisauon for the leverge 1s too
meat and mv cse bieakage or loosen
g and lead to nonumen Plaster-of
Pans immohilization 1lone 1s often used
but the resulty e fiequently fir hom
satisfactors

Operatine conection for gun stock de
formity 15 an operation not to be under
taken withaut duc considertion of the
hazards involved and the creful tech
mque required for success

Treatment of Flexion Bloch Deform
1y This deformty due to backward dws
placement of the distal humerl frag
ment allowing the lower end of the shaft
{ragment 10 project forward and inter
fere with flesion of the forearm may 1n
‘ery young children hecome currected
by growth and wse In older childien or
‘oung adulis the antertor projecting  Fig 36 Flexion block at elbou follom
shaft may not he absorbed with gronth g fracture of loner extreruty of hu

and may ¢ merus. Rescction of the antenor pro-
} cause a real mechanical block Jecting end of shafe may be indicated

(sce Fig 87)

o Hexion It 15 i these latter cases
cuefly that opcration 15 indicated

The operan e approach should be anterior ind may pass med:al or lateral
to the biceps tendon depending upon which side the bony prominence 1s
more evident If approached medially the median curve 1nd brachial yvessels
Must be 1dentified and retracted further medilly 1f approached laterally
the 1nterval between the brachoradialis and biceps muscle must be entered
the radial nene 1dentified and retracted laterally In either case the prom
'Nence 15 felt nd seen beneath the braclualis anticus muscle The fibers of
this muscle should be split and elevated to erther side wnd the bony prom
thence or sput must be removed with a slnrp osteotome
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Comphcations of Supracondylar Fractures

The complications following supracondylar fracture are so often sertous
1t 15 advisable to take precautions to avoid these or at least to curtail their
extent.

Bleb Formation Following reduction of the fracture swelling often 1n
creases at the elbow If the bandage holding the sphint m place 1s applied
with uneten pressure where 1t crosses the swollen elbos the swelling wil
tend to bulge through or between turns of the bandage The edges of the
bandage 1f tight will cut into the skin and blebs will result. These may
become large and require a decrease n the position of flexton They may
break and become infected requiring dressings that interfere with man

Fig a7 Sketch showing flexion block deformity after incompletely reduced supracotdylar

fracture of humerus. Dotted line shows site for resection of anterior projecting mast
bone. Inset shows it after correction

tenance of the desired positton of flexion The best treatment 15 plt\ﬂ:lm;
This can usually be accomplished by the avordance of too tight bandag
across the anterior part of the elbow by high elevation of the mjurc.‘d1 ;m\,:i
and by the application of low intensity heat (See Figs 25 and 42) S K’:llh
blebs occur 1n spite of such care the sphint should be rebandaged bm)“ y
no bandage touching the skin n the antecubutal area If the blebs be :'lr?:ﬁ”
aspiration may be advisable to prevent rupture and possible nfection
should be done under strict aseptic precrutions
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an Maceration of Antecubital Arer Due to the position of acute flexion
| for immolization after 1eduction the skin of the forearm comes 1n
act with the skin of the lower 1m Morsture from persprrtion collects
veen the two skin smfces wd evapmation cumot tike plice As 1 result
shin develops swiface macertion not unlike intertrigo which my e
¢ annoying by binning ot atching and be difficult to control without
castng elbow flexion To prevent this it is often wise to Iy a thin com
s of four layers of gauze Across the atecubital men between the shin
1ces 1n order to heep them apart and to act s 1 wick to allow for evap-
1on of the monstuie 11 mwertion has occurred  the area between the
shin sutfaces may be cuclully clensed with soap and water alcohiol
d thoroughly pondeted and 1 wick placed 1 oas deseribed above Tlus
be done without the necesaty of decraasing elbow fleston
fyositis Ossificans. This 1s 1 Tnte comphicaition but nevertheless one that
+ cause delaved 1ecovery md permnent loss of function if not recogmred
treated propetly (The ctiologs  pathology prevention and treatment
lus condition has been described i detul n Chapter NIV )
'olkmanns Ischaermin and Contracture This 1s by ftr the most serious
most dreaded of all comphicitions that my anise following supracon
r fracture The t«haenna and paralvsis may occur early before any
ment 1s insttated for the racture or 1t may occur within less than
ke to twenty four hours fter treatment has been started Cases have
1 known (o accur within six hours after the injury (The condition 1s
mibed fully 1n Chapter \I\ )

gnosis of Supracondylar Fractures

The prognosis i the mjonty of supricondylar frictures i general 1s
d because these origmally show only mld to moderite deformity re
re no reduction or re furly eastly reduced are not assoctated with
ous arculatory disturbances and the defornuty if any 1s largely cor
ted by the cluld s growth Functional return s usually very good 1f the
lents elbow has not heen splinted for too long a time or othernise over
wted Carrying angle deformities may occur to a mild degree but rarely
proportions that require later operative correction In the more widely
Placed supracondylar fractures 1nd those with associated vascular and
Ve lesions the prognosts is less good but 1n general 1s not bad if they are
ated with one of the traction methods which are highly successful
Teoming the risk of Volkmann s 1schaena These must be reduced early
15t not haye frequent repeated attempts at reduction and must not sub
uently be grven other forms of tnjudicious treatment likely to cause
osilis ossificans

UPRACONDYLAR FRACTURE OF THE HUMERUS IN ADULTS

A fracture 1n the supricondylar region of the humerus in adults 15 much
$ common than m ¢hildren In general this fracture falls under the same
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classtfication as dicondylar (intercondylar) fractures in adults If there 15
displacement of the fragment this of course should be replaced preferably
by closed manipulation If reduction 15 imposstble to obtun 1t 15 then ad
visable to suspend the arm i over head kirschner wire traction and, if
traction alone does not bring about replacement of the fragment further
manipulation may be attempted after 18 hours Open reduction 1n adults
with this 1njury 1s generally not indicated since 1t 15 1mpossible to use any
form of 1nternal fixation that will hold the fragments sufficiently nigid to
permit early active motion m the elbow joint. The hirschner wire traction
method does allow early motion while the elbow 1s st1ll 1n traction and sus-
pension and functional recosery 1s more likely to be complete than if the
clbow has been kept 1mmobilized or if the elbow has been operated upon
and the fragment merely replaced without internal fixation The after
treatment 1s the same as for dicondylar fractures Complications are not
common and should be treated as 1 dicondylar fractures.

The prognosts for supracondylar fractures 1 adults s in general fairly
good provided marked comminution does not accompany the fracture.

FRACTURE (SEPARATION) OF THE MEDIAL EPICONDYLE
(EPIPHYSIS) OF THE HUMERUS

In adults a fracture of the medial (internaly epicondyle of the humerus
alone 1s s0 rare as to be almost a curtosity In a senes of 143 eonsecutiie
fractures of this epicondyle treated at the Presbytertan Hospital New York
City only two cases unassociated with other fractures or dislocations were
found occurning 1n adults Both of these were due to direct force one
patient hituing hus epicondyle against a window frame 1n a motor acadent
and the other being hit with a blunt object when she attempted to protect
herself from an amatlant. Neither case was accompanted by ulnar nerve
wmjury The displacement was moderate m each and the injury responded
well to rest heat and active exercises. The patients reganed full funcuon
and use and were not afflicted with any late complications

In chuldren on the other hand fracture (separation of the epiphyss) of
the medial epicondyle of the humerus 15 a common 1mjury The cause of the
myury 1s mn practrcally all nstances due to wndirect force the eprcondylar
eptphysts becomes avulsed from 1ts attachment to the medsl condyle by the
pull of the flexor pronator group of muscles which take orgin from it via 2
common tendon The same manner of falling brings about tius avulsion 33
causes a postertor dislocation at the elbow 1 ¢ a fall upon the hand with
the wrist extended and supinated and with the elbow mn etension Thas
puts the flexor pronator group of muscles on the stretch wnd the suddenness
of the force thus applied to the med:al epicondyle separates 1t from the dt
aphsis of the humerus. This accounts for the Irequent asso0ation of thus
fractre with posterior dislocation of the radius and ulna at the clbow
Depending somewhat upon the force of the fall and the duration of tme
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that this force acts the medind epreondyle epiphysis mas show vy
degrees of sepation and displicement: There may be mpny to the epiphys
cal plte with defimte separuton bemy, found on roentgenograims or the
cpiphysis may be completely sepmated md displiced mto the elbow jomt
proper

Theie ne m generl five types of medind epicondyle firctares in childien
(1) epriphyseal tmuma wathout (visible)
sepatition (2) shight to moderte sepui
non of the epiphysis (3) muked separ
tion with or without dislocition of the
clbow jomnt () muked separtion with
displacement of the epiplivas mto the
cbow joint and {5} muked separmuon
with displacement of the epiphivsis into
the dislocited elbow jomnt

A Epmiphyscal Trauma
without Separation

The diygnosis must be made on chm
al grounds 1 e. by history of the fll
followed by pain on the medinl aspect of
the elbow tenderess i the region of
the medual epicondyle swelling nd the
lack of visible or palpable deformuty
The roentgenogrim shows no abnor
mahty when comprted to the normal
elbow Pain 13 increased of the patient 1s kg 38 Scparaton of cpiphyus of
made to pronite his forearm agamnst 1 medial (ntemal) epicondyle of hu-
sutance The ulnar nerve 1s usually not merus in boy seven years of age. Roen:

genogram shows mmimal dusplacement
nvolied unless direct contusion has fol  of the epicondyle fragment. Reduction
lowed the avulsion of the epicondyle 1 not necessary

Treatment. \o splint 15 necessary
The patrent should wear 1 sling for three or four days to permut rest and to
relax the flexor pronator muscles Frequent soaks and active exercise of the
elbow and wrist w1thin pamn himits are advisable and beneficial to the cireu
lation and to the carly return of full function Pain and tenderness should

last no longer than two to three weeks The disability time 1s of the same
duration

The prognosis 13 excellent 1f the elbow 1s not over treated by complete
mmobilization for three or more weeks Growth disturbance mnay occur m
the epiphysis of the medial eprcondyle but this rarely 1s manifested by more

an shght srregularity or enlugement 1s noted on late follow up roent

Benograms Such enlaryement daoes not lead to loss of jont motion or to
late ulnar nerye palsy
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B Slhight to Moderate Separation of the Epiphyss

The diagnosts 1s made on the same basis of pain and tenderness as i A
Swelling 15 likely to be greater and the medial epicondyle may be found to
be movable and cause crepitus on palpation Roentgenograms confirm the
diagnosis and rule out or disclose other bone mjuries One should search
for ulnar nene disturbances

Treatment The clbow should be Lept at rest and protected 1n a posterior

Fig s9. Rocntgenograms showing {racture and marked separation of the epiphyafs of the

medial (internal) epreondyle of the humerus in an eleven yearold boy (4) The aame

elbowe is seen (B) five year later Note enlargement of the epicondyle which hJ;

remained diplaced No ulnar nene sgns had developed either from the rwdu:d

displacement, enlargement or from the fibrous union and mouon range had rtml‘lﬂ.'

cmplete at the elbow joint. (Swuitn F A Medal epicondyle injunes, JA M
143 396 19,0)

molded sphint and sling at right angles and n mud rotation for four to five
davs The splint should extend from the axilla to the base of the fingers.
It 1s important not to wear this splint for longer than a weckh and to uge
the pauent to practice aciive exerases at frequent ntervals A shing may be
used for two weeks after discarding the sphnt. If immobilized 1n flexion for
several weeks 1t may take these chuldren as much as a year to recover com
plete elbow extension Acinne use may be permitted as soon as the pattent
1s able to move his elbow well without pan The disabiliey tune should not
be greater than three to five weeks

The prognosis 1s cxcellent 1f treatment 1s carmed out as described 1bove
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C Marked Separation with or without Dislocrtion of the Elbow Joint

The dagnosts 15 baed on pam nd tendeiness s mo A and B plus
gerter swellmg, nd pessible cechiymasts Although the Itter 15 usually not
seen 1 muries of less than two or thiee homs duaton 1 swelling 1s not
s0 excessive 18 to mask bony Indmtks the medinl eprcondyle may be found
missing from 1ts wsul site nd disphiced 1 centmeter ot more distally - (See
Fig, 39) It mws be Geely movable 1 disloction of the 1dhius and ulna s

Tiz 40 Roentgenograms m lateral and antero-pasterior projections showng avulsion
of the epiphyus of the medial epicondyle and its displacement into the elbow joint.
(Sumit F M Medial epicondyle injunes JAM.A 172 396 1950)

present it 1s much casier to detect separation of the medial epicondyle on
mlpation Ulnar nerve myury should be carefully mvestigated Roentgeno-
grams will verify the separation of the epicondyle and compartive filins of
the unmjured elbow should hkewise be taken m order to rule out the
possible displacement of the epicondyle fragment wto the jomnt cavity
Treatment Tlus should be conservative Fien though 1t 1s rarely possible
to reduce the duplaced epicondyle by closed manipulition and maintain
reduction an attempt should be made to do so as follows With the pauent
telaxed under general anesthesia the operators thumb and index finger
are used to press and massage away the edema surrounding the displiced
medial epicondyle unul this fragment can be readily palpapted Then with
the forearm pronated nd the elbow flexed to an angle of approximately
seventy degrees the epicondyle trigment should be manipulated and pushed
with the thumb and mdex finger m a proximal direction The wwem foreanu
and clbow should then be immobihized 1n this posttiont 101 1 posterior molded
sphint extending from the axilla to the knuckles The splint 1s for protection
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and comfort only and should be dispensed with after seven days followed
by a sling and active exercises and use as described under B

Open reduction for replacement and fixation of the displaced epicondyle
fragment per se 1s advocated by some surgeons but mn the opimon of the
author such an operation 1s definitely not mdicated. The displacement
alone of the epicondyle (provided the ulnar nenve 15 not affected by the
original 1njury) causes no permanent disability loss of elbow joint function
or weakness of the flexor pronator group of muscles even when dusplaced
as much as two cenumeters To perimt healing 1n s displaced position In

Frg 41 Lateral and antero-posterior roentgenograms showing dsplacement of \l?f
asulsed medial epicondyle epiphyyis into the duloaited ebow jomt. (Surrd F
Vedial epicondsle injunes, JAM 1., 142 3¢5, 1950)

fibrous rather than bony umon (if unreduced) seems to cause some SUrgeo™
to worry concerming future functuon or possible growth disturbance nflu
encing them to advuse operation 1 all such cases (See Fig 30B ) A well fol
lowed large series of this type of case shows that growth disturbance 15
certanly ot lessencd bony unton 13 not mncreased and function 1s not 1™
proved by operatine treatment. Regardiess of the treatment the most xmmn;
tant single factor i complete and early return of elbow joint function a
use 1¢ the nstuation of early active exercises This means that rmmobihiza
tion must be of brief duration

If the ulnar nene 15 affected at the ume of the ongmal mjury or nho\\;
signs of inparrment within the firgt two wecks alter mjury operation ;hmﬂr
be performed and the ulnar nene should be transposed to the 1mcno‘
aspect of the medal condyle If this 1s not performed enrly the nerve mﬂ‘
become extensively bound down or constricted by scar tissuc in the proce™
of soft ussue healing (Chapter \\I)

The disability tlir;nc( andp prognosts for this type of epicondyle drsplace
ment should be approximately as in B
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D Marked Sepamtion with Displacement of the Epiphysis mto the Elbow
Jomt

The chnel diagnosts 1s the same 15 n C Roentgen examtnation 1s neces
sy to confum displicement of the ¢picondyle epiphysis nto the elbow
jont 1ts positton m the jomt s often over looked unless one ss m the habit
of always senchiy, for 1t clbow mjuttes in childien Thus 1s becuse the
fiagment mw Tie 2t the level of the osaficatton centers of the trochlea and
be mistaken lor one of these  To leave stich 1 fragment wathn the joint 1s to
mmate certan desaster It s always safer to ke roentgenogrums of the
normal clbow for comparison 1ather than attempt to rely upon memory
alone as to degiee of development and position of the numerous epiphyseal
osstfication centets m the growmy, dild The next most important point 1s
to be aware that such a1 wncular displacement may occur The status of
the ulnar nenve should of comse be carefully checked before my treatment
1s hegun

Treatment When the ¢preondyle has been displiced nto ind remams
within the elbon jomt the nertment should aluays be operatne Although
a few surgeons have deseribed an ocesional case i which 1t was possible
to remove the frgment from the oint by closed mampulation (Schmier
Patrick) the majority of suigcons with extensne experience have had no
such success. It thereforc would appear wiser to operate tmmediately and
make certain that the frigment was withdmwn from the jomt and replheed
At the same time the ulnar nane my be exammed and transposed af
necessany (Chapter \\1)

Operation The elbow should he exposed by 1 shghtly cunved (concme
antenorly) three nch nasion on the medial aspect Towels should be
cipped to the skin margins When the subcutaneous tissue 1s tncised and
the deep fascta expased numerous blood clots will be found which must be
wiped away  The epicondyle ts not scen when the medial aspect of the joint
1s first exposed but the operitor will note the ghstening white fibers of
fascia overlvng the upper portion of the {lexor pronator muscle group (See
Frontuspiece ) On closer study he will see that these converge and curl into
the jomt through the torn capsule just below the medial margin of the
arucular surface of the trochlear process By abducting the forearm shightly
and applymng tractron to these com erging fibers by means of mouse toothed
forceps the epicondyle with conjomed tendon will be suddenly ejected from
the ot 1t may then be reduced and fastened to 1ts normal position on the
medial condyle by means of a matuess suture of heavy silk passed through
adnll hole i the latter Some sutgeons prefer to excise the frigment and
toreattach the conjoined tendon of this muscle group to the condyle Which
method 15 preferable has not been settled but the latter mny have some

advantage m that 1t does not leave an epiphysis that can become enlarged
with growth
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Care should be taken to visualize the ulnar nerve before the epicondyle
or conjoined tendon 1s replaced. If 1t appears contused hemorrhagic or
constricted 1ts sheath should be distended with saline solution ntroduced
through a hypodermic needle of small caliber (hydrostatic neurolyus) 1If
there 15 noted much hemorrhage surrounding the nerve where 1t hies 1n 1ts
groove on the posterior aspect of the epicondyle or any fibrous bands that
mght constrict 1t the entire nerve for a distance of two inches above and
below the elbow joint should be carefully freed and trinsposed to an ante
10T position

Treatment following operatzon should be stmilar to that desaribed under
Band C Immobilization must be brief and efforts should be made to obtarm
early active motion and usc Internal fixation of the fragment or conjomed
tendon should hasten rather than delay the return of function

The disabtlity time 1s about six to eight weeks if thus treated Tlus longer
disability time 1s due more to the extensive soft part damage 1n these
Junies than to the fact that the eprcondyle had been displaced wmito the elbon
joint at the beginmng The prognosis 1s good to excellent provided the
onginal displacement has been recogmzed early and operated upon early
Late recognition and late operation are likely to gnve poor results The ulnar
nenve should recover full function if treated properly

E. Marked Separation with Dusplacement of the Epiphysis into the Dis-
located Elbow Jownt

The only difference in the diagnosts n this nstance s that there 1s an
accompanying dislocation at the elbow jount This may distort the anatomy
but at the same ume 1t may make 1t easter to detect separation of the medl
eptcandyle from its normal location Roentgenograms are necessary to de
termrne the exact posttion of this fragment and 1f compared to hlms of the
uninjured elbow one should have no difficulty n spotung a displacement
nto the elbow joint before or after reduction of the dislocation The con
dition of the ulnar nerve should be determned before ans treatment 19
gnen

Treatment

Operation 13 a necessity as inn D and the elbon dislocation must e re
duced 1t the same ume The ulnar nenve must likewise be neated m a
simlar manner if necessary  The author has seen one late case i which the
nerve had been displaced along with the epicondyle and remained 1n the
joint with 1t after closed mantpulation had reduced the dislocation Trans
position of the nerve alloned 1t to recover full funcuon

The after treatment disability time and prognoss are identical to those
desctibed under D

FRACTURE OF THE MEDIAL CONDYLE OF THE HUMERUS

An 1solated fracture of the medial condvle of the humerus 1s not a com-
mon myury It ocants with much less frequency than fracture of the Jateral
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condile o both condsles (dicondylan) Tt as most Tikely to occur from a fall
o hom the patient bewng thiown agunst 1 iard object as 10 1 collision
The fiactine hine extends mito the jont smface usually 2t about the middle
of the trochler process From here 1t passes upwards and mednlly to emerge
at the supracondy T tidge on thns side The fragment may not be displced
at all m which ¢ase the chiel svmptom 1s panoan the jome which slowly
increases s hematthrosis becomes geater Wide displicement of the medinl

B c

Fig 42 Fracture of medal condyle of Wimerus m 1, yaar ald oy (A) Oniginal antero-

prtenor view It was impenuble to obtam reduction by closed manipulation Operaton

was performed the day after mjuny and the fragments were reduced and fixed nternally

with a fouracrew plate and an additional transfixion wrew  \ctive motton and exercises

for this elhbow were mstituted one week alter aperation and conunued throughout heal

g (B and ) \micro-postersor and lateral roemigenogrann taken alter operation
Itesult Normal anatomy and full function and use withm four months.

condile may occur however with separition fiom the lterl condsle and
with angulation and posably rotation The medial condyle frigment mty
be commuinuted or may remun as one single prece Pun and disability are
present from the onset

Since the fracture Jine enters the mucular surface the mjury 1s a serious
one because displacement or mecomplete reduction may cause restricted
moton 1n the jomt or even lead to the formation of traumatic arthrins

Associated lestons me not common but 1t 1s wise to check the function
and sensation of the ulnar nerve for pussible trouble (contusion stietching
or compresston) The medinl epicondyle may be fractured and become par
ually scparated from the condvle by the pull of the attiched flexor promator
group of muscles

Treatment

Closed Treatment W heie no displacement has occurred reduction 1s un
Necessary The joint should Ix aspirated to relicve hemarthrosis after which
the elbow must be immobilized 1 a postertor molded splint and shing with
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flexion to approxamately ninety degrees Elevation heat and gentle massage
may be given and are espeaially useful early m order to relieve swelling and
induration At the end of two weeks the sphint must be removed four or
five times daily for actve exercises withun the limits of pain and hot soaks
may be substituted for dry heat The splint may be discarded at the end of
three weeks and 1 shing only worn for tho more weeks

In growing ciuldren although this injury 1s extremely rare one must
attempt reduction of a displaced fragment If completely sausfactory re-
position 1s not obtained 1t would be wise to perform open reduction of the
fragment Closed reduction of a displaced fragment m adults 15 not ven
satisfactory from the standpomt of reduction 1nd 1t 15 difficult to heep thus
1 positton without prolonged splinting unless the hirschner wire method
of skeletal traction 1s employed s 1n dicondylar fractures.

Open Reduction. In adults 1t 1s particularly important to obtan accurate
reduction 1f considerable limitauion of joint motion 1s not to be expected.
This 1s especially true 1n young to middle aged persons who need a good
functionming and strong elbow In older mdividuals the same holds true but
resort to operative reduction should not necessarily be the first choce of
treatment. Many of these older persons are m poor physical shape or are
otherwise bad operative risks because of arthnitis comminution of the frac
ture etc and may better be treated by traction and early motion Should
the main fragment of the medial condyle be single large and widely dis
placed the treatment of choice 1s not only operattve reductron but this 1
also a necessity provided there exusts no defintte contra indication on the
part of the pauent or upon the surgeons experience and equipment to
handle the situation properly

The mnasion for exposure of the medial condyle may be made along the
medial or postero-medial aspect of the elbow (In the latter instance it s
often more convenient to have the patent prone upon the table with the
flexed elbow hanging over the end of a padded arm board ) The ulnar nefve
must be 1denufied retracted and protected The fracture site 18 approached
and only enough periosteurn elevated to allow reposition of the matn frag
ment Any small loose fragments of bone or cartilage that may [all mto the
jomnt or cause terference with anatomical reduction should be removed
The main fragment should then be held firmly to the shaft and lateral
condyle by a bone clamp The best type of internnl fixation that will gine
ngid 1mmobilization should then be chosen and apphed This may be Iy
nails screws, bolt or plate or a combination of transfinion screw and plate

(sce Fig 42 ¢ d) The periosteum 1s then sutured the ulnar nene replaced
m 1ts normal position (or transposed to the antertor surface of the condyle
if this seems adsisable) and the wound closed with snterrupted stk sures
If necessary to opertte n cluldren 1nternal fixation may be used but it
inadusable to place a nail or screw across the epiphyseal artitage Ocea
sionally sutures must be used to fasten the periosteum of the [rgment 10
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plwe hut this 2t best v 2 poot substitute for mternal hxaton Toops of
wne are not much hata than sutercs and should be 1vorded 1f pessible

After tretment. Cases ttevted by dosed reduction and plaster fixauon
should be Lept elevated and lve constat Tow heat apphicd for the first few
days Masage (sedatine only) may be given and with heat and elevation will
assist with the teducaon of swellmg At two weeks the sphint should he
wcmoved fom 1o fine ey 2 dn fo ainve exereses of the elthow short of
causng pam At thiee weeks the spling should e worn only e mght for
matection while slecpmyg, winde 2 shing 18 wsed iy, the day At fon
weeks the sphint iy be dhisorded The exerases after the third week should
be progiessive and uuld use sy be permtted i addinon after four weeks
which should Al be made progressive Occupational therpy s useful and
should be encontaged to aswist i macwn, jonit motion and muscular
stiength nd not wlels o diveraon

Patients tieated by opaivon and mtanid ination (f npd) may b
started on active exererses withm the st week  They need to be splinted
for protection At mght enly after s e wherers durmg the day they
mav be practismg, frequent xtne exerennes The tueatment otherwise 1s
stmlar to that m the dosed c1vey but tecovasy will be more rpd

Comphcations

An el compliaition that wust be watched Tor 15 1 lesion of the ulnar
tene Late comphieiiony e fnmnhh development of myonitis ossificans
{Chapter \IV) nd epiphyset] growth disturbance with possible develop-
ment of 2 rexerved v, angle (cubitus varus deformuts) (Chapter N\I)

Prognous T

With nonc o nymimal displicement of the medinl condyle fragment the
progiosts 1s good With wide displcement the progmosis 1s only poor to far
unless this be 1educed by apen mr closed mens and motion started early In
3 culd therc 15 nays the possibility of growth disturbance aganst which
the parents should be forewarned and advised that 1t may be corrected at 1
fater date 1f the wmount of deformity wanants 1t

FRACTURE (SEPARATION) OF THE LOWER EPIPHYSIS
OF THE HUMERUS
Genenal Considerntions

Afracture or separation ol the entne lower humeral epiphysis 18 1 mre
Mury In the cases with no separation of the epiphysenl fragment the diag
Ho%s may he completely missed Wheie no separation 1s visible on roent
Senographic films the diagnosts must be made enurely on the cluncal iinding
of acute tenderness 1n the regton of the eptphyseal line This tenderness 15
:;:Z”) Situated at a somewhat lower level than 1s the tenderness in 2 supra

Yar fracture withour displacement When the epiphysis 1s separated 1t
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15 someumes displaced 1n a forward direcuon or even angulated 11 thys
direction more rarely 1t may be displaced or angulated somew hat posteriorl

and 1t may be necessary to compare the films of the mjured elbow wath dxasz
of the normal elbow before the diagnosis can be made. On the other hand
the epiphysis may be displaced toward the lateral side and a diagnoss of
dslocatton of the elbow may be made untl the roentgenogrims are studied

Fig 43 Fractureseparation of lower humeral epiphysis n 1ts entirety This jnjury on
antero-posterror Toentgenograms 13 often mutaken for a dulocation ot both forearm
bones at the elbow joint. (4) Ornginal antero-posterior rocntgenogram in a oy seven
years of age. Note that the radius continues to articulate with the ossficauon center of
the capitellura which has been duplaced medially and les below the olecranon fosw
nstead of directly below the lateral aspect of the diaphyss of the humerus. The upper
end of the ulna appears not to be articulaung with anything but 1t must be remembered
that the owification centers for the trochlear process are not as yet visible on roentgena-
grams 1aken at the age of seven years (B) Same elbow four years three months later
Note uregulanty of lower humerus, i e lateral condyle and trochlea which has
resulted from the ongmal mjury Such irregulaniues never follow distocation of the
joint per se

carefully when 1t will be noted that the ulnt and radius along with the
capitellar epiphysis are completely or partially duspliced mn a lateral direc
tion The mere fact that the capitellar epiphysis 1s displiced 2long with the
1adius and ulna means that the lower articular surface of the humeras
(entire epiphysis) 15 displaced upon the daphysis Associated lesions e
not common with this mjury It 15 pessible howeter to hue tranm to
the ulnar nene associated nith the lesion Aemin hemarthrosts my accom
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pany the mpuny nd be m cstiemely paful symptom requirng aspiration
in addition to 1eduction of the disphced epiphysis There 15 of course 1
chance of subsequent growth distiibanee following the ingury regardless
of whether the epiphysis s been displiced or merely trumatized

Treatment

Naturalls o displiced the eprphysis must be 1educed very much s the
Tower fmgment m 1 supracondylar frctute 1s teduced by direct mumpult
von m the proper direction under genertl nesthesin The usunl form of
immobihiziton 1s moderate flexion m 1 postertor molded sphnt. Aspiration
of the elbow m1y be advisable

Open Treatment Operation for replicement of the lower humenl epiph
yus 1s not mdicated unless 1 compound wound 13 1ssociated with the lesion
All of these epipliyses can b repliced by closed mipulation and should
be so reduced To perform open reduction upon m ¢piphysis thus displiced
18 to further the chances of subsequent growth disturbince.

Complications

An early comphicauon with tlus type of lesion 1s possible interference with
the blood supply but this 1s not common If hemorrhage and edemt have
been extensive immobihizauon should be mn less flexion than ordinanly

Late complicitions re usually the result of growth disturbance and con
sist of an mcrease m the carrymg angle (cubitus valgus) or possible reversal
of the cxrrytng 1ngle (cubiwus varus) These do not requure treatment unless
the deformity hecomes extremely marked If such be the case a subsequent
osteotomy may be performed s recommended under sumtlar deformuties
following a supracondylar fracture

Prognoss

The proguosis 1 general 1s good It 1s usually wise however to mstruct
the parents that a possible growth disturbance may result but should not
necessarily be expected Return of full function 15 usually good and the
disabibty time 13 rarely more than six to eight neeks 1t the most

FRACTURE OF THE TROCHLEAR PROCESS OF THE HUMERUS
General Considerations

Winle 2 fracture of the medial condyle of the humerus 15 uncommon
Bacture mvohving only the trochlear process 15 st1ll less common It 1s
usually sustamed by 1 fall on the oleamon which wedges and splits the
tochlear process fiom the medial condsle The [racture hine m1y pass
through the medial epicondsle s 1t emerges upon the mner side These
fiactures are uwsuably without displacement  but occasionally displacement
mas be great or even a fragment of the trochlear process m1y become loose
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within the jont Loss of motion 1n the elbow joint will be great unless the
fragment 1s replaced n 1ts normal positton or 1f completely loose unless
1t be removed

Assoaated Injuries The ulbar nerve 15 sometimes damaged along with
this mjury and as mentioned above loose fragments are not uncommon
within the joint The fracture hne may pass through the olecranon and
coronoid fossae and both of these may become filled with organired con
nective tissue which may tmpair joint motion

Treatment

Closed If the fragment 1s not displaced treatment should follow con
servatine methods and immobilization should be carried out by means of a
posterior molded sphnt with the elbow held at night angles for a penod of
three weeks followed by active exercises and hot soaks

Operative Treatment If the fragment 1s displaced and 1t 1s impossible to
replace 1t by a closed manoeuyre the jont should be opened If 1t 15 possible
to replace the frgment and fasten 1t with ether a screw or harschner wre
this 1s advisable If the fragment 1s too small for such fixation 1t 1s best to
remove 1t If internal fixation has been used the elbow should be rmmeo-
bilized for a pertod of approximately ten days enly before active exerases
are started

After treatment Rest to begin with later active exercises and physiother
aps n che form of hot soaks Iight massage and occupatronal therapy

Complications

Lamuted joint motion due to 1rregularity within the jomnt or possibly to
aseptic necrosts following poor healing or even non unton as a result of 2
compromsed blood supply

Disabtlity Time

The disabihity time 1s hikely to run to three or four months before work
requuring, any particulir strength 1s possible

Prognosis
The prognows m trochlear fractures 1s rather poor 1l there hns been dis
placement

FRACTURES OF THE CAPITELLUM OF THE HUMERUS IN ADULTS

General Considerations

Fractuie of the aaprtellum of the humerus i adults 15 an injury which
1s not common but 1s important because the fracture hne separites the
artcular enunence from the lateral condyle The hine Ires completels withm
thie joint cavits so there no longer remamns any capsular or hgamentous
attachments to the broken off fragment The nnportance lies n the fact
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that the fragment my Jater undergo ueptic necrosts and caase ttaumtie
arthns to develop m the elbow jomt It 15 also with great ifficulty that
such tragments (1 be repliced adequately by my cloed mrmpultine pro-
cedure As 1 rasult of tus difhiculty and of the great risk of e septic
necrasis md trwmatie arthrs the majortty of surgeons wdvise that these
fractures should be operted upon and the completely loose fryment re
mored This procedure nught apperr ridieal w1 person who has hnd httle

A n C

Fig 44 Fracture of capitellum of humerus 1 adule. (A) Onoginal lateral view showing
apttellar fragment displaced in & proximal direction This pauent was a woman 3o
yean of age. The clbow was operated upon and the fragment was excised (B) Onginal
lateral viewm of elbow 1n a 22 year old woman thowing apitellar {ragment displaced 1 a
provimal direction and rotated go degrees forward as well so that the articular surface
faces wr a2 prowimal direction Tlus fragment as in 4 was removed at operation because
1t wag situated entirely within the joint and was devoid of solt tissue attachments and
blood supply (C) Antero-posterior view ol elbow seen 1in I two years and six montls
after operative removal of froctured capitcllum Function excellent no pam full use.

expenence with such fractures since removal of 1 large piece of the bone
and articular surface from the elbow might seem to mterfere with 1ts func
tion and stabihity To the contrary 1t 18 better 1o be nid of the fragment 3,
48 to prevent its becoming trregular rough and later mterfering with Jomt
motion especinlly flexion and extension Late follow up results on removal of
the fragment show that functional recotery 1s more likely to Dbe complete
than 1f the tragment 1s reduced by closed methods and the pattent s elbo,
immobilized for a period ot four to s1x weeks whtle hone healing takes plzr‘ y
The displacement of the capitellar fragment may be only 1n a P"mm:I
direction and may be shifted 1 much as one to possibly two Centimey
without any evidence of rotatton The displacement 13 best seen o1 la o
roentgenograms and 1f displaced widely 1t may ikewise be scen on am‘::!

.
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postertor films but 1t 1s never seen so well on these Other cases may shoy
not only displacement in 1 proximal direction but a forward rotation of
the articular frigment of ninety degrees. In other words the articular surface
of the fragment faces not anteriorly but proximally toward the head of the

n

Fip, 45 (A) Sketch showing sure, shape and extent, and locauon of fracture of capitellum

of humerus. Note how the {rcture line extends into the outer anterlor aspect of the

trochlear articular surface. (B) Photograph of actual fragment of apitellum remaned
from patient whose elbow was seen 1n Figure {11

humerus Qccisionally 1t becomes so firmly wedged m this position as to

interfere greatly with elbow jomnt motion

Treatment

Closed treatment for articular fractures of the capitellum in adults 15 not
1s 1 tule good when the fragment has been defimtely displaced to 2 moderate
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degree In very young adults or m cduldren whose eprphyseal centers re
cosed but m whom there 15 1lso 1 gieater tendeney for mpid and more
complete bone healing to take plice than m adults 1t mas be justified to
attempt dosed teduction of the fiyment under mesthesiv by direct munp-
ulhtion with the operator s thumba in an attempt to teplice it i ats norml
position This may be checked by flumoscopie md subsequent roentgeno
graphie esammation Tollowing mantpuliation the elbow should be pliced
i modertely 1cute flexion i order to muntun the reduction nd then
umobilize 1t m A posterior molded splint. Undisplaced frctures should
be immobilized smlarhy for a pertd of four weeks

Open Operation In adults open operition seems to be the best form of
tcatment for these fmctures becnse 1t not only gets rid of the completely
loose and avasculu frymment but it cuts down on the nisk of development
of tmumatic atthrus 4t a lter dwe The pauents seem to do very much
better without the fryment and are not hikddy to develop more thn 1 veny
smail amount of Iteral mstabnhty at the jomnt Ordinanly they do not de
velop ay disturbance m the mfenior racho-ulnar jomt The entire Tinge of
motion should be greater and more likely painless than if the frigment were
1eplaced and the elbow immolnlized

If the fragent 15 to be removed  the operation of course should be 2t an
early date preferably the dry of the mjury mther than four to five days
later when the hemorrhage 1nd exudate have begun to orgamse Immediate
operation 18 not only casier winle the ussues are soft and before fibrosts has
set i but 1t also permuts ramoval of the collected blood from the joint
which of course causes pan due 10 the ntense hemrthrosis. Immednte
removal of the fragment followed by splinting for two to three days to per
mit the patient to recorer from the immedinte post-operitie reaction and
pam 1s the 1deal treatment Following this the patient should of course be
started on 1ctive exercises withm pam hits ind these should be increased
31apidly ay the pauent can take them It 1s not unusul to find that such
a patient one week after operation 15 able to move lus elbow through an
arc of seventy to one hundred and fifty degrees aind at the same time be able
to perform full rotation

Disability Time

The disalyihity trme 1 closed reduction naturlly 1s very much greater
than 1f the elbow 13 operated upon and the loose fragment removed TI'his
1s because 1t 1s necessaty to ummobthze the elbow for a period of at least
four to six weeks nd 1t will probably take at least 10 equal length of tume
if not double to 1ecorer the maximum range of motion If the fiagment 1s
temoved 1t oper won the patient 1s started on 1 regime of exercises within
three or four d s after operation The disability time for ight work should
not be greater than six weeks 1t the most For heasy wok 1t may Tun up te
4 lugh as eight 1o ten weeks
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Progmosis

The prognosis would depend more or less on the treatment gwven the
particular mndidual If a large fragment s broken off and replaced there
1s always chance of development of traumatic arthritis If the same fragment
were to have been removed at operation there 15 no longer any likelihood
of impmgement between the rdial head and the capitellum and therefore
1o possibility of articular rougheming or spur formation wiich can terfere
with motion and cause pamn The 1nterval between the rw surface of the
humerus nd the radial head (where the capitellum has been remoted)
usually becomes glazed over with a thin layer of scar tissue A fen patients
develop a shight mcrease m the carrying angle but 1t 15 extremely rare that
this becomes great enough to cause any late disturbance such 15 neuntis m
the ulnar nene

FRACTURE OF THE LATERAL CONDYLE OF THE HUMERUS
IN ADULTS

General Considerations

Fracture of the lnteral condyle of the humerus 1 adults 1s not a frequent
tjury but 15 more common than the wsolated fracture of the capitellum
The lesion 15 often assocrated with a fracture of the capitellum and the tho
may be n separate fragments Not wnfrequently the fracture hine through
the laterl condyle may extend downward and medrally to include the outer
half of the trochlear process When this fricture msolves the deep portion
of the trochlear notcht there may be 1ssociated a latera] subluxauon of the
forearm bones upon the humerus due to the fact that the radmi ndge of
the trochler has been displiced and there 1s nothing to hold the ulna m
place suice the medial collteral hgament s frequently tomn at the same
time When such a lesion 1s present the ulnar nerve may likenise be i
volved [hese fractures are extremely difficult to reduce when they are
widely displaced and are difficult to hold reduced even when treated by
open reduction nd mternal fixauon The resulung loss of motion may he
great because of the persistent tendency of the ulna to sublux towards the
lateral side Fracture of the olecranon process 1s owcastonalls scen with s

Iracture

Treatment

Closed Treatment For undisplaced tractures the lesion should be treated
by dosed methods and mumolnlization m a posterior molded sphnt for a
pertod of four weeks The sphint may be remosed periodically a1 the end of
tno weeks for early actine exercises ind soaks 10 hot water at frequent mter
vals If the frgment has been displaced seduction shauld be ancmptlﬂl
and the frgment molded back nto posison by thumb pressare an the
required direcuon followed Iy mmmobilization as described ahbove Tt

extremely nmpottant to obtain accur ~ anatomic reductton of the condsle

1t
otherwise 1y change mn its nome. r transserse axes will mierfel
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with fall inge jomnt motion 1t the elbow  Should thee be e wdditionnl
trcture with sepation of the capitellar process closed reduction will
pabably nat be sausfictory d functional tetarn wall also be poor Open
reduction should then be palomed

Open Reduction When there 1s marked displicement of the Interl con

,—'——w--—nvw"-\"' T T Mo ST

::l 46 Roentgenograms of elbow ol L0 year old wuman showmg dunlocation of joint

il m]]sal’“uml tracture of the Literal condyle of the humerus. (\) \ntero-postenor

o I::) ateral views. The elbow way operatedd upon the dislocation was reduced and

- gments of the fractured and dwplaced lateral condyle were exched. (C) Antero-

PMEor view five vean alter aperauon Result excellent motion range full very
shight Lateral instabihity
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dyle fragment or of there 1s displacement of an additional capitellar fra
ment neither of wiuch can be replaced accurately by closed mampuiation
the fracture should be opened and the laterl condyle fragment replaced
and held by nternal fixauon 1f the capitellar fragment 15 completely loose
and displaced this had best be removed so that 1t will not meerfere with
monon nd also remain to undergo aseptic necrosis due to lack of blond

1 I

Fig 47 Fracture of lateral condyle of humerus (unstable type) with fracture lime atend

ing mto rochlea and with tendendy towards subluxation of radws and ulna lateralwzrd.

(1) Onigunal antero-postenor view in 48 year old woman (B) Same elbow alter apertne

removal of the lateral condyle fragment (which contalned capitelium and outer bp of

trochlear process) and repair of medial collaterzl ligament. Note that sublinanon pet
sists Result poor anatomically and onlv farr from functional standpoint.

supply If as mencroned under general considerations the cipitellar fracture
hine passes through the middle of the trochlear process so that the upper
ulna 1s alloved to sublux laterally and 1t 15 mipossible to keep this from
doig so 1t might be justified to replace the capitellar fragment to act 32
prop to mantamn the position of the ulna In additon to hxation of the
fragments by nuls screws or even hirschner wires a second meiston shonld
be made upon the medial spect of the elbow wnd the torn medr) colineil
Iigament should be repatred with mattress sutures of sifh Following opeia
tion the elbow should be tmmobilized m a postertor molded splitit for ten
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days to two weeks and then acune exereises should be staried Swelling nd
pam my be allevinted and motion naeased by hot soaks 1 conjunction
with the exercises Trvery possible attempt should be made to 1egun erly
motion particnluby flesion 2t the elbow jomt - Operation should be per
formed 1t m early date picferibly on the day of the myury since hemor
rhage wnd mdmtion undergo oganzanon after 1 few days id will mke

Fig 48 Sletch showing types of [racture of lateral condyle of humerus 1 adults, (A) and

(B) These represent the stable and unstable types with the fracture lines passing through

« and b respectively The stalnlity of 1 depends upon the lateral lip of the trochlea

being Intact. If the lateral lip of the trochlea 18 a part of the laterl condyle fragment,

the ulna and radius bath shift in a lateral direction and the medial coflateral igament
mnt rupture 1 in I

the opcratton more difficult Thete 1s also a greater ikelihood of extra
osseous and extracapsular bone formation 1f operition 1s postponed until a
weel or later

Aftertrentment After ether the closed reduction or open 1eduction with
ternal fixation treatment should consist of tmmobilization 1n 1 posterior
molded splint followed by the wnstitution of early 1ctive exercises within
pam linuts and At frequent mtervals As motions merease exercises should
be likewise increased but never to the pownt wherc they cause pamn and
fatigue since etther one will retard the patient s progress Whirlpool baths
are benefiaal as 15 lso occupationl therapy after four weeks have passed

m order to strengthen muscles as well s to help increase motion m the
joint

Complications

. Elfomphmtlom are rather frequent One of these 1s ulnar nerve disability

I

Tll f 1t persists transplantation of the ulnar nerve should be performed
‘ere 15 also the persistent tendency of the ulnt to sublux m 1 laterl
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dyle fragment or if there 13 displacement of 1 additional caputellar fra
ment neither of which can be replaced accuritely by closed mampuhum:
the fracture should e opened 1nd the lateral condyle fragment replaced
and held by internal fixation If the capitellar frigment 15 completely lome
wnd displaced this had best be removed so that 1t wall not nteifere with
mouon and also remain to undergo septic necrosis due to Ick of blood

Fig 47 Frmcture of Jateral condyle of humens (umstable type) with fracture Jime estend
g snto trochlea and with tendency towards sublusation of radius and ulna lateratward.
(A) Original antero-postertor view m 48 year old woman (D) Same clbow after operatne

removal of the lateral condyle fragment (which contmned caprtellum ind outer bp of
trochilear process) and repair of medl collateral ligament Note that sublusation per
st Rerwlt poor anatamucally and anly fair from [unctional standpoint.

supply If 1s menuoned under general considerations, the captellar fraciure
line passes through the muddle of the trochlear process so that the upper
ulna ts allowed to sublux laterally and it 1s impossible to Leep this from
domg so 1t might be justified to replace the capitellar frgment to act 187
prop to mamtain the position of the ulnt In addimon 1o fixauon of the
Nagments by nuls screws or even Rirschner wires 1 second masion should
he made upon the medial aspect of the elbow and the torn medial collaterd
ligament should be repaired with mattress sutures of silk Following apera
tion the elhou shauld be tmmobilized i 1 postenior molded sphint for 1en
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days to tho weeks nd then acine exercises should be stmited Swedhing and
paun m1y be allevinted md motion maersed by hot soaks 10 conjunction
with the excrases Frery possible attempt should be made to acgun enly
moution particululy tlesion at the clbow jomnt Opesation should be per
formed at n rarly date preferably on the dqy of the mjury since hemor
1hage wd mduation underpo orgamzaton afier 1 few days d will mke

L]

B

Fig 48 Sketch showing types of [racture of lateral condyle of humerus m adults (A) and

(1) Thesc represent the stable and unstable types with the fcture Lites passing through

« and b respectively The stanlits of { depends upon the lateral lip of the trochlea

bang intace, 1f the lateral lip of the trochlea i a part of the lateral condyle ragment

the ulna and radins both shift in a lateral direction and the medial collateral ligyment
must rupture s 2

the operation more difficult There 15 1lso 1 greater likelihood of extr
osseous and extracapsulr bone formation 1f operition 1s postponed unul 1
week or later

After treatment. After exther the closed reduction or open reduction with
mternal fixation treatment should consist of immobilization 1 1 posterior
molded splint followed by the nstitution of early ctive exerases within
pain himuts and at frequent mtervals As motions mcrese exercises should
be likenise increased but never to the point where they cause pan and
faugue since erther one w1l retard the patient s progress Whirlpool baths
are beneficial as 1s also occupationil therapy after four weeks have passed

'n order to strengthen muscles 1s well s to help mcrease motion 1n the
jomnt

Complications

Complications are rather f

and requent. One of these 1s ulnar nerve disability

a 1f 1t persists transplntation of the ulnar nene should be performed
'ere 1s also the persistent tendency of the ulnt to sublux m a lateral
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directton when the fracture hine passes through the center of (he trochlca
and when 1t has been necessary to remove a large loose apitellar fragment
Myositis ossificans 13 a complication that 1s to be feared and tlus may be
prevented or 1t Jeast minimized by early operation

Disability Trime

The disabihity ume 1s Itkely to be prolonged n these mjunes ad at s
rre that these patients can get back to anything but Iight work short of four
to five months

Prognosis

In generl the prognosis 1s good 1f there 13 one large frigment embracing
the lateral condyle and caputellum together If there 1s a separate fractuie
between these two portions the prognosts 1s not good since 1t 1s more diff
cult to obtain and hold reduction even by the employment of mternal
fixation In othet words without comminuuon the prognosis 1s good if
satisfactory reduction has been obtained either by closed or open methods
and followed by erly active exercises If commmution 1s present, the prog
nosis 18 only fair as to functional recovery If there ts 2 persistance of lateral
subluxatton of the ulna the prognoss for functional recovery 1s very likeh

to be poor

FRACTURE OF THE LATERAL CONDYLE OR SEPARATION OF THE
EPIPHYSIS OF THE CAPITELLUM IN CHILDREN

General Considerations

An myury through the Jateral condyle of the humerus or epiphysis of the
caprtellum in children though not nearly so common as the supracondylar
fracture 1 children 1s often of a more sertous nature Thus 1s because of the
ultmate prognosis as to function and subsequent wnatomical deformity The
tmcture Ime can be seen to run medially and distally m the Jower husnerus
beginmng just above the lateral epicondyle and extending mto the jownt
surface On roentgenogrms its lower lunet 15 vistble only 1n the diaphysis
The lower tragment consists of the capitellar epiphysis with a varnble size
portion of the humeral diaphysts attached to 1t. The lesion bemng close to
the epiphyseal line 15 essentially an epiphyseal fracture 1 spite of the fact
that the fracture line does not pass 1long the epiphyseal plate

Growth disturbance frequently follows this lesion and 1s due to 3mpaLr
ment of the blood supply of the distal fragment or dunage to the epiphyseal
plate from the origmal trauma to undue force used n mampulative n:dhrrf
tton or to repeated attempts 1t mampulative reduction Displicement 0
the lower fragment varies from nothing to complete downward forward
and lateral displacement nd 1n those cases with marked displacement thczdf
1s almost alwavs rotatton of the fragment to as much as one hundredr'"n
cighty degrees m some nstances. The canse of the displacement results frot
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the degice of tewr m the penosteum and overlymg o nd 1o be o
about by the pull of the extensor muscles of the wirst which e
common ongin on the Itetnl epicondyle

It 15 obvious an the cses with displicament 1equinm, a reductr o s
reduction be done carly befoe the sutoundimg tissues become eom,,

qQ

b

Fig 19 Sketcdh showny, types of [racture of the lateral condyle of humerus ip hild,
£) No displacement (b) nunimal dusplacement () marked displacement - ,l"”
dh‘t‘llon by pull of the extensor muscles ongnatmg from the lateral epicond
(d) fracture hine shown passing throuph the arulagenous lower end of ¢ J‘:
‘g oignated by dotted hine) but not visible on oentgenograms, The visible ,,,, .
nplaced fragment always conunts of the ossification center of the mpllcll’l;
vamable sized portion of the diaphyss of the lower humeruy which togethey

the lateral condyle T

-

nfiltrated and melastic and that the 1eduction be nomically
<

otherwise there will result an wrregulanty in the lower articulyy , .
the humerus Also 1f the fragment 1s not replaced m direct apy
118 anatomical position healing may result 1n erther a non “"ll[f"l
Union It 15 likewise important that atter reduction 13 accor.
fragment must be maintaned m this position 1f bone heal;
Pected subsequent deformity aworded and if full function 1, .-
In the elbow jont

Very often 1t 15 impossible by closed methods to bring aj,,._
OWIng to the amount of displacement and rotauon of the d“P,_”
1t 15 also difficult to matntain such a reduction For these 16
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geons prefer to perform open reduction on 1l such frictures with marked
displacement and fasten the fragments internally

Subsequent growth dusturbance 1s a common sequel because of the duf
culty 1n the re-establishment of the blood supply to the dusplaced fragment
which loses most or all of 1t when torn completely away from the diaphyns.
Therefore tealiung the difficulues of obtunmng adequate reducuon by
closed methods and the ability to maintamn
the reduction one should keep 1n mind the
probable necessity for performing open re
duction

It 15 1n general advisable 1n dusplaced
epiphyses not to operate unless absolutely
necessary since open reduction predisposes
to cpiphyseal growth diwsturbance How
ever in tlus particular lesion the impor
tance of obtaining accurate reduction (for
the reasons stated above) may make open
reduction imperative 1f closed mampuli
uon fails to give 1 completely sausfactory
reduction of the fragment It might scem
advisable t0 make one atternpt at a closed
reduction warning the parents beforehand
that this may not be successful and 1f not
then resort to open reduction and internal
Fig 50 Fracture of lateral condyle fixation rather than to repeated forceful at

of humerus in a child. \ntero-por  tempts to gain reduction by closed mampu
tersor roentgenogrmam ol sx  year lation
old childs elbow showing no dis
placement of the lateral condyle Such repeated attempts at closed reduc
fragment which conmsts of the tion are definitely harmful cause add:
caputellar owification center plus 2 gional damage to an already traumaured
thin shell nfh3:$p11“11 of the eplphyms and not only pr 1 to an
mcreased probability of subsequent growth
disturbance and non union but also to the formaton of myosius ossficans

10 the brachiahis anticus muscle.

Treatment

Closed Treatment. For those cases without displacement there 15 abso-
lutels no necessity for manipulation If the patient 1s suffering considerable
pain as a result of hemarthrosis withm the elbow jomt this can be rchcnl?d
by aspiration The elbow should be gently flexed to shghtly less than a night
angle and should be immobilized m a posterior molded splint extending
from the amillh to the knuckles A sling should also be applied

In those cases requiring reduction the child should be guen a gene
thetic to relieve pam d to obtam complete muscular relaxation Trac

ral

anes
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tion 18 then applied to the partly flexed foreatm with counter triction to
the upper arm Wiile mamtuning the pull the forcarm should be shghtly
adducted m order to widen the spiee on the outer aspect of the jomt While

Bt 51 Fracture of laceral condyle of humerus 1n a culd aged three years six months

showing marked displacement of Imgment downwards, outwards and extensively rotated.

(1) Oniginal antero-posterior view Open reduction was performed and the fragment

was fastened internally with 2 single suture (B) Lateral view with clbow In plaster splint

after operation (C) \ntero-posterior view four weeks alter operation showing loms of

fration and Jateral dusplacement of the fragment. (D) Same clbow two years later
thowing nonanion of the fragment and growth disturbance

traction and adduction 1s being, contnued by an assistant the operator
should manipulate the duplaced fragment with hus thumb and fingers and
fotate 1t as well to correct lateral or angular shift and bring 1t 1nto proper
contact with the humerus This 15 one lesion where actual visuahization of
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the movements of the fragment durng reduction may be advantageously
watched under fluoroscopic control If the reduction has been successful
the forearm should then be flexed at the elbow to an angle of approximately
6o to 70 degrees following which traction may be discontmued and the
elbow 1mmobilized mn a posterior molded splint as stated above The splnt

B
A
¢ D
urked
Feg 32 Fracture ol lateral condile of humerus 1 a seven year okl lkn vith w

teral view
displacement. (A) and (BB) Onginal antero-posterior and lateral \u:v:;-” ((\'r)“i: mterior
alter (losed reduction and hnmobilation in posters i plaster sphint A
view of samie elbow mne and onehall vears fater Rewulr anatonts afd
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should be worn for approxamately four weeks untl good healing of the
fiagments 15 evident on roentgenogrims . Fhe ueatment otherwise s far as
shing clevation cte 1s essentinlly the same s descrtbed under supriconds lr
fiactmes T ollowing temoval of the splmt 1 sling should be worn for ap-
proximately two weeks more duning which time the patient 1s encouraged

A B

Ig 53. Fraure of lateral condyle of humerus in eight year old boy showing (4)
growth disturbance one and a hall vcary alter mjury  (B) Non union nime years later m
same clbow

to exerase the clbow for 1 few mmutes every bour and 1s motion begins
o increase to hegin mild active use

Open Reduction Operatne reducuon may be carried out as a primany
procedure or after reduction has fatled with an adequate attempt by closed
manipulation If operation 18 to be performed this should be done early
preferably within the first tw enty four hours following injury If put off for
as long as two or three weeks such 1 procedure may not only be extremely
difficult and unsatisfactory but 1t predisposes to the formation of myosies
ossificang

At open reduction when the fragment 1s 1eplaced anatomically ¢ shoul¢
be fastened to the diaphysis ot the humerus with some form of nigid forma
ton such as a nail or screw Attempts to suture this fragment 1n positton
do not give firm enough fixation and often result 1n subsequent displa
ment or gronth distwbance If the portion of the dinphysis fractured -~
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displaced along with the capitellar epiphysis 15 50 small or thin that 1t
impossible to use screws or nails for fixation a Kirschner wire (s) ma bl:
drilled directly through the capitellum and epiphyseal plate upward )mt
the main diaphyus the excess wire may be permutted to project cx(cmallu
and the skin wound may be covered with a stenle dressing At the end o)f
three weeks the wire or wires may he withdrwn

A
[

Fig ,3 Fraaure of laceral condyle of humerus n fine vear old
placenent ol the fmpnent. (V) Original antero-pasterior view  (B) same view after
ith 2 sungle saew (€

gitl wath marked dis-

apen reductim and internal fixation of fragment 0 Alaphyss w

and /D) Anteraposterior and Luteral views fine vear later Rewnlt exeellent
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Themcually such 1 procedme might be considered as unsound 1 ¢
to aoss the epiphyseal plate with 1 wune but actuatly the caliber of the wire

A B
(o} D

Fi3 55. Fracture of lateral condyle of humerus in scven year old boy with marked div
Placement of the fragment. (A) Original antero-posterior view Open reduction was
periormied and the fragment way fastened (pinned) to the shaft by means of two Kirsch-
ST wares passed through the small fragment of dlaphysis. The outer cnds of these wires
nere left in the subcutaneous position and they were subsquently removed five weeks
later (B) and (C) Antero-posterior and laternl views of elbow alter operation showlng
»ire fixation 1 place and the posterior anolded plaster spint used for additional pro-
tection (D) Antero-posterior view aight weeks after injury Result excellent
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1s so small that very little addittonal damage can be done to the epiphysis
and the advantages of obtaining ngid fixation of the fragment at least tem
porarily would seem to far out weigh any shight theoretical disadvantages.

In late cases where the fragment has not been reduced for one reason or
other and the pattent has come to the surgeon after several months with
marked deformity and tmpairment of function 1t 15 necessary to operate
At this amie the fragment should be remoted completely rather than attempt
to replace 1t and fix 1t internally The advantage of exciston at thus stage
versus late open reduction 1s that there 1s less ikehhood of shght malpost
tion of the fragment or of excess bone formation causing mterference with
flexion and extenston of the joint. Increased range of motion following late
open reduction has not been very impressive in reported cases. One warning
should be ginen however i such late cases namely that 1f there 1s present
any evidence of myositis ossificans on roentgenographic exammation no
operation should be done for at least one year or at least until three months
have elapsed since the bone formation 1n the brachialis anticus muscle has
been shown to have completely disappeared on the roentgenograims

Prognons

The prognasts depends upon the amount of the original trauma and
displacement the accuracy and maintenance of the reduction and upon
the question of possible later growth disturhance. Incomplete reduction or
fatlure to mamtain reduction leads to a broadened lateral condle of the
humerus even if bony umon takes place and will almost certainly lead to
limted elbow joint function especally flexion and extension If the loss of
function becomes considerable or 1f there 1s marked displacement 1t may
Dbe necessary at a later date to remoze the lateral condyle at operatron It
must be remembered however that late removal rarely gives any marked

mmprovement 1n function
A

Late Complications

As a result of retardation of the growth in the lateral humeral condyle
and development of an increased carrymg angle (cubitus valgus deformity)
late ulnar neuritis often develops. This 13 caused by atretching of the ulnar
nerve which tikes a longer course to reach the forcarm as 1t passes behind
the medial epicondyle of the humerus Another cause of late neuritis with
an increased carrying angle 15 that the tip of the olecranon 1s ulted further
medially than normal in full extension of the elbow This tends to crond
the ulnar nenve each time the elbown 1s fully extended thus setting up arn
mflammatory thickeming 1 the sheath overlying 1t

Late ulnar neurtus often does not deselop for ten years or more following
muny Cases have been Lnown to develop this complication as late as 30
vears after mun The parents of the cltld should always be warned con
cerming this possibthity and this my be done without 4larmung them tn
duly The ssmptams consist of numbness ar unghng the ulnar nerve
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sensory distithution m the hand o fimgers 11 the nerve lesion becomes pro-
gessne there will be sulscquant ampanment of 1ts motor function with
cither werkness or complete paralysis with attophy of the mtrinsic muscles
w the hand The nportance of wanng, the patient or hits parents concern
ing the possthihiiy of 1 Tate newnitis 1s necessary  becase when 1t develops
the patient mirely connects 1t with the previous injury and may do notlng
about 1t unttl 1t 18 too lte Somcetlnng can be done to relicve 1t namely
trmsposition ol the ulnar nave but dus should always be done before the
motor function of the nerve hecomes mnvolved d before mtrinsic muscular
atophy develops otherwise there s hutde hope for return of this function
IT transposition 1s performed early  the chances of complete recovery re
excellent (Chapter N\

"SIDE-SWIPE” FRACTURES OF THE LOWER EXTREMITY
OF THE HUMERUS

The mjury known as 1 truck swipe side swipe  or  car window
elbow 15 the most serious type of frcture with which we have to deal m this
tegron It s a shattering type of injury which accurs when the driver of 1
automobile passes too closely other car or truck with w over hangtng
body and hus elbow ts struck winle resting upon the window stll or when he
shids into another object The blow upon the elbow 1s 1 direct mnjury and
1s delnered at hnghapeed The elbow and lower humerus are driven vio-
lently agamst the window frime nd the shattering force thus dehsered
Iracucally causes the clbow to  explude

Unfortunately the mjury 1s furly common It 1s alinost always a com
pound (open) fracture and there may be extensive loss of substance includ
g skin muscles \essels porttons of nenes nd even bone fragments
Contamination of the wound 15 Iikely to be great from portions of clothing
ground mto 1t. The elbow jomt 1s well 1s the bones 1s extenstyely smashed
Some mild forms of the mjury are seen but the majority are very serious
and some even require prumtny amputation due to loss of blood supply to
the lower forearm and hand or to other irreparble damage It 1s frequently
‘mpossible to do very much for the extremity owing to the damage poor
Dlood supply and contanunation and often the most that can be expected
B aresult 15 a flail elbow The chance ot intection of course 1s great 1nd
this may even be 10 serious as to result m gas ggrene

The associated lestons are compound fracture of the upper extremity of
the radius and ulna that ifrequently accompany the humerl fracture Hem

onthage and shock may be severe and requires the administrition of blood
transtusions

Treatment

[Clﬂs‘:d Treatment. The amount of mjury of course determines the type
0
'Teatinent to he given Fractures which are not compounded but show
C
ommimnuton ot the fragments m1y be treated by over head traction and



A B
[# D

Fiy ,6 lruck swipe ( side swipe”) fracture of elbow region (1) Lateral sicw tw) da
after operation  (debridement)y Note dramnage tubes. The fracture wd treated by
wspension Tlus patient was 2 o year old man  (B) and (() \nter mpenteno? and
later1] views of the same elbow 17 yean later Note narmowing of jomt pace and the
\tra articular bone formation Motion was lmited Go per cemt but paur wi minmal
Paucnt works as draftsman (D) Elbow of a 4o year old waman (case o Dr Iarrachk
N\ te (vtensve comminuuon ad displacanent of lower end of humerus Sole part were
exten vy damaged and the fracture was open (compound contamumated) Tt i 1€
quentl Liffwule to salage these clbons due to the extensne soft tisue damr ¢ dustrue
t ol the arcalanon and Omtammatin of the severels damaged o
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suspension with 1 kitschner wne plus gentle manpulition of the frigments
with m attempt to ohtun the best possible funcuon without attempting to
regun perfect matomic] poviton of these Active motton should he msty
tuted early for the purpose of obtuning elbow jomt moton It as practicalls
never possiblc to perform open teduction nd imternl fisation of these
fgments owing to their Tuge number 1 they should be few 1 amount
it sy be advisable to petform open reduction but of coutse this must e
donc ontly by suigeons expettenced 1 this type of work The best functromil
1esults are usully obtuned by conservatne trettment mther thar by the
il advised attempts At open reduction ad meernnl fixation
Open Treatment Operitive debridement must he done when the fmcture
1s compounded  hut this should not be so thotough as i the ordinary com
pound frctine owing to the very extensine commmution nd extreme
degree of <oft part dumge In other words the debndement should he
comewhat on the consenvtnve side beeause more thorough debridement m
devitihize Bone fragiments and cruse extensive muscle dunage Large quan
uties of narmal salime solution should e used to Ivage the wound but no
chemial irratants should thus be employed The compound wound should
be packed open loosely with fine mesh plam or vasehined guze Sutures mny
be Tud for secondary clustire provided no fection has set 1 aiter five or
six days Immobnhization 1s hest carried out by the over head Kirschner wire
skeletal trction which mauntuns the frigments i the best position possible
and also 1llows for changes of dressings or mspection of the wound Tetanus
antitonin should be ginven and peniatlin or sulfa drugs may wnd probably
should be given 1 view of the extensive soft part damage rccompanymg the
bone lesion
A careful cheek should be mnde of the patient s temperture pulse wd
general reaction and 1f there 15 ay indicition thnt mfection 1s occurring
m the wound this should be mspected Should mfection be present 1t 1s
necessary to drun by opening the wound completely 1d using counter
dramage 1if necessary The wound should then be thoroughly migated with
normal salme solutton rther than with such 1 solution as D1k s since
the former 13 physiological 1nd less trmtating to the soft parts the bones and
jont liming Fyven though the acute infection clears up there my possibly
remain dead fragments of bone that require removal by sequestrectomy
The chance of ankylosis tahig plice 1s great if the joint has become 1
fected If one suspects that ankylosts 1s going to occur he should place the
jont mn the posiuon that he feels 1s optimum for the particular patient
according to his daily needs ind occupation
After treatment The primary purpose of the treatment 1s of course to
obtamn a closed and e wound 1f 1¢ 1s possible to close the original wound
which has been pached open 1t operation by secondary suture five dnys
later thys may be advantageous and may help to prevent secondary infection
Teus usually dvisable to avord further operative procedure however except
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for necessary drainage or sequestrectomy As soou as the wound has become
closed active exercise 1s 1 order to assist the patient in regmimng as much
motion as he can Some form of brace may be necessary to lend stibility to
the elbow smce many of these become flail as a result of the estensive
original damage to the bones A brace makes 1t easier for the patient to flex
his elbow actively without assistance of his other hand

Dusability Time

The disability time 1s ikely to be very great and may extend to 1 year or
cven longer

Prognosis

The prognosts s always sertous because of the extent of the primary
mjury and the possibility of mnfection or gangrene The deformity may be
so great that the patient has practically a useless arm Since all treatment,
however 1s directed towards saving the arm and obtaining active motion
and strength these pattents ay recover a useful arm for light or sedentary
work but rarely one that 15 good for hard labor or in skilled occupations.
Disability for such work may becomne complete

GUN-SHOT WOUNDS OF THE ELBOW

It 1s impossible to advise speafic therapy for gunshot wounds m the
¢lbow region since the pathology contamination and time element may be
so vanable A complete and thorough examination must be carried ont to
determine the extent of the injury not only to bone and ot but to all of
the soft parts cheching especially for vascular or nerve damage Fyen m
the presence of severe damnge loss of substance (bone and soft parts) nd
extensne contamunation an attempt should be made to stve the extremity
if arterial circulation to the forearm and hand 1s good Loss of arculation
due to 1rterial lacerton can only be restored by early surgical repair by a
surgical team tratned an tlus particular type of work. Extensie damage Toss
ol substance and contamnacion followed by infecuon would migate
Arunst any possible success with such a procedure even 1 the presence ;’;
chemotherapy Gangrene would result and subsequent amputation wou X
e necessary  possibly at 1 hugher level and at greater rish to the pateen:
because of the dangers of pathogenic orgamisms especially of the gas forming
Lloup —
\Mnor gun-shot wounds should be explored under strict aseptic tec m‘(}m
i the operating room  the wounds of entry and exit debnded explored -
{oreign material (clothing etc ) nd thoroughly rrigated Hemostasis mv
be obtamed and hematomas must be evacuated If the arterial crrculation %
umpaited the artery must be explored nd deaision made as to r‘g::; f::
amputation 1t found dnided If the antery 13 1n spasm or 1s tlm;nn e
may be wdvisable to perform arterial sympathectom) or sympat lcl}lt g
block (Chapter NV Anv injured nenves must Itkewise be explond



Diactuies of Tower Ixtiennty of Humerns 197

1 not so mmportant to repatr divided nerve trunks early but the exact pa
thology should be detenuned and 1f found diided their ends should be
anchored and marked with black silk stunless steel or tantulum wire suture
for Inter identthicxtion In general the wound must be treated much the
same 1s 1n compound frctures fiom other cses 1 ¢ 0 ttempt nnde to
save the extremity preserve as much function s possible and to convert 1
contuninated wound mto one that 1s surgically elean Farly wound healing
without or with mmmal mfection s to be desied af 1 successful result 15
to be achteved

Severe gun shot wounds with asoctated marked Joss of substince may
seem hopeless to begin with butaf the arcultion 1s not 1repartbly dam
1ged considermble testortion of function may be obtamed by adequate
debnidement strict Adherence to aseptic technique at the time and 1n the
aftercare early skin grifung ind by reconstructive bone and nenve surgen
ata later date There 1s some hope in the future of utth7ing mternal metal
or plastic prostheses to replice loss of bone or jomnt surfices hut 1s yet such
procedures have been attempied only i solated mstmces Where damage
and contanunation to the jomnt surfaces has been extreme 1t s sometimes
adusable to perform primany cxaision of 11l the frigments This would give
the patient the equivalent of a primany arthroplasty which 1f not satisfactory
from a funcuonal standpomt could be followed by subsequent reconstructive
procedures or 1f mndvisable by arthrodesis i 1 useful positon An upper
extremity should be saved 1f posstble unless its airculatory status 1s completels
hopeless or unless sprending fection presents n rmmeditte and serious
threat to the patient s life

DOOR HANDLE INJURIES

Pedestrians formerly were not infrequent sufferers from 1 peculiar type of
injury 1nflicted by the door handle of an automobile that brushed them
passing The long ends of the handles not only poimnted fornard but often
tumned outward at their tips making an 1deal hook to catch the clothing o1
actual flesh of the vicums arm or elbow The mnjury though often trivial
fometimes was of a severe nature A protruding door handle of a rapidly
moving car could penetrate shin and muscles fracture the underlying bone
and cause avulsion of Jarge 'mounts of soft tissue Many serious compound
fractures with loss of substance thus resulted mcluding severely or irrepara
bly damaged radial nerves

Much credit must be gnen to the Natonal Safety Council for bringumg
this type of njury to the attention of automobile manufacturers and for per
suading them to alter the design of door handles which they have done
therehy eliminating, the possibality of this particular type of injury The
Injury may strll occur from an old fashioned car but fortunately few of these
are sull able to he driven Confronted with a pattent thus injured treatment
must be according to the damage sustained and whether the mjury 1s a clean
o7 contarmnated one (Chapter \V)
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The Upper Extremity of the Ulna

FRACTURES OF THE OLECRANON

FRACTURE OF the olecranon process of the ulna 15 a common 1njury 1n
adults but less 5o m children It 1s also not so serons or so 1mportant
m this 1tter group The fracture ine may be transsersely placed due mainty
to mndrrect violence as m attemptng to break a fall by Janding on the hand
with the elbow partially flexed. Such fractures may or may not show separa
tion of the fragments depending upon the presence or absence of tear of the
peniosteum and triceps expanston The njury 1s analogous to transy erse frac
tures of the patelln with or without separation and depending upon the
degree of tear mn the quadriceps expansion The level of the fracture 1
usuilly located at the middle portion of the greater sigmord fossa but 1t may
be higher or lower If at a lower lesel the fracture may permut antertor ds-
placement ot the distal ulnar fragment. In children the fracture 1s commonly
of the greenstick variety but a type 1s occasionally seen m which some separa
tion of the fragments may occur The fractures with separation may be of
the trans: erse variety with the upper fragment displaced 11 a proximal direc
uon or oblique with 1ts ine coursing 1n a distal and postertor direcuon the
lower frigiment being displaced antenorly In cluldren roentgenograms may
fail to reveal the fracture line mn the draphysis of the ulna and the dngnoss
must be made from the clhintcal signs of swelling and acute tenderness over
the olecranon epiphysis It 1s important to heep this in mnd hecause of the
slhight possibility that growth disturbance may occur at a later date Very
rrely 1t may later become necessary to operate to remove a portion of the
enlarged olecranon process 1f this reaches sufficient size to cause symptoms ot
loss of elbow joint extension

One must be careful not to make an erroncous diagnosts of fracture of the
olecranon 1 children by mustaking multple ossification centers for [racture
lines. The center or centers of assification m the olecranon epiplyss usuatly
ippear (on films) at about the tenth year 1 doubt exists m the surgeois
mind as to whether or not tlis ossification center 15 frictured or 15 ane watlt
muluple centers he should make a comparative roentgenogram of the un
mjured olecranon

Commnuted fractures of the olecruion are less cammon thatr tramiene
frictures and e usually caused by direct violence These may show lmlcn:r
no separanon  They are sometimes associated with an open (compou )

138
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Fig 57 Skach shomang commom sites of [racture of olecranon in adulty with charac
terstee types of displacement when present

wound which of course 18 serious beetse such contimuoruon will mvolve
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Fig 58 Sletch «
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of learanon iracures i cdnldren showing characteristic sites and dis-
! cements. It should be remembered that the owisfication center for the olecranon
Ppears an roentgenograms 4t about the age of 10 years and one must not mstake a
novmal cpiphyseal hine for fracture
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Associated Lesons. Ulnar nenve injury may accompany olecranon frac
tures especially those with comminution due to direct force Anterior dus.
locauion of the proximal end of the shaft of the ulnt may occur 1f the
fracture through the olecrinon 15 smituated just above the level of the coro
noid process and antenior dislocation of the
radial head may be associated with such displace
ment of the shaft.

Treamment

In general treatment of olecranon fractures
depends largely upon scparation of the frag
ments (see Fig 57) Should the fragments showr
less than o 5 centimeter separation on the lateral
roentgenogram and this does not 1mcrease with
flexaon of the elbow to a right angle or if the
patient 1s able to extend his elbow joint actively
ngainst gravity the treatment may be comsena
tive If wide separation of the fragments exusts
and thus increases upon flexion of the elbow or
if the patient 1s unable to extend his elbow
actively against gravity operation 1s usually ind:
cated If the patient 1s elderly or some other
defimite contra indication exists such as an 1
fected lacerition or abrasion overlymng the frac

Fig 59 Lateral roentgeno
gram showing [racture of
olecranon process without dis-
placement. The lack of bony
duplacement 15 due to the
tact that the triceps tendon
cxpansions have remained 1n
tact. No operative repar is
mdicated in such a ase.

ture site treatment should be of a conservatne
nature

Operation 1s a necessity n the opuon of the
author as well as many other surgeons when
there 15 separation of the fragments and when
the fracture 15 compounded Operation 1s us
ually advisable 1n simple cases with separation

Treatment should be con-

senvative and  active  clbow

motion may be started 1 10
days after the injuny

provided this can be performed by a quabfied
surgeon 1n a hospital properly equipped for
bone surgery Such an operation 1s not a difficult
procedure but strict aseptic technique must be
folloned because an mfection will almost certainly result mn suppuratie
arthrits of the elbow joint possible ankylosis and marked permanent dis
ability The reason for advising operation 1n these fractures 1s that (1)yr
regularity of the joint surfaces if not corrected will later cause pain restricted
mouon and the development of traumatic arthriuis  (2) loss of strength
the triceps tendon which has been clongated by the separition of the PIO‘;J
mal fragment from the distal and (3) 1n young and middle aged indwaduals
who need a strong and movable elbow operative repair offers them a ml:{lc
certamn and a more rapid chance of obtatmng a good result. In elderly ndr
viduals who do not have to do hard work and mn growing children operationt
15 usually not dicated unless the fracture 15 compounded
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Treatment m Adults

Conservatnne Treatment \When hittle or no separuon of the olecitnon
fiagment exasts the elbow should he immobilized at nincty degrees 1
postertor molded splnt from the shoulder to the knuckles and the sphint
should be worn for one week i order to permut pam swelling ind muscle

A B

Fig 60 (1) Lateral mentgenograms of elbon of woman g1 yean of age showing {racture
of oleaanon with duplacement of the fragment. The expanuons of the triceps tendon
must be tom to permut such displacement. Treatment consisted of 1mmediate operative
repair of the bone In wire loop passed through distzl fragment and through msertion
of triceps tenrdon on proximal end of the olecranon fragment. The tom triceps expan
sons were repaired In interrupted silk sutures. Acuve exercises were started withuin one
week after operation  (B) Same clbow four years later showing bone solidly healed.
Ttesult excellent.

spasm to disappear Following this a sling 1s worn for another two to three
weeks and the patient should be put on a regime of frequent active exercises
hot soaks and nnld massage 1n oider to restore elbow jont function -s
quickly as possible Bony union 1s usually complete 1n s1x to eight weeks
Some surgeons advise the use of a splint for s long as thiee or four weeks
but prolonged immobilization 15 unnecessary and madvisable (when the
triceps fiscia 1s intact) because 1t allows the formation of e articular
adhesions and permanent himitation of jomnt motion It may be advisable
ot to immobihize the elbow m more than a shng from the beginning par
ticularly m indniduals with a tendency towards rthritis.

With wide sepattton of the olecranon fragments the fracture if treated
consenansely should have an attempt at manual reduction and the elbow
should then be nmmobilized m 1 postertor molded splint n full extension
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in order to relx the triceps pull upon the proximal fragment Some authars
advise the use of crisscross adhestve strapping placed over felt padding to
maintaun approxumatton of the fragments but such strapping mav mterfere
with circulacon and besides 15 extremely nefficient for the purpose
tended owing to the extensive edema of the overlying subcutaneous tissues,
Closed reduction and splinting 1n extension should be used only where 1t
1s impotsible to opertte m otherwise healthy induividuals

Fig. 61 (A) Lateral roentgenogram showing Iracture of olecranon with anterior sab-

Iuxation of radius and distal ulnar fragment upon the humerus. (B) Lateral view after

operative repalr with wire Ioop and suture of triceps expansions. Owng to the fracture

Iine being situated in the distal part of the olecrunon (permutting forward sublination)

wire loop fixauon was inadequate. This fracture should have had intramedullary e

fixation alone or in addition to the wire loop to counteract the forward sublmation
tendency

Operauve Treatment. Open reduction and internal fixation of an olecra
non fracture with separation may be accomplished by the use of 1 wire loop
of stamnless steel or tantulum and of good strength (18 gauge) plus repar of
the triceps tendon and penosteum This method will permit enly actne
motion 1 the elbow jomt and thereby assure quicker md more complete
return of function nd strength Fraation with plate and screws (s not 30
satisfactory 1 this particular region as with a wire loop or a single frpe
scren A Steinman pn driven down through the olecranon process mio
the distal ulna has been advocated but the proximal end of this pin cther
fias to project from the skin or 1f cue off and buried beneath the skin ma;
cause pressure upon it with some chance of infection developing Fsaid
repair after the method described by Rhombold may be useful when the
fracture 1s communuted and other forms of mternal fixation are not posathle
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In some fmctures with estensive comuunution 1t m1y be wise urd sunpler
to exase the olectmon as advised by Watson Jones and Meheever and ns
1s fiequentls done with comminuted frctures of the patellt This method

A B
o4 D

Frg 61 (A) Lateral view showing [racture of olecranon with marked comminution
resulung from fall on tip of clbow 1 e., by direct force. (B) Same elbow two weeks after
Operative removal of the comminuted fragments and reattachment of the tnceps tendon
0 distal periostcum. s patent was operated upon two weeks after onginal mjury
The result was good but by no meam perfect. (C) Lateral view of another pauent with
an open (compound) comnunuted fracture of the olecranon Immediate debridement
“as performed. It was not necewan to excise the fragments in this casc and mternal
fiation was posuble with a wire loop  Active cxerases were commenced as soon as the
wound healed. (D) Lateral view one year x months after operatton The wire loop vas
subsequently removed  Result  excellent.

has been reserved for communuted fractures high n the olecranon area m
elderly indnvaduals It 1s extremely 1mportant that the triceps tendon and
' expansions be repaired 1if the olecranon has to be excised In order to
obtain stronger repair it m1y be necessary to weave 1 strip of fiscia latn
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through the lower triceps tendon and anchor 1t through a drill hole 1 the
proxumal end of the ulnar shaft.

If operation 1s to be performed the best results are to be obtamed when
this 15 performed tmmediately or within the first two dmys after myun
Regardless of what type of internal fixation 15 used or what type of repair 15
crned out 1t 13 extremely 1mportant to lavage the elbow Jomnt thoroughly
with saline solution i order to remose clots of blood or fibrn and to search

c

Fig 63 (A) Lateral view showing open (compound) fracture of olecranan with displace-
ment in foyearold man Treatment was by immediatc debridement of wouund and by
mternal fixation of the fragments with wire loop and by suture repair of tom triceps
evpansion Full elbnw mation was regamed In one month (B) and (C) Lateral and
antero-postertar views four months aftet myury and operation Remlt excellent.

for and remove any loose fragments of bone and cartilage that may tend to
fall into the jomt cavity and act as oose bodies and cause wrnitation
Techmque of Operation Open reduction 15 cwly performed through a
laterl 1incision beginning just above the up of the olecranon and mm;\g
shightly laterally and then medially 1n the distal portion unuf it closses (lu.;
posterior crest of the ulna about two inches below the fracture Care shonld
e taken to avord the ulnar nerve on the medinl aspect. The shin ﬂapc:;
dussected medially and the periosteum 13 incised Jongitudnatly and clevat
fiowm both sides of the olecranon and ulnar shaft. After lavaging the joutt
wnd remoring any completely loose fragments the main olecranon framncl::
should be approximated to the upper shaft with a bone hool to test :
yeduction The most satisfactory means of mternal fixation should then :{
thosen which will gie firm fixatnon I 1 wire loop 15 to be used 1t dlﬂlﬂ
be of sufficient strength (2 or 18 gauge) and should be passed thiongh a
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uansverse dill hole situated at Ieast 15 cantimeters below the prosimal end
of the distal liygment The pucha e of the wite loop upon the proximal
fiagment may be obtuned by 2 vansverse dull hole i the proximal frag
ment 1f this frgment 15 sufhaently Tuge and not comminuted and af the
hone 15 not unduly soft 1t as often better to pass the prosimal end of the
loop thiough the msertion of the ticeps tendon mto the olecranon since
this gives 1 stionger y1ip and shows less tendeney 1o pull out of or split the

A B

Fig 61 (1) Onginal lateral view showing fracture of olecranon with displacement 1n a

50 vear old woman  (B) Same clbow three weeks after operative repair with mnadequate

sred wire loop. Sufficiently strony, wire must be used for such fixatzon or the patient is
subjected to all the risks of open reduction without recenving any of its benefits.

fragment While the mamn fragment 1s again held approximated to the
distal with the bone hook the wire loop 1s then snugged up and twisted care
being tiken not to twist the ends more than 1s necessary to bring the twist
n contace with the surface of the bone Any further twisting 1s very apt to
@use the wire to break The excess portion of the twisted wire should be
cut off and the short twisted end turned downwards alongside the bone to
he beneath the periosteum so that 1t cannot project and cause 1rmtation of
the skin The elbow should then be gently maunpulated to male certan
that the wire fixauon 1s adequate and allows no motion of one fragment
upon the other Repair of the periosteum 1nd triceps tendon should then
be canied out with mnterrupted sutures of fine sitk The shin and subcu
taneous tissue 1y be closed by whatever sutures the surgeon prefers
There 15 no single method of internal fixation for olecranon fractures
that 15 enuirely satisfactory every case Regardless of the type of internal
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fixation used there must be adequate fixation follou ed by early active mo-
tron 1f good resulls are to be umformally obtained

As has been menuoned before one may use screws plates or pms hut
in general 2 wire loop 15 the most satisfictory form of mternal fixation m
this particuar type of fracture Under no arcumstances should extremely
fine wire be used since this will break more readily than not or tend to cut
through the bone and 1n esther case loss of fixation will result. The guge

A B C
Fig 65 (A) Lateral vicw of [racture of oleaanon with displacement (D) Same elbow
the day following open reduction and internal fixation with wire loop of too small
caliber Wire has broken and the fragments have again secparated. \ sccomd operation
was required to reduce and re-wire the fragments. (C) Same elbow three months after
second operation showing excellent posivon Healing of the fracture 1s occurning though
somewhat slow  (Case of Dr R Drelendor! )

of the wire should be No =2z or preferably stronger 1 ¢ No 18 Esthera
stamnless steel or tantulum wire may be employed. Repair of an olecranon
fracture wath silk or catgur sutures or by means of Rangaroo tendon 15 2
very unsausfactory method and will not permut early acuve exercises

Screw Fruation The proximal olecrinon fragment 1s held 1 apposition
uith the distal by a bone hook and a lrge dnll hole 13 made after splitting
the tiiceps msertion A wood type screw three inches m length and of
suflicient liber 15 then passed down through tlis frgment and made to
engage the shaft As this 1s ughtened 1t snugs the two fragments together
(kg 66c) The pertostenm and triceps expansion 15 reparred as described
above This method often gives excellent fixaunon and permits carly actne
mation Screw fivauan my be utilized 1n 1ddition to a wire loop when the
fircture hwe 1s oblique or shightly commmuted and gives better fination
than with either one alone

Rhombold s Method of Fasctal Reparr This technique utilizes the neeps
tendon which tends to force the olecrinon fragments together when the
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Fig 6o Sketch showmg methods of repalr and Ination for olecranon fracture with diw
placement  (a) wire loop through both [ragments twisted or Lnotted on Iateral side
(b) witc foop pasing through triceps mseTtion 30 a3 Aot 1o split the fragment () wood
fype screw alone and (0) IntramediMany pir with prosamal end projectrng from skin

triceps tuscle contracts It 13 useful 1 some commnuted fractures or where
other means of snternal fixatton cannot be nsed but s not 1 stmple pro-
cedure and 1t does not gne the ngid fixatron that may be obtained by a
strong wire-loop The procedure 1s carmed out by turning down a strip of
the triceps tendon approximately four snches long by one half snch wide
The Jower end of this strip 1s left attached to the olecranon A large hole 1s
dritied through the postertor crest of the distal fragment and connected with
a hole on cach side of the ulna shightly more distally placed The strip of
tendon 15 then sphit longitudinnlly and inserted thraugh tlus proxmmal hole

A

Fig 67 Fracture al olecanen with duplacement. (A3 Original lateral vlew ATl
ter
witetnal fination with long screw and wire loop. Nate lack of anterior suhlug?h:n ol
distal fragment
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and each half 1s brought out on 1ts corresponding side Winle the fragments
are maintained 1n apposition by means of a bone hook these strips are drawn
upwards and sutured to the pertosteum and to each other and to the triceps
fascia by witerrupted silk sutures It 1s also necessary of course to reparr any
tear 1n the triceps expansion

Exasion of Olecranon Fragment(s) In fractures situated high tn the olec
ranon and severely comminuted 1t 1s often justified to excise the fragment (s)

Trsera
Fastia

Fig 68 Rbombolds method of uulizing the triceps fasaa to repair a fracture of the
olecranon  (Banaoft and Marple Surgery of the Motor Skeletal System and Ed Chapter
st Lippincott, Philadelphun sg51)

rather than attempt to repair them with wire or screw fixation Another
nstance m which exaision 1s justifiable 1s tn old olecranon fractures that
have not been reduced The triceps tendon and expansions must be repaired
at the same time 1f strong elbow extension 1s to be regained

The author feels quite strongly that excision of the olecranon fragments
should not be adopted as a routine operatrie procedure n early cases.

Treatment 1n Children

Consenvative treatment 1s usunlly advisable i frctures of the olecranon
m children sice most of these show no scparation Even with separation
three or four weehks of immobilization 1n extension 1s suflicient for these
fractures heal rapidly and one need not fear subsequent jomt suffness.
Actine exercises may be started 1n the unseparated cases m tno weeks and
1 those with separation in four weeks No massage should be grven in these
children W here the olecranon fracture 1s oblique begining just above the
corongid process and the distal fragment tends to dislocate 1n an antertor
direction a reduction must be obtained by manipulation or suspension and
held by plster else marked functional impairment may result 1n the joint.
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A B

Fig 69 Fracture of olecranon in boy aged 10 years. (1) Ongnal Jateral view showing

the fracture site sn distal part of the olecranon and with anterior sublusation of the

dutal ulnar fragment and radis. (B) Reduction affected by suspension metlind shown
in Figure 50 Resull ocellent. (Case of Dr A Pappas)

Operatnve treatment 1n children should be lunited to cases with open
(compound) wounds or cases which have some other associated complication
requiring 1t Houweter operatton should be avoided 1f possible since 1t pre
disposes to growth disturbance by adding additional trauma to the epiphys-

T'ig 0. Sketch showing method of suspension by which it is some
times possihle to redu
the forwardly displaced distal fragment in a fracture of the olcmnonp(i):n a child (Sg:
imsest for type of displacement.) The suspension shing forces the pronimal end of the
distal ulna 1n 2 dorsal direction
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cal cartilige Should growth disturbance subsequently develop regardless
of the origmal treatment and the olecranon becomes 30 uregular or elon
gated that disabihity and pamn result corrective operation may then be
performed.

After-care 1n Operative Cases

If good 1nternal fixation has been obtamed a sphint 1s necessary for only
three or four days or until the operative reaction has subsided A shng

B
c D
[ progressiie
Fix 1 Lateral rocntgenograms of seven yvear old Loy thawlug evidence ol Ph;ﬁfu Ty

its epip

wih disturbance (overgrowth) of olecranon following injury to e
g:mn:l film dmhmﬁf no evidence of bom njury Clinscally there q\;:::\]l!:‘:ﬂﬁ?i o
over the olecranon eprphysis which pensisted or one month (1) s el
one hulf months alter njun Note imegulanty arly oswlication ar ‘x:z B e
tron of the olecranon  (C) Same elbow siv and ene-hall years alter :;lmr: cllme atier
growth »f olecranon and pensistence of ity epapinscal arufage. (1)% phi

rem nal of excess olecranon to permit better estension of the
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should be woin for two to three weeks to rest the clbow between exercises
It 15 1mpertine to mstitute early ctise exercises frequent ntervals but
these should be performed always withm the limits of pain As soon as mo-
tion has shown good recorery the panent should be encourged to use the
elbow for Light work Warm soaks and mssage re soothmg and help the
arcultton but the ltter should be omutted m cluldren No passive mip-
ulations esther m flexion or extension should be permitted at my time since
these will only cause pam add myury wnd retard the rapcdity of functional
Tecorery

Complications

The main comphications following fracture of the olecranon are some
hmitation of complete elbow extension or loss of strength n performing
estension These complications re not so apt to occur 1f motion 1s started
early regardless of whether the patient s operated upon or not If for any
reason operation 15 not performed 1n the cases with wide separation exten
sion of the elbow 15 very likely to be both lnmited and weak Pain 1s not 1s a
rule a late complication unless traumatic rthrins develops following the
wmjury Early or late ulnar nenve impairment should be invesugited and
tieated 18 soon as noted It may be necessary to transpose the ulnar nenve to
the anterior surface of the clbow

Dusability Time

The disability ume following olecranon frictures 1s usually about six

weeks for hight work. For heavy laboring work tlns may be prolonged to
eight to ten weeks

Prognosis

In olecranon fractures with little or no separition the prognosis for excel
lent function and strength 1z usually good prosided the elbow has not been
subjected to prolonged immobihzauon 1n splints and the patient has been
made to carry out early active exercises and use. In fractures with marked
separation the prognosis 1s good 1f early operation 15 performed and good
nternal fixation obtamed followed by carly motion and use If 1t has been
tmpossible to operate and these cases have been treated conservatively the
prognoss 1s never good for full function and a strong elbow

FRACTURE OF THE CORONOID PROCESS

Fractuie of the coronoid process of the ulna 1s most commonly associnted
with a posterior dislocation of the radius and ulna upon the humerus The
inury may be found alone however 1t should be remembered that the tep
of the coronowd process 1s mtraaruculw m poson and that a fracture
uear its up may cause the broken off fragment to become a Joose body
within the elbow jownt The fracture occurs most commonly about six to
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ten milhmeters from the tip of the process so that the fragment has attached
to 1t jomnt capsule or a portion of the brachralls muscle which furnishes
some bleod supply Hence this latter type offers a much better chance of
bony union

Dislocation of both bones at the elbow with an associated frcture of the
coronoid process shons a greater tendency to recurrence and therefore re
qures more prolanged immobilization 1n flewion and a dely 1n active exer
cise espeaally 1n the direction of extension (Chapter \I1\)

With a stmple fracture of the coronoid process without elbow dislocanion
and without extensie teanng of the collateral higaments one must expect
hemarthrosis to develop 1n the joint This may become extensie enough
to distend the joint capsule and guve severe pamn and loss of motion

Treatment

The majority of coronoid fractures show hittle displacement and require
as treatment merely rest, protection and rehef of pamn Those with displace-
ment may require an attempt to better their position to permt mmproved
chances of bony healing or they may requre removal of the fragment In
either event the surgeon should strive to regain motion 1 the elbon jomt
as quickly as 1s safely consistent with the pathology m the paruculir case

The diagnosis of coronoid fracture may be suspected on chnical exam
mation but can only be made with certainty on roentgen examation The
status of the surrounding soft part sneling hemorrhage and hemartinosss
may best be determined on careful chimcal findings nd ths 1s frequently
of more mmportance from the s@ndpotne of the treatment to be chosen than
are the films

Clased Treatment When little or no separation of the Iragment exists
the first step 1n treatment must be to relieve pan 1f the hemmthrosis 1s mitd
and the joint capsule 1s not tense and exquinitely tender aspiration 15 not
necessary The elbow should be unmobilized m a postertor molded plaster
splint from the axilla to the base of the fingers with the elbow 1 a position
of approximately 80 to go degrees for rest and temporary protection Fleva
tion and mmild heat will assist 1n reheving suelling and pam The sphut
should not be worn for longer than five to seven days and may be removed
four or five times daily for soaks i warm water massage and mild active
excrases A shing should be utilized for an additional tnwo weeks for rest
ntermuttent with the soaks 1d exercises. Tight actine use m be altoned
fter two to three weeks following the inttral mjun

If hemarthross 1s severe recovery will be slower becanse of pam o1
Eatly aspiration of the joint 1s therefore mduated first
Inorbing the blood (3
1se winch will hasten
1Chapter

attempung excreises
1o relieve pan second 10 overcome the necessits of 1
slow process at best) and third to penmit early exere
the recovery of jomt function and shorten the disabihity e

A1)
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Following aspnation the clbon should he mnmobilized i 1 postenor
molded splint ad subsequently treated s deseribed above under cases not
requiring sption If separation of the coronmd fricture 15 considerible
the elbow should be immobilized mn more Tcute fiexion m order to bring
the mun ulna n closer proximity with the displaced frgment

Operatne Treagment  Orcinndy 1t 13 unnecessary to operate upon
freshis fractnred coronotd processes per se unless the frigment 1s widely

A B

Fig 53 Fracture of coronold process of ulna. (A) Lateral and (B) antero-posterior
roentgenograms showing [racture of the cotonoid process zccompanying 2 postenior
dilocanion of the clbow joint.

dusplaced and completely loose within the jont If an assorrited radial head
fracture with displacement 1s present and removal of this 15 necessary the
detached coronoid fragment may be removed at the same time Some coro-
noid fractures heal in the displaced pontion and cause a promnence that
mterferes with elbow flexton These mny be operated upon subsequently
(after all fear of posstble development of myosts ossificans has patsed) and
the prommence remosed (Chapter \\1)

Comphcations

Early The mam complhication that m1y be encountered early 13 an 1n
creased tendency for recurrence of the elbow dislocation This can best he
prevented by immobilization of the efbow after reduction i more acute
fevion and 1 not allowing extension exercises beyond 120 degrees for 1t
least three to four weeks

Late. \yositis omificans occasionally occurs with thus mnjury especinlly
when an elbow jomt dulocation has been present and when there has been
extensne Jaceration of the brachiahs anuicus muscle  (For causes and pre
vention of the conduon see Chapter NIV) A Joose body 10 the elbow jomnt
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Fig 73 Monieggia [racture deformiues a b and c show extension types and d the

flexion type (after Watson Jones) Arron shows failure of the axis of the radws to pass

through the center of the capitellum when the ulnar fracture fragments are angulated.

The displacement of the upper radius 1y alu ays 1 the direction pointed to by the apex
of the angle formed by the ulnar fragments

may result from a broken off up of the coronoid. If this causes rritation
pain or obstruction to motion 1t should be removed by operauon Mecham
cal obstruction to flexion resulting from an enlarged healed coronod
process after fricture may occastonally be found If this causes pan and

)

lations. (b} (¢}

Eig 74 Sketch of upper extremiues of radi and ulna. (3) Normal rc! -

and (d) Crosssections at level of radioulnar joint showing torn orbrular Jigainent
1ts posuble relations to the radial head alter dnlocation of latter
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disabihity opertion should be perforied and the enlarged tip of the process
should be removed

Prognosis

In general the proguoss followmg fncture of the coronond 15 good 1f
carly motion 1s wstiuted after 1 brief period of rest and protection  I'he
disabihity tune should not exceed two to three months If complicttions
anse the prognosts will be Jess fvorable for full and pamless funcuon

FRACTURE OF THE CORONOID
PROCESS IN CHILDREN

An psolted fracture of the coronoid
process of the ulnt n childien 15 W ex
tremely rare injury It may accompany a
postertor disloction If such 1 fracture
1s encountered the treatment would he
dentic] to that descriled under treat
ment for simlar fractures 1n adults
Bony healing 1s less of 1 problem i chnl
dren and the majority of these frictures
heal well They are not so hikely to form
lIoose bodies withun the jomnt requiring
subsequent operative removal Early ac
tive mouon 1s mdicated and should lead
to early restoration of function

MONTEGGIA FRACTURE Firg 7, Sketch of anterior aspect of
elbow joint showing possible sites of
(Nacture of shaft of ulna associated with
dustocation of head of radius) tear in capyule which allows the ra
dial head to dislocate (a) through
General mam capsule (b) dimal to orbicular

ligament.
This combination of 1njuries 1s not

uncommon It was oniginally described by Monteggia 1n 1814 and since that
tume the lesion has been known by hus name The mnjury occurs most fre
quently 1n children but can occur as well in adults It 15 an extremely
mportant type of injury because a complete diagnous 15 often over looked
and only the obyvious fracture of the ulna receives trearment. If the associated
rdial head dislocation 1s not recognized 1t wall lead to deformuty restricted
moation and disability In view of the fact that the radius and nlna are at
tached at therr two extremities by strong ligaments and along their shafts by
an interosseus membrane 1f either hone becomes fractured and angulated
the distance between the extremities of this bone must become shortened
1T the second bone fuls to fracture something else must happen to 1t 1 ¢
islocation of one of 1ts extremines This occurs i a Monteggia fracture
T'hie shaft of the ulna may be fractured at any level from the lower third to

e



156

Surgery of the Elbou

Just below the olecranon process 1f its fragments become angulated the radal
head 1s almost alnays displaced from 1ts artculagon with the lesser sigmord
notch of the ulna and the capatellum of the humerus The direction of the
radial head duslocation corresponds 1n general to the axts of the distal ulnar

fragment which 1t tends to follov
Pathology

A

The mechamsm of the mjury m these cases 1s due almost always to direct
force upon the ulna such as a fall upon 1ts postertor aspect This force frac

"

Fig 76 Sketch of anternior aspect of
elbow jomt shontng how radial head
may become dislocated i antenior di
rection In taaning apsale below or
bicular hgamens 2ndd pulling out £
beneath it The mdul head  th
comes 0 hie upon the mtact portr
of the hgament To bring zbout
ducticn f the radial hend the orbl
lar Igament niust be mased.

tion [Y mierossens n
m ab’ th of the ¢
shous « fragments
clbow projectton

u

tures and displaces the fragments 1n a
forward direction The orbicular hga
ment usually ruptures since 1t 18 less
strong than the mterosseus membrane
and allows dislocation of the radial head
Cases have been found at operition m
which the torn orbicular hgament fiad
folded 1n behind the dislocated radial
head making 1t mpossible to keep the
latter m place alter closed reduction
Other cases have been found in wiich
the orbicular hgament has remamed
tact, but the radial hiead had pulled out
through the ¢un capsule distal to the
Iigament and m which the Iigament had
fallen m belund the mdial head thus
prevenung any attempt 1t closed reduc
ton Swmce the mnjury 1s usually due to
direct force the ulnar fractuie 1s fie
quently associated with an open (com
pound) wound on the dorsum of the
forearm

Dragnous

There 15 often a depression orer the
~tertor aspect of the of the ulna

site of the fo- & pavon of
dial head resea’ to be m
w1l posittont usually
1 elbow m ¥ m and
wately mud Fsamtna
1d be m 1 fu
wgraphic m w
ly and Jud
hercfos [
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Fig 77 Sketch of fateral aspect of clbow jomt showing antenior dislocation of radial

head (with \ontegma {racture) The radial head may lic anterlor to an mtact or

partally ntact orbicular ligament. The posterior (dotsal) mtcrosseus nerve may be

pressed upon or stretched by the displaced radial head before it enters the supinator
muscle

tion of the radial head It s very easy to determine on 1 lateral view of the
elbow whether the mdial head 1s dislocated or not A hine drawn through the
long axis of the radius and projected upwards past the humerus normally
passes through the center of the capitellum 1E 1t does not there 1s dislocation
of the radial head

Types of Displacement

There are mn generl two types of defornmuty (1) anterior angulation of
the ulnar fragments associated with ntertor dislocation of radial bead (2)
lateral angulation of the ulnar fragments associated with lateral dislocation

&

Fig 78 Sletches of lateral roenigenograms of the elbow m  (a) acu
te flexion at
deprees and (¢} 1 full extension to show howm the longitudmal avis of the ra((l‘ll)\)u m?l?
mally passes through the center of the capitellum or the capitellar epiphyain
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Just below the olecranon process If its fragments become angulated the radial
head 15 almost alwys displaced from 1ts articulation with the lesser sigmoid
notch of the ulna 1nd the capitellum of the humerus The direction of the
radial head dislocation corresponds in general to the axis of the distal ulnar
fragment which 1t tends to follow

Pathology

The mechanism of the injury in these cases 15 due almost always to direct
force upon the ulna such as a fall upon 1its postenor aspect This force frac
tures and displaces the fragments 1n a
forward direcuon The orbicular Iiga
ment usually ruptures since 1t 1s less
strong than the interasseus membrane
and allows dislocation of the radial head
Cases have been found at operation 1n
which the torm orbicular Iigament had
folded 1n behind the dislocated radial
head makling 1t impossible to heep the
latter 1n place after closed reduction
Other cases have been found n which
the orbicular lignment has remained in
tact but the radial head had pulled out
through the thin capsule distal to the
hgament and wn which the higament had
fallen i behind the radial head, thus
preventing any attempt at closed reduc
tion Since the jury s usually due to
direct force the ulnar fracture 15 fre
quently assocrated with an open (com
pound) wound on the dorsum of the
forearm

Fiy, 76 Sketch of anterior aspect of
elbow jomt showing how radial head
masy become dislocated ain anterior di
rection In tearing capsule below or
bicular ligament and pulling out from
beneath e The radial head then
comes 1o lie upon the intact portion
of the hgament Ta brng about re
duction ¢ 1 the radia) head the orbicu
lar Iigament munt be mased

tion for postertar unterosseus nerve palsy should be made simce tus s
1n about one fourth of the cases. Roentgenographic examination W

Diagnosts

There 13 often a depression over the
postertor upect of the shalt of the uina
at the site of the fracture Palpation of
the radial head reveals this not to be s
1ts normal position The patent nsually
holds lus elbow wm parual flexton and

approximately nud rotatton Fxamma
found

fuch

shows the myulited fragments of the ulna only and does not mclude the
cJbow jomnt m lateral projection 1s madequate therefore to rule out disloca
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Fig 55 Sketch of lateral aspect of elbow point showmg nterior dislocation of mdal

head (with Vlonteggia fracture) The radial head may lie anterlor to an ntact or

partally ntact orbicular ligament. The posterior (dorsal) interowcus neme may be

pressed npon or stretched by the displaced radial head before it eniers the supinator
muscle

tion of the ridial head It 1s very ¢nsy to determune on 1 Iateral view of the
elbow whether the radial head 1s dislocated or not A line driwn through the
Jong awis of the radius and projected upwards past the humerus normally
passes through the center of the capatellum 11 1t does not there 15 dislocation
of the radial head

Types of Displacement

There are 1n general two types of defornuty (1) anterior angulition of
the ulnar fragments associated with anterior dislocation of radinl head (2)
lateral angulation of the ulnar fragments associited with lateral dislocation

&

Fiz 8 Sketches of lateral roentgen:
ograms of the elbow in () acute flenion at
degrees and (c) 1n full extension to show low the longitudimal 1as of the mgli’\)n m;:)
malls passes through the center of the apitellum or the capitellar epiphyue
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A

Fig 79 Rocntgenograms showing types of Monteggia fracture (\) and (B) Lateral and
agtero-posterior views of eight year okl pauent with fracture of ulna high 1 shaft jux
below coronoid process and with antero-lateral dislocation of the head of the mdiuy
Closed reduction succewsful (C) and (D) Lateral and antero-postertor vlews of nine yer
old patient s [orearm showing fracture of ulna just above its middle Note displacement
of head of mdius. Closed reduction was performed but two days later open reduction
was arried out The tom orbicular hgament was found folded m behind the redual
head. The ulnar [ragments after being reduced openly were fixed wath two scaems
Supplementan plaster fixation was necessary as the screws alone were fnadequate. Todzy
fixation of the ulna would be better carned out by a plate and screws. An fpuamedultary
nal would gie excellent fisation in an adult but might damage the cpiphyss of the
olecranon m a ¢hild and lead to growth disturbance (E) Same elbow onc and onehall
years alter operation

of the 1adial head Some authors have described a third type i which the
ulpar fragments were ngulated postertorly and the radinl hexd was dis
located 1n the same direction  Although such dislocattons are possible 1t 18
much moie hikely n this type for the radial head to be fractured mther
than simiply dislocated

The level of the fracture m the ulna 1s usutlly n the upper third of the
shaft but 1t m1y occur in the lower third or even between the coronaid and

-

radial head dusdocation was originally mused Closed reduction was performed upon 1be

ulnz but yiew (E) shows the radial head sull dislocated antenor to apitellum. Open

reduction was performed the following day and the ulna was fived micrnally with a slv

arew plate The orbicular ligament was sutured after reducing the radial head  (F) and

(G) Antero-posterior and lateral views of same amm four and onehall vears later
Result cxcellent
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A D c D
L F G
Fig Bo “Monteggia fractures. (A) Lateral view showing greenstick type fracture of ulna
Lut with antenior dislocation of head of radius In nine year old boy Tius pauent also
had paralsss of the posterior interosseus nene. Open reduction was performed onc
week after injun upon the vlna and a four screw plate was used for internal fixation
Full recoven of the nenve resulted after one month (B and (€Y Lateral and ontero-
posterior views of same clbow scren and one-half vears alter operatron (D) Lateral view
af forcarm and elhaw 1n ciglt year old gl with greenstich type fracture of ulna The

———
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aspect of the fracture site of the ulna 1n order to straghten this or ta co

plete the fracture if 1t 1s of the greenstick variety stmular pressure slloul;:i
be made over the radal hiead After the ulnar deformity has been corrected
and the radial head shps back 1nto plice the forearm should be supinated
and the elbow should be flexed Extension should agam be tested and 1f

A b1} C D
Fig 83 Monteggia fracture with angulation of ulna perysung after two months of

bili

quate plaster jon The patient, a gy4ycarold man sought trearment

because of continued pain. Operation was performed and the ulma was stralghtened and

fixed internally with an intramedullary rod (1) and (B) Views two months after injury

{C) and (D) Vicwy of ame fotearm two and onc half months after operation Tony
healing evenruzlly became solid but was slow

the orbicular ligament 1t not interpased between the mdial head and the
lesser sigmoid notch of the ulna the radial head should stay in place pro-
vided the ulnar fragments are adequately reduced. If the position of both
of these remains satisfactory the elbow should tlten be flexed agamn to an
angle of eighty or ninety degrees and immobilized 1n anterior and postersor
molded sphnts extending from the axilla to the metacarpophalangeal joints

Frequent roentgenograpluc check ups should be made m the following tho
wecks to determne if the ulnar fragments are remaimmg n place wnd 1f the
radial head 13 remaning 1n the reduced position If erther one becomes dis

placed open operation should then be resarted to and internal fixation used
to maintan the position of the ulnar fragments and at the same tune Tepair
of the o1bicular igament should be carmned out Should the angmal 1educ
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tion not be completely successful from the standpoint of perfect reduction
of either bone operation should he performed 1 angulation of the ulnt s
not completely corrected the chances re good that the ulna will continue
to angulate further and w an adult 1t 1s very hkely to develop non union
or malumon md with secondary loss of position of the radil head

A b

Fig 84 Monteggia fracturc in 21 year old man treated by inmediate closed reduction of
radial head and by open reduction of ulna with internal fixauon two weeks after injury
(A) and (B) Antero-posterior and lateral rocntgenograms two months after operauon
showing extensive alaficition | e. myoutls ovsificans around the head neck and upper
shaft of the radius and between 1t and the ulnz due to the operation having been
performed as late as two weeks after injury Note also that the radml head dilocation
bas recurred (or persisted) 1n spite of an attempt to reduce 1t by closed methods. Thus
pauent has marked limitation of elbow flexion and rotation Operation to exclse the
radal head at a later date must be considered to improvc function of the clbow

Open reduction owing to the great risks of secondary loss of position fol
lowing closed reduction 1n adults 1s 2 much better form of treatment since
1t not only permuts correction of the deformity secures rigid internal fixa
uon and insures a much better functional result Fixation of the ulnar frag
ments must be ngid however if early active motion 1s to be permitted The
orbicular higament 15 repaired at the same tme Should the ulnar shaft be
severels commmuted o as to preclude nigid fixation by plate and screns 1t
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might be advisable to use sntramedullary fixation by means of a Steinman
pmn or small calibre Runtscher nail inserted dustally through the olecranon
process Such imntramedullary fixation should be done with the fracture sue
exposed rather than attempt to guide the pm “blindly” into the medullary
canal of the distal fragment

Exposure of the fracture site and the radial head may be made through
two separate incisions or both may be approached through a posterior in
cisron as described by Speed and Boyd If on exposure of the radal head 1t
1s found that the orbicular ligament 15 folded in behind 1t, tlus should be
hfted out and sutured after replacing the radial head If the rdial head has
pulled out from beneath the orbicular ligament, 1t may be necessary to
divide the igament before reduction of the dislocation can be obtamned
following which the orbicular ligiment 15 repaired with sutures At open
reduction 1t 15 usually advisable to correct the deformity of the ulha 1nd to
apply mternal fixanon first before reduang the radmal head dislocation
Anterior mncisions for approaching the radial head should never pass directly
actoss the flexion crease of the elbow but should be made 7shaped other
wise a contracted helordal scar will result. A posterior longitudinal incision
does not tend to gne a thickened scar In the antertor approach the radial
nerie and all its branches should be retracted laterally in approaching the
jomt m the interval between the braclhioradialis and the brachialis anticus
muscles so that none of the branches of the nerve will be hanned In the
postertor approach the pertosteum and the attachment of the supinator
muscle to the ulna must be elevated subperiosteally This protects the dorsal
interosseus nerve by displicing 1t forwards since 1t hes between the two
layers of thus muscle

After treatment

Follow ing successful closed reduction the clbow should be kept mmmobi
lized for stx weeks 1 children and for at lest eight weeks 1 adults or untt
there 1s definte evidence of bony union on roentgen exammaton Funcuon
may then be restored by progressie active exercses heat massage and mild
use 1t open reduction and internal fixation has been resorted to carly pro-
tection by splint should not be necessary for longer than two weeks nd
elbow exercises and physiotherapy may be started as soon 1s the operatine
wound has healed

Disability Time

The disability time for children usnally s about two to three months
with esther closed or open treatment For adults 1t will usually nen to about
three months for carly cases if operated upon and to four to six months 1f
treated I (Josed methods
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Prognosis

The prognosss 1s very good if the complete dingnosis ts recogmized nd
the patient 1s gnven early and rdequate treatent

Cases however m which the dislocation of the rdil head has not heen
recognized and do not come m for treatment before one month or Jonger
after mnjury are not 1pt to do well even 1f operted upon Not only s the
operation difficult 1 the late stage but 1t 1s often impossible to correct the
ulpar angulation completely wnd muntun conection of this If 1t 18 not
possible to repair the orbicular higament to hold the rdil head 1n place
1t may be necessary to construct 1 fasenl shng around the mdinl neck s a
substitute for the orbicular hgment

It 15 prefemble to opertte upon these cises early 1f operation 15 hecessary
and 1t 1s best to do this within the first two weeks following injury It 1s
better still to operate upon them withn the first 48 hours There should be
no difficulty with postertor mterosseus nerve palsy 1f 1t 15 trented adequately
front the start The nerve should recover full function
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The Upper Exttemity of the Radus

FRACTURES OF THE HEAD AND NECk
Genera) Considerations

THE MAJORITY of fractures at the upper extremuty (head and neck)
of the radius are sustaned by falls upon the outstretched hand ‘The
force of 1mpact 15 transmutted npwards along the shaft of the radws and
jams the head of this bone rgamnst the articular aurface of the capitellum
Not inlrequently the patient may sustain a Colles Fracture of the lower
radws at the same time There are of course other mechanisms causing
rdial head fracture the commonest being dislocation of botlr bones at the
elbow m which the fricture 1s an associated lesion but much more serious
from tite standpotnt of prognoss and treatment than 1f no dislocation were
present. The reasons for this are discussed further on 1 this chapter

The types of fracture of the radial hiead commonly seen m adults are as
follows linear fracture without appreciable displacement sometimes called
chusel fractures fracture with displacement of one or more fragments com-
minuted frictures fracture at the junction of the head and nech with exten
sive dusplacement of the former or this same type with angulanion and m
paction of the head upon the neck In children the man types of fracture
are epiphyseal 1njury without displacement (which diagnosis must be made
on chinical rather than roentgenclogic evidence) emphyseal separauion af
the head either with angulauon and mpaction or with complete displace-
ment from the neck Fragmentation of the radial head m children 13 ex
tremely rire Trauma to the epiphyseal plate whether associated with
displacement or not may cause subsequent growth disturbances 1nd for ths
reason the surgeon should be careful 1n making his prognosis

The head and neck of the radius from the anatormeal standpoint are
completely mtra-articular m posuion The climeal impheations resulung
from this peculiar anatomy are of considerable mterest. First 1 dusplaced
fragment of head (aside from 1ts mechintcal derangement) may fal to unite
by bony unton because of us lack of blood supply Second ans bleeding
from the fractured surface of the neck ciuses blood to collect withm the
elbow jomnt without passtbility of escape (unlesy the joint capsule has heen
extensinely torn by an assoctated dislocation of both hones) The hemar
throsts thus created under tncreased tension not only causcs severe pam but
marked hmueation of function exen without marked displacement of a bom

fragment fsce under Treatment)
166
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Fractures of the tadial head are extiemely common both 1 adults s well
as n children Roentgenogrins frequently ful to reveal many of these frc
wres without displicement md the mjmy 1 often considered to be merely
asimple sprun In such cxses without chspicement this is often to the pa
tient « advantage because his elbow 15 not subjected to pmolonged sphnting
and msterd hie 1s allowed to exercise wnd use it from the begmung which 1

d &
a & c
?r
bg 8, Fractures of the radial head 1 b b ¢ and d are the 1 pes commonly seen in
adults ¢ § g and g arc those commonly scen in children

£

the ideal form of treatment for this type tnd aids 1n more tapid restoraion
of funcuon  Accurate diagnosis of fricture 1n such cases often can only be
made early by such clinical findings as tenderness located directly over the
radial head aggravation of pain on extremes of rotation 1nd by the presence
of a hemarthrosis 1n the elbow joint This latter condition 1s detected by 1
tense fluctuant tender bulge 1 the portion of the elbow joint capsule over
lymng the postero-lateral aspect of the jotnt Tlns bulge 15 erther vistble pal
pable or both and lies within a tringle bounded by the followng threc
bony landmarks lateral epicondyle of humerus radial head and up of the
olecranon proces—the hemarthrosis triangle (see Fig q1)

If the original roentgenograms mmeditely following mnjury fail to 1eveal
evidence of a radial head fricture this may be because (without displace
ment) the surfaces of the fragients fail to lte i the proper plane to become
projected 1 profile upon the film Should rdditional films be taken at the
end of two or three weeks followng mjury one will more frequently than
1ot be able to discern evidence of the fracture duc to rrefaction of the hone
immeduately adjacent to the hacture surfices 1nd thus be 1ble to confirm
definitely the original climel diagnosis
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The Upper Extremuty of the Radus

FRACTURES OF THE HEAD AND NECk
General Conmiderations

HE MAJORITY of fractures at the upper extremuty (head and nech)

of the radius are sustamned by falls upon the outstretched hand The
force of impact 15 transmitted upwards along the shaft of the radius and
jams the head of this bone aganst the arucular surface of the capitellum
Not 1nfrequently the patient may sustain a Colles fracture of the lower
radius at the same time There are of course other mechamsins causing
radial head fracture the commonest being dislocation of both bones ¢ the
elbow 1n which the fracture 1s an 1ssoctated Jeston but much more serzous
from the standpoint of prognosis and treatment than if no dislocation were
present The reasons for this are discussed further on 1n tlus chapter

The types of fracture of the radial head commonly seen n adults are as
follons lmear fracture without appreciable displacement sometimes called
chisel {ractures fracture with displacement of one or more fragments com-
minuted fractures fracture at the junction of the head nd neck with exten
sive displacement of the former or this same type with angulation and 1m
paction of the head upon the neck In chuldren the man rypes of fracture
are epiphyseal 1njury nithout displacement (which diagnosis must be made
on cltmcal rather than roentgenologic evidence) epiphyseal separation of
the head erther wth angulation and 1mpaction or with complete displace
ment from the nech Fragmentauon of the radial head m clnldren 15 ex
tremely rare Trauma to the epiphyseal plate whether assocated with
displacement or not may cause subsequent grow th dusturbances and for thy
reason the surgeon should be careful 1n making his prognosis.

The head and neck of the radwus from the anatomical standpoint are
completely tntra-articular 1 posinon The chimeal implications resulung
from tlns pecuthar anatomy are of conuderable interest. Farst a dusplaced
fragment of head (aside from 1ts mechanical derangement) may ful to umte
by bony union because of 1ts lack of blood supply Second any bleeding
from the fractured surface of the neck causes blood to collect withnt the
clbow jomnt without possibility of escape (unless the joint capsule has been
extensiiely torn by an associated dislocation of both bones) The hemar
throsis thus created under mcreased tension not only citises severe pan but
marked Iimitation of function even without marked displacement of a bony

fragment (see under Treatment)
166
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make 1t possible for the patient to 1egam Ius function early by exercises and
use \sprrtion and exererses alone are not sufficient m such 1 case because
of the displicement or commmution which causes wm mternal deringement
and mechamal interference or nrtation of the synovind hmung of the jomt
Therefore help 1s needed 1 the form of operative removal of the entire
radial head followmg wluch the same regnne of early active exercises within
pan limts should be cned ot

Theic 1s one tvpe of mdinl head frcture associated with posterior or
postero-lateral dislocation of the mdius ind ulnt upon the humerus that
needs speaial considerition The mtionale of treatment by exasion of the
radial head followed by carly active motion s the same 1s described above
Honever masion for removal of the radinl head and the ume of removal
are different than with radinl head fmctures not ssociated with dislocation
of the two forearm bones upon the humerus The reson for this 1s because
of the pathology resulting from the dislocation  \s has been stated pre
viously ll posterior dislocations of the foreiwrm bones are accompanied by
extensie teaning of the soft parts on the medial nd anterior aspects of the
joint The ussues thus torn consist of the medial collaterl hgament anterior
apsule of the joint brachialis anticus muscle and numerous small and me-
dium si7ed blood vessels Extenstve hemorrhage and extravasation of blood
and inflammatory cells and flnd mnto the tormn braclnabis anticus muscle
causes marked swelling and tension 1n the antcubitn] region Unless this
extreme soft ussue pathology 1s gotten nid of by operatine means 1t will
take an excessnely long time to become absorbed and i the meantme
creates an tdeal setup for the formation of a myositis ossificans which may
progress even to the formauon of complete bony ankylosis (For treatment
of this parucular mjury and woidance of myosis ossificans see Chapter
\IV)

ADULT Conservative Treatment 1 Fracture of Head of Radius without
Displacement of Frigment (Chusel frcture)

If pan 15 severe and motion 1s markedly hmited and there 1s definite
tense hemarthrosis the elbow jomnt should be aspirated under local anes
thesia Followng this the joint should be immobilized 1n a posterior molded
plaster splint and sling at n ngle of go° flexion for rest comfort and to
allow 1ntra articular bleeding to stop (See Fig 25) The aplint should be
discarded after twenty four to forty-esght bours and a sling womn for one
more week Actine flexion extension pronation and supination exercises
should be started immediately upon discarding of the splint These should
be performed frequently (at least once an hour) by the patient and 1lways
within pam limits Soaks 1n warm water ey ery two or three hours are sooth
g help to mmprosve the local airculation and hasten the disappearance of
swelling Under no circumstances should passiy e stretching or mampulation
be employed 1n order to obtamn a quicker retumn of function

Under the regime Just advocated most patzents obtain full funcuonal re
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Hemarthrosis to some degree accompantes every fracture of the tadial
head and neck Tlis may be so0 shght as to cause very Iittle discomfort or
disabtlity If on the other hand bleeding nto the Jo1nt becomes sufficient
to cause increased tension then pain becomes severe and dusabulity great
Bleeding from a small crack without appreciable displacement will be slow
and may take several hours before it creates tension and distress A pattent
with such an 1njury frequently gives a history of a fall upon his hand fol
Jowed by mild pain at the elbow m the region of the radial head. He usually
pays very little attention to it at first beheving he has sustamed a miid
spramn After an hour or two he notes that the elhow 1s becoming “stiff” and
that the pain 13 becoming more constant as well as severe He may even de
scribe 1t as a sensation of throbbing Sometimes he tries hot soaks or hot
applications but finds that none of these gnie relief He cannot by this time
flex or extend the elbow joint more than ten or fifteen degrees without m
creasing pain and spasm and almost certainly cannot get 1t into any com
fortable posttion that will allow hum to get to sleep Such a story 1s chamc
teristic of hemarthrosis 1n the joint. Although he has a fracture of the radual
head the pauent 1s suffering not from the fracture tself but from the effects
of the hemarthrosis Relief from the symptoms of hemarthrosis by aspirtion
{decompression) of the jomt may be easily obtained and this procedure 1s
often ndicated. Besides giving immediate relief of symptoms 1t allows early
active motion which 1n turn 1s most 1mportant 1 the restoration of function
(See Techmque of Aspiratton of Elbow Jomt Chapter XIII)

‘Treatment

Rationale. Before treatment of any fracture of the radial head or meck 1
beguu one should formulate a definite rationale. Thus should be Dased on
the type of fracture (whether 1n an adult or child) upon the general prina
ples of fracture treatment and upon as complete and early a restoration of
function as 1s possible Naturally 1f no displacement 18 present no reduction
need be performed and no mmmobiization 1s necessary except to give com
fort to the pattent for possibly as long as twenty four hours to two days.
Immobilization for as long as tno weeks or more may permit the formation
of fibrous adhesions between the fracture site and the jomnt capsule which
no amount of well meant physiothertpy can relieve and restore to ful} and
punless function It 1s important that function be restored i ail these h:;\c
tures The only way that this can be accomplished 18 by nstituting on the
part of the pauent early actve motion and exercuses (e 1thin pamn hme:)
Aspiration will reheve the bulk of the pam and thus allon the patent to
crn out his exercises on his own and thus obtain recovery much mm‘lc
rapidhy than if he had to wart unul all the blood 1 the jont were absorbed
as well as run the rsk of formation of intra artieular adhesions.

On the other haud 1f a fragment of the radinl head 15 markedly displaced
or the head 15 badly comminuted the same rattonale must be followed 1 ¢
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and apitethun md an so dong there 15 inmedinte escape of old blood
from the jomt ¢ty The cpsule should not be sphit more than 15 cm (3%
inch) distal to the mferior margm of the head of the rdrus nor should force
ful retrction be made m thus aren for fear of dinviding or contusing the
posterior ntctosseis nenve that courses mound the mdial neck ppron
mately 2 0 an below ats head The old hlood nd clots should be sponged

Fig 87 (a) Lateral (b) Postero-lateral incions for approach to clbow joint and radial
head.

out of the joint \ny completely loose fragments should be hifted out The
head of the bane 1s then removed by a transierse cut with a thin sharp osteo
tome In order to make a clean cut without Any remaining spurs or jagged
edges the forearm should be rotated back and forth while using the thin
chisel If any projecting spurs remam on the end of the neck after taking
these precautions they should be bitten off with a sharp rongeur The raw
surface of the neck thus left may be touched with an electrocoagulator to
discourage the re formation of new bone The important pomnt 1s not so
much the actual treatment of the raw bone end as s the institution of early
and frequent actine cxercises 24 hours after operation To put any operated
case of this type m plaster and keep 1t immobihized for 1o to four weeks 15
to defeat completely the purpose of the operation  (Before closing the joint
1t1s advisable to rmigate 1t with a forceful stream of normal saline solution
to wash out any tiny bone fragments chipped off during the procedure and
to nid the jomt of remammg blood clots) The wound should be closed
loosely with mterrupted sutures of fine silk or catgut for the capsule and
hlewise for the deep fascia The skin may be closed with either a continuous
ormnterrupted sutwie of silk or dermal suture
3 Fracture of Head of Radius with Comnunution or with Complete Dis

placement of the Intact Head from the Neck
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covery 1n 10 days to two weeks for all but heavy work Should aspirauon
not be done but the treatment otherwise remam the same 1t will require
approximately four weeks to recover full function of the jornt

Operative Treatment. 2 Fracture of Head of Radius with Dusplacement
of Fragment

If the fragment broken off the radral head 1s duplaced or ulted as much
as two or three millimeters (especially 1if 1t 15 displaced from the anterior
margin) operation should be performed and the entire radial head should

TR TR
1
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Fig 86 Fracture of radial head. (A) Antero-posterior view showing radial head mtani
but rotated and displaced 1n lateral direcion  (B) Lateral vien after operative yemoma
of head

be removed To remove only the displaced fragment 1s a poor operation and
allows the rematning fracture surface of the head to scratch and imnitate the
synovial hining within the orbicular igament thus causing 1 synovitis and
possible formation of fibrous adhesions. Exther of these condrtions 1f grvena
chance to occur will result mn pan on the extremes of rotanon and 10
Iimited rotation and

The operation should be performed as soon s possible after injury "
certainly no later than four days The results are better 1f 1t 1s perform:
within the first 24 hours

The mesion used for removal of this type of radal head fnctur: ]11
usually the postero-lateral one beginning just above the lateral cplconT)hz
1nd extending distally five centimeters along the s of the radius i
extensors carpr radialts longus and brevis are spht and retracted When e
jomnt capsule 1s reached the radial head may be 1dentified by mt;lmlm;ymd
forearm The capsule 1s then split over the Iteral aspects of the mdia



The Upper Ixtienuty of the Radrus 179

old blood and cellulu exudate into the subcutaneous tissues  thereby
gettng 11d of the cluef factors Ieading to the formation of myositis ossificans

The mcsion used for the atertor approach may be cither the 7 type or
the nansterse for the skin and subcutineous tissues 1 he Intter heals with 1
nattoner ser nd with less tendeney to keloid formation

a &

Fir 85. Antenor skin imcsions used for removal of {ractured radial head accompanyving

dulocation of both bones at the elbow (a) The Z type of incision the vertical portions

of which are likely to give a thick contracted scar  (b) The stramght transverse inasion

which will remain narrow and is cosmeually far supenor to any masion that cosses
the flevion arease of the clbon

The deep part of the mcision passes between the brachio-radialis nd
brachialis anticus muscles The radial recurrent vessels may have to be
clamped divided and higated to allow for better retraction lateralward of
the brachio-radialis muscle The radial nerve must be 1dentified and both
!ts motor and sensory branches must be retrcted laterally By so doing none
of the muscular branches from the mamn nerte will be harmed since they
all pass 1n a lateral direction The joint capsule 1s opened longrtudinally and
the technique of actual removal of the mdial head should then be carned
out as described under No 2 Following operation active exercises are begun
withm 48 hours and should be performed frequently and always within pamn
hmus Hot soals or w hirlpool baths may be begun as soon as the operitine

wound has healed \o massage or passive mimpulation should be permitted
at amy ttme
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Treatment for fracture of radial head 18 dentical as described under No 2

4 Fracture of the Head of the Radius Associated with Duslocation of
Radius and Ulna upon the Humerus or Where the Dislocation Has Been
Reduced

In either type there 1s extreme swelling and induration 1 the front of

Fig 88 Fracture of radua] head associated with dislocation of clbow joint. Note displaced
fragment of radial head. Extennve teanng of capsule and bractualis musce and swelling
occurs, predispoyng to myouts osuficany,

the elbow due to the extensne tearing of the joint capsule and brachiahs
anticus muscle Much hemorrhage and extravasated blood are scattered
throughout the torn muscle Unless this extensiie soft part pathology 1
evacuated early and allowed to escape the chances of development of myo-
sitis ossificans 1s about fifty percent. Therefore these cases are best opcﬁ(cd
upon uthin the first 34 hours after mjury and certamly within 48 hours
The incision should not be a lateral or postero-lateral one but should br
necessity be placed anteriorly 1 order to get 1id of the extravasated blood.
etc in the antecubital fossa When closing the wound after removal of the
radial head the capsule should be closed very looscly and the decp [“-“"‘;
should not be closed at all Thus 1 for the purpose of allow1ng the escape ©
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This lesion 10 2 chuld 1s usually faarly obvious chinieadly and can be con
fumed by toemgen exammntion (see kg 85) If hemaithrows 1s present the
jomnt should be 1spirated Following tlus (under generl nesthesin) the dis
placed or angulited mdinl head epiphysis should be repliced as close to 1ts
anatomical position s possible: This cn usually be accomplished by firm
pressure with the opertor s thumb over the anterior or Itertl aspect of the
radil head while with lus other hand the patent s forcarm 1s pronated and
supmated severil times 1t 15 usually advisable to check the reduction of the
frigment with the fluoroscope and to determine in what posttion of rotation
and flenton this frgment remuns m best position The anm should then be
mmonlized 1n 1 posterior molded plaster sphint from il to metacarpo-
philangeal jomts and sling for two to threc weeks followed by active exer
cises and mild use One need have no fear in keeping a child s elbow joint
mmmobilized for this perix! of time nd this protection will ud n carly
umion of the displaced eptphysis and offer Jess chance ol Jater growth dis
turbance

Open opention to reduce displicement of a mdial head epiphysis should
be avotded 1f 1t 1s possible to replace the head fragment 1n nearly normal
position and axts The reasons for avoiding open reduction are two namely
(1) mcreased chance of growth disturbance and (2) increased possibility of
a synostosis (cross union) developing between the upper ends of the radius
and ulna with resulting loss of pronation and supination

Operatine Treatment 3 Fricture (Separation) of the Radial Head Epiph
ys1s with Complete Displacement

Thus 15 a very mate and serious mjury (sce Fig 85g) Frequently the dis-
placed head epiphynis cannot be reduced by closed mampulation and re
peated attempts to do so may cause additional damage to the epiphyseal
plate On the other hand the head must be operated upon if complctcl)
displaced and found mpossible to replace by closed manipulauon One
should therefore give a very guarded prognosis for the reasons stated above
under No 2 When the radinl head has to be operated upon and replaced
1t may be adsisable to fasten 1t 1n place with a suture through the periosteum
of the neck Under no arcumstances should a radal head epiphysis 1 a
child be excised unless 1t be badly comminuted (a rarity 1n children) or un
less 1t 15 found that 1t will not remain 1n contact with the neck when the
forearm 15 pronited and supinated Then a growth disturbance must be
expected with resultant Madelung type of deformity at the wrist with loss
of function

After operatine replicement of the radial head epiphysis has been per

formed plaster immobilization and subsequent treatment should be carried
outasin No 2 These operations if they must be done should be performed
no later than 48 hours after mjuny

FRACTURE (AVULSION) OF BICIPITAL TUBEROSITY OF RADIUS
(See under Rupture of Lower Fnd of Biceps Tendon—Chapter \\II)
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CHILDREN Comservative Yreavment 1 Fracture (S
Radial Head Epiphysis without Displcement (Separation) of the
Tlus diagnosis can only be made on climical examtnation by the presence
of tenderness over the radial head limited motion and hemarthrosis since
Tocntgen examination is entirely negatine The treatment s the same as for
adults with undisplaced radial head fractures namely aspiration of the

Fig go. Clinzcal photographs of eperatnie scars in elbow region showing the difieence
between the vertical sar (A) aosing the flexion crease and (B) the transvene st
lying 1n the flexion crease

jomnt 1f necessary to relieve pain sphint i)mmobilization for 48 hows thena
sling and frequent active exercises for 10 days to two neeks A1 s00n 23 50
percent of motion range 1s recovered without causing pain mild wine use
may be permutted and enconraged All passine motion  stretching proce
dures massage weight-carrying hanging from trapeze or doo cwing to
increase joint motion should be avoided as was aduised againys m adults
even if the child 1s disinclined to move the elbow

The parents of the child should alnays be warmned of the shight possibilits
of subsequent difficults from growth disturbance

2 Fracture (Separation) of the Radial Heid Fpiphysis with Partial Ths
plicement or ( \ngulation with Impaction )
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Tins leston m 1 chuld 1 usually Furly obvious chnically nd can be con
fitmed by roentgen examumation (sce kig 85) 10 hemaithiosis 1s present the
jomnt should be nsprrited Following thus (under gener) nesthesi) the dis
placed or angulited mdil hied epiphysts should be repliced s close to ats
anatormical position as possible Tlus e usunlly be accomplished by firm
pressure with the operitor s thumb over the antertor or Iterl aspect of the
radil head while with his other hand the patient s forearm 1s pronated 1nd
supmated severl times 1ts usinlly advisable to check the reduction of the
frigment with the fluoroscope 1nd to determine 1 what pesition of rotation
and flexion this frgment remauns tn best position The arm should then be
immobihized m 7 posterior molded plster splint from 1sill to metacarpo-
phalangel joints and shing for two to thice weeks folloned by active exer
cises and muld use One need hue no fear m keeprng 1 cluld s elhow joint
immobthized for tlus perux! of time and this protection will ud n early
union of the displaced epiphysis wnd offer less chance of later growth dis
turbance

Open operition to 1educe displacement of a mdial head epiphysis should
be avorded 1f 1t 1s possible to replice the head fragment 1n nearly normal
positton and axis The reasons for avoiding open reducuon are two namely
(1) 1ncreased chance of growth disturbance and (2) incrensed possibility of
a synostosis (cross-union) developing between the upper ends of the radius
and ulna with resulung loss of pronttion and supiation

Operatine Treatment 3§ Frctuie (Separation) of the Radial Head Epiph
ys1s with Complete Displacement

Tlis 15 a very rate and serious injury (sce Fig 85g) Frequently the dis
placed head epiphysis cannot be reduced by closed manipulation and re
peated attempts to do so may cause addittonal damage to the epiphyseal
plate On the other hand the head must be operted upon 1f completely
duplaced and found impossible to replace by closed manipulation One
should therefore giie a very guarded prognosis for the reasons stated above
under No 2 When the ndial head has to be operated upon and replaced
1t may be advisable to fasten 1t 1n place with a suture through the periosteum
of the neck Under no circumstances should a radml head cpiphysis m a
child be excised unless 1t be badly comminuted (a rarity in children) or un

less 1t 15 found that 1t will not remain 1n contact with the neck when the
forearm 15 pronated and supinated Then a growth disturbance must be
expected with resultant Madelung type of deformity at the wrist with loss
of function

After operatve replacement of the radial head cpiphysis has been per
formed, plaster immobilization and subsequent treatment should be carried
outasmn No 2 These operations 1if they must be done should be performed
no later than 48 hours after njury

FRACTURE (AVULSION) OF BICIPITAL TUBEROSITY OF RADIUS
(Sec under Rupture of Lower Fnd of Biceps Tendon—Chapter \\II)



CHAPTER \III

Aspiration of the Elbow Jomt

a Purpose c. Precautions
b Site for asprration d Techmque

Purpose Aspiration of the elbow jomnt 15 a procedure commonly used to
relieve pain resulting from hemarthrosis When the joint capsule remams
mtact the blood which collects within 1t causes tension Thus frequently s
accompanied by severe pamn which may be 1ggravated by attempts to move
the jont actively or passively Minor fractures m che head of the radins
without displacement may be relatively panless at first but after several
hours during which time bleeding has occurred the patient may be unable
to get 1o sleep because of the pain These fractures require no immobiliza
tion or splint protection but should be treated by a regume of early active
exercises 1n order to allow recovery of jomnt function It 15 ympossible to
begin this regame of exercises sausfactonily while the patient suffers severe
pamn If the joint 1s not asprrated the disability time will be approximately
one month The fact that the blood remains n the jomnt to be absorbed
offers a chance for the formauon of adhesions between the artrcular surfaces
and capsule which 1 turn causes loss of jomt motion or pain on extremes
of motion If on the other hand the same mjury had been treated by early
aspiraton and active motion the disability time would be shortened to two
weeks and there would be less chance of adhesion formaton Pun would
Iikew1se be less or even absent.

A second reason for aspirating a joint 1s for diagnostic purposes Some
cases of tuberculosts may have the diagnosis made on gumnea pig necula
ton of fluid removed from the joint before any positne roentgenographic
evidence of the disease has appeared IF yellow fluid 13 recorered on aspua
tion and the usual bacteriological cultures and smears are negatine for palh
ogenic bactena one should always request guinea pig inoculation so as nat
t0 lose valuable time 1n possibly establishing a positive diagnosts of early
tuberculosis

Suppuratne arthrius due to staphylococcus or streptococcis or joint m
fections due to pneumococcus gonococcus or other orgarsms m1y have 2
postne bacterologic dingnosis made by smear and culture of the aspirited
joint fuid

From a therapeutic standpoint the joint may be aspirated 1o remme et
date and pemiciilin or other anubtotics may be stlled s antacking
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directly the mfectine orgunsm and possibly miking surgical drinage un
necessary This of course depends upon the virulence of the organtsm and
s sensun ity to the mubrotic used

Site for Aspiation The clbow 1s not a difficult jomnt to aspirate The
most wdeal site for aspirtion 1s 4w the pont where the capsule bulges promi
nently on the postero-laternl 1spect In the center of the hemarthrosis tn

Fig 91 The “hemarthrosis tmangle of the clbow joint formed by the lateral eplcondyle

of the humerus, radial head and powerior comer of the olecranon (see insert) The nte

(\) for insertion of the aspirating needle 15 equidistant from all three bony points and
at the summut of the bulging capsule.

angle formed by the three bony prominences (11l easily palpable) lateral
epicondyle of humerus rdial hend and up of olecranon 1s the spot where
the aspiration needle should be mnserted

Precautions. Aspiration of a joint 1s 1 surgical procedure and should not
be done n a haphazard minner The skin must be shaved then carefully
cleansed with green soap water alcohol and ether to remove 1l dirt and
grease before applying 1odine or other shin antiseptic With such precau
tions there should be very little rish of mfection The entire procedure must
be carmied out with careful aseptic technmique The surgeon should adhere as
closely as possible to the principle that nothing should be introduced mnto
the joint cavity except the aspirating needle By thus keeping the entrre
procedure a one way affair the rish of 1nadvertently introducing 1 few
organisms nto the joint cavity 1s kept at a mimimum

Technique of Aspiration After careful cleansing and preparation of the
skin as described above the elbow must be rested an a sand bag firm pillow
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Aspiration of the Elbow Jomt

a Purpose c. Precautions
b Site for aspiration d Technique

Purpose. Aspiration of the elbow joint 15 a procedure commonly used to
rclicve pain resulting from hemarthrosis When the jomnt capsule remams
mtact the blood which collects within 1t causes tenston This frequently 1
accompanted by severe pain which may be aggravated by attempts to move
the joint actively or passively Mimnor fractures 1n the head of the radis
without displacement may be relatively painless at first but after several
hours during which time bleeding has occurred the patient may be unable
to get to sleep because of the pain These fractures require no immobiliza
tion or splint protection but should be treated by 1 regime of early active
exercises 1 order to allow recovery of joint function It 1s impossible to
begwn this regime of exercises satisfactortly while the patient suffers severt
pain If the joint 15 not aspirated the disability time will be approimately
one month The fact that the blood remans mn the jomnt to be bsorbed
offers a chance for the formation of adhesions between the artrcular surfaces
and capsule which 1n turn causes loss of jomnt mouon or pain on extremes
of motion If on the other hand the same mjury had been treated by carly
aspiraton and actrve motion the disability time would be shortened to two
weeks and there wauld be less chance of adhesion formation Pam would
likewise be less or even absent

A second reason for aspiraung a joint 1s for diagnostic purposes Some
cases of tuberculosis may have the diagnosis made on gunea pig mocula
tion ¢f flurd removed from the joint before any positive roentgenographic
evidence of the disease has appeared. If yellow fluid 1s recovered on aspir
tion and the nsual bacterological cultures and smears are negatne for path
ogenic bacteria one should always request gtunea pig mocultion so as not
to lose valuable time 1n possibly establishing a positnne diagnosis of early
tuberculosis

Suppurame arthrits due to staphylococcus or streptococcus or jomnt 1n
fections due to pneumococcus gonococcus or other orgamsmis may lxa\cc;
posttn e bactertologic diagnosis made by smear and culture of the aspiat
joint fluid

From a therapeutic standpornt the joint may be aspirated to remove exn
date and penictllin or other anubrotics may be mstalled  thius attacking
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ducatly the infective orgamsm nd possibly making surgical drimnage un
necessary  This of coutse depends upon the vitulence of the orgimism and
1ts sensitvaty to the antibiotic used

Site for Aspiratton The clbow s not 1 difficult joint to aspirte The
most 1de] site for wspimtion 19 1t the pomt where the capsule bulges prom:
nently on the postero Iteml wspect In the center of the hemarthrosis tr

Lt

Fig g1 The “hemarthrosis triangle” of the clbow ot formed by the lateral epicondsle

of the humerus, adial head and posterior corner of the olecranon (sec insert). The site

(\) for insertion of the aspimung ncedle 1 equudistant from all three bony points and
at the summut of the bulging apsule

angle formed by the three bony prominences (all etstly palpable) lateral
cpicondyle of humerus radial head and up of olecranon 1s the spot where
the aspiration needle should be nserted

Precantions. Aspiration of a joint 1s a surgical procedure and should not
be done m a haphazard manner The shin must be shaved then carefully
Aleansed with green soap water alcohol and ether to remove all dirt and
Brease before applying 1odine or other skin antiseptic With such precau
tons there should be very lietle risk of infection The entire procedure must

@rmied out with careful aseptic techmque The surgeon should adhere as
closely as posstble to the principle that nothing should be introduced nto
the joint c@vity except the aspirating needle By thus heeping the enure
Procedure 2 one way affair the rish of madiertently mtroducing a few
oTgansms 1nto the jont cavity 1s hept at a mummum

L‘Chmquc of Aspiration  After careful cleansing and preparation of the

s ay described ahove the elbow must he rested on a sand bag firm pillow
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Aspiration of the Elbow Jomt

a Purpose ¢ Precautions
b Site for aspiration d Techmque

Purpose. Aspiration of the elbow jont 15 a procedure commonly used to
relieve pamn resulting from hemarthrosis When the joint capsule remaimns
mtact the blood which collects within 1t causes tension This frequencly 1s
accompanied by severe pain which may be aggravated by attempts to move
the jomnt actively or passnely Minor fractures in the head of the radius
without displacement may be relatively parnless 1t first but after several
hours during which time bleeding has occurred the patient may be unable
to get to sleep because of the pamn These fractures require no 1mmobiliza
tion or splint protection but should be treated by a regime of early active
exercises 1n order to allow recovery of joint function It 1s impossible to
begin thus regime of exercuses satisfactonly while the pauent suffers severe
pain If the joint 1s not asprrated the disability time will be approximately
one month The fact that the blood remams n the joint to be absorbed
offers a chance for the formation of adhesions between the articular surfaces
and capsule which in turn causes loss of joint motion or pamn on extremes
of motion If on the other hand the same injury had been treated by carly
aspiraton and active motion the disability time would be shortened to two
weeks and there would be less chance of adhesion formation Pamn would
liken1se be less or even absent.

A second reason for asprrating a joint 1s for diagnostic purposces Some
cases of tuberculosis may have the diagnosis made on guunea pig mocula
ton of fluid removed from the jomnt before any positine roentgenographic
evidence of the disease has appeared If yellow fluid 1s recovered on aspira
vion and the usual bacreriological cultures and smears are negative for path
ogenic bacteria one should always request guinea pig inoculation so as not
to lose valuable ume n possibly establishing a positive diagnosis of early
tuberculosis

Suppuritite arthritis due to staphylococcus or streptococcus or joint 1o
fections due to pneumococcus  gonococcus or other organisms m1y have 2
positive bacteriologic diagnosis made by smear and culture of the aspirated
jornt Aud

From a therapeutic standpoint the jomt may be aspirated to remove extt
date and penicillin or other antthiotics may be instilled  thus attacking
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Complications Following Elbow Injuries

GENERAL

ARLY COMPLICATIONS following frctures aound the elhow are
arcultory impairment (Volkmann s 1schremia) vessel dimage nene

paralysis increxsed fragmentanion of bone compoundmg of the fricture
mterposinon of soft ussue bleb formation shin mcertion and loss of e
duction Severe aircultory impairment may progress to the poimnt of actunl
1schremua follow ing reduction even 1f 1t had not been present erlier Ana
tomical reduction of the fracture splinting and elevation nre the best means
of overcoming an mmually impaired circulation  Flevion of the clbow
wuthout reduction mr a displaced supracondylr fricture may shut off the
arculation distal to the elbow Flexion should be used only to marmfam re
duction m such 1 fricture but never to the pomt that 1t compromises the
mdinl pulse 1t the wnist "Too night bandaging of 2 molded sphint may tend
{0 act as a tourmiquet causing excessive swelling bleb formation and pam
Circular plaster casts \pphied to immobilize a reduced fresh elbow fracture
re unsafe since subsequent swelling withm a nigid circulr casmg tends to
obstruct the veins and act as a potenual cause of Volkmann s 1schhemia
High elevanon of the myured elbow will lessen the degree of snelling wnd
nisk of senious damage

Loss of reduction 1 plaster will cause obstruction to the arculatton ind
requires a further attempt at reduction by closed mampulation or by one
of the methods of traction Subsequent closed mpulations must be per
formed mmmediately and not be repeated over a penied of several davs to
week clse the trauma cansed by these may bring about the conditions f1vor
mg myositts ossificans  If dressings are too ught they must be loosened If
flesion 15 too Acute the elbow must be partally extended If circular casts
ate m use they must be removed If reductron 15 lose treatment by Rirsch-
ner wne or Dunlop traction must be strongly considered and nstituted
culy

Damage to vessels or nenes may occur dunng treatment and 1s sometimes
due to too great force employed in reduction It 1s better that the patient be
well relaxed under anesthesia and less force will thereby be necessary for
the reduction Increased fragmentation of a bone or compounding of a
sumple fracture by rough handling and mantpulation 1s mexcusable
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or pile of folded towels 1n a posiuon comfortable for the patient so that 1t
will be steady and the patient will not wish to move 1t during the procedure
The jomnt should be parually flexed and the pattents hand 1nd forcarm
may rest upon lus chest and abdomen Sterile towels should be placed be
neath the prepared elbow and around its lateral aspect exposing onlv the
immediate area for the aspiration The triangle formed by the lateral epr
condyle head of radius and tip of olecrmon should be 1denufied 4 site
equidistant from all three points 1s then chosen and an mtradermal wheal
made with one percent procaine solution A sharp pointed scalpel should
then be used to make an inaision one-eighth 1nch long 1 the center of this
wheal and extending through the entire thickness of the dermis This makes
1t easier to nsert a large caliber aspiraung needle without risk of forang
skin organusms ahead of 1t and with mintmal pain As soon as this incsion
1s made the anestheuc solution should be infiltrated via a narrow 1ntra
venous needle through successive Jayers of subcutaneous tissue deep fasaz
anconeus muscle and joint capsule. The needie should be directed perpen
dicularly to the surface of the shin and will thus pass medially shighth for
ward and dustally into the joint cavity between the radial head capriellum
and lateral surface of the ulna. Should bony resistance be encountered nith
the point of the needle the latter must be wichdrawn shghtly and its direc
tron changed unul 1t shdes easily 1nto the joint without resistance As soon
as the needle traverses the joint capsule blood will be forced into the sir
inge Tlus needle should then be withdrawn and a No 17 or 18 gauge needle
substituted and 1nserted 1n the same direction mfiftranng with additonal
anestheuc solutron 1f necessary The aspiration of blood should be continued
unul the flon ceases Pressure applied over the front of the jomnt through
the sterile tow els may assist 1n obtaiming an additional few cubic centimeters
of blood YWhen no more blood 1s readily obtained the needle should be
withdrawn and a sterile compress applied over the aspirauon sie
Following aspiration 1t 1s often wise to immobilize the jount completely
n a posterior molded splint for twenty four hours. This puts the jomt at
rest, permuts bleeding to stop and thereby lessens the risk of recurrence of
the hemarthross and the necessity for repeating the aspiration procedure
The amount of blood that 1t 15 possible to remose from an elbon follow
mg trauma varies from five ot six to fifteen and rarely twenty cubre centt
meters. The rehefl thus obtamned by decompression (aspration) 18 often
dramatic The same may be said of immediate increase 1n jont motion
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Complications Following Elbow Injuties

GENERAL

ARLY COMPLICATIONS following fractures around the ethow are
arculatory tmpattment (Volkmann s ischiemin) vessel dannge nenve
paralysis ncreased {mgmentition of bone compounding of the fmeture
wnterposition of soft tissue bleb formation shin mceration and loss of e
duction Severe arrculttory mmpairment may progress to the pomnt ol 1ctual
1schaema follow ing reduction even 1f 1t had not been present carfier in1
tomical reduction of the fracture sphinting and clevation are the best means
of overcoming an imtally impaired crculation Tlexion of the elbow
without reduction 1 a displaced supricondylar frcture my shut off the
arculation distal to the elbow Flexion should be used only to mamtamn re
ductron 1n such a fracture but never to the pomt that 1t compromises the
radial puilse at the wrist. Too tight bandaging of 1 molded splint may tend
to act as a tourniquet causing excessine suelling bleb formation wd pan
Circular plaster casts applied to nmmobilize a reduced fresh elbow fracture
are unsate since subsequent swelling within a nigid arcular caning tends to
obstruct the veins and act as a potential cause of Volhkmann s 1schaema
High elevation of the mnjured elbow will lessen the degree of swelling and
115k of senous damage
Lass of reduction 1n plaster will cause obstruction to the circulation and
requires a further attempt at reduction by closed manipulation or by ane
of the methods of triction Subsequent closed manipulations must be per
formed tmmediately and not be repeated over a pertad of severl days to a
week else the traumn caused by these may bring about the conditions favor
ing myosius ossificans If dressings are too ughe, they muat be lootened 1€
flexion 15 too acute the elbow must be partially extended If circular casts
arc n use they must be removed If reduction 1s lost treatment by harsch
ner wire or Dunlop traction muast be strongly cousidered and msestuted
carly
Damage to vessels or nerves may occur during trewment and 15 sometimes
due to too great force employed 1n reduction It 15 better that the patient be
well relixed under anesthesia and less force will thereby be necessary for
the rednction Increased fragmentation of a bone or compounding of a
simple fracture by rough handling and mampulation 1s mexcusable
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Bleb formation 13 due to excessive swelling and possibly to too tight band
aging Prevenuon of such swelling by a compression dressing evenly applied
1s the best means of avoiding 1t At umes bleb formation occurs 1n spite of
all prophyJactic measures used to avord 1t. If they occur they must be Lept
clean Aspiration of their contents may prevent rupture and secondan
infection

Maceration of the skin 1s due to mmadequate evaporation of perspiratton
between the apposed shin surfaces of the forearm and arm which come n
contact with each other with the elbow mn acute flewon A few layers of
surgical gauze placed cross wise 1n the antecubstal fold will act as a ek to
permit evaporation of mosture

Late complications following fracture n ths region are Volkmanns con
tracture (which follows 1schaemia) and myosmtis ossificans Prevention of
etther of these comphications s the only treatment of real benefit to the
patient (see p 187) If 1t 1s found that myositis ossificans 1s deteloping all
forms of treatment that may cause or increase it must be stopped mmeds
ately (see p 185)

Late nerve complications cannot e expected but with certan wnqunes
we must forewarn the parents of the possibility and be on the look-out for
them even years after the ongmal mjury They may be treated as they
arise (see p 181)

Sudecl s atrophy 1s fortunately not common following elbow tnjuries 1f
one were to encounter such a complicauon 1t would scem adsisable to ad
mynister to the patient repeated sympathetic (stellate ganglion) nerve blocks
with procaine hydrochlonde and to increase active excrcises and use for the
entire extremuty

Causalgia severe burning paimn usually results from tncomplete 1njury to
a pertpheral nenve caused not mfrequently by a gun shot wound The ueat
ment 13 the same as for Sudeck s atrophy described above If stellate ganglion
blocks do not gise permanent relief 1t may be advisable to perform a stel
Iate ganghonectomy

VASCULAR INJURIBS COMPLICATING FRACTURE AND
DISLOCATION

\When bone fragments are badly displaced n a fracture or the forearm
bones are displaced 1n a dislocauion at the elbon there may be serous dam
age to the major blood vessels Though these will stand some stretching i
not excessie they often are the site of direct contusion ar laceraion from
the sharp anterior edge of the proxumal fragment of the humeral shaft ina
supracondylr or dicondylar fracture (See Fig 21 B ¢) The entire nenrir
vascular bundle enclosing the median nene brachil artery and braciial
vetns may be tnjured Sciere contusion of these vessels may result an throm
bosis If this occurs mn the artery gangrene of the hand may result 1f 1
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occurs 1 the veiis venous stsis will result 1nd swelling my become ex
cessive 1nd Volkmann s contricture m1y occur It 1s not necessary that the
artery be completely lacerated before its airculition 1s shut off Should 1t
become badly scrtched by 1 bone frgment arternl spasm may supervenc
which may lso threaten the circulation to the forearm and hind Spasm n
the artery occurs more commonly than s supposed and often clears up fol
lowing reduction of the fracture nd release of the vessel from its contact
with the lower shaft of the humerus Should the radial pulse not return to
normal within two hours following adequate reduction of the fracture or
dastocation by closed mampulation or following trction nd suspension
and should the hand and fingers remun pale and cool operatne explortion
of the brachial artery should be resorted to immediately to determine the
cause of 1ts failure 1nd correct 1t 1f possible

NERVE INJURIES COMPLICATING FRACTURE AND DISLOCATION

The three main nenves (median rdial and ulnar) at the elbow are rather
frequently injured n fractures and dislocations They arc subject to direct
contuston stretching or partial laceration as a result of the initial trauma
It 15 very rare that one of them becomes completely severed except by gun
shot mjury Kknife or glass cuts or in severe open (compound) fractures such
as those known as “truchswipe fractures Each of these nerves has both
sensory and motor funcuon When injured n the vicimity of the elbow the
medal and ulnar nerve will lose both 1ts sensory and motor function The
radal nene diides about four centimeters above tlie elbow joint nto a

Mebian B3 ULnar (A RavaL

hig gt Sketch showing sensory distribution of the median ulnar and radial nerves m
the hand and fingen.
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motor branch (posterior nterosseous) and a sensory branch (superfical ra
dial nenve) Erther one or both of these hranches may be involved in elbor
mjuries with respective loss of function

With the MEDIAN NERVE paralyzed at the elbow due to Jocal tranma
the loss of motor function consists of mability to pronate the forearm 1o
flex the thumb or to oppose the thumb to any other finger flexion of the
wrist ts weak and 1¢ tends to adduct on flexion due to the pull of the flexor
carps ulnaris muscle flexion of all the fingers 1s weak The thenar eminence
13 atrophied f the leston has been present for two to three weeks or longer
The thumb as a whole 1s adducted towards the second metacarpal and index
finger The mndex and middle finger are extended at the metacarpophalan
geal joints but are slightly flexed at the proximal and distal interphalangeal
jotnts as a result of the loss of function of the two lateral lumbrical muscles
mnervated by the median nerve If the condition has been present for sev
eral months there will also be marked atrophy of the flexor muscles in the
forearm and there may be 1trophy of the skin and pulp on the uips of the
thumb and two 1djacent fingers

Muscle Innervation by MEDIAN NERVE

Fovearm
Pronator Radn Teres
Flexor Carpr Radialis
Palmans Longus
Flexor Digitorum Sublumis
Flexor Digitorum Profundis (Lateral one half)
Flexor Pollicis Longus
Pronator Quadratus

Hand
Abductor Pollicis Brevis
Flexor Pollicts Brewvis (Superficial head)
Opponens Pollicis
Lumbricales (First and Second)

The ULNAR \FRVE when paralyzed at the elbou followmg trauma
shows 11s loss of motor function by mability to abduct and adduct the fingers
and to adduct the thumb flexion of the wrist ts werk and 1t may tend 10
abduct due to the pull of the flexor carpr radiahis muscle flenwon of the
fourth and fifth fingers 1s weak There will be atrophy of the hypothenar
cnunence and of the adductor pollicis muscle belly if the leson has been
present for severit weels. The fourth and fifth fingers have ther mcucnq::
phalangeal joints extended but their mterphtlangeal jortits shightly flex
There mav ltkentse be pulp atrophs n these two fingers
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\[uscle Innervation by ULNAR NERVE

Foream
Flexor Carpr Ulnnris
Flesor Digitorum Profundus (Medial one half)
Hand
Palmaris Brevis
Abductor Digits Quinti
Flevor Digiti Quintt Brevis
Oppones Digith Quintt
Lumbricales (3rd nd 4th)
Flexor Pollicis Brevis (Deep head)
Adductor Polhics
Interosseous (Volar and Dorsal)

As noted above the RADIAL NERVE may hamve its sensory branch
affected or only 1ts motor branch or both If the former there will be loss

Fig g3 Sketch showing result of paralysis of the posterior (domal) interosseus nerve The
patent 15 able to extend the hand at the wnst joint because the extensor carpr radialis
longus and brevis muscles recerve thelr innervation from branches of the main radial
(musculoypiral) nerve belore it divides inta the postertor interomeus (motor branch) and
the superfiaial radial (sensory branch) nerves. He 1s unable to extend the fingers at the
metacarpo-phalangeal joints and the thumb at 1ts interphalangeal joint.

of sensation on the dorsun of the thumb and index finger If the motor
branch (dorsal mterosseous) 15 affected the patient will be able to extend
the wrist joint because the extensors carpt radialis longus and brevis mus-
cles are mnenvated by a separate branch from the mamn radial nernve which
comes off 1t a shightly Ingher level than 1ts mam bifurcaiion He will be
unable to extend the proximal phalinges of the fingers it the metacarpo-
phalangeal jomnts or the thumb because all the extensor muscles of the fin
gers and thumb are mnervated by the dorsal interosseous nenve He will
be able however to extend the middle and distal phalanges of the fingers
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at the two interphalangeal jomnts since this function 1 performed by the
lumbrical and 1nterosseous muscles. If the patient Jacks the ability to extend
his wnist as well 15 the metacarpophalangeal Jomts then the enure radm)
nenve (both motor and sensory) s paralyzed

Muscle Innervation by RADIAL NERVE

Forearm
Brachro-radialis
Extensor Carpr Radialis Longus
Extensor Carp: Radialis Brevis
Extensor Digitorum Communis
Extensor Digis Quint1 Proprius
Extensor Indicts Proprius
Extensor Carpt Ulnaris
Anconeus
Abductor Pollicis Longus
Extensor Pollicts Brevis
Extensor Polliaas Longus

Hand
None

There may be late nerte complicauons occurring after fractures and dis
locatsons at the elbow region The nerve most commonly affected 1 the
ulnar The cause 15 scar tissue which forms 1n the region of the groove on
the posterior surface of the medial epicondyle of the humerus, This 1f
excesstve may cause pressurc on the nerve and even cause a constriction of
the fibrous roof overlying the groove and may happen months after the
onginal injury The symptoms consist of numbness or ungling 1 the rmg
and Iittle fingers Objective findings are loss of or diminuuon of sensation
to pwnprick 1n the sensory distribution of the nerve If the condition 1
allowed to progress motor palsy or complete paralysts may superiene with
all the physical signs described under nerve paralysts Such a condition 1
occasionally seen after dislocations at the elbow jomnt

There 15 stull another type of lte ulnar nerve neuritis which 1s not oo
uncommon following conditions that give rise to an increased carrving angle
(cubitus valgus) deformity at the elbow The commonest injury lewding to
this deformuty 1s 2 fracture of the lateral condyle of the humerus m (hidren
which 13 occasionally followed by non union of the fragment or Iy growth
disturbance wlich shortens the lateral condyle 1nd capitellum thereby m
creasing the carrying angle Such a deformity puts a stretch upon the ulnw
nerve by virtue of making it take a longer course 1o reach the forcanm as
1t passes behund the medtal epicondyle Also on full extension of the jomnt
with the carmyng angle increased to 25 degrees or more the tip of the olec
ranou swings further medially and mmpinges upon or crouds the ulnar
nerve This constantly repeated trauma may set up a late neuritis with even
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tunl palsy ete. 1f not corrected The long dclryed onsct of ulnar neurttis has
been known to oceur 1s lte s thirty three years after the origimal mjury
Comernscly 1f 1 patient compluns md shows objective signs of ulnar neu
nius m the presence of 1 markedly ncrewsed curying angle md ne toxac
cause can be found to cxplam tts presence further questtoning 1s 1 order
relative to previous elbow myury m cluldhood Atmost Always this can be
found to be present nd roentgenograms will usunlly show evidence of de
forrmity of the laterl condyle of the humerus chamectensue of Jate pictures
following such frictures

Other conditions lexding to mereased carmying wgle deformties and pos
sible ulnar nenve neurntts are (1) persistent anterior dislocation of the head
of the radius following fmeture of the upper third of the ulna (Monteggin
fracturc) which has either been incompletely reduced or has passed unrecog
nized from the beginning and (2) the Absence of the lateral condyle of the
humerus when 1t has been necessary to excise this fragment for malunton

The treatment of ulnr nene neuntis 1s aperatine by transposition of the
nere to the antertor surftce of the medial humerl condyle Thus of course
should always be performed if the condition appears to become progressive
1f 1t 15 to be done 1t should be done before atrophy becomes marked other
wise there will be hittle functional recovery

MYOSITIS OSSIFICANS

\Myositus ossificans 1s the formation of new bone n wjured muscle It may
extend to peniosteum bone jomt capsule and hgaments It may occur fol
lowing supracondylar or lateral condyle fractures of the humerus in children
and more commonly after posterior dislocations at the elbow particularly
when these dulocations are not promptly reduced

The causes of myositis ossificans are few but definite These are (1) re
peated manipulative attempts at reduction of an elbow dislocation or frac
ture  (z) tepeated attempts to mobilize a partialls suff elbow joint by
vigorous or foiceful passne stretchings (pump-hindling) and (3) deep
vigorous mastage As was seen under the heading of repair of fractures the
necessary factors for the formaton of bony callus were hemorrhage death
of tissue and an adequate arculation So too 1n the formation of myositis
osificans the same factors are present. There has been hemorrhage and
dimage 1o muscle and periosteum  the underlying bone from wiich the
periosteum has been stripped acts as o source of calaum granulation tssue
begins to form and the reaction of the local area 15 acd All attempts to
::rcl;h'thc jomnt passively to gite 1t better motion or all attempts to reduce
tiie dislocation or
Passive rrmmpulauf)mnc::\l: ::—I;:]:t;lZm:rt);C:lR s arault 1o aojury

e mfiltrated and no longer

;hq;c muscles and pertosteum  causes additional hemorrhage and ussue
cat

o st Tormaton ‘Wheh 1 o s o e ot S

With each attempt the additional dami e 1 loca! yperemin

ge to the tissues not only prolongs
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the period of acid pH reaction 1n the local ussues but this withdrans more
clctum from the underlying bone Each attempt 1t manipulation or stretch
g or 1y attempt to give deep vigorous massage will obviously diffuse the
calcrum thus mobilized throughout the mnjured muscie and reparatiye gran
ulation tissue Consequently we have an
ideal setup for the formation of new
bone 1 injured muscle (usually the
brachialis anticus) which 15 immediately
adjacent to the anterior surface of the
humerus and elbow joint

The onsct of myositis ossificans when
1t occurs n front of the elbou 15 usually
around the second to the third week
after the 1mual myury Cluucalls 1t 1
manmfested by progresne decrease m
jomnt motion and by palpation of a fam
lump or mass 1n the tntecubrtal region
which may be tender Tius should lead
one to suspect the condition and should
suggest the necessity of further roentgen
ograms The first evidence that these re-
Fig 91 Myosits ossificans (early) in veal 15 a faint clondy mass of calanm
brachuls anws muscle following  gengty 1n the brachialis anticus muscle
%Tz;‘gﬁ;"::?:ﬁuﬁoﬁm As time goes on this becomes larger and
ed attempts to mprove redncton of more dense on the film Exentually after
the fracture over a penod of 3 week  four to six months the new bone forma
:Iulp;?ag;? lg”l::f;m":"iﬁzgno'd:; tion becomes stationary It remains thus
wmawage or a combmation of thee [oOf & penod of roughly tiiree 1dditional

months after which 1t finally regresses

and may disappear completely and spontaneously Under no circumstances
should operatine removal of the ossifying area be attempted (even if it ap-
pears to cause a defimte mechanical hindrance to flewion and extension)
unttl maximum regresston has taken place This will be at least thehe
months after the onset of the myostts ossificans formation

The unmediate treatment of early cases of myositis ossificans consps In
stopping whatever factors have caused 1t In other words stop al passine
stretcching or manipulations whether gnen by 1 physician  masscuse oF
overenthusiastic parent do not allow the chuld ta clun umsell or hang
from an over head bar or door casing with the rdea of increasing Ins own
motion by virtue of his own weight prohibit the carrymg of flat sons, sani
bags buckets of water or school bags on the affected side Al of these pro-
cedures are notorious for causing myostus ossificans and once the condisont
has started their further use will only mcrease it—perhaps to a point where
bony ankslosis of the Jont may result

AN
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The very best positine treatment for myosttis ossificans once 1t has com
menced 13 to allow the cluld full activty Do not try to hurry Iim by advis
ing actine exercises Recovery 13 slow 1t best and the child will guard Jus
usage of the extremty 1ccording to how 1t feels In other words he will not
more the jomt beyond the point where 1t begins to hurt Conscquently he
will not cause further damage to the soft tissues but will by virtue of this

A B [

Fig g5 Myomus esstfians (full blown) (A) Lateral view of two weels old elbon dis-
Jocation in go year old patent (unreduced after two manipulatne attempts, one on day
of injury and the second 10 days later) Note faint alaum shadows just belund posterior
aspect of lower extremity of humerus (beginming alafication) Open reduction was
performed on 16th day after injury which 1s not the optimum ume for such a procedure.
(B) Same elbow five weeks after the late open reduction showing extensive myositis
osifians. (C) Lateral roentgenogram in a go year old man who had an arthroplasty
performed for sufiness of the elbow following a dicondylar fracture of the humerus. The
arthroplasty was followed by peurve manipulation and stretching given with the mis-
taken purpose of :mproving joint motion but succeeded only 1n creating extensive
myosttis onificans and an ankylosed jolnt.

Limited active use umprove the airculatory status nid the area of edema and
will restore elasuraity to the muscles. Tlis constant activity alone will restore
joint motion to 1ts full or nearly full capacity It mny take nearly a year to
do this, however

One of the most difficult problems in attempting to carry out such a
regime 13 a disgruntled and well meaning parent who 1s unable to under
stand why Johnnte s elbow cannot be restored to normal 1n the course of 1
few wecks or months Sound surgical judgment should not permit itself to
be warped by the Jack of understanding or the rantings of an over-emotional
parent If the parent1s disatisfied or 1f the physiaian 1s not entirely satsfied
with the progress that 15 betng made by the cluld nsistence upon consulta
tion with an older surgeon experienced 1n treating fracture cases should be
of mutual benefit to the parent physican and the patient

VOLKMANN'S ISCHAEMIC CONTRACTURE

The most dreaded complication of an elbow fracture or dislocation 1s
\olkmanmn s 1schaemie contracture It 15 dreaded because of its ugly deform



188 Surgery of the Elbou

1ty and 1lso because the hand and forearm are rendered practically uscless.
Different degrees of the deformuty nd consequent loss of function are scen
but any loss from tlus cause 13 to be considered regrettable The patient and
his farmly can never be made to understand the comphcation nd therefore
many unjust malpractice suits have been mnstituted

The usual Volkmann s tschaemia occurs most often followng supracon
dylar fractures (extension type) of the humerus fractures of both bones of
the forearm or after dislocations 1t the elbow It may occur 1n cases of
bleeding nto deep muscle spaces 1n hemophilic patients follonng shght
mjury Arterial embolism severe soft part mjury and operation under Es-
march bandage have also been ated as antecedent causes of Volkmanns
contracture

The first decade claims the greatest 1nd the second decade the next largest
number of Volkmann s contricture after which the Jesion 1s rare

Climan] Features. Within a few hours of injury there may appear the first
symptoms and signs of ischaemia These maj be delayed in therr appear
ance however for 24 to 48 hours The most characteristic symptom 1s
constant unabating pain of a burming character mn the forearm although
with magor nerve mjury the anset may be quite painless There may be cool
ness and pallor of the hand and fingers—both serious signs On the other
hand the fingers m1y be swollen and cyinosed. The radial pulse 13 almost
always absent, The pamn 1s aggravated by attempts to more the fingers
actively or by passive attempts to extend the flexed fingers—also a ven 3¢
rious sign The reason the child does not mosve the fingers early 15 not be
cause of nerve myoliement at this stage but because the attempt to do 3o
causes increased pain After the process has continued to the pomnt where
the muscles are completely mfiltrated 1schaemic and paralysis has set n
the damage has been done and further emergency measures will be of no
avail By tlus time actual flexion contracture has occurred

Deformaty The typical deformuty of an established contracture 1§ caused
by shortening of the forearm muscles which have undergone neciosis and
hate become replaced by scar tssue There 13 seen extension contracture of
the metacarpophalngeal jonts and flexion contracture of the mterphatan
geal joints The contracture 1n nuld cases may be fimited to one or (wo
fingers. When the nrist joint 1s passively extended the degree of fleston of
the fingers 1s increased wnd when the wrist 1s flexed the degree of finger flex
10n 18 decreased

VMorbid Anatomy \oluntary muscle when deprived of blood and thence
oxvgen undergoes necrosts According to Crifliths the dead muscle mass be-
haves just like any other mfarcted tissue Al ceffular acuvsy (wfittratton)
and all bbross occur at the penipheny of the dead muscle Interfibrillany
fibrosts doo not occur as alter atrophy or contracture following sepnis or
denervation Fibrosis eventually proceeds from without inwards and replaces
the nectotic mascle with fibrous tsste This conracts and shortens to form
the chiaractenistc defornnuty of an estiblished V olkmann s contracture )

Diagnosis. \ccurate dragnosis must be made early f disaster 1¢ to be
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avorded since the only treatment of any use 13 prophylactic 1 mure Once
paralysts and contrcture hue occurred there 1s little to do but carry out
measures to mimimuze the degree of contmcture

The following four words PAIN PALLOR PULSF LESSNESS and
PARALY SIS should be remembered m order 1o woid themn if Volkmanns
1schaemtc contrcture 1s to be prevented

Pathogenesis. It wns formerly believed that Volhimnn s schiemin and con
trcture was due to obstruction
of the venous arculation from
too tight bandaging arculir J
plaster casts or to too acute flex
10n of the elbow after reduction
Subsequent chmeal observations
by numerous surgeons hue
shown that tlis lesion can occur
without any one of the above
causes being present Volkmann
himself ongmally felt that the Fig g6 Volkmanns ischaemic contracture fol
cause was arterial obstruction lowing an unreduced supracondylar fracture. A
from too tight bandaging Putti decompresiion operation was performed but
beliered the contracture duc toa 0t €xtly enough to preveat doughing of all

flexors.  (Buwnett, S Surgery of the Hand

nenve lesion and that the circula Lippimoott Phfladelphia 1948 )
tion was of secondary importance
] B Murphy considered the cause of the condition was venous obstruction
Jepson behieved Iikewise These surgeons considered that venous congestion
resulting from one or more of the 1bove causes plus tension hematoma be-
neath the deep fascia increased to the point where the venous pressure and
surrounding soft tissue tension equalled the arterial pressure—thus bring
1ng about an 1schaemia of the entire area dustal to the lesion The 1schaerma
with associated anowa thus affected the striated muscle sooner and more
seriously than other tssues with fewer demands for oxygen The muscle so
affected became infiltrated with hemorrhage and underwent necrosis Paral
ysis resulted. Healing tool place by replacement of the dead muscle with
fibrous tissue which 1n turn caused contracture of the wrist and fingers

Brooks carried out considerable experimental work by higating the vein
to the sartortus muscle 1 dogs and produced some contractures but accord

ing to Gnffiths these were never quite the same type as seen 1n a true Volk
mann s contracture

Cniffiths 1n 1940 blamed artenal mnjury as the man cause of Volkmann s
ischaemia The artery becomes 1njured through contusions or laceration
or gets caughe on the lower end of a supracondy lar fracture frigment Reflex
vasospasm constricts the artery and nterferes wich the pulse If the collateral
carculation 13 poor gangrene will result If the collateral circulation 15 good
nothing may happen  but 1f the collateral crrculation 1s not cntirely ade
quate 1schaemia will result and this affects muscle tissue first The muscle
undergoes necrosis and becomes mfiltrated with edema and subseauenth
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with red blood cells as 1n other infarcted tissues Ex entually this 1s replaced
by scar tissue and dus 1 turn causes the typical deformity of Volkmann s
contracture

Gniffiths states that Volkmann s contracture 1s due to artersal mjury and
occlusion and to nothing else He also states that external compression (con
stricting dressings splints or casts) 1s a conmibuting factor Therelore 1t
would seem that yenous congestion tn his mind may continue to be a factor
n this lesion

Watson Jones agrees whole-heartedly with Gnffiths that Volkmann s con
tracture 13 due to arterial injury and occluston On the other hand he states
that ‘Volkmann s contracture may be due to (1) flexion of a snollen elbon
(or suwelling of an acutely flexed clbon) or (z) pressure sphnts or plaster on
forearm fractures

Garber states that artersal injury 1s not always the only factor 1 producig
1schaemic lesions He states that 1n cases of Volkmann s contracture after
forearm fractures which he has studied the hands have shown cyanosis not
pallor at onset of the circulatory disturbance he therefore feels that venous
obstruction may base been the primary causative frctor

Hemoplulic patients sometimes develop contractures sumilar to Volk
mann s but certamnly this 1s not on the basis of artertal uyury Slow bleeding
takes place beneath the deep fascia and tension develops blocking the
venous circulation long before the artenal circulation 1s slowed and before
1schaemia can develop

In view of the mvo schools of thought concerning the etiology of Velk
mann s contracture 1t nught be said that both have therr ments It 13 most
difficult for the 1uthor to believe that of 16 out of 55 consecutrie ¢lbon
fracture cases deseloping Volkmann s contracture as reported by Putu the
cause could be solely on a basis of nerve mjury 1ccording to s own belief
or on 1 basis of 1rterial njury alone according to Gruffiths This 15 all out of
proportion to the experience of other surgeons with the development of
Vollynanu s contracture from any cause In over G5o consccutive supracon
dylar fractures treated mn the past 22 years at the Presbytersan Hospital New
York City not a single case of Volkmann s contracture has developed Cer
tamnly 1if the etiology were arterial obstruction following arterial mnjury 1t
15 lughly probable that scveral cases should have occurred in this scries
spite of all precautions (sec Treatment) Many of these panents entered
without a palpable pulse and some with primary nerve lestons In every
mstance the pulse returned after reductton or withm two hours following
the institutron of over head traction

The author does not feel that etther arterial or venous obstruction alone
1s the cse of Volkmann s 1schaemia and contracture To Dlame the orignal
arterial inpuny as the sole cause ts 1n s optnion extremely dangerous be-
cause 1t unplies that notlung can be done to prevent 1t Fien the strongest
advocates of atterial etiology suggest such preventive measures 1% release of
toa tght bandages or sphints decrease n the angle of fienion of n reduced
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Ibow fracture 1l before opertnve exploration of the braclanl artery 1s to
)e undertahen 1s 1 st resort

[reatment

1€ 1t 15 dafficult for expert surgeons to decde what 1s the exact ctiology of
. ollhmann s contrcture 1t is certunly too much to expect the nerge sur
reon or physician to determunc 1t Therefore one must Leep in mind both
possibilities and try to avoid anything n the form of treatment that might
iangerously constrict either the arterial or the venous circultion
Preventive Treatment Prophylasis 1s the most important type of treat
ment It must therefore be mstituted early since the characteristic 1schaemic
contracture can occur witlin six houn after injury Absence of the radial
pulse 1ccompanying an elbow [racture or duslocation must be considered ot
scrious mmport Pallor and pamn must likewise be regarded with grave sus-
picion
Embarrassment of the arculation calls for the following urgent steps (1}
relese of any tight bandage splint or plaster that may be causing external
constriction  (2) Decrease of the angle of acute flexion of the elbow to main
tamn reduction 1f mathed suelling 1s present. (3) Reduction of the supracon
dvlar fracture immediately by manipulation if 1t remains unreduced (This
alone often relieves the crculatory impatrment completely by releasing a
trapped artery ) Do not uaut for the swelling to go down To do so may per
mit the onset of 1schaemia If 1t 13 1mpossible to Teduce the fracture when
first seen and swelling 1s excessine and possible 1schaerma threatens or 1s
feared some form of traction (Dunlop shin traction or Kirschner wire shele
ral traction) may be started (Chapter X) (5) If despite all these procedures
and precautions the circulation farls to return one must not delay more
than two hours before operating and exposing the brachial artery Thas 1s
done to release a trapped artery bathe with saline solution and massage an
artery m spasm 1nd to excise a badly contused or lacerated segment of
artery If the vessel 15 1n spasm and this fails to relax after missage onec
fourth grun of papaverine should be mjected ntravenously (6) In addinon
to the above five precautions but not as a primary form of treatment one
may adminuster a sympathetic block of the stellate ganglion with 2 percent
procune hivdrochloride
Additional precautions which may help as a safeguard are the avordance
of arcular plaster too ught bandaging of splints avoidance of elbow flexion
following reduction of the fracture to the pont where the radial pulse be
comes compromised \ever uulize the Jones position of acute flexion 70
reduce a supracondylar fracture. Thus position should only be used to mamn
tamn reduction after it has been obtuned Adhesive figure-of 8 dressings are
likewise dangerous because they are not adapuible to swelling Any pauent
\\'l\;l(\-r:‘n severely swollen elbow should be kept 1n the hospital over mght for
Qa
o l,l,-‘;:u:,?(l;,-‘li:::::,l,mg an hourly check on the presence and quality of
perture of the hand and fingers for high elevation
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of the mnjured part in order to assist gravity drainage of the veins and Iy
phattes and for the msttution of any other measures deemed necessay
should the emergency anse It 15 very unwise to reduce a supracondsfar
fracture 1n a cluld and allow him to go home with mstructions to the parents
to feed lum aspirin or codene 1f he contnues to suffer pmn A full blown”
1schaenue paralysis can occur in six hours.

Early Treatment of Contracture. Treatment of Volkmanns contracture
once 1t has become established consists principally m protectrve sphinting

Fig. g7 Elasuc traction splint used to overcome Vollmanns uchaemic contractore
(STenspLER A Trawmatic Deformities and Disabilities of the Upper Extremuty Spring
field Il Thomas, 1g46)

to prevent contractures which will otheruise be inevitable Gentle pasne
stretching exerases and elastic traction alternaung between flexion and ex
tenston of the fingers should Iikew ise be grven This treatment 1s difficult to
carry out and must be continued for at least a year if any appreciable benefit
13 to be dernved from 1t If this regime 15 folloned assiduously along with
actine exercse and use much of the bad deformity may be overcome and
some return of useful function may be regamed.

Late Treatment of Contracture. On the other hand if the case appears
Jate and contracture has already occurred 1t 18 too late to accomplish much
1 the way of correcung severe deformuties Several procedures may be done
and the most Iikely one to succeed 15 gradual stretching of the contracted
fibrotic bellies by the use of a splint and gentle manipulation Tendon
lengthening procedures may be tried but are frequently unsatisfactory due
to the formartton of the fibrous adhesions around the operative site Trans
plantauon of the common tendon of onigin of the flexor pronatar groups of
muscles from 1ts orgtn at the medial epicondyle of the humerus to a point
five or s1x centrmeters distal on the nina wall help to relx the contracted
muscles bue at the same time 1t weakens what hittle power remaims i these
muscles

Prognous

In an established case the prognosis depends maimily upon the sc\cﬂl)’ :
\ olkmann s contracture 1s a real tragedy It 1s something to bie prevente

not treated
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Operative Treatment of Fractures

General

LTHOUGH THE vanous methods of conservative and operative
treatment of {rictures 1bout the clbow have been discussed at length
under each type of fracture (Chapters \ \I 1nd XII) 1t would seem wise
to teview the advisability of open reduction for these injuries In general
the great majority of fractures anywhere may be adequately treated by con
servatine means and a good result expected. In the elbow region this sull
holds true since the commonest types of fracture are 1n chuldren and often
very mild m nature. On the other hand one should try to appreciate the
types of fracture 1 which conservative treatment 15 useless from the begin
ming or where though properly carried out, 1t has failed to accomplish 1ts
purpose Some turgeons have been crivaized for advising apen reductions
where conservative treatment promused a good functional and anatomical
end result Others may be similarly and justifiably criucized for advising or
snsisung upon the use of conseratne treatment.

Thus brings up the advismbility of recommending operative treatment as
opposed to conservative treatment. It should also cause one to pause 1nd
connider that operations may be dnided nto tho mamn types those of
necessity and those of chowce Each of these has disadvantages as well as
advantages There arc certain types of fracture 1n which very definite harm
may be caused the panent by mjudicious or over-enthusiastic operative sur
gery The question of the use of internal fixauon will be discussed further on
m this chapter

Necessary Prerequintes for Open Reduction

Operauons of necesstty may have to be performed under circumstances
far {from 1deal and by general surgeons without extensie expentence in open
reductions A erious compound fracture 15 such a case where the general
condition of the patient or the time element precludes transporting him 1
long dustance 10 a more proper}y equipped hospital Under the circumstances
the surgeon must treat the case according to the Tecognized surgical prina
ples and employ what equipment and sbll he has to the best of his abiliy
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accomplish) by tmprovising new methods by trying out the atest gadget "
or by compromusing on thorough surgery This truth suffered a considerable
set back at the beginning of World War I1 when chemotherapy was held by
some to be a sure prevention of infection m compound fractures and gave
sloppy surgeons a ray of hope 1n covering up their madequate surgery Bs
the end of the War the magic myth about the wholesale use of chemotherapy
for such preventton of infection had disappeared and the medical services of
the Army and Navy began to emphasize as authoritatsve civilian surgeons
had done long before that one must carry out and erophasize the adherence
to strict surgical principles n treating the badly injured panent.

Operations of choice on the other hand are not dire emergencies They
may be performed as emergencics tf the surgeon wishes or they may be put
off for a day a week or longer Where such choice exsts 1t 1s logical that
all operative facilities and anesthesia be as perfect as possible and that the
surgeon and his assistants be qualified and tramed in the proper techmque
of handling fresh bone injuries not only at the operaung table but m the
carrying out of the after treatment as well They must understand the pa
thology of acute njuries and appreciate the ume element so necessary 11
handling these properly They must also keep 1n mind the mmportance of
quickly restoring the normal physiology to the injured part. They must be
able to think 1n terms of hours and days-—not merely 1in weeks or months.

Unnecessary risks should not be taken 1n operations of choice unless the
risk be considered so slight as to be far out weighed by the advantages to be
gamned as compared to other methods of treatment. These nisks are  posmible
mjury to nerves and vessels due to distorted pathological anatomy or mnju
dictous or prolonged use of a tourmquet possible lass of reduction loss of
function infection and the complications of anesthesta and need not be
discussed here 1 detil Any procedure (open or closed) 1s accompanied by
some risk 1o the patient honever shght so we cannot say dogmancally that
no risk should be taken Agamn the surgeon must consider all the factors.
circumstances, and the patrent s mental and economic status and try to base
Iius judgment as to the method of treatment to be emplojed on what he
believes will guee the patient the best possible result (both immediately and
later)

Operauons of Necessity

Certatn fractures absolutely require open reduction The following tvpes
come under thuis classification according to hennedy frictures with nter
position of soft tusue rreductble fractures joint fractures and those m
which a comphcaung nerve injury as present At the elbow these would
imclude 1n adults such lesions as fracture of the radial head with marked dis
placement (with or without an accompansing elbow jont dislocation) frac
tures of the latera) condyle or capttellum with displacement fracture of
the medual condvle with displacement or other ireduaible fracture 1n
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cluldren the only frcture that regulrly requires open reduction 18 1
separtion of the mediil epicondyle epiphysis with displacement 1nto the
elbow jomt In general all other epiphyseal mjuries 1t the elbow should be
treated by conservatine means if possible Occasonlly 1t muy be necessary
to perform open reduction upon n irreducible rdial head cpiphysis nd
Af such 15 done the head should be repliced rather than excised 13 15 the
accepted method n dults—othernise growth disturbance 15 1lmost certaimn
10 follow Fricture of the latern! humeral condyle in chuldren in which the
fragment 1s displaced and rotated very frequently requires open reduction
smce 1t 15 often impassible to replice 1t by closed reduction The fracture
line often passes through the condyle immeditely ndjacent 10 the epiphyscal
Ime but 1t also passes through the articular surfice of the capitellum
{though vible on roentgenograms) Consequently the fragment including
the rticular surface must be replaced ccurately for function to be recovered
even though operation m1y enhance the possitnlity of subsequent growth
disturbance A fur number of these fractures show growth disturbance at a
Inter date even though no apprecitble displacement was originally present
In 10 exceptionally mre instance 1t may be necessary to operate to bring
about reduction of a supracondylar fracture of the humerus when there 1s
an wapending Volkmann s paralysis but aperation should never be per
formed until treatment of the fracture and 1mpaired circulition by traction
has been tried aind proved a farlure 1n restoring the mdinl pulse

Operations of Choice

There are some Iractures i which a satisfactory result 1s to be expected
only by open reduction or where 1f given the best conditions a better result
may be expected than by any form of conservative therapy Thas latter type
must never be operated upon indiscriminately At the elbow 1t would be
necessary to include 1n the former group fractures of the olecranon with
displacement of the radial head with moderate displcement nd Monteg
ga fractures (fracture of ulnar shaft with dislocation of the head of the
radius) Some dicondylar fractures of the humerus should be included 1n
this group when commnution 13 not a factor

Operations That Must Be Avoided

In some fractures open reduction 1s not only of questionable or no value
but 1t m be defimtely harmful Such 13 the case 1n badly comminuted frac
tures because 1t 1s umpossible to reassemble all the fragments anatomucally
without stnpping their peniostenl and muscular attachments so extensisely
that 1t disturbs their nutntion 1lso because 1t 13 impossible to employ 1n
ternal fisation m adequate mechanical form In other words such an myuds
c1ous procedure 1f attempted would merely add msult to mjnry and certainly
accamplish no useful purpose from the standpoint of the patient Delayed
open 1eduction in the presence 6f bepinning myositis ossificans must never
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plaster fixation It would be better not to operate than to insult the tissucs
(bone 1nd soft parts) and then not give them or the patient the advantages
of ngid wternal fixation True nigad fixation can only be obtuned by the
use of plates or by screns wd nuls (including mtrimedullary) except for
such frmctures s the olecrmnon or medinl epicondyle of the humerus If
plates are used  the fixation will be vutly improved by the additionnl use of
a transfision screw where possible to use 1t It must also be apprecinted that
internal fixation 1s Jikely to be less secure 1 cancellous than n firm cortical
bone

Certain fmctures though they should be operted upon do not require
actual reduction or fixation but must have excsion of the displced fmg
ment (radial head or capitellum 1n the 1dult) Others may require reduc
uon but no mternal fixaton (radial head epiphysis 1n cluldren)

The hasty and mdiscnimmate plating of fractures 1s to be frowned upon
However if the surgeon believes that 4 fracture should be opented upon
and takes the trouble to expose and reduce 1t (and subjects the patient to
the risks of open reduction) he should not hesitate to employ internal fixa
tion To omit the use of internal fixaton where 1t 1s 1ndicated because of
fear of 1ts acung as 1 foreign body 1s pure folly Fien though the wound
were to become infected, the plate often 1cts 1s n excellent temporirs sphint
(provided adequate surgical drinage has been established) preventing
wide spread infection and giving comfort 1o the panent meanwinle Later
when the acute infection has cleared and fracture healing 1s taking place
the plate may be removed

This 1s no plice to enter 1nto 1 prolonged discussion of the types of metal
best employed for internal fixation The type of metal used (in spite of
what some authors wdvocate) probably makes less difference than the tech
ruque of the surgeon using 1t The two best metals for internal fixaton re
Vitallium and SMO stainless steel These metals are strong yet cause vers
Iittle tissue reaction ordmartly Houwever either one of these metals will
cause tigsue reaction 1f 1t 1s improperly applied 1 e screws put n loosels or
under strain

Open reduction with internal fixation 1s Teganng 1ts prestige and more
and more patients are bemg benefitted by 1ts usage It behooyes the fracture
surgeon to know u lien to use 1t ind Jiow to use 1t

Optimum Time for Open Reduction

When open reduction 15 to be performed for fracture or dislocation the
optimum time 15 within the first twelve to tnenty four hours following the
injury It 1s difficule for many surgeons accustomed to performing open re
ductions as late as a week or ten days after mnjury 10 understand the great
mmportance of early immediate operation The advantages are obvious to
thase who perform them regularly as emergency measures within two to six
hours after mjun

What are these advantages. First the entire operatine procedure 18 more
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easily done Swelling though present 1s soft induration 1s at a mmmum
mfammatory reaction and beginmng organization are not present to impede
reducuon of the fracture the soft tissues are still elastrc which permits casier
reduction of the bone fragments and makes 1t possible to obtain closure of
the shin wound without resorting to the use of extreme tension Much of
the extravasated blood and edema fluid 15 pernutted to leak out and con
sequently with primary closure without tension wound healing 15 enhanced
rather than delayed Second 1f imnternal fixation has been employed and
adequate rigadity has been obtained the surgeon need have no fear of start
ing the patient upon a regitue of early actne exercises for keeping up motion
mn the joints and for conunmng physiological funcuon of the muscles and
arculation Third the after<are required 1s Jess since frequent changes of
plaster are not necessary Thus after-care 15 more 1m the nature of supervision
and requires less physical effort. It 1s also unnecessary to keep the patient
comung bach  for treatments since e rehabilitates himself while the bone
1s healing and not afterwards
For the patient the advantages of early open reduction are even more
obvious It assures him of satisfactory anatorical reduction early making
repeated attempts at further reduction unnccessary thereby gnang him a
mimmum of surgical trauma By operative removal of the products of tissuc
death (following the original trauma) the patzent does not have to alnorb
these 1nto his system and consequently has a smoother post-operative course
little or no fever and 1f he has been n shock will respond better to the
treatment for 1t. The arculation of the myured part will return to normal
more rapidly swelling will be less m extent and pemist less long all due to
the continuance of muscular actiuty so mmportant for support of the venous
and lymphatic circulation There will be less muscular atrophy and no Joss
of muscle elasticity Return to weight bearing or to actrve use of a non
weight bearing joint such as the elbow (at the proper tume) may be per
formed with less effort fatigue nd ferr The disability time 1s often half
that of sumilar cases treated by plaster immobilization and the patient ma
retum to his regular work tn a similar period This 1s not only a great eco
nomtc saving but 1s also vastly important {or the patient s morile

Shin Preparation Prior to Operation

Open reduction should never be performed without very carefil prL[
paratory cleansing of the skin Tlus preparation must he 1n the n:nur;: ﬂr
mechanical cleansing rather than rely upon chemical antiseptics with (lClu
dubius bactericidal powers Any anuseptic with sufficent sirength to M
bacterta when applied co the skin will also Jall eprthehal cells. Shan ;'mlilc
sepuics though theoretically excellent are prone to gine the surgeon a am
sense of securtty especially f they are of a bralhant color One of the rmv‘bgh
for disastrous results 1 open reduction due to infections has been thro
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the employment of 10dine or other shin mtseptic applicd orver the opeiitine
are1 but without first gettng nid of the shin mls dirt and perspiration
beforehand

Prior to operation whether mmmedinte or delaved the shm must be
thoroughtly shaved for 1 wide arca above and befow the operative site When
operition 15 to be delayed s 13 sometunes necessary 1t 1s 1dvisable to give
the patient a thorough shin preparition forty-eight hours before opertion
and to repent this twenty four hours before opertion The shin should be
prepared by scrubbmg 1t thoroughly with green soap md water for a mint
mum of five mmutes The surgeon or nurse performung tlus procedure
should wear sterile rubber gloves and use sterile gauze compresses The
main purpose of the soap wd water scrub 1s to remove mechumcally 101
surfrce dirt and grease The himb 1s then washed frec of soap by pouring
sterile water over 1t The enure area 1o be prepared 1s next panted with
seventy percent cthyl alcohol followed by ether and again by alcohol The
entire prepared aret ts then wrapped in stertle towels and the Jatter band
aged carefully 1n plice to prevent thewr shpping and exposing the shin At
the tme of operation tmother similar preparation 1s given before the ex
tremity 1s dmped 1n sterile sheets It has been thoroughly demonstrated
through years of experience with such skin preparations that they are far
more effective than a single preparauon with 10dine 1nd alcohol 1mme
diately preceding opernon

In emergency operations the techmque of skin preparation 1s 1dentical
except that the prelimmary soap and witer scrub should be carried out for
ten minutes nstead of five

When an immediate operation 1s necessary and an abrision of the shin
1s present . the vicuuey of the operatine area 1t 1s safer to proceed with
the operation early (provided the skin and abrasion are thoroughly cleansed
as described above) than to wait two or three days at wluch ume the abr
sion may be infected Abrasions are no more infected when treated early
than are compound wounds They are contarminated but may be easily con
verted into clean wounds. Later they are more difficult to comvert and may
arry virulent organisms which 1f mtroduced into the operitie wound
will very probably lead to nfection and perhaps disaster

In (compound) open fractures preparation of the operatnve field should
be carried out 1n simular fasluon with a preliminary soap and water scrub
The compound wound 1s protected and kept covered with a sterile compress
while the surrounding shan 13 thoroughly washed and scrubbed for ten nun
utes. Following this the shin immediately surrounding the wound 1s simi
larly cleansed The whole field 1s then panted with alcohol ether 1nd
alcohol and the extremity 1s then ready for draping No attempt should be
made to scrub the wound 1tself nor should any antiseptics be poured or
swabbed 1nto the wound during the preliminary preparation



198 Surgery of the Elbow

easily done Swelling though present 11 soft nduranion 1 21 2 mmmum
mflammatory reaction and beginning organization are not present to armpede
reduction of the fracture the soft tissues are still elastic which permits eaner
reduction of the bone fragments and makes 1t possible to obtan closure of
the shin wound without resorting to the use of extreme tension Much of
the extravasated blood and edema find 1s permutted to leak out and con-
sequently with pnmary closure without tension wound healing 15 enhanced
rather than delayed Second if mternal fixation has been employed and
adequate ngidity has been obtained the surgeon need have no fear of start
tng the pauent upon a regime of early acuv e exercses for keeping up motion
in the jomts and for continuing physiological function of the muscles and
arculatton  Third, the after-care required 1s less, since frequent changes of
plaster are not necessary This after-care 1s more 1m the nature of supesviston
and requires less physical effort It 1s also unnecessary to keep the patent
coming back for treatments since he rehabilitates himself while the bone
1s healing and not afterwards
For the pattent the advantages of early open reducuon are even more
obvious It assures him of satisfactory anatomical reduction early making
repeated attempts at further reduction unnecessary thereby gving him a
minimum of surgical traumt By operative removal of the products of tissue
death (following the original trauma) the pauent does not have to absoth
these 1nto Ius system and consequently has a smoother post-operatiie course
little or no fever and 1f he has been mn shoch, will respond better to the
treatment for 1t The arrculatton of the injured part will return to normal
more rapidly snelling will be less 1z extent and persist Jess long al] duc 1o
the continuance of muscular activtty so important for support of the venous
and lymphatic circulation There w1ll be less muscular atrophy and no loss
of muscle elasticity Return to weight bearing or to active use of a non
weight bearing joint such as the elbow (at the proper tune) may be Pt
formed with less effort faugue and fear The disabihity trme 1s often half
that of simular cases treated by plaster timmobilization and the patient mat
return to lus regulir work 10 a sumlar period Thus ts not only a great €€
nomic saving but 15 also vastly important for the patient s morale

Skin Preparation Prior to Operation

Open reduction should never be performed without very creful P"’r
paratory cleansing of the skin This preparation must be the uamr’c ol
mechanical cleansing rather than rely upon chemical anuseptics with l;:l‘ll‘
dubtus bactericidal powers. Any antiseptic with sufficient strength to !
bacteria when applied to the shin will also Lill epithelial cells Shin :[I:],:g
septics though theoretically excellent are prone to gne the surgeon a cont
sense of security especralls if they are of a brilhant color One of the rea o
for disastrous results 1n open reduction due to mfections has been throug
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the employment ol jodine or other shin antiseptic applicd over the operitine
area but without first getung nid of the shin oils dirt and perspirtion
beforehnd

Prior to opertion whether immeditte or delayed the shin must be
thoroughly shated for 1 wide area 1bove and below the operative site When
opertion 15 to be delyed as 15 sometunes necessary 1t 1s dvisable to give
the patient 1 thorough skin preparition forty-eight hours before operation
and to repeat this twenty four hours before operation The skin should be
prepared by scrubbing it thoroughly with green soap and water for 1 mim
mum of five minutes The surgeon or nurse performmg this procedure
should wear sterile rubber gloves and usc stenile gauze compresses The
mam purpose of the soap and water scrub 15 to remove mechamcally Al
surface dart and greasc The himb 15 then washed free of soap by pouring
sterile water over 1t The entire area to be prepared 1s next painted with
seventy percent ethyl alcohol followed by ether and agamn by alcohol The
entire prepared area 1s then wrapped 1n sterile towels and the Intter band
aged aarefully 1 place to prevent their shipping and exposing the shan At
the time of opertion other similar preparauon 1s grven before the ex
tremuty 1s draped m sterile sheets It has been thoroughly demonstrated
through years of experience with such skin preparations that they are far
more effective than a single preparation with 1odine and alcohol 1mme
diately preceding operation

In emergency operations the technique of shin preparation 15 1dentical
except that the preliminary soap and water scrub should be carrted out for
ten minutes mstead of five

When an immediate operation 1s necessary and an abrasion of the shin
18 present 1n the vicinity of the operative area 1t 1s safer to proceed with
the operation early (provided the skin and abrasion are thoroughly cleansed
as described above) than to wait two or three days at which time the abra
sion may be infected Abrasions are no more infected when treated early
than are compound wounds. They are contaminated but may be easily con
verted mto clean wounds Later they are more difficult to convert 1nd may
army sirulent orgamisms which 1f introduced 1nto the operatne wound
will very probably lead to mfection and perhaps disaster

In (compound) open fractures preparation of the operatnve field should
be carned out 1n similar fashion with a preliminary soap and water scrub
The compound wound 15 protected and kept corered with a sterile compress
while the surrounding shin 15 thoroughly washed and scrubbed for ten min
utes. Following this the shin immediately surrounding the wound 15 sim
larly cleansed The whole field 1s then pamnted with alcohol ether and
alcr;hol and the extremity 1s then ready for draping No attempt should be
::aabv:}):; ls:t—;\zlthc wound 1tself nor should any antseptics be poured or

e wound duning the preliminary prepartion



200 Surgery of the Elbou

Treatment of the Wound 1 Open (Compound) Fractures

The primary purpose i treatment of the wound associated with a com
pound fracture 15 to convert a contaminated wound 1nto one that 1s surg
cally clean and which wall heal without infection of the bone or soft parts,
The treatment of the open (compound) fracture per se 1s a separate prob-
lem and one of utmost importance and although 1t must be deale with at
the same tume, 1t need not be brought into the immediate discussion of the
care of the wound of compounding A4l triumatic wounds are contammated
w1th bactera to a lesser or greater degree but none of these wounds regard
less of the extent of contamination are 1nfected at the onset Infection 1f 1t
superienes probably does not occur for a mmimum penod of ume (eight
to 12 hours) after injury The safe period vartes somewhat depending
upon the degree of contamination 1mpurment of the local blood supply
and the type of first a1d treatment that may have been rendered

Certmn principles of treatment are of extrenie mmportance 11 the care of
a compound fricture wound The first of these 18 protection of the wound
with < sterile dressing to prevent further contamminauon with organisms
from clothing or the examiner s fingers or respiratory passages. It 15 wise for
the examiner to wear a mask to minimize further contamination from this
source. No probing of the wound with mstruments {even though stertle)
must be permuitted m order to prevent surface contammation from being
carrted deeply into the wound No antiseptics should be applied to the
wound and no washing should be attempted untl the patent 1s 1 the
operating room where all proper factlities are avarlable for carrymg out the
operative treatment of the wound and the fracture. Should bleeding be
excessive a pressure dressing may be applied over the stenle dressng or 1
the case of artertal bleeding a tourmquet may be temporarily employed A
tourmquet thus applied should be released every one or two hours for five
munutes othernise gangrene of the extremrty may result. The fracture must
be splinted for protection and to reduce additional soft part myjury as well
as for the patent s comfort. Traction 1if employed must not be for the pur
pose of pulling a contaminated and exposed bone end back under the slin
but purely for stabilizatton of the fragments. Shock treatment must be com
menced early if necessary  Careful physical examnatton must also precede
any operative pracedure to rule out other serious njuries that mght other
wise be over looked 1 the presence of an obn ious compound fracture

The second prinaple to be followed 1s thorough preparation of the skin
Under general anesthesia and after shaving of the extremuty the shin must
be very thoraughly scrubbed with green soap and water (while the nnme
diate wound 1s kept covered wath 1 sterle compress) for a period of ten mtn
utes Followmng this the shin smmediately surroundmg the wotmd 13
simtlardy washed for five munutes Tius 15 10 turn followed by the apphea
tson of alcohol cther and alcohol 1o this order to the entire dlewsed arca
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The extremity 1s now drped with stenile sheets ete. as 1t 1s for 1 regular
operation

The tlurd prinetple m the trcatment of this type of wound 1s conversion
of the contaminated wound ntto a clean wound This m1y be rccomplished
by two means—debndement and lavage Debridement must be thoroughand
complete except for mmportant nerves tendons ind mijor blood vessels
Debrnidement actually consists of excision of the contamimated wound s
completely 1s possible Debridement must he performed lhyer by layer re
moving Al dead or devitibized tusues such as shin subcutaneous tssue
fascia muscle periosteum or completely loose bone fragments af not of
large size All foreign materinl such as bits of clothing or dirt must Iikewise
be removed. The purpose of debridement 15 to get r1d of the contaminated
and devitalized nissues that will not sunive and which (if not removed)
wauld undergo necrosis and furnish an tdeal culture medum for bacteria
Debridement must be performed with sharp scalpels rather than by scissors
since the latter cause addition1l damnge by crushing of tissues After de
bridement of each layer lnvage should be carmned out with copious amounts
of warm normal physiological saline solution taking care to wash outwards
from the wound with a forceful stream and not aliow the fliud to Tun over
the skin and into the wound The lavage serves three purposes (1) getting
nd of particles of devitahized tissue and bloodclots (2) removal of gross dirt
not removed by debridement and (g) dilution of the bacterial contamina
tion to the point where the natural detenses of the tissues can take care of 1t

The fourth prinaiple under consideration 1s complete exploration of the
uound This 1s for the purpose of opening up the wound to relieve tension
and to make debndement and lavage thorough It 1t also for the purpose
of ndding the wound of all possible pockets that imight harbor bactena or
collections of blood which would act as an excellent culture medium

The fifth prnaple 15 perfect hemostasis Without this there wall result
hematomata tension 1n the wound and very likely infection

The sixth prinaiple 1n treatment of a compound wound 15 the avoidance
of tension  Certain compound wounds showing httle or no contamination
or solt part damage 1f treated early (under eight bours) may be closed pn
manly Under no arcumstances honever must tension be created 1n the
closure or disaster may result Other compound wounds are so badly con
taminated and have extensive soft part damage that 1t 1s impossible even to
close them partially These are best left wide open and packed very loosely
with plain stenile fine mesh gauze to permit escape of serum or other exu
date It may be possible safe and highly desirable to perform secondary
closure upon some of these wounds five 10 s1x days later If this 13 to be done
;tnr:’u:;,tcb‘clll'):rignncdn;n tll:: ol[;i‘ratmg :zom with comlplctc aseptic techmque
tenson \lan, “;E)clsmdsylr 1Lcc1crm:in to pc;mlt closure without causing
heal by secomt 1ot pac wide open and permatted to granulate and

ension will become superficially infected or even dey elop
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mfection of the bone It may therefore be desirable and advantagous to
apply dermatome grafts at the original operative procedure 1n order to
obtain closure lessen scar tissue formation and decrease the nsk of secon
dany 1nfection Any scars resulting from such a procedure which are cosmnen
cally poor, may be corrected at a later date by plastic surgen

Finally the last principle 1s maintenance of support to the cirenlation of
the injured part This may be accomplished by 2 compression dressing which
funshes even pressure to obltterite dead spaces and which will support the
venous and Jymphatic circulation thus preventing stasis and swelling

Chemotherapy i Compound Fractures

There will always be two schools of thought concerning the advisability
of employing chemotberapeutic agents or other antibiouas 1n compound
fractures as a purely prophylactic measure There 1s no question that once
infection has become established 1n the wound all passible surgical chem
cal and physical agents should be employed to check and eradicate the mnfec
tion These measures are absolutely necessary (see p z203)

Too much hope was extended to surgeons mn general by premature reports
at the beginning of World War II on the prophylactic use of sulfa drugs
n compound fractures Thus scemed to offer a ready answer to the seriots
threat of infection leading many surgeons to forget temporarily the most
mnportant of such surgical principles (1 ¢ thorough debridement of the
wound) Before the war had terminated 1t was generally agreed that sulfa
drugs and pemallin were of ittle or no benefit 1n preventing wnfection of a
compound fracture wound This was lso well shown 1 cvilian hospitals
that cooperted with the National Research Council Wound Study where
control cases were used for comparison In other words the most important
treatment still remains strict adherence to the surgpical prinaples. No cor
ners must be cut. Debridement must not be omutted or spared n thorough
ness If antibiotics are to be used they must be employed as an adjunct to
thorough surgery and not as 1 substtute for obivious inadequate surgery
The tuthor 1s opposed to the indiscriminate use of these drugs as a proply
lacttc measure becausc 1t 1s now well known that many pauents having re
cenned sulfa have likenise developed hepatic or renal damage Pematln
on the other hand may do little harm to the patient grving him an urucria
but 1t may grve the surgeon a false sense of secunty and cause Inm to Telay
the high standards of important surgical pnnaples that have been prmchtd
for vears

Therc 1s probably no questton that sulfa or pemaillin have prcu:mcd
some infectron m compound wounds but in general they do not They my
Jessen the scverity of the infection even if not preventng 1t which 13 10 wsell
of considerable advantage The prinaple type of wound to rerenc such
advantage would be the battle casualty that had to be transported a connd
erable distance before he could rece e dequate definttive surgers s onl
1 practice this great delay should not occur



Operatroe Treatment of I'ractures 20}

Another most important considerition in seveie tramntic w ounds of the
entremtties 1s their locaon In generml compound fractures m the lower
extramity {especinlly 1n the region of the lower tibia) 1re prone to develop
a lagh madence of mfection (=5 to 40 percent) those in the upper extrem
1ty become 1nfected much less often Aside from the factors of greater tissue
damage nd contumnton 1 compound frctures of the lower extrernity
this extrennty 15 noteworthy for circultory stasis because of arteriosclerosts
vancose vemns and dependency Poor airculation plus stasis are probably the
most important factors determining the difference 1n fection rite between
comparable wounds of the upper nd lower extremity

Treatment of Established Infection

(a) Followmg compound fracture

(b) Followimng Open Reduction and Simple Frcture

Up to this pomnt 111 discussion has been directed towards the prevention
of bone mfection m clean fractures coming to operation or to contaminated
fractures The surgical prinaples of protection gentle handling of tissues
strict asepsis perfect hemostasis and avoidance of creation of tension 1n
wound closure have been stressed as a1l important ind must never be over
looked We now come to the group of infections that occur as a result of
poor surgery or 1n spite of excellent surgery

Infection Following Open (Compound) Fractures

Increased or continued pain t the site of fracture tncreased swelling not
due to constrictive dressings and 1 spite of high elevation persistent or
increased fever clevated pulse rate leucocytosis and general malaise should
cause the surgeon to suspect infection at the site of the fricture He must of
course rule out the resprratory gemito-urinary and gastro-intesunal tracts
as well as other associated [ractures or serious mjuries as being the cause of
the pain fever etc If any doubt exusts the compound wound must be 1n
spected under strict aseptic precautions Care should be taken to handle the
extremity patnlessly and all clamps and forceps coming 1n contact with adja
cent shan or dressings must be sterile If 1t 1s necessary to palpate the tssues
alongside the wound sterile rubber gloves are mdicated If the cardinal
s1gns of mfection are all present the patient should be taken to the operat
ng room where the wound 1f closed or partially closed can be opened
widely All pochets contaiming exudate should be opened completely and
the wound should be irrigated with saline solution Tubes may be placed 1n
the depths of the wound for mstillation of pentcillin or other suitable anty
biotic The remamder of the wound must be loosely packed wide open with
plain fine mesh gaure The fracture fragments must be kept adequately
tmmobilized mn plaster for the patients comfort as well as to prevent their
constant motion from wrritatng the wound and prolonging the 1nfection
If internal fixation with plate wnd screws had been performed at the onginal
operation there need be no huny to remove these for they will continue to
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grve rigid fixation which 1s all to the good of the patient s comfort and Joal
infection Simply because metal 1s a foreign body one need uot fear 3t will
icrease infection Later when the acute infection has subsided and if ab-
sorption has appeared 1 the bone around the metal the plate and screws
may be removed. By this tume there has often been bumlt up enough allus
to stabilize the main fracture fragment so that no more than a molded plaster
splint 1s required for protection

One should be on the watch for inlection duc to gas forming orgamsms
such as Clostridium Welchn High pulse rate foul odor and subcutaneous
crepitus (the result of gas in the nssues) 15 charactenistic of this type of i
fection Immediate operation 1s mdicated not only to open the wound com
pletely but far enough 1n a proximal direction to stop the spread of
clostridial infection If wide open drainage 1s not sufficient amputation may
be necessary to save the pauent s hie 7inc peroxide cream dressings should
follow such wide open drainage or amputation m order to bring oxygen
mnto direct contact with the tissues to hill the ancrobic orgamsms.

Late surgical care of an infected compound fracture w1l consist of main
tenance of wide open dramnage removal of all completely dead bone or
sequestrated fragments and obliteration of dead spaces and rigid walled
cavities that miugate agarnst filling 1n by granulation tissue growth Very
often an impasse 1s reached and the wound does not seem to improve
Anuseptic and chemotherapeutic ~gents do not improve its appearance The
reason for tlus 13 that a ring of scar tusue has formed around the wound and
nutritton to the shin edges becomes impaired A chronic ulcer forms winch
netther gets better nor worse Likewise with a Jarge dead portion of bone
attached to one main fragment no blood supply 1s avalable to separate this
from the Ine bone or to carry antubiotics to the dead bone Unless antibt
otics are made avalable where needed (1 e via good arculation) they
cannot be expected to accomplish therr purpose of destroying bacteria. Fur
ther surgery 1s therefore necessary to assist wound healing This must be
the form of exciston of dead bone and cxcessive scar tissue It may even be
necessary to employ pedicle shain grafts to cover soft ussue defects m order
to secure wound closure or preparatory to subsequent bone grafung for loss
of substance

Infection Following Open Reduction in Clean Fractures

Infection of a clean operatnne casc 1s a very distressing sequel The fact
that 1t can sull occur m modern surgery 1s something that should never be
overlooked It 13 often easter to detect than 1 compound wounds since the
post-operative reaction ordinarily should be less severe The same pree
tions shauld be taken in i estigatng the wound If infectron 1s thought to
be present haste 1s necessary in opentng the wound completcly 1 is cn!
urety (length and depth) and to evacuate all the exudate and pcr:cl(; o
freer escape of further exudate Original clen wounds are nsually cl mn
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layers 1f mfection supervenes the mfection may become more severe than
mn a compound wound where the wound was either left open or closed only
loosely It 1s therefore nmportant to open 11l the Iyers down to the bone if
necessary 1n order that no further pocketing of exudate may occur which
would wncrease the chances of spread of mfection and cause 1ncreased necro
s1s. Late surgical removal of excessive scar tissue or of dead bone may be
called for s described 1bove under compound frcture 1nfections



CHAPTER \VI

Operations on Soft Parts Associated
with Fracture or Dislocation

HE FOLLOWING condizons though not commonly associzted with

fractures or dislocatrons 1n the elbow region (except in the “trnck
swipe or gun shot type of mjury) must always be kept tn mind and meas-
ures tahen to correct them (if possible) before serrous damage or dsaster
occurs or before healing has progressed to the pomnt where attempts to cor
rect them may cause as much harm as good —

1 Interposiion of tussue—muscle lgament, periosteum nenc vessels.

b Ligament tears

¢ Nenve lacerations contusions 1mpingements transplants

d. Vessel rupture laceration thrombosis spasm

¢ Capsulotomy (7) to release caught radial head i Montegga fracture

f Decompression of antecubital space

1 Circulatory rmpatrment.
2 Prevention of myositis ossificans.

g Removal of loose bone fragment.

Muscle nssue (brachialis anticus) may become mterposed between the
fragments of a supracondslar (transcondylar) [racture or muscle and jomnt
capsule between a displiced radial head fragment and the mun head or
nech of thus bone The necessity for operatne correction m the former 13
rare indeed since manual manipulation or over head hirschner wire triction
will usually achieve sufficiently good bony contact between the frigments
0 that one need not fear non unon as 1n shaft fractures of the femur etc.

A radial head fragment displaced antentorly mnto the brachals muscle
especially 1f there 1s marked hemorrbage swelling and tnduraton 10 the
antecubital region usually means that a dislocation has occurred between
the forearm bones and the humerus (though spontancously reduced) and
st be considered an extremely seripus injury It 1s serious becse of the
Ingh 1ate of development of myositis ossificans unless the radal head frag
mene and remunder of the radial head 16 removed through an anterior
ctston and not later than forty-eight hours after the injury The reason for
the anterior approach 1s to get nid of the soft part pathology (hemorrhage
edema and nssie debrs) the products of which are acid and tend to pro-
note absorption of calcium from bone fragments or cut end of the neck of

=06
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the rdius Inter to be 1ud down m the healing tissues 1s extra-osseous bone
Not only should the soft tissuc pathology be evicuated m this Tshion but
the deep frscir must be left open to permit further escape of blood serum
etc. to the subcutancous Inyer

Ligaments m1y become mterposed and prevent reduction The best ex
ample of this 1s the orbicular (annular) ligament which often gets caught
behind the mdinl head when 1t hecomes antertorly dislocated 1n association
with hugh ulnar shaft (Monteggin) fmctures It may be necessary to unfold
this ligament and resuture 1t crass the rachal head after reduction If the
rdial head has pulled out of the orbicular ligament and caused 1 tear of
the thinner yont capsule distal to 1t allowing the lignment to become inter
posed between the mdial head and the capitellum 1t will be necessary to
mase the hgament before 1t 1s possible to reduce the raditl head Reparr of
the ligument should then follow (Chapter \I)

Other soft ussues that occasionally hecome mterposed between fracture
fragments are periosteumn vessels and nenes These may interfere with
closed reduction but can usually be managed by the same methods used to
correct interposition of muscle between fragments of a supracondylar frac
ture If closed reduction 1s possible but the fragments continue to slip upon
exch other m spite of the position of acute flexion used to maintain reduc
tion there probably exists interposition of penosteum Operation may be
hecessary to correct this If 2 nerve or vessel were interposed there should be
signs of vascular or nerve lesion n addition to the mechameal difficulty 1n
maintamning reduction Over head Rirschner wire tracuion should be tried
for two to three hours to sec 1f this will improve the arculatton If im
provement does nat occur at tlus time operation should be performed to
explore the brachial vessels untangle them from the fragments 1f necessary
and to decompress the deep fascial space of the antecubital area Early nenve
lesions are due to contusion or stretching (except 1n severe compound 1
juries where laceration may occur) and do not require early operative
exploration per se They show a hugh rate of recovery 1f reduction 15 carried
out by gentle mampulation or traction and followed by protective splints
exercises, etc It 1s possible for a nerve to become drawn into the elbow joint
cavity The author has seen one case of dislocation of the radius wnd ulna in
a posterior and laternl direction 1n which the medial epicondyle epiphysis
had become avulsed from the medial condyle and displaced into the elbow
jont: Although the dislocation had been reduced by a physician the medial
epicondyle was found to be stll in the joint at the end of one month and
a complete paralysis of the ulnar nenve was present. It was necessary to
operate to withdraw the epicondyle fragment and attached flexor pronator
tendon from the jomt and at operation 1t was found that the ulnar nerye
also lay within the medial aspect of the jomnt cavity between the humerus
and ulna having been avulsed from 1ts bed and carried laterally The nerve
was withdrawn from the joint and transposed
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Torn ligaments at the elbow are common especially m simple duslocations
of both bones and these usually heal well after closed reduction Under cer
tain conditions, however it 1s not only advisable but extremely amportant
to operate and repair a torn bgament This should be carried out with the
orbicular ligament following mabihity to reduce or masntain reduction mn 3
Monteggta fracture (Chapter \I) In some fractures of the lateral condyle
of the humerus with comminution 1n adults a lateral dislocation of the fore
arm bones may be presenc. If the broken off fragments are Jarge and nclude
the lateral portion of the trochlear process the medial collateral hgament 15
usually completely torn Unless this be repaired there remains no support
to prevent recurrence of the lateral subluxation of the ulna 1f 1t has been
necessary to excise the condylar fragments or 1f there has been difficulty n
maintatning reduction of this fragment

The greatest number of nerve lesions at the elbow are the result of stretch
g or contusion These ordnarily require no immediate operative proce-
dure but should be conservanvely treated by closed reduction proper
splinting etc. In the types of fracture requiring open operttion 2 paralyzed
nenve should be explored at the same ume and 1ts sheath mjected with
saline solution to assist 1n 1ts recovery If the fracture 1s treated conserva
tnely the progress of recovery of the nene should be frequently checked.
If no evidence of recovery has appeared 1n three to four months the nerve
should be explored and proper treatment given If recovery begins to appear
s 1t should at two months 1f proper conservative measures hive been em
ployed no operative procedure 15 indicated

In severe compound fractures at the elbow gunshot sideswipe frac
tures or stab wounds with nerve imjury the nene must be explored It
may be madvisable to repatr a lacerated nerve or a nerve defect due to loss
of substance 1n the presence of severe mnjury and contamnation but the
nen e ends should be 1dentified and marked with black silk or tantulum vare
sutures This will facilitate locanng thesr ends at a later date when reparm
tive nenve surgery 1s undertaken

Impingements upon nerves from a fascial band mny be scen at open
reduction It may be found that the sheath over lying the ulnar neric 3
hemorrhagic when the elbow 15 explored for removal of a medial cpicondsle
displheed into the joint If such be the case one may anticipate subscquent
frbrosts of tts sheath with compression of the nene The nerve should there-
fore be transposed primarnily rather than wait for permanent Joss of funcuon

(Chapter \\I)

Interposition of a portion of capsule may occur requinng operitne cor
rection nd repatr Thus has already been dealt with above under interpost
tion of the annular kgament 1 Montegga fractures :

Decompression of the antecubital fossa may have to he performed (1) It
may be necessary to do tlus for severe imparrment of the arculation as 3
result of swelling 1nd venous stasis m some cases of supracondylar fracture
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where other methods hve fuled but 1t 1s rrely necessary The deep fascin
should be mased longitudinally 1 several areas and the enclosed hemor
rhage and edema fluid dlowed to escaipe The shin mastons should be short
and multiple (overlymg the longer f1scitl measions) otherwise difficulty will
be encountered 1n closing them since they tend to spread markedly (2) The
decep fascin must be opened anteriorly m removal of 1 fractured radial head
accompamving dislocation of the clbow and left open i order to allow for
the cscape of damaged muscle hemorrhage serum ctc. to mimmize the
rish of mvositis osstficans
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Torn higaments at the elbow are common espeaially 1n simple dislocations
of both bones and these usually heal well after closed reduction Under cer
tain conditions however 1t 1s not only advisable, but extremely important
to operate and repair a torn higament This should be carried out with the
orbicular higament following inability to reduce or maintamn reduction 1n 2
Monteggta fricture (Chapter XI) In some fractures of the lateral condle
of the humerus with comminution 1n adults a laceral dislocation of the fore
arm bones may be present If the broken off fragments are large and include
the lateral portion of the trochlear process the medial collateral higament 1
usually completely torn Unless this be repaired there remains no support
to prevent recurrence of the lateral subluxation of the ulna 1f 1t has been
necessary to excise the condylar fragments or 1f there has been difficulty 1n
mamtaining reduction of this frigment

The greatest number of nerve lesions at the elbow are the result of stretch-
g or contusion These ordinarily require no immediate operatne proces
dure but should be conservatively treated by closed reduction proper
splinting etc In the types of fracture requring open operaton a paralyzed
nerve should be explored at the same time and 1ts sheath mnjected with
saline solution to assist 10 1ts recovery If the fracture 1s treated consena
uvely the progress of recovery of the nerve should be frequently checked.
If no evidence of recovery has appeared in three to four months, the nene
should be explored and proper treatment gisen If recovery begins to appear
as 1t should at two months 1f proper conservatise measures have been em
ployed no operative procedure 1s indicated.

In severe compound fractures at the elbow gunshot sideswipe frac
tures or stab wounds with nerve njury the nerve must be explored It
may be inadiisable to repair a lacerated nerve or 1 nenve defect due to loss
of substance i the presence of severe injury and contaminitton but the
nerve ends should be 1dentified and marked with black s1Ik or tantulum wire
sutures. Thus will factiitate locating their ends at a later date when repar
tive nerve surgery 1s undertaken

Impingements upon nerves from a fascial hand may be seen at open
reduction It may be found that the sheath over ljng the ulnar nerve 8
hemorrhagic when the elbow 1s explored for removal of 1 medial eprcondyle
displaced into the joint. If such be the case one my anucipate subscquent
ftbrosis of 1ts sheath w1th compression of the nerne The nene should there:
fore be transposed promarily rather than wait for permanent Joss of functiant

(Chapter \\I)

Interposition of a portion of capsule maj occur Tequinng operatiie cor
recttan and tepatr This has already been dealt with above under interpost
tion of the nnular igament 1 Monteggia frictures I

Decompresston of the antecubital fossa may have to be performed (1)
mas be necessary to do tus for severe rmparrment of the circulation as 2
result of swelling and venous stasis 1 some cases of supracondylar fracture
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1n many late follow up cases the nuthor has found 1t possible to perform 1
considerable number of explorations of the anteroliteril wnd medial aspects
of the elbow adequately through a simple transierse masion 10 the shin
passing along the flexton crease The shan flaps with subcutaneous tissuc may
be dissected upwrds and downwards and retracted sufficiently to permit
approach to the deeper layers via the usual antomical planes Removal of
the head of the radws for frcture repair of the orbiculwr higament (in
Monteggia frctures) and open reduction for separation of the medial ept
condyle epiphysis with displacement 1nto the elbow joint mav all be per
formed through one of these two transverse masions In the Itter type of
case 1f there exists ny disturbance of ulnar nernve function and possible
transplantation of the neric 1s contemplated at operation a medal trans
\verse asion will not offer adequate exposure It will be better to employ
averucal inasion that 1s sufficiently long to pernut full exposure of the por
tion of the nerve to be transplanted

One of the commonest mistakes made by younger surgeons 15 to make
their skin incisions too short. Insufficient length of incision (an the desire to
leave a shorter scar) cumps the surgeon s syle  causes unnecessary trauma
to the patient because of the strong retraction required and may lead to
irreparable nerve or vessel damage through failure to visualize the anatomy
adequately 1n the path of the esploranon Experienced surgeons employ
masions sufficiently long which will not have to be enlarged half way
through the operation Thus 18 especially important in cases of acute injury
Marble has made the comment that the length of a surgical incision vanes
in direct proportion to the age and experience of the operating surgeon

Closed reductions of fractures and dislocations are frequently performed
by general practitioners. A certain number of operations by necessity (com
pound {open) fractures for example) have to be performed by these same
men or by pure orthopedists with little or no traiming 1n the surgery of
acute rauma Operations of choice on the extremities for acute trauma or
deformity are more likely to be performed by general surgeons or ortho-
pedic surgeons Therefore regardless of the necessity or voluntary choice of
the operation the surgeon must formulate some general plan before he
proceeds He should first think of what he 1s trving to accamplish by opera
ton This means Leeping an open muind as to methods of accomplishing this
purpose Preconcened ideas nigidly adhered to for certain conditions
spite of arcumstances that mitigate against therr use may not only prevent
the surgeon from fully discovering the important pathology but cause hum
to under or over-estimate the quality and quanuity of treatment indicated
To be more apeaific 1t 1s well recognized that fractures of the radial head
with communution and displacement should be opemited upon and the
radial head removed On the other hand 1t 1s not fully appreciated by most
surgeons that a radial head fracture associated wath a posterior dislocation
of both forearm bones at the elbow 15 a serious condition because of the
hikelihood of subsequent formation of myositis ossificans in the lacerated



CHAPTER XVII
Surgical Approaches to the
Elbow Region

THERE ARE MANY approaches to the elbow jomnt loner humerus,
upper radius and ulna The approach to be employed should depend
upon the nature of the operation 1n mind so that the pathology mar be fully
studred corrected as far as desirable and reparr accomplished without caus
g unnecessary trauma to Vessels nerves higaments wnd joint surfaces. It
15 impossible to explore the posterior aspect of the elbow joint through an
anterior ncision 1nd vice versa Swmilarly 1t 1s 1mpossible to eaplore the
med:al aspect through an anterolateral mncision In some wnstances 1t may be
best to employ two separate approaches at the same operation but a single
mceiston 18 preferable 1f 1t can be so planned that everytnng necessary to be
done can be performed through 1t. A thorough Lnouledge of the normal
anatomy of tlus region 1s absolutely essential if one 1s not to blunder through
some of the very sumple approaches IWhat 1s still more mmportant ts a thor
ough appreciation of tlus knowledge 1n the presence of supenmposed pa
thology (acute trauma hemorrhage deformity and scarring of the soft
tissues) Approach to the elbow joint may be for the purpose of aspiration
(diagnostic or therapeutic) drainage open reduction of fractures or disloca
uons (new or oid) explorauon and removal of loose hodies remosal of
fracture fragments resection of the joint, arthroplasty ankylosis capsulor
rhaphy neurolysis, exploration of blood vessels decompression of deep fasaa
excision of bursae neoplasms myosius ossificans or for the correction of de-
formities due to malunion or grow th disturbance

The shin incsion for the majority of approaches to this region are usually
vertical or a vartauon of the vertical such as the Z-shaped bayonet shaped
or shightly curved incision Vertical mcisions on the anterior antero-lateral
or antero-medial aspects of the elbow region are prone to result 1 thick
broad scars with possible contracture For this reason numerons surgeont
have attempted to avoid maisions that cut directly 1cross che flexton crene
1nd have employed the Z type of skin incision with the central portion pass
ing along the flexion crease and connecting with the vertical portions at cach
of 1ts extremities Needless to say this solves only part of the problem the
transverse portton passing along the crease leaves 1 thin hair line scar while
the twn verucal arms continue to gse thich broad scars that are ugly n
appearance even though no contracture results Stnce obseruing these sars

110
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The anteromedinl trnsserse skin ncision may be used for the 1bove
procedures except for neurolysis and nenie trwsposition where 1t 1¢ likely
10 be indequate For these Iatter two procedures 1 lengitudinal shin ancision

iy
° ’l'}c'li::ctrans\ erse shin meision mny encounter the median basthe vem which
will bave to be hited nd dinided to llon sufficient retrction of the skin
flaps A cutmeons branch of the medin
antibrichial cutaneous nerve 15 encoun
tered and should be saved 1l possible
Nothung else of 1importance 18 met super
ficial to the deep fascia The ulnar nenve
hies immedintely behind the medial epy
condyle 1nd should be visunlized freed
and 1solated by a motst tape before any a
deeper exploration 1s carried out Should
the medial epicondyle epiphysis be
avulsed from 1ts normal posiion and
turned 1nto the elbow joint with the 1t
tached conjoined tendon of the flexor g_
pronmator group of muscles the ulnar g
nene may be sripped of 1ts antenor pro- L1
tectine covering and he freely exposed t
Hemorrhage and edema may partially
mask 1t but again 1t should be searched
for and protected as described above If
1t be necessary to explore the medial -
pect of an 1ntact joint the surgeon may
temporanly remove the medial epicon
dyle from the humerus by means of a
sharp osteotome and turmn 1t dustally with
1ts attached muscles (later to be replaced :;‘“ ﬂ?f 3::1‘3“_31 ‘:[‘]i“"’:’ {":ﬂ“PPL"’“Ch
and fastened by a heavy suture a nasl or T}:amﬂ(,“)_ 1l (b)
wrenw) A broad elevator or other flat
instrument shonld be used to shield the ulnar nerve while osteotomizing the
epicondyle or while replacing 1¢ nd fastening 1t to the medial conds lar ndge
With reasonable care no operative damage should occur to this nerve Temn
porary removal of the epicondyle facihitates exposure to the medial side of

the jornt and permits better reparr of the collateral hgament than a vertical
masion through the muscles attached to 1t

interolateral Approach

Tins approach may be employed for removal of a fraciured radial head
with anterior displacement of a fragment wusocated with postenior disloca
tton of both hones repair of the orbacular higament 1 anterior dislocatron
of the radsal head i Monteggia fractures remonal of or open reduction of
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brachialis muscle Though most surgeons agree that the radsal head should
be removed 1n such cases how many would perform the removal through an
anterolateral inaision and leave the deep fascia open to allow the escape of
hemorrhage cellular and fluid products of tissue death from the damaged
bracluahs anticus muscle? Also how many would perform this operation 1n
the first twenty four hours after njury? If the radial head (associated with
elbow duslocation) 1s removed within the first two days after myury through
an anterior ncision and the fascia 1s left open, there 1s extremely htle rusk
of myosit1s ossificans 1f on the other hand this removal 1s performed through
a lateral wnciston and the deep (brachiahs) fasca 1s not opened and left open
or the operation 18 performed from four days to two weeks after injury the
likelihood of desclopment of myositis ossificans 1s unusually high (posstbly
fifty percent or greater) (Chapter \1I)
The surgeon must have a plan of approach that will permit lnm to evalu
ate the pathology fully in order that he may accomplish his reparr with case
to himself and without additional sertous harm to the patent s already dam
aged tissues There are perhaps no better principles to follow in making the
choice of inasion and approach than 1n the criteria histed by Darrach
being necessary for a good surgical approach These are
(1) The approach should provide comfortable access to the structures for
which one 15 seching

(2) It should cause as little damage as possible

(3) It should go between muscles rather than through them

(4) It should not divide the blood or nerve supply of a muscle that 1t passes.

(5) It should permut clear visualization of important anatomical structures
or give them a wide berth

(6) 1t should permut restoration of the dusturbed tissues to their normal
position at the end of the operation and allow them to regain normal
function as early as possible

There are m general four main approaches to the elbow joint or clbon
region that can be considered safe These are the medual, anterolateral
lateral and posterior approaches. These will be presented and varsatious of
each will be described n the following paragraphs. The anteromedial ap-
proach 1s rarely necessary and 1s not so safe s the anterolateral or medual
approach because the brachial vessels and medsan nene are m 18 direct

path
Medial Approach

Thus approach 1s used for exploration of the medial aspect of the c":"
joint for the following reasons removal of a loase body 1n the joint the nl—
placed up of a frictured coronoid process repair of the medial anu(clrl‘
ligament removal from the joint and open reduction of a frictured mﬁl l:
eprcondile cpiphy s nhich has become disphced mnto the jomnt open Tedu
won of 1 fractue of the medial condyle or trochlenr and neurolysis or (raNs
posttion of the ulnar nerve
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mtermuscular space directly A good exposure of the anterolateral aspect of
the joint may thus be obtaned aud when the operition 1s completed the
normal structures practically fall together If the deep fisan 1s to be left
apen for dramage the only sutures employed are for the subcutancous tissue
1nd skin If the deep fasaa requures closure two or three sutures only are
needed for approximation

The biapital tuberosity of the radius may be explored through tlus
approach and 1if 1t 15 desired to pass a suture through 1t this can be accom
phished by making two dnll holes at nght angles to each other (by rotating
the radius deep 1n the nasion wlile the surrounding soft parts are re
tracted)

Lateral Approach

This approach 15 2 good one and may be used for a number of purposes
such as exasion of the radial head for fresh fracture or old deformity open
reduction of separation of the radial head epiphysis where closed methods
have been unsuccessful open reducuion of laterl condyle fracture removal
of displaced fragment of capitellum exploration of the radio-humeral bursa
or excision of calcium deposit 1n the extensor tendon attachment to the
lateral epicondyle (epicondyhitis) and resection type of arthroplasty of the
elbow jomnt (Haas) It 15 also used for aspiration of the joint

The inaseon for the straight lateral approach 1s a longitudinal one begin
ning along the supracondylar ridge and passing downward and shghtly for
ward over the capitellum and radial head and nech If either open reduction
of the lateral condyle or resection arthroplasty of the elbow 1s to be per
formed the lateral incasion must be started about 6 centumeters proximal to
the lateral epicondyle of the humerus Some surgeons prefer to make the

Fig 09 Lateral iaisions for approach to the elbow joint (a) Transmerne. () J inciyion

(hocher)
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a fracture of the caputellum removal of a loose body from the anterolateral
aspect of the jount correcuon of osteochondnitis dissecans of the caputellum
reparr of a ruptured or avulsed nferior biceps tendon and exploration of
the lower portion of the radwal nerve or the upper portion of its two
branches (postertor interosseus and superficial radial nerves)

Inasions for the anterolateral approach are usually Z or bayonet shaped
for the shan and subcutaneous tissues but may be tansierse (See Fig 8g)
Straight longrtudinal or diagonal mcistons crossing the elbow flexion crease
are to be avorded for the reasons mentioned above The Z macsion begins
above the joint passes along the medial margin of the bracluoradialis muscle
as far as the flexion crease then along ths for a varable distance 1n a lateral
direcuon and finally along the medial margin of the same muscle. The
bayonet meiston 1s much the same except that the two long arms are 1 a
more vertical direction

The transverse wmciston beginning at the biceps tendon passes along the
elbow flexion crease lateralward almast to the epicondyle. This requires dis
section of shin flaps upwards and downwards 1n order to obtain suffictent
room to open the deep fasaa longitudinally and approach the jomnt 1n the
interval between the bracluoradialis and brachialis anticus muscle Any of
these incisions may encounter the cephalic vemn or a branch of 1t, and the
lateral antebrachial cutancous nerve (sensory continuation of the musculo
cutaneous nerve) The vein will very likely require Iigation and diviston
but the sensory nerie should be preseried and retracted lateralwards out of
the field of exposure The transverse inasion will grve a much less conspicu
ous scar and should be used if 1t 1s felt that the operative procedure con
templated can be carried out through it

The deep anterolateral approach 1s carrzed out by wnasing the deep fasaa
binding the brachtoradialis to the biceps and brachialis muscles. The 1nter
val between the brachiahis and brachioradialis 18 deepened just abose the
joine 1n order to visualize the radial nene and 1ts division Since sl the
muscular branches from this nerve pass in a lateral direction the nerve
along with the brachioradialis muscle should be retracted lateralwards The
nciston 1s then deepened through the outer fibers of the brichials anticus
muscle unul the antersor jomnt capsule 1s encountered By rotating the fore
arm back 1nd forth passively 1t 1s casy to distinguish the apitellum from
the radual head even through the capsular structures, The capsule may thett
be opened 1n a vertical direction directly over the radial head without fear
of damaging any important structures Inctston of the capsule distal to the
radial head must not extend more than 1 to 1  centuneters along the radial
neck 1n order to avoird myuring the posterior interosseus nene that winds
laterally and posteriorly round the neck betneen the two layers of the sln
pmatm muscle In order to make 1t possible to retract the bradnm-ndmn:
muscle more easily distal to the joint Iine 1t will be necessary to hgate 2
dude the tadial recurrent sessels (artery and vem) nhere these cross the
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reduced through this approach Either the techmque of Campbell or of Van
Gorder may be utihzed for this (sce below)

For e,\pl)onuon of the postenor compartment of the clbow joint or 1
MacAuslind type of elbow arthroplasty (vin the trans olecrmon route) 1
postenior U-shaped inciston 1s made from the Jteral to the medind epicondyle
of the humerus curving dist1lly to cross the uina about one mch below the

a ¢ ¢

Fig 100 Postenor skin incisions for elbow region (a) Langenbeck s. (b) Ollier's. (c)
MacAusland s

t1p of the olecranon The skin incision 1s carried down to the deep fascia and
the proximal flap 1s retracted. The periosteum 1s split and clevated from the
upper ulna and the olecranon 1s disided trnsersely at the middle of the
greater sigmoid notch (2 centimeters below the tip of the olecranon) by a
thin sharp osteotome The triceps expansion and deep fascia are ncised on
etther side care being taken to 1denufy the ulnar nerve nd retract 1t out
of danger by tape moistened with saline solution The joint capsule and
periosteumn when divided at the Ievel of the osteotomy will permit retraction
of the olecranon 1n a proximal direction A good exposure of the posterior
compartment of the joint 1s thus obtamned and the distal surfaces of the
trochlca and capitellum may also be casily visualized If their anterior sur
faces need be examined the operator may expose these by flexing the ulnn
further upon the humerus and by gently prying the uina forward by means
of a smooth flat elevator nserted mto the jont cavity Fibrous adhesons
degenerated articular cartilage or loose bodies may thus be removed It 1s
also posuble to exase the radial head through this same exposure should 1t
be found to be enlarged urregular 1n shape and causing mechanical interfer
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nasion somew hat more of 1 posterolateral one when removing the head of
the radins There 15 also a variation of this which passes obliquels long the
antertor margmn of the anconeus muscle and exposes the radial head from
behind None of these skin inusions encounter anatomical structures of any
mportance

The deep approach exposes the lateral condylar nidge or epicondyle of
the humerus the extensor tendons taking their origin from the lateral epi
condyle and the deep fascia over lying these These muscles may be spln
Jongitudinally berween the bellies of the extensor carpi radiahs longus and
the extensor digitorum communis Directly beneath lies the joint capsule
and the orbicular ligament surrounding the radial head. The head may be
defined by rotating the forearm A longitudinal incision from the capitellum
to 1 centumeter below the radial head will expose the radic-humeral joint
and not cause damage to the posterior interosseus nerve This rcision with
retraction will furnish adequate exposure for excusion of the radwl head
If more exposure of the lower humerus 1s needed this may be obtamed by
elevation of the periosteum by a sharp elevator after inctsing the penosteum
along the supracondylar nidge If the approach 1s made along the anterior
margmn of the anconeus muscle 1t 1s deepened to the posterolateral aspect of
the radio-humeral jomnt between this muscle and the extensor carp: ulnans.
This same approach may also be used for draining the elbow jomnt in case of
suppuratie arthritis

Aspiraton of the elbow joint 13 most easily accomplished by 1nsertion of
the aspirating needle at a pownt equidistant from the lateral epicondyle
radial head and up of the olecranon on the posterolateral aspect of the
JOln[

Posterior Approach

This approach may vary considerably depending upon the purpose for
which 1t 15 used A commonly described approach is that called the posteriof
midline approach but frequently this need not have the skan maston of
the deep approach made directly n the mmdhne It 15 often better 10 ap
proach the lower humerus elbow joint or upper ulnt shightly to the lateral
or medal side of the midline

For the Iower humerus a postersor approach 1s valuable m the following
types of operatons open reduction of fracture of the medinl condyle dicon
dylar fractures and for corrective osteotomy of the lower humerus for cubr
tus varus deformuty For operations upon a medal condyle or dicondylar
fracture an approach to the humerus on etther or both sides of the triceps
tendon may be adequate and stmpler than mn sphiung the triceps Ay
approach on the medial aspect must 1solate the ulnar nerve and retract n
out of danger befure the operatise procedure upon the bone ts started ot
corrective osteotomy on the lumerus a posterior midhne ncision 13
abls the best Old unreduced dislocattons of the elbow are also best openly

prob-
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nd the orbicular hgunent may be repaced with silk after
trlcl;l:lctcl’;im(:il;c antcriorly dis]om%;d radial hend Following reducuion of
the ulnar frgments 1t 15 usually wdvisable to employ 1nternal fixation by
means of a plite and screws to prevent subsequent angulition of the ulna
and redsslocation of the tdial head Closure of the penostenm and deep
fascia with interrupted fine sill sututes allows the muscular structures to
fall back mto their normal postuons None of these elevited muscles have

-
-
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Fig. 101 Posterior skin inasions for elbow region (d) Rochers (postenor J) (e)
Camplsell ¢ or Van Gorder s (f) Speed and Boyds.

been actually damaged or had their blood or nerve supply interfered with
Consequently 1t 18 possible to start exercises at an early date if nigid repair
of the fracture has been obtammed

The posterior midline approach of Campbell begins five mches above the
olecranon and 15 carried downwards passing just lateral o 1t The inasion
passes directly through the center of the triceps tendon sphitting 1t and the
muscle beneath 1t The ulnar nerve must be seen and protected on the
medial aspect Sphitting of the triceps muscle i the proximal end of this
masion must be done with blunt mstruments to avord cutting the radial
nene which crosses the lower third of the humerus just beneath this muscle
The spht muscle may then be retracted to eather side to permut full exposure
of the lower posterior surface of the humerus and elbow joint It may thus
be used for repair of dicondylar fractures corrective osteotomy and reduc
tton of late unreduced elbow jomnt dislocations Following completion of
the operatton the muscle 15 permtted to fall together and the deep fiscia
and tendon margins ate approstmated with interrupted silk sutures

The posterior approach of VanGorder 18 used for the same purpases The
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ence 1n the jont If arthroplasty 1s to be performed 1t 15 possible to reshape
the articular surfaces of the ulna and humerus and cover the latter with 2
layer of fascia lata. When the operative procedure upon the jomnt 1s com-
pleted the olecranon should be replaced and repaired by means of a heavy
wire loop (No 22 gauge) passed through the msertion of the triceps tendon
and through a dnll hole 1n the distal ulnar shaft If the operator prefers he
may fasten the olecranon to the ulnar shaft by a long screw passed down-
wards 1nto the medullary cavity The ulnar nerve 15 allowed to drop back
into 1ts normal position and the deep fascza and periosteum are then re
paired with nterrupted sutures of fine silk The shin and subcutaneous
tissue may be closed according to the operator s preference No dramn should
be placed 1n the wound A posterior molded splint should be applied for
protection but may be removed as carly as the surgeon desires for starting
active elbow exercises

For exasion of an enlarged and chromeally thickened olecranon bursa
the best 1ncision 1s a straight transi erse one passing directly over the poster
1or aspect of the bursal swelling This masion with retraction of 1ts flaps
gives good exposure and permits complete exasion of the bursa The result
ng scar 1s narrow and scarcely visible.

A posterior longitudinal 1nciston beginning just lateral to and at the level
of the up of the olecranon passing downwards seten centimeters and then
curving gently medialwards across the upper ulnar shaft 1s an excellent
approach for repair of a fracture of the olecranon with separauon Ths per
muts full visuahzaton of the fracture site by retraction of the medial skin
flap The repair may then be carried out by one of the methods described
under operattie reparr of this injury

The postertor approach to the upper ulnar shaft and radial head as de
scribed by Speed and Boyd 1s an excellent one for use in the open reduction
of Montegga fractures It perimts internal fixation of the ulnar fragments,
reduction of the dislocated radial head and repair of the torn orbicular hifa
ment No other single approach will give access to and make posstble the
repair of both the fracture and dislocation The nasion for this approach
begins one inch above and lateral to the up of the olecranon passes distalls
and medially to reach the posterior crest of the ulnt approxmatels one inch
below 1t then along the crest of the ulna as far distally as 1s necessan (0
expose the fracture site thoroughly and grie adequate room for repair (I
necessary the mncision may be extended the entire length of the ulna the
postertor erest of which can be readily palpated beneath the skin and sub-
cutancous ussue ) After the fracture site 15 well exposed by elevation of the
periosteum and muscles from the ulna the radio-humeral joint 18 then e
posed by further subpertosteal dissection of the supinator muscle from its
onigin along the supinator crest on the lateral side of the ulna By hecpifiz
the periosteal elevator beneath (decp) to the attachment of this muscle no
damage can occur to the posterior interosseus nerve which lies between the
superfiaal and decp layers of thrs thin muscle The radio-humeral joint 15
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Eatly Treatment Aids Following Injury

EASURES TO lessen swelling and pam to overcome venous stass 1o
nd the injured extremity of exudation and to assist 1n carrying away

the products of tusue damage secondary inflammation 1nd to lower the local
ussue pH are described under the treatment of speaific injunies It scems
advisable howerer to repeat these for the benefit of students and vounger
surgeons who perhaps have not become completely familiar with them Such
measures consist of (1) elevation of the mjured part (by pillous or by sus-
peasion)  (2) low tenuty heat  (g) whirlpool baths (4) compression
dressings (cotton and mushn elasic bandages) (5) gentle massage  (6)
positive and negative pressure boot (7) wet dresings  (8) active exercises
such as for finger flexors and extensors without moting 1njured bones (9)
sympathetic nenve blocks and (10) peniarterial sympathectomy

Elevanon heat and actine exercises can always be obtned Light sedaune
massage 15 less readily avarlable Deep or heavy massage 18 defimtelv contra
mdicated 1n the elbow region since 1t 15 prone to cause additional trouble
1n the form of myositis ossificans

Gravity assistance (elevation) supporuve dressings low intensity heat,
and frequent early active exercises will mvanably accomplish more 1n the
reduction of swelling 1n the restoration or maintenance of Joint function
following a fracture than will months of treatment by long or short wave
diathermy whirlpool baths etc. applied daily or three times a weeh

Sympathetic nerve blocks have been found extremely useful 1n hastening
the disappearance of post traumauc swellng pamn due to vasculr spasm
and 1n assisting the ntiation of carly active exercises by rehef of pain and
muscle spasm The employment of such blocks should be resorted to more
often For the upper extremuty the sympatheuc nerve block of chotce 15 that
of the steilate ganghon

All of the above measures must be employed early 1f they are to assist 1n
overcoming venous stasis (and ats accompanying swelling and parn)

The mtravenous use of procune hydrochloride (1000 cc. of 0 1
1 normal sahine) has been ady ocated by Rutter et al as a mens o
jomnt motion where pain and muscle spasm has heen a factor 1n
Extreme caution must be employed m using this drug intraven
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skin inctston 1s simular but the approach through the triceps 1s by dusection
of a tongue of triceps tendon downwards The tp of this tongue of tendon
begins appronimately four inches proxiumal to the olecranon and as 1t i
dissected distally 1t 15 also tnased more deeply so that 1ts tp 18 thin and s
base thick where the latter 1s attached to the olecranon The enure tongue
1s retracted downwards and the muscle belly beneath 1s split longitudinally
by blunt and sharp dissection and retracted to either side Again the ulnar
and radial nerves must be avoided Closure 15 carnied out by interrupted
sutures of silk for the muscle to approximate the two halves The tongue
of tendon 1s replaced and Likewise sutured along 1ts margins to the deep
fascia If for any reason the elbow has been held m extenston and the triceps
1s contracted this tongue of tendon may be advanced distalwards up to one
inch before re suturing 1t to permut better flexion of the joint This would
seem preferable to performing a Z-shaped tenotomy on the tendon as adve-
cated by some wTiters
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ment mdicated One reason for stressing the exact mechinsm of dislocation
hns often been guven (as 1t was sard) ehat exact reversal of the mechanism
was the best and casiest method of bringing about reduction The futility of
such resoming would seem to be first that the pauent lumself can but
rarely give a truly rceurate description of how the wmjury occurred (whether
he Innded on lus outstretched hand first ind lus elbow second or vice versa)
and second the position of the dislocated bones when the patient presents

Fig 102 Sketch of postenor dislocation at elbow joint showing how this occurs at the
expense of tearing of the anterior capsule of the joint and the brachmlls anticus muscle.

himself for treatment may be considerably altered from what they were 1m
mediately following the mjury It would seem more logical to formulate a
plan of reduction following careful physical and roentgen examnation and
based on the exisung displacement (and other pathology) than upon straight
routine methods or upon an attempt 1t reversal of the onginal and quesuon
able mechanism of the injury

DIAGNOSIS

The diagnosis of the common posterior or posterolateral type of disloca
tion of the radius and ulna upon the humerus 15 usually not dafficult on
chmaal examinatuon In cluldren 1t must be differentiated from supracondy
lar fractures of the humerus. Roentgen examination should be made before
any reduction 1s attempted 1f climcal examination suggests an unusual type
of dislocation or 1f an associated fracture of a humeral condyle or olecranon
1s suspected Should the injury occur on the athletic field and the team sur
geon be mmmediately available and make a diagnosis of simple dislocation
he mw dispense with immediate roentgen exarmnation and go aliead with
reduction at once by strmght traction upon the forearm and with gentle
manipulatuon Such cutting of corners by Imy friends or first-uders 1s to



CHAPTER XIN

Dislocations at the Elbow Jomnt

GENERAL CONSIDERATIONS

HE ELBOW joiwnt ranks second only to the shoulder 1n frequency of

dislocation  Children and adults are about equally affected and each
may show characteristic associated lesions of the bone or soft parts such as
epiphyseal separations fractures and lesion of nerves It 1s hardly necessary
to say that for dislocation to occur at the elbow or any other major joint
extensive rupture and tearing of at least one of the collateral igaments and
capsule must take place The degree of original soft ssue damage accom
panying the dislocatton 1s due 1 part to the direction of the dusplaced radius
and ulna but sull more important 1t 1s 1n direct proportion to the actual
amotnt of displacement of these bones upon the lower extremity of the hu
merus The brachialts anticus muscle 15 often extensiely torn asit isstretched
over the articular surface of the humerus by the posteriorly displaced ulna, a
fact well to remember because of the subsequent hemorrhage within ats belly
which 1s one of the factors predisposing to the formation of myositis ossifi-
cans an all too frequent complication following elbow dislocations Nerve
lesions may occur from stretching or contusion or later may result from
pinching by scar uissue formed during the process of healing The ulnar
nenve 1s most commonly affected as a result of dislocation but the radial
and median nerves may become mvolved. The ulnar nerve explored be
cause of paralysis has been found lying within the elbow jomnt where 1t had
been displaced at the time of dislocation The brachial artery may be tomn
Fractures of the coronod or olecranon processes radial head lateral condyle
or capitellum of the humerus may accompany dislocations. In the rare
antertor type of dislocation of the ulna and radius upon the humerus with
out fracture the triceps tendon 1s often completely torn Any separation of
the upper extremuties of the ulna and radius from each other (whether one
or both 1s dislocated upon the humerus) must be accompanted by tearing
of the orbicular ligament or capsule and by some tearing of the oblique
ligament and interosseous membrane

MECHANISM OF INJURY
The exact mechantsm of a particular elbon dislocation frequently cannot
be determined Many of the older textbooks stressed the mechanism i great
deta] and emphasized 1t at the expense of the eusting pathology and treat
222
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ment 1ndicated One reson for stressing the exact mechanism of dislocation
lias often been grien (as 1t was saud) that eaact reversal of the mechnism
was the best and ¢asiest method of bringing about reduction The futility of
such rewsoning would scem to be first that the patient himself can but
rarely gne a truly accurate desenption of how the mnjury occurred (whether
he landed on his outstretched hand first and his elbow sccond or vice versa)
and second the position of the distocated bones when the patent presents

e —
SRR

Fig 102 Sketch of posterior dislocation at elbow jont showing how this occurs at the
expense of teaning of the antenor apsule of the joint and the brachialis anticus muscle

himnself for treatment may be considerably altered from what they were 1m
mediately following the injury It would seem more logical to formulate a
plan of reduction following careful physical and roentgen examination and
based on the existing displacement (and other pathology) than upon straight
routine methods or upon an attempt at reversal of the original and question
able mechinsm of the injury

DIAGNOSIS

The diaghosis of the common posterior or posterolateral type of distoca
tion of the radwus and ulna upon the humerus 1s usually not difficult on
clinical examunauon In children 1t must be differentiated from supracondy
lar fractures of the humerus Roentgen examination should be made before
any reduction 1s attempted 1f chimaal examination suggests an unusual type
of dislocation or 1f an associated fracture of a humeral condyle or olecranon
13 suspected Should the njury ocrur on the athletic field and the team sur
geon be rmmediately available and make a diagnosts of simple dislocation
he mav dispense with immediate roentgen examination and go ahead with
reduction at once by straight traction upon the forearm and with gentle
manipulation Such eutting of corners by lay friends or first-arders s to
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be frowned upon since they are 1n no position to make an accurate or com
plete diagnosis and any attempts by them to render hasts definttrve treat
ment may cause additional injury and complicate the situation for the
surgeon This can be accomplished without the necessity of general anes-
thesia 1f performed within the first 10-15 minutes after 1njury and may save
the pattent considerable pain later when muscle spasm would have become
severe It may also prevent subsequent nerve and circulttory damage. Fol

A B

Fig 103 Postero-lateral duloartion at elbow jolnt in an eleven yerr old boy (A) Laterul
view (B) Antero-posterior view Note the various eplphyseal omfication centers.

lowing such a reducuon the elbow should be put at rest n a shng and the
patent sent for roenigen examination to rule out any possible fractures
that might require additional treatment or otherwise alter the course of the
treatment of the dislocation

The chinical diagnosts of dislocation can be made on the basis of disturbed
relationship of the three points making up the bony triangle at the clbow
The same may be said for differentiaung a supracondylar fracture. In the
common posterior dislocation the elbow appears elongated the displaced
olecranon giving the appearance of an exaggerated heel  and the forearm
1s shortened The triceps tendon 1s taue stands out hike a bow string and on
profile 1ts postertor margin 1s shightly concave rather than convex as com
pared to the normal elbow Due to this bow-string effect of the tendon the
shin and subcutancous tissties on either side are  sucked 1in and thelr con
tour 1s concase from side to side rather than convex The cup-shaped proxt
mal surfice of the radinl head may be vistble and readily palpable beneath
the subcutancous ussue especially 1f there 15 some lateral displacement
accompanving the posterior The anterior surface of the clbon reveals a
prominent lower end of the humerus and there may be considerable indura
tion of the soft tsues here 1s well
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In fresh elbow dislocations of the above type 1t s often possible to make
the diagnosts simply on visual inspection unless the patient be very obese
After several hours hne passed and considerable hemorrhnge and swelling
hate occurred 1 the soft tsues surrounding the elbow jotnt 1t may be very
difficult to mike the dingnosis It 1s passible however by carefulfy milking
qway the edema fluid over Iying the bony prominences to palpate these pain
lessly and thereby determune whether their relationship to each other and

Fig. 104 Sketch shawing soft tisue deformity resultng from the posterior displacement
of the radius and ulna when dulocated at the elbow jont. Note concavity on dorsmm
replacing the normal comexity as seen n profile

to the axis of the humerus are normal or abnormal 1f the dislocation 15 un
fortunately of several days duration 1nduration and swelling will have pro-
gressed to such an extreme state that little more than a presumpuon of the
diagnosis can be made by chnical examination and 1t 1s impossible to rule
out assoctated fractures

Roentgen examination of the injured elbow (except as noted above on the
athietic field) should be made prior to attempts at reduction There should
be tho views taken (anteroposterior and lateral) or as close to these as posst
ble Owing to distortion and rotation 1t may be advisable to tale addinional
ablique views m one or more planes In children 1t 15 often 1mperative to
obtamn films of the normal elbow 1n order not to overlook a displaced medial
epicondyle epiphysis and mastake 1t for one of the ossification centers of the
trochlea

o diagnosts of elbow mjury 1s complete (even with adequate roentgeno-
grams) and no reduction should be attempted until a careful chech 1s made
to determine the motor and sensory function of the ulna radial and medsan
nenes and the presence and quality of the radial pulse Any compromise of
these important soft tssue structures makes 1t wmperative to perform reduc
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ton without unnecessary delay and to do so with extreme gentleness. To
discover a paralysis following reduction when 1t was definitely known not tg
entst beforchand indicates erther possible roughness of the mampulatve
reductton or the necessity for operatnve exploration of the nenve with poss
ble transposition of it. Late discovery of paralysis when the pre reduction
function of the nerve was unknown would be most embarrassing and very
difficult to explamn to the patuent or his parents

Although open (compound, contaminated) dislocatrons at the elbow joint
occur they are extremely rare as such without associated serious bone injury
as seen 1 truck-swipe fractures The compounding wound 1n an elbow
dislocation 1s likely to be 1n one of two places (1) at the antecubital flexion
crease (%) on the medial aspect overlying the lower margin of the trochles,
where the shin has burst open from the extensive stretching or over the
olecranon from a direct blow A small split 1n the skin 1n any of these areas
from which oozes old blood 1n the presence of dislocation must be connd
cred as a contaminated wound and treated as such until operation demon
strates no connection with the joint cavity

TYPES OF DISLOCATION AT THE ELBOW JOINT
(According to direction of duplacement of the forearm bones upon the humerus)
Dislocation of Radius and Ulpa at the Elbow

Pastersor
Lateral
Medral
Anterior
Unreduced (Old) Dislocations at the Elbow
Dnvergent Duslocation of Radius and Ulna at the Elbow
Anteroposterior
Medsal lateral
Duslocation of Radius Alone at the Elbow

Posterior
Lateral
Forward (without fracture)

Dislocation of Radius at the Elbow with Ulnar Fracture

Posterior
Lateral (Monteggia Fracture)
Forward |

Dislocation of Ulma Alone at the Elhow

Posterior
Anterior
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Sublusation of Head of Radius in Children (*Pulled Elbow”)
Congenital Dislocation of Head of Radus
Delayed Dislocation of Head of Radius Following Injury

TREATMENT OF SPECIFIC DISLOCATIONS AT THE ELBOW
Dislocation of Radius and Ulna at the Elbow

Posterior Dislocation

This 15 2 comnon njury  Alone or with shght to moderate lateral dis
placement of the forearm bones 1t makes up by far the greatest majorty
of all elbow dislocations. The dragnosis 1s descrnibed above 15 usually fawly
obvious Tearing of the collateral hgaments and antenor capsule always
accompanies the bony displacement. The brachialis anticus muscle s often
extensively torn 1nd there usually 1s some stripping of the periosteum and
triceps muscle away from the posterior wpect of the lower humerus Bleed
g and swelling vary according to the amount of damage and length of
duration after injury Symptoms hikewise vary but considerable pain 13
usual

Assocated Lesions. Soft Parts Damage to the ulpar radial and median
nemves resulting 1n Joss of motor or sensory function or both stretching or
tearing of the brachul artery Nere lesions are very much more common
than vascular 1njuries 1n this type of dislocauion

Bones. Fracture of the coronoid process of the ulna fracture of the head
of the radius separauon of the epiphyms of the medial epicondyle of the
humerus 1n children (often with the avulsed fragment displaced 1nto the
jomnt caviy) and fracture of the capitellum or lateral condyle of the
humerus

Treatment. Reduction of the dislocation can be accomplished usually by
closed methods Occasionally open reduction must be resorted to because of
mability to reduce 1t closed without resorting to too forceful manipulation
or because of some other associated nerve lewon or complicating fracture
General anesthena 1s certainly adwvisable 1f the duslocation 1s more than one
hour old 1n order to allevate pun and espeaally to obtamn complete muscu
lar relaxation without which 1t may be necessary to use considerable force
m the reducuon which 1n turn predisposes to additional joint and soft part
mjury

Closed Reduction There are several methods of obtaining this () By
direct traction on the forearm in a distal direction while maintaining
counter traction upon the humerus Should there be present considerable
lateral displacement of the ulna and radus this should first be overcome by
pushing them medally before attempting to reduce the pasterior displace
ment Following this wlule traction and counter traction are continued the
forearm should be shightly hyperextended to permut the coronoid process to
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shide forward beneath the trochlea When the forearm bones are felt or seen
to come forward then they should be flexed at the elbow Joint. If reduction
1s complete the jomnt can be fully flexed with ease. If flexion 1 not casy and
1s cheched at ninety degrees reduction has not been obtained and must be
done over again If too much hyperextension 1s employed 1n this manocuyre,
increased damage may be caused to the already partly torn brachialis antycw
muscle (2) Reduction by traction on the forearm bones while the elboy, 15

U

Fig to5 Method of reduction for posterior elbow dislocation by traction (and counter

tracuon) A push m the domal direction upon the upper forearm dunng traction oftes

makes 1t eanier for the beak of the coronord process to shde forward beneath the Jower

end of the humerus 1nto jis normal postion. Following this the elbow may be esdly
flexed. If flexion is difficult, reduction is incomplete.

held flexed over the operator s knee Tlus method offers the same objection
as m (1) (3) Reduction by thumb pressure puslung forward and distally
upon the radsal head and olecranon while using the fingers of each hand for
counter pressure upon the front of the condyles of the humerus () Reduc
tion by traction on the wrist plus flexson In this method the operators
elbow on the same side as the hand g1y ing the traction 1s used as a fulcrum
agatnst the front of the patient s humerus

The first method described 1s probably the best and safest in the long run-
It should be remembered that simple posterior or posterolateral dislocations
at the elbow can be reduced without appreciable difficulty when donc under
general anesthesia If good muscular relaxation has been obtamed and it
tvo or three gentle attempts at reduction by one or more of the above
methods has failed there must be some reason for the fatlure It 1s probably
due to intrinsic pathology such as tendon muscle or nerve causing a definste
block to replacement Consequently instead of using rmcreased force of
muluple repeated attempts at reduction the intelhigent surgeon will cease
further manipulative trauma and resort to open reduction At the operation
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the cause will be found for fulure of closed mampuition and can usunlly
be casly corrected with benefit to the pauent

Open Reduction Resort to opertine reduction for elbow dislocations 1s
usually a matter of necessity rather than chotce It 1s necessary when (1)
closed reduction has been unsuccessiul - (2) the medial epreondyle epiphyse
has become displiced nto the clbow jount (3) there 13 1 fmcture of the

Fig 106 Method of reduction for posterior elbow dislocation using traction and counter
traction over the operators knee as a fulaum (after Cotton)

racial head with displacement () there 1s a duisplaced fracture of the capt
tellar process or lateral condyle of the humerus and () there 1s ulnar nene
or other nerve damage (For speafic treatment of these associated lesions
the reader should consult the chapter pertaining to each )

Post reduction Roentgen Examination. As soon as possible following re
duction another roentgen exanunation should be made of the splinted
clirow m both planes To allow the patient home and postpone this exan
matton mught lead to medico-legal difficulies A fluoroscopic check up
though seemingly sausfactory at the moment 15 worthless as evidence 1 the
court reom A post reduction roentgenogram i necessary to demonstrate that
reduction has been obtained It 1s also advisable to have it for 1dditional
feasons (1) reduction may not be quite complete or redislocation may have
occurred (2} 1 clear-cut outhne of a bone fragment or articular surface may
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now show up within the jornt that was obscured by distortion on the original
films and (g) additional fracture ltnes may have opened up 1n a condyle or
radial head which may require further care or watching

After-treatment. Treatment follow ing reduction of a simple dislocation
should be directed towards preventuon of recurrence temporary rest, re
establishment of normal arculation to the injured soft parts surrounding

¥

Fig 105 Method of reduction for posterior clbow dislocation utilinng thumb ll::c:"f
on olecranon while an anistant applies traction in the axis of the [orearm

the joint and to early recovery of joint motion and function The configura
tion of the joint surfaces are such that recurrence ol the distocation 18 n;?(
prone to occur unless considerable extenston of the forearm bones upont lblt
humerus 1s permitted too carly Therclore the elbon should be mlmo“u
lized 1n a postertor molded plaster-of Paris sphnt (extending [rom the ax1

to the metacarpophalangeal joints) with the elbow at an angle of appfo':;|
mately seventy or eighty degrees Thus splint should be supplemented i X
asling The splint should be worn for rest and protection for a week to u.;in
davs to permit the beginming of good higamentous healing Witlun (“0'

thiree davs following tnjury 1t 1s wise to allow the patient to remo e ((‘C
sphint four or five mes a day to practice actine exXerCiscs for five mimute
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periods He should be cutioned not to try to extend the elbow more than
to w angle of 130 degrees for the first two weeks

When the splint hns been discarded after one week the sling should Le
continued for other 10 d1ys or so dunng which tune the patient should
practice hus excrases hourly (1ways witlun pan limits) With the 1nstitu
tion of 1ctive exercises the patient mvy be nsmisted with such physiothery
peutic mensures 1s heat (thermolite hot saaks whirlpool baths and very
gentle musage) Massage 1s contra indrcated following severe elbow myuries
m cildren Under no circumstnces should passive motions such as mamp-
ulation stretclungs weight-carrying  or encouraging the patient to hang
from a door casing or trpeze be alloned Thus form of brutl treatment 1s
st1ll too often dvocated by some old school physicians n the belief that 1t
will help the patient regun jownt mouon It vccomplishes just the oppasite
and 13 one of the prime factors mn the causation of myositis ossificans which
may even lead to solid bony ankylosis of the elbow joint Heat and gentle
actnve exercses frequently carried out are stressed 1n the after treatment of
these injuries because they do not cause pan or additionnl tearing of the
swollen and non-clstic soft parts They help to improve the local arculation
thereby assisting soft tissue healing and also by improving the return yenous
and Iymphatic circulation especially they help get nd of other products of
tissue death and inflimmation and thus permit an increase 1n jont motion
and prevent articular adhesions and pen-articular capsular thickening As
motion and strength increase 1n the elbow joint mild active use shonlid
be permitted and encouraged

Fractures of the coronoid process associated with dislocaton require
shightly more protection and care than when not present. Following reduc
tion the elbow should be immobihzed as described above but 1n more acute
fiexion (1 e at an angle of 5o to 6o degrees) 1f swellmg does not prohibit
and the patient should not be permitted to extend the joint beyond 100
degrees for three to four weeks The splint should be worn for Appraxi
mately the same length of tme but may be remozved for apphcation of heat
and the mstitution of active exercises as noted above It 15 good practice to
prevent these patients from attempting extension of the elbow to beyond
150 degrees for at least six weeks This will permit firmer healing of the
fractured coronod and thus diminish the chances of subsequent recurrent
duslocations

Dimability Time. Uncomphicated elbow dislocations can usually return to
sedentary or other light work m from two to three weeks and to heavy work
n five 10 s1x weeks 1 complicated by a coronoid process fracture the above
tmes must be roughly doubled With other associated fractures one should
consult the chapters on these specific injuries

Complications These may be divided nto two types early and late Asso-

Gated soft part and bony lestons are not trul [
3y complications and should not
be ducussed here as such "
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Excessive swelling and bleb formation due to 1t may give considerable
trouble Prevention 1s the best form of treatment. The surgeon must see to
1t that there are no tight or constrictrve turns of bandage holding the sphnt
1 place that tend to cut into the skin beneath which occurs increased swell
ing Elevation of the reduced and sphinted elbow on two or three pillows
will overcome stagnation of the return circulation ncreased by dependenc
Ice bags may be used to assist the prevention of excessive swelling within the
first twenty four hours Should bleb formation occur aspiration of the blebs
under aseptic technique by means of a hypodermic needle 1s advisable This
should be followed by a soft pressure dressing and elevation Bleb formation
should not be used as an excuse to delay actnve exercises for more than a day
or two at most

Volkmann s uchaemia and paralysis may occur early after an elbon dis-
location but 15 not nearly so apt to as following a supracondylar fracture
(Chapter XXI)

Late complications consist mainly of delayed ulnar nerve palsy and myo-
sius ossificans The former may occur because of excess scar tusue formation
surrounding the groove along which the nerve passes behind the medial
cpicondyle of the humerus The scar tissue 1s 1t later becomes dense nd
contracts tends to chole the nerve The first symptoms are usually hypo-
esthesia or tingling mn the sensory distribution of this nerve 1n the hand and
fingers Should the condition become progressive operanive lysis or trans
position of the nerve 1s advisable and should be done before there occun
any atrophy of the mtrmnsic muscles of the hand If performed after the
motor component of the nerve becomes mtolves Iittle hope can be looked
for from operative therapy

Mpyuasitzs osstficans has been mentioned before as an all too frequent com
plication following dislocations at the elbow It should be otherwise It can
be minimized 1f the surgeon or practitioner treating the case will use com
mon sense judgment and overcome lus zeal to hasten recovery by hrawn
rather than by bran " Heavy massage and forceful passie manipulations
of the joint during 1ts recovery period are the main causes of the complica
tton (See description and discussion of this condition under Chapter \NI)
The third most frequent cause of myositis ossificans following dislocation 18
a resort to often repeated attempts at closed reduction over a pﬂ‘lOd of
several days or a week when the oniginal attempts were unsuccessful Such
repeated attempts not only become increasingly more difficult but increas
ingly more harmful and practically “guarantce” an ensung myovus ossifi
cans As mentioned under reduction of dislocatsons if difficulty 15 encount
tered and reduction 1s unsuccessful after two or three immediate attemp!s
under 1nesthesta there must be a good reason for it—and this 13 best discor
cred and corrected by open reductton rather than by further attempts 0
force and nsult the jomnt with later trials at closed reduction p

Treatment of Myosius Osificans. Once the condition s unpcclcd an
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1ts presence proved by roentgen cxummition 1 very definite regime should
be carried out  (See Chapter \IV)

Prognosts Following Dislocation at the Elbow The prognosis for simple
and uncomplicated elbow dislocations 1s usually excellent if reduction 1s ob-
tuned early and the Wbove described after treatment 1s carnied out. About
the worst that can be expected 1s 2 mild smpairment (ten to fiftcen degrees)
of extenstan which s as a rule no real handicap to the patient It 1s not un
usunl to note some evidence of calctfication 1 the healed collateral higaments
on Inte follow up roentgenograms

Where there his been 1 coronoid or radial head fracture associnted with
the dislocation the prognosis should be somewhat guarded because of a
tendency towards development of myositis ossificans 1n spite of the best and
gentlest treatment

Lateral Dislocation

Thus type of dislocation alone 15 very uncommon though a certain amount
of lateral displacement of the forearm bones 1s frequently scen 1n posterior
dislocations. In pure lateral dislocations the coronoid process of the ulna
remains distal to the lower articular Ievel of the humerus Damage to the
soft tissues 15 wsually very great
There are said to be three types
(1) Complete lateral distocation u 1thout pronation in which the fore-
arm 1s displaced outwards and proximally but 1n supination

(2) Complete lateral dislocation with pronanon and rotation of both
radius and ulna so that both lie 1n a vertical plane

(3) Incomplete In this type the radius 15 completely dislocated from
the humerus but the ulnar sigmoid 1s still 1 contact with the lat
eral aspect of the articular surface of the humerus

Diagnosis The dislocated elbow appears broader and 1s more flexed than
m posterior dislocations The lower inner margin of the trochlea 1s prom
nent beneath the slin Roentgen examination 1s important to rule out
assocrated fractures or to determine displacements of bony fragments

Aswaated Lesions. These are commonly fracture of medial epicondyle
epiphyns lateral epicondyle and radial head Neres and vessels are not
espeaially prone to damage 1n this type of dislocanion

Redacuon This 1s usnally easily accomplished under general anesthesia
by pushing the two forcarm bones medially and rotating them at the same
fime «f necessary while counter pressure 1s made over the medial aspect of
the lower humerus Although some hyperextension may be necessary in the
Manoemte one should avoid changing the pure lateral dislocation mto a

postenior one

If any great difficulty 1s encountered 1n closed reduction one should not
it to force 1t but should resort to open reductnon The author once op-
erated upon such a case and even at operation dufficulty was encountered 1n



284 Surgery of the Elbow

the reduction untl 1t was discovered that the capitellum had Tuptured
through the lateral aspect of the brachialiy muscle and a poruon of thi
muscle was caught 1n a groove (due to avulsion of a bone fragment) behind
1t. Once this was released, reduction was readily obtained
After-treatment (Same as i posterior dislocation ) Get a post reduction
roentgenogram
Prognosis. Usually good unless there has been some complicating fracture

A B

Fig 108 Lateral dislocation at the elbow joint. (A) Antero-posterior roentgenogram
(B) Lateral roentgenogram Note the wide displacement made posuble only by extenshve
teaning stripping and stretchung of the adjacent soft ussue structures

Associated fractures should be treated as such The disability time 15 apt to
be longer than with postertor dislocations owing to extensive soft tussue

stripping
Medinl Dislocauon

These are rare lesions and 1n their pure form are usually incomplete
They are teally subluxations rather than dislocattons Both the ulpa and
radius are shifted medially The stgmoid fossa of the ulna may be n contact
with the medial eprcondyle of the humerus and the radius 1n contact with
the trochlear surface

Diagnosls. The olecranon 1s shifted medually and 1ts fossa 1n the humens
1s empty The forearm deviates mwards from the marn axis of the humerus

Reduction Under gencral anesthesia reduce by traction in parual exten
ston and with direct pressure on the upper ulna 1 a Jateral dsrection
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After treatment (Same s 1 posterior dislocation ) Get 1 post reduction
Tocntgenogram

Prognoms In gencral this 1s good because the soft part injury hs been
minmnl

Antenior (Forward) Dislocation

This 15 a very rare and unusual leston Though authentic cases have been
reported n the hterature accompamied by adequate roentgenograms the
majonty reported nte-dated the discovery of roentgen rays and the ding
nosis was based on clinical or operitne findings some of wlich showed
assoctated compound fractures It 1s afso possible that anterior displacement
of the radius and ulna without fmcture of the olecranon may at times repre
sent the end pont of what originally was a pure lateral dislocation An olec
ranon {racture llowing forward displacement of the radius and distal nina
should not be classified as a pure forward dislocation of both bones

Soft part damage 1s usually extensive 1n forward dislocations and not
nfrequently 1t 15 necessary that the triceps tendon be completely ruptured
to allow 1t In addition there 15 usually a complete tear 1n both collateral
Iigaments and of the antenor and posterior capsule of the joint. There may
alio be extensne stripping of the muscular attachments to the humeral con
dyles The mechamsm of the dislocation 1s said to take place by a direct fall
upon the hyperflexed elbow

Diagnosis. The elbow may be held 1n a position of flexion or of extension
with the olecranon 1 front of the humerus The forearm appears elongated.
Roentgen examination 1s necessary to rule out fractures and to establish
the diagnosis

Reduction Under general anesthesia the joint must first be flexed (1f not
alreads 1n flexion) Traction 1s then made on the flexed forearm and counter
traction upon the humerus 1 order to distract the bones Direct pressure

n a postertor direction 1s then made upon the olecranon

If closed reduction 15 unsuccessful operation should be performed It may
be necessary to repair the triceps tendon even m the event closed reduction
1s possible Tale 2 post reduction roentgenogram.

After treatment (Same as 1n posteriar duslocation ) This injury however
should be treated somewhat more conservatively and the €lbow should be
splinted for three to four weeks
daPmr:gnosis. Thus depends upon the amount of muscle and possible nen ¢

ge One should be careful about myositis ossificans

Unreduced (O1d) Dislocations at the Elbow

In spite of modern advances in diagnosis roentgen
ography and s
treatment an occasional case of an old unreduced elbou duloqmn‘::glzll
scen This may be the fault of the patent or of his parents 1n not scc:mg
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medical care All too frequently however the physician in charge of the
case from the beginning has failed to obtain reduction even after several
attempts at manipulation over a pertod of a week or more the pauent
finally gwving up 1n disgust and gomng to another doctor or directly to 2
hospital Such cases should no longer occur The nabihity to reduce the
dislocation may have been through no fault of the physician and perhaps
was of a particular type requinng operatne reduction (see under fresh
clbov dislocations) buc the obligation 1s lis to get the patient to a specialist
or other competent surgeon within reasonable time where reduction can be
accomplished by one means or another

Eliason has stated that “an elbow dislocation grows old early and 15 usually
1mpossible to reduce by any closed treatment after ten days to two weeks.
The reason for tlus 1s due to the extreme swelling and circulatory stagnation
exudation organization of the extravasated blood and to fibrous adhesions
1n and around all the joint surfaces and adjacent structures This presents a
perfect medum” for the development of myositis ossificans since further
manipulation of these mnelastic tissues causes additional tearmng and hem
orrhage

In order to stmplify subsequent statements on the treatment of this condt
tion 1t will be necessary here to omit discussion of nerve wmnjuries and other
fractures and to limut the treatment to sumple unreduced and otherw sse un
complicated dislocations at the elbow Such associated lenions and ther
treatment may be found under thetr proper sections

Treatment. The question immediately arises as to what form of treatment
can be used or 1s advisable to follow should such a case present 1tself There
are four main procedures that may be followed (1) Tracuon wnd maniptt
lation (2) sham reductton (3) arthrotomy nd open reduction and (@)
arthroplasty

If the dislocation 1s of less than two weeks duratton an attermpt at closed
reduction should be tried This should be performed with the patient nell
relaxed under general anesthesia The traction should be appled to the
forearm mn the direction of 1ts axis while counter traction and backvard
pressure 13 applied to the humerus At least five mnutes of traction 1s Lept
up (and ten 1s better) following which the elbow should be gently flexed a3
described under fresh cases A second attempt may be tried 1f the first 15 not
successful Should reduction be obtamed the clbow must be mmebilized
1n a posterior molded plaster-of Parss sphint and sling for three to four weeks:
The after trextment 1s then much the same as 10 fresh mnjuries The retum
of function 1s often very prolonged (three to four months) and there fre-
quently follows permanent limitation of motion owing to scrring of the
penarticular structures and to intr arucufar adhesions

Over head traction and suspension through the means of a Rarschn
mserted through the olecranon may be tried for twenty four hours before
1ctual mampulation under anesthesta This not only gives prolonged steady

er wire
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sheletal traction but owing to the clevation of the mjured clbow allows
some of the soft tissue swelling to subside (Sec section on harschner wire
traction Chapter \)

If traction and manipulation fls to reduce these old dislocations or if
the duration of the dislocition s three to four wechs or longer one or more
types of operitnve procedure my he performed  Before defimtely deciding
1o operate the surgeon should obtun fresh anteroposterior and lateral rocnt
genograms Tlus 15 exceedingly vmportant, because should the films show
beginning evidence of myositis ossificans 1 the soft tssues surrounding the
bones and joint no operition should be performed at this ime—( ¢ dur
ing the period of progressite bone formatton)—otherwise new bone forma
tion will be likely to mncrease rapidly and very probably even to the stage of
bony ankyloss. If soft tissue ossification has aiready begun no operatie pro-
cednre should be attempted for at least mne months to 1 year or until the
extr-osseous bone formation 1s well along in the regressive stage What then
cn be done? It may be better then to treat the elbow temporarily by the

sham reduction method of Hugh Owen Thomns. This 1s not a reduction
procedure at all but merely flexion of the dislocated elbow to shghtly less
than a go degree angle and maintaining 1t 1 thus position by a collar and
cuff for threc weeks. Following this, the pauent 15 encouraged to exercise
and use the elbow 1n order to regain what moton he can 1t the false joint.
If little funcuon 1s regained and disability remains considerable an arthro-
plasty may later be carried out but certainly not until after soft tissue osn
fication has ceased and 13 regressing

If reduction of the old dislocation has been ympossible by closed methods
and 1f there 1s no evidence of beginming myositis ossificans 1t 13 usually ad
visable to perform arthrotomy and open reduction Thus 1s more valuable 1n
children than adults because the former respond better to after treatment

In aduits with very old unreduced dislocauons the procedure of arthroplasty
18 often a better one

The Technique of Open Reduction for Old Elbow Dislocations
(As described by Willis C Campbell)

“An masion 15 made over the posterolateral aspect of the arm beginning
1 the midline four inches over the olecranon process and extending down
to just above the up of the olecranon thence shightly cutward over the
external condyle of the humerus head of radius and continuing two mnches
on the forearm The flaps are elevated and retracted exposing the tendon of
the triceps muscle and postenor surface of the elbow joint

“The tendinous aponeurosis of the triceps 1s dusected out at 1ts proximal
end and turned down as a tongue hike flap remaining attached to the olec
f2non A midiie mcision 18 then made through the fibers of the triceps
muscle down to the humerus extending from three mches up on the shaft
1o the reflection of the jomnt capsule around the articular surfaces Al mus-
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cular attachments over the lower end of the humerus anteriorly and pos-
teriorly are stripped {ree together with the periosteum The attachinents of
the jomt capsule around the condyles of the humerus are then separated
close to the bone If dissection 1s carried close to the bone the ulpar nerve
rarely comes mto view but may be located and detached from 1ts bed along
the groove 1n the internal epicondyle and retracted out of danger Often
from stripping up of the periosteum 1t the time of the orsginal mun there
results considerable callus forma
ton over the postenior surface of
the humerus around the olecranon
foasa this callus wath the saar ts
sue wn the olecranon fossa must be

thoroughly removed
Having completely freed the
lower end of the humerus and ex
posed the capitellum and head of
the radius the forearm 15 twisted
with gentle pressure over the capt
tellum causing the head of the
Fg 109 (Left) Old unreduced postemor dis- radws to ghde forward 1nto 18
location of the elbow Late open reduction normal position If thus 18 not read
1y accomplished the soft tissues

Exposure of aponeurosiy of triceps and 1sola
tion of ulpar nerve (after Campbell) (Ban  should be dissected more widely

croft and Marble Surgery of the Alotor Skale for the use

tal System nd Ed. Chap sz Lippmncott to ?bvmtc the necessity :)i:m ot

Thila, 1951) (Ste also Frg 110 111 na)y Of force and consequent dang
mjury to the articular surfaces.

After the radius 15 reduced the coronord process mav be shpped forward
over the trochlea and reduction completed The jomnt 1s then cmed
through the full range of motion The periosteum and muscles are closed
along the postertor surface of the humerus and the fascia 13 sutured orer the
head of the radius The aponeurosis of the triceps muscle 1s sutured into it¢
normal position or at a shightly lower level

After-treatment  Followng operatne reduction of these late cases the
clbow should be immobtlized at a right angle 1n a pastertor molded sphint
and kept elevated on pillows for eight to ten days The operatne wound
should heal by tlus time and the sutures may be removed The splint should
then be removed three to four tmes daily for heat (thermohte and lat
s0aks) gentle massage and actne elbow exercises within pam lumts \fter
three weeks the splint should be worn only at night whilc a shing 1s sufficient
during the dayume  After six weeks the sphint 13 no longer necessan at night
but should be used unttl this time to prevent or miniumize contracture
formation The patient should be encouraged and frequently gusded 0 tus
active elbow exercises to make certain he 1s domg them properls and often
enough Occasionally he may do them too strenuously or for too long a
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me at each excrase period thus ciusing lmself pain and delying his
ogiess 1f necessary he may have to be held back shightly The exercises
ould be continued for 2t letst sis months and he should be given pro-
essely more to do mn order thit he may regin mrxamum function and
rength

Prognosis. The prognosis for old elbow dislocations 1s neser really good
pecially 1f they have required operitine replicement. About the best that
n be expected from a1 functional standpoint 15 a
turn of fifty percent of the normil motion range
Tus however 1f pamless and tn 1 strong arm may
ne the patient very hittle handieap In others very
ttle tncrease i motion 1s gmned  but they show 1
efinite improvement m the anitomy and 1n recovery
f strength and use The prognosis 1s naturally very
wch better 1n cluldren than in adults

These are sertous injurtes when left unreduced
Yo time should be lost 1if closed reduction has been
msuccessful  before the patient 1s brought n for
pen reduction The best treatment 1s prophylactic
¢ never allow an elbow dislocation to go unre

Fig 110 (Right) Tri
uced for longer than twelve to twents four Iours  ceps tendon disected

“arly operation 15 far less mdical treatment than free and reflected dis-

ly Inds h
1) further delay 1n reduction and (2) the pecesity 200 ﬁb;"(;h’l)‘;‘fge

or later operation and () offers much less sk of oy surface of humerus.

enious additional complications or sequelae Muscle elevated sub-
penosteally from  con-

Arthroplasty at the Elbow Jomnt (See Chapter XX1V) dyles and lower shalt,

completely 150lating this
Dl\'crgcnt Dislocation of the Radrus portion of bone (after
and Ulna at the Elbow Campbell).  (Courtesy

Bancroft and Marble)

Divergent dislocation at the elbow 1 an extremely (Sec alio ,F:El) 109
rare lesion Two types have been described the
anteroposterior where the ulna 1s displaced behind and the radius in front
of the humerus and the transverse where the ulna lies to the medial and
the radius to the lateral side of the bumerus. The latter type 1s s0 Tare as to
be considered a curiosity The exact mechanism of the injury 15 unknown
For either type to occur there must of necessity have been extreme 1iolence
accompanied by extensine damage not only to the collateral higaments but
to the orbicular and oblique ligaments and even to the nterosseous mem
brane Climcal examination reveals marked thickening of the elbow region
1 the anteroposterior or lateral diameters depending upon which type 1
present Along with this there 1s complete distortion of the bony triangle
landmarks \arled swelling occurs early

Treatment Reduction should be carned out under anesthesa by apply
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ing slow steady tracton to the extended forearm plus hyperextension
necessary tn the manipulation reducing the ulna first as 1 common forms
of posterior dislocation of both bones. The radius 1s reduced secondanly by
application of pressure over the anterior aspect of 1ts head while the elbow
1s strll 1n extension I reduction 1s thus affected the forearm should be
flexed to an angle of 70 or 8o degrees while pressure 1s held applied to the
radial head Immobiization i tius
position should be camed out by
means of a posterior molded splunt
and shing If closed reduction has
been nnsuccessful open reduction
should be undertaken and speaal
attention paid to repair of the me-
chal collateral and orlucular liga
ments It 15 possible that the ulm
can be reduced and stay reduced,
but that the radial head may con
unue to tedislocate anteriorly (as
n some cases following reduction
of a Monteggia Iracture) due to an
mterpased  orbicular  ligament.
Early open reduction 1n such cases
with correction of the patholegy
and repair of the Iigament are ad
e s of acbstion sormeumes nee  isable Closed reducuon of both
essary to make reducuon posuble m old un  radrus and ulna are as a rule eanly
reduced duloaations of the clbow (after  p40 004
Campbell) (Courtesy Bancroft and Mar After treatment. The sphnt

ble) (See also Figs. 109 110 112)
should be worn for threc wecks

after closed or apen reduction and at night for an additzonal two weeks 6%
g to the extensise higamentous or other soft part damage The elbow
should be Lept well elevated to present extreme swelling and the pulse at
the wrist and color and temperiture of the hand nd fingers watched care-
fully No circular layers of bandage should be permutted to cut mto the skin
or to cause bleb formation After three to four days the splint should be
removed four times dauly for the application of heat (hot soaks or thermo-
liee) gentle massage and mild active exercises within pan fimus It 15 om
portant to start this type of physiotherapy early to assist in reducing swell
g to improve the local arculation and i regasning funcoon Thits must
be kept up for two to three weeks following which excrases and mild actne
wse are then stressed more thao heat 1nd massage No passne mampulatons
or suctchings should be resorted to at any tme owing to the degree of soft
part damage and the great nsk of increasmg this with resultant pun 0
creased swelhing and muscular spasm

Prognosis. Owing to the extensin e higamentous damage the prognosts must
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mg slow steady traction to the extended forearmn plus hiyperextension 1f
necessary 1n the manipulaton reducing the ulna first as 1n common forms
of postertor dislocation of both bones The radius 15 reduced secondanly by
applicatton of pressure over the antertor aspect of its head while the elbon
15 sull in extension If reduction 15 thus affected the forearm should be
flexed to an angle of 70 or 8o degrees while pressure 1s held applied to the
radial head Immolilizacion mr this
position should be carried out by
means of 1 posterior molded splint
and sling If closed reduction has
been unsuccessful open reduction
should be undertaken and specal
attention paid to repair of the me
dial collateral and orbicular Iiga
ments, It 15 possible that the ulna
can be reduced and stay reduced,
but that the radial head may con
tinue to redislocate anteriorly (as
n some cases following reduction
of a Monteggn fracture) due to an
mterposed  orbicular  hgament.
Early open reduction in such cases
with correction of the pathology
and repair of the ligament are ad
E‘Euml;;m.ﬁ{)mﬁjﬁ”;k:mdxﬁgna visable Closed reduction of both
evary to make reduction possible in old un  radius and ulna 1re as a rule eastly
reduced dislocations of the elbow (alter  ,pya e
C-'!mpll);cc“)) (gﬁ??,l;‘::{g;]?ur;a?g :?:l) Mar After treatment The sphnt
should be worn for three weeks
after closed or open reduction and at night for an additional two weeks ow
mg to the extensine hgamentous or other soft part damage The clbow
should be kept well clevated to prevent extreme swelling and the pulse at
the wnist and color and temperature of the hand and fingers watched care
fully No crrculnr layers of bandage should be permutted to cut nto the shin
or to cause bleb formation After three to four days the sphint should be
removed four times daily for the pplication of heat (hot soaks or thermo-
Iite) gentle massage and mild active exercises within pamn hmats Ie s 1m
portant to siart thus type of physiotherapy early to assist i reducing swell
ing to improve the local arculation and i reguning function This must
be kept up for two to three weeks following winch exerases and mild acuve
use are then stressed more than heat and massage No passnc manipulations
or stretchings should be resorted to at wy ume owtng to the degree of soft
part drmrge and the great risk of increasing this with resultant pun 1n

creased swelling and muscular spasm
Prognosis. Owing to the extensise igamentous damage the prognosis inust
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be guarded There 15 1 tendency for 1eduslocition especially of the rdius
“There 15 apt to Tesult considerble fibrosis in the healed capuulnr structures
with some lmmtation of flexion or extension or both There 1s also some
lLikelthood of development of myositis ossificans The disabithity tme 1s
usually prolonged 1 ¢ to three or four months

Duslocation of the Radwus Alone at the Elbow

Ttus 15 0 extremely rire lesion when solated The majority of disloca
nons of the upper end of the rads occur
1 conjunction with an ulnar dislocation a
fracture of the upper third of the shaft of
the ulnr (Monteggia frcture) or with 1
fracture of the radial head Congenital dis
locations of the radius will be duiscussed 1
a later section of tlus chapter

Traumatic dislocation of the radius
alone 1t the elbow may be of any one of
three types posterior Iateral or anterior

— =~

Posterior Type

Thus type must be accompanied by a
tear n the orbicular igament and posterior
aspect of the lateral collateral lhigament
There 15 an absence of the radial head at
1ts normal site on palpation and 1nstead
the radial head can be readily felt poste
riorly  Someumes the superior hollowed Fig 112 (firght) Treeps musde re-
articular surface can be palpated The car :;u;;cdoéolmc:dpc:lb:"cﬁusg;’:
rying angle at the elbow may be increased  quon The ticeps aponeutosit 1
but 1t 15 difficult to determine this unless  being (’tf'“‘“fg: ‘“ﬁ:l)nmg o
the pauent presents himself with the elbow 900 {alter Camp nerott
held almost fully extended Flexion and ex and M“m),,ﬁ,&f”‘;’” Figs 109
tension may be limited and supinaton 1s
usually considerably himited Assotated fractures must be ruled out by
roentgenograms

Treatment. Under gencral anesthesia traction should be applied to the
forearm and the latter adducted upon the humerus to widen the space be
tieen the humerus and radial head. Direct pressure should be made 1n a
forward direcuion on the radis Reduction 1s usuaily easy but there 15 some
tendency to recurrence uniess the elbow 15 held flexed at a night angle or
less in a postcrior molded sphint. The sphnt should be worn as a protection
for three to four weeks except for physiotheripy and exercises 15 described
under recent dislocations of both radius and ulna

If the duslocation of the mdial head 1s of long standing and causes dis
abilty operatise removal would be the treatment of choice
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be guarded There 13 a tendency for redislocation espeannlly of the mdius
There 15 apt to result considerable fibrosis in the healed capaular structures
with some hmitation of flexion or extension or both There 13 also some
Jikelihood of devclopment of myosius ossificans The disability ume 1$
usually prolonged 1 ¢ to three or four months

Dislocation of the Radius Alone at the Elbow

This 1s wn extremely rare lesion when solated The majority of disloca
tons of the upper end of the radius occur
1n conjunction with n ulnar dislocation a
fracture of the upper thurd of the shaft of
the ulna (Monteggin fricture) or with a
fracture of the mdial head. Congenital dis
locattons of the radius will be discussed 1
a later section of this chapter

Traumatic dislocation of the radius
alone at the elbow may be of any one of
three types posterior lateral or anterior

e —

Posterior Type

This type must be 1ccompamed by a
tear 1n the orbicular igament and posterior
aspect of the lateral collateral hgament
There 15 an absence of the radial head at
its normal site on palpauon and instead
the radial head can be readily felt poste
norly Sometimes the superior hollowed Fig 11z (Jught) Triceps muscle re
articular surface can be palpated. The car :;n:r';:ddgﬂl]o;:&gumb;cwdu;u;:
rying angle at the elbow may be mcreased  cuon. The ticeps aponeuross s
but 1t 1s difficult to determine this unless  bemng resutured 1n 1 normal pon
the patient presents humself with the elbon U0 (after. Campbell) - @ancrofe
held almostpful]) extended. Flewion and ex and M“me‘),,[(fc,c,,a)m Figh 109
tension may be lumted and supmauon 1s
usually considerably limited. Associated fractures must be ruled out by
Toentgenograms.

Treatment. Under general anesthesia traction should be applied 1o the
{orearm and the latter adducted upon the humerus to widen the space be
tween the humerus and radmal head Direct pressure should be made n a
forward direction on the radius Reduction 15 usually easy but there 1s some
tendency to recurrence unless the elbow 1s held flexed at a right angle or
less in a posterior molded splint ‘The sphint should be worn as a protection
for three to four weeks except for physiotherapy and exercues as described
under recent dislocations of both radius and ulna

If the dislocation of the radial head 1s of long standing and causes dis
ability operatne removal would be the treatment of choice
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g slow steady traction to the extended forearm plus hyperextension if
necessary 1n the mantpulation reduang the ulna first as 1n common forms
of posterior dislocation of both bones. The radius 1s reduced secondartly by
application of pressure over the antertor aspect of 1ts head whtle the elbow
1s still 1n extenston If reduction 1s thus affected the forearm should be
flexed to an angle of 70 or 80 degrees while pressure 15 held applied to the
radial head. Immobilizatton m thus
position should be carried out by
means of 1 posterior molded splint
and shng If closed reduction has
been unsuccessful open reduction

\R should be undertaken and specnl
’lf attention paid to repair of the me
Y

dial collateral and orbicular higa
ments It 1s possible that the ulna
can be reduced and stay reduced
but that the radial head may con
unue to redislocate anteriorly (as
m some cases following reduction
of a Monteggia fracture) due to an
mterposed  orbrcular  Irgament
Early open reduction 1n such cases
with correction of the pathology
and repair of the hgunent arc ad

I

(Left) Lateral view showing ex

Frg 11

trane limits of mobilization someumes nec
essany to nuake reduction possible in old un-
reduced dislocations of the elbow (after

visable Closed reduction of both
radrus nd ulna are 1s a rule eastly
obtatned

Campbell} (Courtesy Bancroft and Mar

ble ) (See also Figs. 109, 110 112) After treatment The sphint

should be worn for threc weeks
after closed or open reduction and at mght for an additional two weeks o
ing to the cxtensne hgamentous or other soft part damage The elbow
should be kept well elevated to prevent extreme swelling and the pulse at
the wrist and color and temperature of the hand and fingers watched care
fully No cirrular layers of bandage should be permitied to cut into the shin
or to cause bleb formaton After three to four days the splmt should be
removed four times daily for the application of heat (hot soaks or thermo-
Iite) gentle massage and muld active esercises within pam hmrs It 15 m
portant to start this type of physiotherapy early to asust 1n reducing swell
mg to mprove the local airculauon and i reguming function This must
be kept up for tno to three weeks following which exerctses and mild active
use are then stressed niore than heat ind massage \o passive mantpulations
or stretchings should be resorted to at 1y trme owing to the degree of soft
part damage and the great nisk of increasing this with resultant paun
creased swelling and musculay spasm
Prognosis. Oning to the extensive ligamentous damage the prognosts must
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be guarded There 1s 1 tendency for redislocation espeenlly of the mdius
There 15 apt to result considerable fibrosts the hetled cpsular structures
wath some limutation of flevion or extension or both There 1s also some
likelihood of devclopment of myosstis ossificans The disability ume 13
usually prolonged 1 ¢ to three or four months

Dislocation of the Radius Alone at the Elbow

Tlus 15 0 extremely tare lesion when solated The majortty of disloca
uons of the upper end of the mdius occur
in conyunction with an ulnar dislocation 2
fracture of the upper third of the stixft of
the ulna (Monteggia fricture) or wath a
fracture of the radial head Congenital dis
locations of the radius will be discussed
a later section of this chapter

Traumatic dislocation of the radius
alone at the elbow may be of any one of
three types posterior lateral or anterior

Posterior Type

This type must be accompanied by a
tear 1n the orbicular hgament and posterior
aspect of the lateral collateral ligament
There 15 an absence of the radial head at
1ts normal site on palpatton and 1nstead
the radial head can be readily felt poste
norly Sometimes the superior hollowed Fi® 112 (Right) Triceps musle re-
articular surface can be palpated. The car :\Elua:dolg)lﬁﬁlc:dpc:l;:ufﬁ:
rying angle at the elbow may be increased  cton. The triceps aponeurous 13
but 1t 1s difficult to determine this unless beng rt;ululgrin l::u)mr&ﬂ PO’;
the patient presents himself with the clbow Uo7 @fter P neot
held almost fully extended. Flexion and ex and Mubl&)“gsc,c“n;m Fgs 109,
tension may be Iimited and supination 1s
usually considerably limited Associated fractures must be ruled out by
roentgenograms

Treatment. Under general anesthesia traction should be applied to the
forearm and the latter adducted upon the humerus to widen the space be
tween the humerus and radial head Direct pressure should be made m 2
forward direction on the radius Reduction 1s usually easy but there 1s some
tendency to recurrence unless the elbow 1s held flexed at a night angle or
less 1n a posterior molded splint The sphint should be worn as a protection
for three to four neels except for physiotherapy and exercises as descrabed
under recent dislocations of both radius and ulna

I the dislocanon of the radal head 1s of long standing nd causes dis
ability operatnve removal would be the treatment of choice
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g slow steady traction to the extended forearm plus hypurextension af
necessary 1 the mampulation 1educing the ulna first as 1n common forms
of posterior dislocation of both bones. The raduws 15 reduced secondanly by
applicition of pressure over the antertor aspect of 1ts head whtle the elbow
1 sull 10 extension If reduction 1s thus affected  the forcarm should be
flexed to an angle of 7o or 8o degrees while pressure 1s held 1pplied to the
radial head Immobilhization in thas
position should be carrted out by
means of 1 posterior molded spline
and shing If closed reduction has
been unsuccessful open reduction
should be undertaken nd speaial
attention pad to repair of the me
dial collateral and orbicular Iiga
ments It 13 possible that the ulna
can be reduced and stay reduced,
but that the radial head may con
tinue to redislocate antcriorly (as
in some cases following reduction
of 1 Monteggra fracture) due to 1n
mterposed  orbicular  Iigament.
Early open reductton 1n such cases
with correction of the pathology
and repair of the ligament are ad

Fig 101 (Left) Lateral view alowing cx

ucsmc himits n[)mobllmt}on sometimes nec  Visable Closed reduction of both

esary to make reduction posable in old un radius and ulna are 15 a rule casily

reducerd dislocapons of the clbow (after 40 ad

Camplell). (Courteny Bancroft and Mar
ble) (Seealo Figv 109 110 117)

After treatment  The sphnt
should be womn for three wecks
after closed or open reduction and at night for an additional tso wecks ow
ing to the extensive higamentous or other soft part damage The clbow
should be Lept well elevated to present extreme swelling and the pulse at
the wiist and color and temperature of the hand 1nd fingers watched care-
fully N\o circular lavers of bandage should be permitted to cut into the shin
or to cause bleb formaton After three to four days the sphint should be
removed four trmes dals for the apphicavion of heat (hot soaks or thermo-
Iie) gentle massage and mild active exercrses withen pan lrmats Tt s m
partant to stare tlus type of plistatheripy eardy ta wssist in reducing suell
mg to mprove the local arculation and i regammng function Tlus must
be kept up for two to three weeks following which exercises and mild active
use 1re then stressed more than heat and masaige o passive mamipulatons
or stretchings should be resorted to at 1y time owtng to the degree of soft
part damage and the great nisk of mcreasing this wath resultant pun
creased swelling and inuscular spasm

Prognosts. Owing to the extenste ligamentous damage the prognoss must
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be guarded There 1s 1 tendency for redislocation especnally of the ridws
There 15 apt to result considerible fibrosts 1n the healed cpsular structures
with some Iimitation of flevion or extension or both There 13 also some
likelhood of development of myosius owificans The disability ume s
usunlly prolonged 1 ¢ to three or four months

Dislocation of the Radwus Alone at the Elbow

This 15 an extremely Tare leston when isolated The majority of distoca
tions of the upper end of the mdius occur
in conjunction with an ulnar dislocation a
fracture of the upper third of the shaft of
the ulna (Monteggia {mcture) or with a
fracture of the radial head Congemital dis
locations of the radius will be discussed 1n
a later section of this chapter

Traumatic dislocation of the radius
alone at the elbow may be of any one of
three types posterior Iateral or nterior

Posterior Type

This type must be accompanied by a
tear 1n the orbicular igament and posterior
aspect of the lateral collateral hgament.
There 13 an absence of the radial head at
its normal site on palpation and instead
the radial head can be readily felt poste
riorly Somenimes the superior hollowed Fig 112 (Right) Triceps muscle re-
articular surface can be palpated. The car ;?Tolgon;n?;ic:dﬂgﬁoz
rying angle at the elbow may be increased  ation The triceps aponeurous is
but 1t 1s difficult to determine this unless b‘dng ﬁ“f‘"&:‘ ‘i:““m‘
the pauent presents himself with the elbon o7 {alter pbell) - (Dancrolt
held almosl}::xll) extended Flexion and ex and Mubk_)"((fc,c, ,a)ho Fige 109
tension may be Iimited and supination 1s
usually considerably limited Associated fractures must be ruled out by
roentgenograms

Treatment. Under general anesthena traction should be apphed to the
forearm and the latter adducted upon the humerus to widen the space be
tween the humerus and radial head Direct pressure should be made 10 a
forward direction on the radius Reduction 1s usually easy but there 15 some
tendency to recurrence unless the elbow 1s held flexed at a right angle or
less 1n 2 posterior molded splint The splint should be worn as 1 protection
for three to four weeks except for phvsiotherapy and exercises 1s described
under recent dislocations of both radius and ulna

If the duslocation of the radial head 1s of long standing and canses dis-
ability opertive removal would be the treatment of choice
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Lateral Type

The orbicular and oblhique ligaments must be torn 1n part at Jeast to
allow this ty pe of distocation to take place The radial head 1 palpably more
pronunent laterally than normal There may be shght lateral mstabilrty of
the forcarm upon the humerus

Treatment. Closed reduction can usually be accomplished without diffi
culty using traction and forearm adduction on the humerus and by pushing
i a medial direction upon the head of the radms Following reductron
splinung and after treatment are the same as with the posterior variety

Fig 315 Divergent dislocation at the clbow joint  (3) Antero-postersor type (b) Trane
vense type. kxceedingly rare type ol dislocation

There 15 Jess tendency for recurrence and consequently the sphint need not
be worn for longer than two weeks. The prognosts 13 good when no asso-

aated fractures are present

Antenior Type (without Fracture)

Thus 15 the commonest of the 1solated dislocations of the radial head but
1t stall remains a rare leston Onc must make certain that no fracture cxsts
1 the shafe of the ulna (exen as far distal as the lower third) or m the olec
ranon by roentgenogram before making the diagnosts of a pure antenor
radial head dislocation Montegga fractures on the other hand are not too

uncommon (Chapter \1)
The mechansm of disloction of the radial head anterorly without an

ulnar fracture 1s not well understood but the iceps tendon mw be instru
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mental 1n cusing 1t The orbiculr hgament probably becomes torn or at
lewst badly stretched Also 1s sometimes occurs 1n Monteggi [ractures the
radial head dislocates 1ot by tearmg cross the orbicular hgment but by
pulling out through a teir 1n the mtertor capsule just distal to this liga
ment. In such case 1t may be imposstble to reduce or Aeep the head reduced
The tadil head dislocation at times may be only partinl Flexion of the

Fig 114 Antenor dulocation of head of radius without asociated fracture of shalt of
ulna in eight year old gl A rare injury Closed reduction sufficed

elbow 15 usually limited as a result of impingement of the dislocated radial
head against the front of the humerus The displaced radial head can be
palpated anteror to 1ts normal posion

Treatment Pressure with the thumb s made 1n a posterior direction upon
the radial head while the forearm 1s extended and shightly adducted Reduc
tion 15 usually easy under general anesthesta and 1s marntained by flexion
to an angle of 8o or go degrees If the orbicular hgament 13 not displaced or
folded tn behind the radial head the latter should stay in place when the
elbow 1s again extended to 120 or 130 degrees It must then be splinted 1n
flexaon to protect 1t from recurrence and to keep the biceps tendon relaxed
‘The after treatment 15 essentaally the same as with the other types Frequent
check should be made clinically and by roentgenogram to make certain the
radal head remains 1n contact with the capitellum 1If 1t tends to redislocate
or 1if the ongmnal dislocation has been unsuccessful open operauon and
repair of the orbicular hgament should be done without delas (See Mon
tegga fractures for methods of repair Chapter \I) Marked delay n repair
mg tins hgament makes the procedure not only difficult but not nfre
quently results 1n an unsatisfactory repair which predisposes to subluxation
and 1mpaired function

Prognosis. This 15 usually excellent 1f the dislocation of the radsal head
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does not recur or remain unrecogmized In the majority of cases 1t tends to
stay 1n place If 1t does redislocate and operative reduction and repair of the
ligament 18 performed early the prognosts should still be excellent.

In cases of long-standing antertor dislocation of the radial head with pamn
on flexion and dsability 1t 1s possible to improve the condition by operative
means One method may be late open reduction and construction of 1 nen
orbicular igament from fascia after the method of Speed and Boyd This
method 1s satisfactory provided the head of the radius has not become en
larged and msshapen by overgrowth as sometimes occurs after beng dis-
located 1n chuldren over a peried of several years Otherwise simple excision
of the radial head followed by early and frequent active exercises and mild
use would be a more satislactory form of treatment. Thus 1s less Jikely to give
pamn or restricted motion and offers a much shorter disability time

Dislocation of the Radrus at the Elbow with Ulnar Fracture

This particular combination of fracture of the ulna in which an associated
dislocation of the radial head 1s present 1s 1dentical to and 1s commonly
known as “Monteggias Fracture” who ongmnally described 1t 1n 1814
(Chapter \I)

Dislocaton of the Ulna Alone at the Elbow

This 1s not a common njury The dislocation of the ulna alone may take
place 1n a forward or backward direction (the latter being more common)
while the radial head maintains contact with the capatellum and acts as a
priot point. In erther lesion the medial collateral ligament 1s ruptured

In the backward type the coronotd process catches on the lower arucular
surface of the humerus or even ships behind the olecranon foss. The patent
holds the elbow 1n practcally full extension The axis of the forearm 15 ad
ducted upon the humerus giving the elbow a reverse (cubitus varus) 1ype
of carrymg angle and the olecranon 1s prominent. Reduction can usually be
accomplished by hyperextension of the elbow and at the same time swinging
the forcarm 1nto abduction

In the forward type the beak of the olecranon catches distal to or m front
of the articulr surface of the humerus. The carrying angle 1s thus creased
Reduction 1s carrted out by mild traction while shghtly increaning the carry
g angle Direct pressure m a postertor directton 1s then made over the
front of the upper ulna while the forcarm 1s gently adducted and pronated.
The ulnar nene my be stretched m this original injury and may possshly
require further treatment

The after treatment of either type 1s ssimudar to that of the usual postertor
dislocation of the radtus and ulna but does not requrre the protective sphint
ing for longer than one week The prognosis 1s usually excellent md there
15 no tendency towards recurrence.
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Subluxation of the Head of the Radius in Children
(The “Pulled Elbow™)

This 1s a \ery common mjury 1 young children usually occurring be
tween the ages of two and s1x years The leston hns often been called Mal
gaigne s luation who was the first to describe 1t but 1t should not be con
fused with a Montegga fricture The mechanism of the injury 15 a sudden
pull jerk or lift on the childs wrist or hand by 1 phiymate or by a tired
and annoyed parent (or nursemud) who 15 trying to hurry the youngster
across the street or up the steps Sometimes while holding his parents hand
the child stumbles and the parent 1 n attempt to protect him from the fall
pulls up quickly on lus hand 1nd wrist Whatever the exact method or mott
vation the clnlds arm 1s more or less relaxed and he 1s not set for the
sudden jerk

The pathology 1s not definitely understood but probably one of two
things occurs (1) the radinl head 1s pulled distally 1nd jammed mto the
orbicular higament which grips 1t tightly or (2) a small fold of synovial tis
sue or thin part of the capsule 1s “sucked 1nto the interval between the
radial head and capitellum and temporanly caught

The mam symptoms are pamn and refusal to use not only the elbow but
frequently the entire arm The chid holds the elbow partly flexed with the
forearm pronated The hustory of a jerh on the arm 1s mvaluable and saves
the examuner needless time and the necessity of exammng for clavicular
humerus, and wrist injuries 1n a crying and unruly youngster Flexton and
extension at the elbow are usually not lumited but supination 1s very defi
mtely hmited. There 13 no characterisuc palpable deformity or tenderness
Roentgen examnation 15 of no value except to rule out other bony mjury
which the physical signs have already done

Treatment. Anesthesia 15 unnecessary The lower humerus should be
grasped firmly to prevent 1ts rotation Mild traction should then be applied
to the forearm with the other hand The latter should be pronated and fol
lowed by slow steady supination Sometimes pushing proximally upon the
radius while turning 1t mto full supmauon 1s said to help Very often a pal
pable chick or snap can be felt 1 the region of the radial head as 1t becomes
reduced The forearm should again be tested 1n pronation and supination
to make certamn that the latter motion has been definitely regained The
:‘1:;0;;!}101’1]1}}1‘ Lhc;nhli)c moderately flexed and rested 1n a sling No sphnt 1s
’PonerOMbc T}:c withm a few hours will usually begin to use the arm

purpose of the sling 1s more for the benefit of the re
morseful parent than for the child

The prognosis 1s excellent Even 1n untreated cases th
themselves when the child later
relaxed

esc probably reduce
gets 1o sieep and becomes completely
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Congenital Dislocation of the Head of the Radius

Thus 15 a rather rare deformity and one that 1s not picked up untl usually
later in Iife It may result from chondrodystrophy and not actually develop
to the stage of actual dislocation unul after quite a period of unequal
growth of the radius and ulna It 1s not infrequently bilateral There are

Fig 115 Congenital dislocation at clbow joint which had been present since birth in
twelve year old boy with dyschondroplasia  (A) Antero-postenor and (B) lateral
TOCTIgCnOgTAms.

three types of this dislocation anterior posterior 1nd lateral—depending
upon the direction of displacement of the radial head There 1s usually loss
of clbow jomnt motron 1n the antertor and postertor types but rarely 1n the
lateral type In the anterior type there 1s himitation 1 flexion and in the
posterior type 1t 1s extension that 1s imrted In any type the radial head 15
apt to be musshapen and the entire radius 1s longer than normal As a result
of overgrouth of the radius 1 length it impinges upon the humerus 1n
flexion or extension thus causing Inmitaton of enther one of these motions

Treatment. If motion 1s lunited 50 as to mterfere with use and cause dis
ability 1t 1s advisable to operate and resect the overgrown radial head and
posstbly a portton of the neck Tlus can be done through a lateral or postero-
lateral mnasion care being 1aken to avoid imjuring the posterior mnterosscous
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nenc Followmng operatine removal excraises ind use should be started
within 24 to 48 hours No splint nced be worn 1t iy time following opera
tion Functiontl recovery to the pre-operitnne status should be regrined in
three wecks but 1t m1y take scvertl months before marked improvement 13
noted n the motion that was [umited before operition

Delayed Duslocation of the Head of the Radius Following Injury

Following myury to the ulnt without primary subluxation or dislocation
of the radial head at the elbow 1 late dislocation of the latter may develop

A B

Fig 116 Delayed disloation of head of radius followin,
g non-unlon of

h!uar;.‘ (A) ,:-:(;mpmmh eTrot view of elbow and forearm taken at age of 14uy]::‘_‘};1:( frac
i, :d-lcm rame bone at age of 12 At 14 he re fractured 1t, but no diloca ;ﬂboy
the rad ::houcurrcd.uo T lth:re'r: 13 scen non-union of the ulna, but the rady] h.@.dt { of
normal xela nh-: e capittllum. Two and one-half years later at ¢ of 16 the s In
u hng o c ul has penisted, the radius has overgrown, become more ! nom
s become spontancowsly dislocated from s articulation with 14, curved and
a3 seen In (B) e capitellum
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The mnjury to the ulna may be through or adjcent to the lower epiphyseal
plate so affectng 1t that its subsequent growth 1s retarded while that of the
radius remams normal This will give a2 marked disproportion to the lengths
of the two bones The first tendency towards deformity would be increased
ulnar deviation of the hand. As this becomes magnified and with nereased
physical activaty there would result a strain on the orbicular rgament at the
supertor ridic-ulnar jomt Eventually this higament may tear or stretch
sufficzently to allow the over-grown radius to lose contact with the humerus
and upper ulna

Another mechanism by which this can happen 1s following a fracture of
the ulnar shaft with resultant non union of the fracture and marked angu
lation mn a growing chuld The author has seen such a case m which roent
genograms two years after mnjury revealed non unton of the ulna but no
dislocation of the radial head When the patient was first brought to him
for treatment, 1t was then four years after the original mjury At thus ume
the radial head was found to be completely dislocated 1n an antenor direc
uon at the elbow The shaft was clongated and markedly bowed

Treatment. The dislocated radial head should be exased 1f 1t hmits mo-
tion Other deformities or non umons should be operated upon and treated
according to therr requurements It 13 best to perform these procedures m
separate stages rather than try to do too much at any one operation
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Rehabilitation

THE DESIRE TO GET WELL

T BECOMES obvious after several years of clhimcal work that there extsts
a marked difference in imdividunl patients m their ability o respond
successfully to treatment Thus vartes with the patient s individual make up
as well as with Ins age The greatest single factor from ths standpomt 1s the
desire to get well It 15 strougest among children A chnld wath a frcture
ordinanly pays little attention 1o 1t once pain has ceased to be a factor It 1s
common 10 see chuldren particpating in sports while wearing plaster casts or
splunts Wich some adults 1t 1s only with great difficulty that one can persuade
them ta perform a stmilar feat The child s reaction 1s more hike that of an
ammal If a particular act or exercuse tends to ciuse pamn he refuses to use
the affected extremity An adult on the other hand 1s hesitant "bout using the
extremuty not because of actual pain but because of the fear of pain or of
harming himself However admirable or otherwise these traits may be mn
the particular patient they must be taken 1nto consideration when planning
his treatment. Some children must be held back and protected against over
enthusasm or lack of caution some aduls must be constantly encouraged
or forced to do things 1n spite of their fears

THE DESIRE TO RETURN TO WORK

The desire 1o return to work 13 closely tied up with the desire to get well
With children (especially very young children) their mamn desires folloyw ing
mjury are to get rid of the pain and to get back to ther regular play In the
case of adults there are two types as Tegards worl. after injury One 1s anxjous
to gee well so that he may return to his work. Thus general 1s the more
telhgent type of individual who has no axe 1o grind, who abhors sitting
around dotng nothing and 15 fully aware of his family responstbilities The
other type 13 the individual who thinks he can collect darmages as a result of
his acadent or who as a compensation case feels that he may draw his
weekly compensanion as long as he has a few symptoms nd thinks or 15 per
suaded that he must not work. Many of these latter are perhaps unable to
@my on with ther regular (heavy) occupation when they first return to
work owing to prolonged tnaceinaty and weak muscles It 1s a mistake 10
expect them to do 50 yet 1t 15 2 mustake all too commonly practised both by
suiance carmiers and employers An intelhgent employer and 1nsurance
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company will allow a man to return at first to light work 1f necessary at hus
regular salary rather than Leep him off work and pay him compensation
Thus benefits the pauent as well as the employer msurance company and
the general public,

THE ROLE OF PHYSICAL THERAPY

For hasteming recovery of function following trauma phystcal therapy
may be of very real assistance The author wishes to stress that for physical
therapy to be of marked benefit 1t must be administered early while 1t 13
still posstble to nid the injured tissues of hemorrhage edema fluid cellular
exudate and products of ussue death before actual fibrosis has set 1n Eveny
possible means should be employed such as low intensity heat gentle mas-
sage elevation active exercises (even m sphints) not only to get rid of soft
part pathology carly but to assist the extremity 1n returming to 1ts normal
physiologic status as soon as possible Reduction of a fracture followed by
complete plaster immobilization without elevation exercises or other carly
aids to crrculation wall cause muscular atrophy circulatory stasis and pent
articular tluchening which may require many months before the patient can
rehabilitate himself to a useful status

The author fecls very strongly that ditthermy (regular or short wave) or
otlter modalities are of little use to the patsent at any time following a frac
ture The only person who can safely increase his jornt motion 1s the patient
himself The patient if he begins carly may 1n many instances relan his
funcuon by exercises and never require late rehabilitation A well tramned
physiotherapist who understands the value of early active exercisc 15 mvalu
able at thus stage m supervising and nstructing patients in the proper types
of exercise to be performed In other words the patient must never wait
untl the bone has healed before he starts in to hmber up Ius joints he must
begmn this immedtately and thus will never lose his motion except very
temporarily for a week or two at the hegtnming The njured bone m the
meantime has 1ts healing qualities improved by the muntenance of a rela
trvely normal circulation

OCCUPATIONAL THERAPY

Often more valuable than physical therapy 1s occupational therapy for the
simple reason that 1t does not rely upon arufictal means and the gullibily
of the pattent to help him regamn his strength and jont motion Many
patients wall faithfully accept diathermy treatments three times 2 uweek n
the hope that st will make them well  The remainder of the week they
may do absolutely nothing to help themselves. There 1s thercfore little won
der that convalescence and rehalnlitation for many rather trivial traumatic
lesions requires six months to one vear Occupauonal therapy on the other
hand helps the patient by making Inm help himsell The pauent il com
pelled to follow this program will increase joint motion by using the jotnts
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by actually downg things his strength will be mcreased by use He will prac
tice occupationtl therpy two three or more times every day not merely

three times 1 week
PSYCHO.THERAPY

Psycho-therapy 13 of extreme importance following all triumatic 1njuries
The most important time when this should be employed 15 at the beginning
of treatment to explun to the patient that by following orders carcfully his
chances of obtatng 2 good functioning extremity are cxcellent. This will
sumulte him 1o carry out exeraises 13 ordered by his surgeon 1t will also
make lim amenable to the suggestion of mild active use and help hum
perhaps i devising his own exerases thit may be of additional assistance.
The patient should be encouraged to use the extremity for eating dressing
and as soon as possible to use 1t for carrying out simple duties around the
household It may be advisable to suggest 1head of ume that 1t the next
visit a splint may erther be shortened or removed altogether 1f the patient 1n
the meanuume has improted sufficiently with lus exercises to permat discard
ing of such splnt

Some particularly timid mdividuals must of necessity be encouraged to
perform exercises or to increase the amount of work they can do with the
extrermty as 1t begins to recover from the trauma Other patients must be
constantly reminded of their improvement otherwise they may fear that by
doing too much they may be causing themselves harm Such persons must
not only be reminded but they must be urged to continue exercises 1n order
to increase function The more ntelligent pauents will accept suggestions
the less inteiligent or those apt to be somewhat stubborn or pig headed may
deade that the surgeon does not know quite all he 1s preaching and will
refuse to accept his suggestions. Many of these individuals must be bull
dored 1nto camrying out the exercises as prescribed Some must be practt
cally threatened before they will carry them out Others may be jollied 1nto
doing the same thing An occasional individual may be too enthusiastic 1n
performing his exerases and must be held back or slowed up 1n order that
he will not actually do himself harm

Very often as has been mentioned elsewhere it may become necessarv
during the course of treatment to stop all actve forms of treatment and put
the patent on a follow up regime 1€ not seeing him for a period of three
or four months. TTus 1s because he has been made o1 er-conscious of his con
dition by teo frequent trips to the physician or by too frequent treatments
having been given Thus 1n addition tends to make hum feel that the mjury

:znsgtgtazr;l}'rbc:nn?;ou: but that Lll;c recovery 1s slow and requires pro-
Dot to0 much for feasof possl cavnng bl bn. ¥ e o
has reached a status quo as far as fl;’ncuon:ﬁ e When the pattent
best to stop lus treatments completel ;CCO\CT) 1 oncerned 1t s ofen
several months In the meantime ?I: cl) o b st o or 2 pertod of

5 \(‘bll‘]d be advised that he may perform
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all active motions and acts he wishes and not to protect the extremmty 1 any
way By doing thus many of these individuals forget the tmportance of the
treatment they have been getung and wall help themselves to recover func
von without thunking of the injured extremity

THE AUTONOMIC NERVOUS SYSTEM

The role played by the autonomic nervous system 1 the recovery of func
tion and n the persistence of pain following trauma has only recently been
partially understood Pamn and edema of an extremuty often persist and may
be greatly bencefited either by drugs that 1ffect the autonomic nervous sy
tem or by the 1njection of procame hydrochloride mto the ganglia to block
the sympathetic nerve 1mpulses In the upper extremity sympathetic nerve
block 1s accomplished by injection of the stellate ganglion This not only
aids tn over-coming yenous spasm permittung edema Mind to be absorbed
but 1t also over-comes the pan which 1pparently his been partly due to
venous spasm

TECHNIQUE OF STELLATE GANGLION NERVE BLOCh

The technique of such a block 1s comparatisely casy Asepsts must be em
ployed The transverse process of the sixth cervical vertebra 1s :dentified by
the operator s finger while the patient 1s exther in the sitting or 1n the semt
recumbent positton with the head wurned toward the opposite side The
sternocleidomastord muscle and neutovascular bundle 1s cither displaced
laterally and the trachea medially or the muscle and neurovascular bundle
1s displaced medially unel the finger reaches the base ol this trnsverse
process. A number 22 or 24 gauge needle four to five cenumeters 1 length
15 inserted and directed tn anteropostertor direction directly toward the base
of the transerse process of the sixth cervical vertebra The pomne of the
needle 15 held 1n contact with bone and the soft tissues are allowed to recoll
The syringe ts then removed from the needle to make certain that no bleed
ing takes place which mght indicate that the point of the necdle were mn
the vertebral artery or if the fluid mn the needle diszppears indicating that
the 1nner end of the needle were 1n the plenrl space the flmd bemng suched
wm on inspreation or 1l clear flind escaped from the hub of the needle that
the pomnt were withmn the subarachnoid space ind naturally should be re
moved Five cubic centimeters of a one percent solution of procunc hydro-
chloride 1s then stilled at this site The needle 15 then withdmwn approst
mately two to three millimeters untl 1t hecomes discngaged from the pre
vertebrl fascia and at this pomnt an additional 15 cubic cenumeters of the
solution is 1nstilled

I the wnjection 1s successful there should be 1 Tipd congestion of the
conjuncuiva of the eye and withun 1, to 20 mmutes there should be progres
sive muents prosts and enophthalmus on the sude mgected givng 3 typical



Rehabilitation 253

Homers syndrome The hand and forenm should become warm due to
visodilatition

It should be kept 1 mind however that in spite of sympathetic ganglion
blocks all other menns of improving the circulition should be carried out
such a3 by elevation of the extremuty reduction of the frcture or disloca
tion wordance of arculr bandages and of too 1cute flexton af the Iesion
1 at the elbow 30 that the flesed swollen tissues will not in themsehves cause
further obstruction to the airculiion By 11l mens avord arcular plaster
casts These Inde swelling and make 1t difficult to relieve the effects of such
swelling
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The Treatment of Late Deformities and
Disabilities Resulting from
Fracture or Dislocation

MALUNION

UMERUS Occastonally 1t 1s advantageous to remove the anterior pro-
Jecung portion of the shaft 1 a malunited supracondylar fracture
Whether tlus operative procedure 1s advisable or not will depend upon the
degree of limttation 10 elbow flexion and upon the amount of disability
resulung from the deformity A twenty to thirty degree loss of full elbow
flexion (as compared to the normal elbow) 1s rarely much of a handicap to
the pauent a loss of forty to fifty degrees of flexion may give a senous dis-
ability Before any operauve correction 1s attempted the surgeon must be
very certan that the block to flexion 1s the result of the bony deformity and
not due to penarticular fibrosis, capsular contracture or to ntraarticular
obstruction (bony wrregulanty or fibrous adhesions) 1t may be necessary only
to remote the projecting spur of the lower shaft 1f the general axis of the
condylar extremity 1s good (sce Fig 87) On the other hand if the lower
fragment 1s angulated posteriorly 1n addition to betng displaced in a poste-
rior direction 5t would be advisable to perform osteotomy and to correct the
position and axis Such a procedure can often be carried out with the use of
mternal fixation to greater advantage than by relying upon plaster sphnts
solely for external rmmobihizavon. 1F internal fixatron 15 applied adequately
the corrected position @an be mamntained and active jomnt motion may be
connunued dunng the healing process It 1s always wise to wait at least one
year after injury before making a decision to employ operative correction
1 such cases
Malunited fractures of the lateral condyle of the humerus or cafutellum of
long standing require operative removal of the musplaced fragment definttel)
inlerferes with joint funcion Late correction of the maluntted fragment
even 1f reduced and held by some form of internal fixatton rarely results 1n
an appreaiable improvement i function Removal of such 2 fragment offers
far greater chance of increased and parnless funcuien 1 the elbow joint but
petfect results should not be cxpected
Dhicondylar fractures with malunion are rarely amenable to eperative cor
251
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rection and 1n general should not hwe this attempted  Arthroplsty of the
elbow 1if carried out properly would scem to offer a hetter prognoss for
recovery of function 1f the malunion of the condyles lins resulted in marhed
restriction of motion (Chapter \N\IV)

The medial eprcondyle my occrsiomlly hel with mrlumon as noted on
rocntgenograms but such exanunation as not sufficient indeetion for opera

A B

Fig 117 Malunion following fracture of lateral condyle of humerus in nine year old
boy Several unsuccessful attempts had been made to reduce the displaced fragment prior
to our examination three months after injury (A) Antero-posterior view of elbow show
ing the duplaced fragment in malposition and the subperiosteal callus along the lateral
condylar ndge and ahaft of the humerms. (B) Same elbow four yean after operative
removal of the fragment. Motlon range was greatly improved by the operation and the
anyog angle of the elbow was only slightly increased No ulnar nerve signs had
developed after six yearx.

e correction It 1s far better to avord operation 1n these cases unless defi
nite ulnar nerve disturbance has appeared and shows signs of progressing If
such be the case transposition of the ulnar nerve 1s indicated Malunion of
the epicondyle fragment per se should cause no loss of yoint function or of
muscle strength The chance of ulnar nerve disturbance followtng such mal
union 1s extremely shight. (One patient only 1n 122 cases of simple separation
of the medial epicondyle treated at The Presbytenan Hospital New York
City developed ulnar nenve symptoms and signs ) It 1s the authors belief
that aperatiie correction for malunlon of the medial epicondyle would cause
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a marked increase 1n nenve disturbance necessitating subsequent nene
transposttion

Ulna. The coronoid process may umte 1n mal position and become o0 en
larged that bony block to flexion may result If such be the case and real
diability ensue 1t nould be justified to operate and remove the offending
projection

The olecranon process may show malumon and trregulanty causing ltm
tation of elbow extenson (see Fig 71)
If this be present and dwsability be great,
operative removal of the olecranon 1
probably the only operative procedure
indicated  Following removal of the olec
ranon the triceps tendon and aponeuro-
s1s should be carefully sutured to the
periosteum of the upper shaft otherwise
elbow extension will remun weak as
well as imited

Malunion of the upper shaft of the
ulna following Monteggia fracture gives
an unsightly deformity The angulauon
of the ulna with apex pownting towards
the radius may also mterfere with pro-
nation or supination of the forearm One
should not hasten to correct such a de-
formity no matter how unsightly be-
Fig 118 Enlarged and displaced me  cause 1t 15 extremely dufficult to do often
dial epicondyle of humerus fie yean ooy oyen when mternal fination las

after injury when it was avulied from
1ts pormal poution In spite of 1ts diy.  been employed and fibrous umon of the

placement  overgrowth arregularity  fragments may result It 1s usually neces
and fibrous union clbow function wWas a1y 16 excise the permanently duslocated
complete and no ulnar nerve distur-
ance had tesulted (same patient as m radial herd wlhich was a part of the onigt
Fig 39) nal deformuty and has recurred of the
healing of the ulna has resulted n mal
umon nd angulation If correction of the Jate deformty 1s considered o
senual exaston of the radal head shoukl be performed as the first proce
dure Subsequently ostentomy of the ulna may be performed the
angulation strmghtened and the fragments fised ngidly by a plate of ade
quate length plus a transfinvion screw Tlus 1s an ideal site for internal
fination of the ulna by means of an mwramedullary nail of the huntscher
tpe
Radius. At the elbow maluman following a fraciure of the head of the
radius may cause marked limitation of pronauon and supmation and as
wddl pamn on the extremes of these motions I thus loss of function persists
for longer than six months esasion of the radial head s definely ndicated
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Such opertine exasion should be followed by 1 regime of active exercises
started witlun twenty four hours The prognosis for late excisions of the
rdinl head 1s rarely so good s for carly operition

Following fracture of the ridinl head epiphysis or neck of thus bone 1n
chuldren with ultng of the frigment left uncorrected a malumon often
results gring nisc to an eccentric hed which smpinges upon the capitellum
or lesser sigmoid notch of the ulna in
rotition This causes restricted rotition
and pamn T'xcision of such a misshipen
head should be delvyed unnl the cluld
has attained his full growtlt and the
epiphyseal cartilage in this area has
closed otherwise growth disturbance
may follow with shorteming of the radius
at the wrist

If the entire radil head epiphysis has
been displaced completcly so that its axis
forms a night angle with the shaft axis
and the injury 1s of two or more wechs
duration 1t wall be best to postpone
operation for at least eight weeks This
15 especially true if one or more manipu
latve attempts have been made to re

Fig 119 Enlarged coronold process fol
lowing injury in childhood (probably
duce the fragment previously Operative  elbow disiocauon wath fracture of the
mterference within  the first month  coronoid) which caused a flexion block
would offer a high probability of devel 8¢ the elbow Operatne excuton of an

enlarged coronoid 13 sometmes nd:

opment of synostosts The chuld should ated to improve elbow flexion

be permttted mild actine use and exer
cises within pain Iimts 1n order to regain as much elbow mouon as possible
When this becomes stationary and all inflammatory swelling and tenderness
have dusappeared (usually about eight to ten weeks) operation may be per
formed and should consist of removal of the entire radial head Although 1t
15 1nadiisable to excise the radial head 1n a child 1n a fresh case 1t must be
excised 1n late cases Any attempt to replace the head would be too Tisky
from the standpoint of formation of a synostosis 1f not from the standpomnt
of mechanical impossibility Growth disturbance will almost certunly result
[rom the loss of this growth center and the ulna will overgrow the radis at
the wrist causing a Madelung type of deformity This should be Nery care
fully explained to the clulds parents However growth disturbance 1s far
less serious than synostosis between the upper radius and wlna The Made
lung deformuty may later be corrected by exasion of the ulnar head at the
wrist. The growth disturbance may progress for two to three years and then
become stationary so there should be no haste 1n performing ulnar head
resectton If 1t 13 done too early 1t may have to be repeated
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NON UNION

Non unon followmg frcture m the region of the elbow 13 a rare condi
tion except for severl 1solated frictures such as mechal epicondyle epiphys
eal scparations and the rather rare laterl condyle frictures 1n children

Humerus Supracondylar and dicondylar fractures almost never result in

A B

Fig. 121 Malunjon following fracture of head of radius (A) Antero-postenior view
(B) Lateral view Operative exasion of the radial head and one small loose body relieved
pauents pan and 1mproved mouon range.

non unton Should one see such a case however the treatment would depend
entirely upon the sevenity of the symptoms and upon the patient s disability

If the patient 1s having pain 1t might be advisable to operate remove scar
ussue from between the ununited fragment and the shaft and then fasten
the fragments together with a plate and screws or with nails If pamn 1s not
the predominating factor and loss of joint motion 1s great 1t might be wise

—-

Fig 120 Non-union and deformity follawing ‘onteggia fracture of ulnar shaft and
dislocatsort of racial head. This paticnt had been openly reduced and plated. but infec
ton ensued requining drainage and eventually removal of the plate and srews. (A) and
(B) Antero-posterior and lateral views eleven months afier injury and just prior to
operathe excision of the head of the radius as the fint stage in reconstrucuing the fore
arm and elbow (C) and (D) Five weeks after correction of the ulnar angulation and
non-union implantauon of iliac bone grafts and internal fixation of the ulna with an
wmtamedullary rod. This procedure was performed two and onchalf months after
exauon of the radial head. (E) and (F) Ten months followng operative coTrection of
ulna Solid bony union was obtained at four months and the intramedullary rod was then
removed. The chimeal deformity and motion range at the elbow (including rotation)
were very greatly improved.
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to operate correct the positton of the ununited fragments as in a case of mal
union if 1t 1s felt strongly that improvement 1n position will ncrease func
tion without resulting 1n subsequent pain

The medral epicondyle epiphysis when separated frequently farls to unite
by bony unton to the medial condyle This rarely leads to any disturbance in
function of the jomnt or even 1n the ulnar nerve If ulnar nerve disturbance
were found to accompany such a non union the best form of treatment

A B

Fig 122 Fracture of radial head in adult with complete displacement of the intact head
Iragment (A) Antcro-posterior view note rotation of head go degrees. () Lateral view

would be not to attack the ununtted medsal cprcondyle but to proceed with
transposition of the ulnar nene to the antertor aspect of the medial condyle
(p_263)

The lateral condyle of the humerus m children occasionally fatls to unite
following a fracture if failure of unton occtrs 1t usually restidts m an tregu
larly shaped condyle which may cause decrease 1n joint motion along with
an wncrease i the carrying angle due to under-development The fragment
may seem to cause pain or loss of function by virtue of 1ts non unton and
should probbly be operated upon and cxessed It usually cannot be replaced
accurttely at such a late date If however cxciston were to result tn com
plete mstabihty of the elbow laterally some fixation of the fragments would
be better than removal

Ulna. The up of the coronoid process when frictuted witlun the joint
cuaty may farl to umte Tlns mas resule m 1 loose body withm the jont
wluch may mterfere with flexion and extension If 1t should act thus opera
tne removal would be definitely ndicated

The olecranon 1s perhaps more often scen to result in non unton when 1t
has been treated conservatinely with the elbow fixed m extenson It actully
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1s healed by fibrous ussue but tlis gives 1 weak extension apparatus 1nd
sometimes pam Its displacement my also interfere with full extension of
the elbow jomnt Often the condition my be improved by operition Temoval
of the olecrinon frigment and re attachment of the triceps tendon nd 1ts
expansions o the periosteum aof the upper ulna Thus would seem to be a
far better form of treatment 10 late ununited olec
ranon fractures thin to attempt to obtain bony
umon after excising the scar tissue

Radms. Radinl head frictures on rare occasions
have been known to show fulure of bony union
when completely displced to the outer side There
15 only one trettment wndicated for such displace
ment and non umon and thus 1s total excision of the
radial hed

CUBITUS VARUS (GUN-STOCK) DEFORMITY

A cubitus varus deformity 4t the elbow not infre
quently follows supracondylar fracture of the hu
merus cither the result of faulty reduction (incom
plete correction of rotary deformity) or because of
growth disturbance This may become severe and
although 1t does not interfere with function of the
elbow joint 1t 15 an unsightly deformity The par
ents of the child may wish something done to correct
1t The surgeon should be hesitant bout correcung ~ Fig 123 Sketch showing
minor gun-stock deformittes but 1f the revemal of ?i::;]uﬂ% thgpc OEr\dc'
the carrying angle 1s twenty degrees or more 1t mm;ydm.i::‘;‘fh;:;
mught be beneficial to perform such correction For and prominent ulnar
the operative techmque of such correction see the Dead: This 1 usually the

result of shortening of
chapter on supracondylar fractures (Chapter \) the radius due to growth
retardation or premature
CUBITUS VALGUS DEFORMITY closure of the lower ep1

physis of the radius.

Cubitus valgus deformuty or mncreased carrying
angle at the elbow usually follows epiphyseal growth disturbance or a frac
ture of the lateral condyle of the humerus 1n children It rarely causes loss
I jomntmotion but the one thing that must be watched for with an increase
1 the carrying angle 1s a Jate ulnar nenve neuntis This 1s due to stretching
of the nerve wihich 15 made to traverse a longer course around the medial
aspect of the elbow to reach the upper forearm If ulnar nerve disturbance
becomes evident and continues to progress the nenve should be transposed
anteriorly (see below) This should be done before any of the motor function
of the nerve 15 lost Once ntrmsic muscle atrophy 1n the hand occurs this
cannot be expected to recorer by transposition of the nerve
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LATE ULNAR NERVE NEURITIS
(Treatment by Transposttion of Nerve)

Late ulnar nerve palsy in contrast to primary palsy usually follows a frac
ture of the lateral condyle of the humerus i children with resultant non
umon mal union or growth disturbance (retardation) which 1n turn causes
a marked increase m the carrymng angle (cubrtus valgus) of the elbow The

A B

Fig 124 Non union following fracture of olecranon. (A) Non-union of 10 years duraton

1n a closed fracture. (B) Non union one year and six months following an open (com

pound) fracture which was debrided and fixed with a single long screw Function and
strength 1n both ass were

nerve 1s thus stretched as it passes belind the medual cpicondyle of the
humerus as described above A perineuntis develops and the sheath sur
rounding the nenve becomes thickened. Symptoms and signs rarely develop
sooner than ten yvears following the original 1njury and m1y take twenty to
thirty years before they become evident Clinical signs develop slowly and
are manifested by an ache or pain 1n the region of the elbow brought on by
motion Numbness and tingling subsequently appear m the fourth and filth
fingers Should the condition become progressive motor signs will appear
in the hand n the form of weakness and subsequently ntrnsic muscle
atrophy

If the condition 1s allowed to persist complete ulnar nerve palsy may
develop Thickening and tenderness may be e ident climcally over the ulnar
nenve as 1t passes hehind the medial epicondyle An incrcased carrying angle
1s noted and roentgen exanunation will reveal an old matformed or dis
placed humeral condsle

Treatment Once the condition has been deternuned to be progressive
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onservaue treatment has little to offer the patient. Such forms of operative
herapy as freeing of the nerve or deepening of the cpicondylar groove as
recommended by Broca m 18gg are totally madequate Correction of the
ubius valgus deformuty by suprcondylar osteotomy as advocated by
Mouchet to relx the nerve 1s not only very radical but carries with it con
iderable Tisk

The simplest and best treatment s that of transposition of the ninar nerve
o that 1t lies n front of the medial condvle and not behind at

Techmque of Transposition A meditl longitudimil incision ten centt
meters long 1s made with 1ts center just belund the medinl epicondyle This
s cartied down to the deep fascin The nenve 1s wdentified as 1t passes behund
he medial epicondyle ind 15 then freed upwards ind downwards for a
generous distance. A fine branch to the clbow joint may have to be sacrificed
but muscular branches to the flexor carpr ulnaris muscle should be saved
a5 the main nerve 18 {reed from ws entrance between the superficil and deep
bellies of this muscle The nerve trunk 1s then swung forward making cer
tain that no kinking or constriction of 1t occurs as 1t crosses the intermus-
cular septum A small groove 15 then made longitudinally 1n the flexor
pronator group of muscles and the nerve 1s laid 1n this and the fascia sutured
loosely over 1t

Care must be taken to bnng about perfect hemostasts since numerous
small blood yessels «ccompanying the nenve are encountered 1n the groove
Following operation the clbow should be Lept at rest 1n a2 shing at a nght
angle for approximately two to three weeks

The prognosis 1s good 1f the nerve 1s transposed before motor signs de
velop but 1f trnsposttion 15 not carried out unul after motor signs have
developed recovery from mtrinsic muscle atrophy and weakness 1n the hand
and fingers can hardly be expected

GROWTH DISTURBANCE

Growth disturbance following injury 1s usually the result of impalrment
of the blood supply to the epiphyseal cartilage This may cause slowing up
of the growth occamionally 1t may cause stimulation of growth Depending
upon which happens various deformities may ensue and 1t may be necessary
at a later date to perform operative correction of these

Humerus. It has already been mentioned that the humerus may show a
varus or valgus deformity The type of treatment indicated for either one
has already been described

Ulna. The olecranon occanionally overgrows when injury has been 1n
flicted upon 1ts epiphysis and increases 1ts length to such an extent that 1t
may nterfere with full elbow extension If such be the case excision of the
excess length of the olecranon 1s indicated and the triceps tendon and
expansions must be sutured firmly to the pertosteum and through a dnll
hole 1n the upper ulna (see kg 1)
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Radws. Growth disturbances 1n the head of the radius usually result m
an enlarged and 1regularly shaped mdial head Often the radial head may
become eccentric rather than arcular in shape and this may cause consd
erable interference with its rotary mouon If such be the case the radial
head should be excised

FLEXION BLOCK

Due to persistent antertor displacement of the lower end of the shaft of
the humerus followng a supracondylar fracture there may be mterference
with flexion at the elbow This condiuon has been taken up already under
the discussion of mal union and the treatment 1s the same (sce Fig 37)

MYOSITIS OSSIFICANS

Myositis ossificans within the brachialis anticus muscle may follow elbow
dislocation or supracondylar fracture of the humerus It 1s more likely to
occur 1f the elbow has been manipulated forcefully on one or more ocea
sions and almost certamnly will occur if the mjury has been followed with
treatment consisting of passive motion stretching or heavy massage Ths
condition 1s not one of excess callus formation In the early stages of myositis
ossilicans the treatment should be to stop all forms of treatment that m1y
have been causing 1t No attempt should be made to excise the bony mass in
the brachialis anttcus muscle for at least nine months to one yer after the
onset of the condition. The reason for this postponement 1s tht ossification
mcreases for an indefinite time then becomes stationary for a peniod of
months and eventually regresses If operation 1s performed during the pertod
of increasing calcification or during 1ts stationary period the trauma of the
operation will very likely cause the calcification to reappear and in greater
quantity than was onginally seen This will be disastrous for the function
of the joint

Late operative treatment for myosits ossificans may be unnecessary since
by watchful waiting many of these patients within one to onc and a half
years after 1ts onset may show complete or almost complete resorption of the
bone 1n the brachilis anticus muscle This may regress to such an extent
that 1t no longer causes mnterference with function or grves any symptoms
If such be the case operation 1s obiiously not mdicated 1f a large mass of
bone remarns 1n the muscle and 1t appears obsious that this mass of hbone
nterferes with elbow jomt flexton or extension operation may be performed
after one year for 1ts removal (Chapter \XIV)

EXCESS CALLUS FORMATION
(Exclustve of Myosttis Ossificans)

Excess callus formation 1 the region of the elbow 1s not at all the same
thing as mosits ossificans Facess aallus occurs beneath the stnpped up
peniosteumn beneath the muscle 14 adjacent to the bone and not separated
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from the bone by 1 normni clear one on 10entgen cxamination The mun
treatment for such 1 condition 1f noted on rocntgenograms s to leave the
condition 1lone and to curtl the patient s activities No operition is indi
cated except possibly very Ite if some of this callus becomes cxcessive 1t
amount and 15 1n 1 position where 1t my wterfere with jomnt fleron Tt s
usually advisable to allow the cluld to grow out of the condition 1if he will

PERIARTICULAR FIBROSIS AND CAPSULAR CONTRACTURE

Penarticular fibrosis and capsular contricture 1re usually due to extensive
hemorrhage tround the elbow jomt with marked nfiltrition of cells into
the capsule and the addition of fibroblasts which thicken the capsular struc
wires and make these less elastic 1s well as to cause the capsule to hecome
adherent 1n part to the articular carttlge If attempts have been made dur
ing treatment to stretch the jomt this may have been the cuse for the
increased amount of fibrous thichening As a lute result however 1f 1t 1s
reasonably certun that there 1s no bony block to flexion and extension 1nd
that the hmited motion 15 due 1o thickening and fibrosis of the capsule 1t
may be posstble to improve jomt motion by performing surgical release of
the entire antertor capsule as advocated by Wilson This consists of a laterl
ncision exposing the nterior aspect of the humerus immediately above the
elbow joint and detaching the enure capsule from the front of the bone well
over to its medial side Extension 1s then carnied out and the capsule 1s
stripped downwards There 1s some hazard to this operation however 1n
that occastonally extension of the elbow may stretch the median or radial
nene and cause a temporary paralyss This must be carefully guarded
agamnst

SYNOSTOSIS

Much has been said 1n the chapters on treatment of elbow fractures to
suggest some of the causes of synostosis occurring between the upper radius
and ulna and what may be done 1n the treatment to avoid such a condition
tabing place The maim single cause following a fracture 13 an operatne
attempt to replace a displaced radial head epiphysis although this 1s not the
only cause A synostosss 1s a very distressing disability and one 1n which the
treatment problem 1s extremely difficult and discouraging Usually the con
dition 15 fong standing and as a result of this there 15 atrophy of the muscles
that perform the normal rotary motion at the elbow Joint namely the
supinator muscle promator teres and pronator quadratus muscles Following
surgical correction of a synostosis 1t 1s difficult 1f not 1mpossible to get the
patient to perform rotary mouons due to atrophy and prolonged disuse of
these very essential muscles As a result the synostosis usually recurs since
there remains a large raw surface on each bone across wluch new bony callus

may form There ts probably no condition which 1s more difficult to correct
successfully
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Radius. Growth disturbances in the head of the radius usually result in
an enlarged and 1rregularly shaped radial head. Often the radial head may
become eccentric rather than arcular 1n shape and this may cause consid
erable interference with 1ts rotary motion If such be the case the radil
head should be exaised

FLEXION BLOCK

Due to persistent antertor displacement of che lower end of the shaft of
the humerus following a supracondylar fracture there may be interference
with flexzon at the elbow This condition has been taken up already under
the discussion of mal union and the treatment 1s the same (see Fig g7)

MYOSITIS OSSIFICANS

Myositis ossificans within the brachialis anticus muscle may follow elbow
dislocation or supracondylar fracture of the humerus It 1s more likely to
occur 1f the elbow has been mampulated forcefully on one or more occa
sions and almost certainly will occur if the injury has been followed with
treatment consisting of passive motion stretching or heavy massage This
condition 18 not one of excess callus formation In the early stages of myositis
asstficans the treatment should be to stop all forms of treatment that may
have been causing 1t. No attempt should be made to excise the bony mass 1n
the brachialis anticus muscle for at least nine months to one year after the
onset of the condition The reason for this postponement 1s that ossification
increases for an indefinite tume then becomes stationary for a period of
months and eventually regresses If operation 1s performed during the period
of increasing calaification or during its stationary period the trauma of the
operation will very likely cause the calcifiation to reappear and in greater
quantity than was originally seen This will be disastrous for the function
of the joint.

Late operatne treatment for myositis ossificans may be unnecessary since
by watchful waiing many of these patients within one to one and a half
years after 1ts onsct may show complete or almost complete resorption of the
bone 1n the brachialis anticus muscle This may regress to such an extent
that 1t no longer causes interference with function or gives any symptoms.
If such be the case operation 15 obviously not indicated. If a Jarge mass of
bone remains in the muscle and 1t appears obyvious that this mass of bone
terferes with elbow joint flexion or extension operation may be pcrformcd
after one year for 1ts removal (Chapter XIV)

EXCESS CALLUS FORMATION
(Excluswe of Myositis Qssificans)

Excess callus formation 1n the region of the elbow 15 not at all the same
thing as myositis ossificans Excess callus occurs bencath the stripped up
periosteum  beneath the muscle 1s adjacent to the bone and not separtted
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from the bone by 1 normal clear 7one on roentgen examination The man
treatment for such 1 conditton 1f noted on roentgenograms 15 to leave the
condition alone 1nd to curtas! the patients actinities No operation 1 nd
cated cxcept possibly very late 1f some of this callus hecotnes excessive n
amount and 13 m a position where 1t m1y mterfere wath joint flexton It 13
usmlly advisable to allow the child to grow out of the condition 1f he will

PERIARTICULAR FIBROSIS AND CAPSULAR CONTRACTURE

Pertarticular fibrosis and capsular contracture are usunily duc to extensie
hemorthage around the efbow jomnt with marked snfiltration of cells mto
the capsule and the addition of fibroblasts wluch thicken the capsular struc
tures and make these less elastic as well as to cause the capsule to become
adherent 1n part to the wrticular cartilage If attempts have been made dur
g treatment to stretch the joint this may have been the cause for the
creased amount of fibrous thnckening As a late result however 1f 1t 1s
reasonably certain that there 1s no bony block to flexion and extension and
that the limited motion 1s due to thuckening and fibrosts of the capsule 1t
may be possible to 1mprove jomnt motion by performing surgical release of
the entire anterior capsule 1s advocated by Wilson This consists of a Jateral
mcision exposg the antenior aspect of the humerus immediately above the
etbow joint and detaching the entire capsule from the front of the bone well
over to 1ts medial s:ide Extension 1s then carmed out and the capsule 13
stnpped downwards There 15 some hazard to this operation however 1n
that occasionally extension of the elbow may stretch the median or radial
nene and cause a temporary paralyns This must be carefully guarded
against.

SYNOSTOSIS

Much has been said i the chapters on treatment of elbow fractures to
suggest some of the causes of synostosis occurring between the upper radius
and ulna and what may be done 1n the treatment to avoid such a condition
taking place The mamn single cause following a fracture 1s an operative
attempt to replace a displaced radial head epiphysis, although this 1s not the
only cause A synostoss 1s a very distressing disability and one 1 which the
treatment problem 15 extremely difficult and duscouraging Usually the con
dition 1 long standing and as a result of this there 1 atrophy of the muscles
that perform the normal rotary motion at the elbow jomnt namely the
fupinator muscle pronator teres, and pronator quadratus muscles Following
surgical correction of a synostesis 1t 1 difficult, 1f not imposuble to get the
Pauent to perform rotary mouons due to atrophy and prolonged disuse of
these very essential muscles As a result the synostosis usually recurs since
there remains a large raw surface on each bone across which new bony cllus

may form There 1s probably no condition which 13 more difficult to correct
successfully
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The treatment of a synostosis consists of excision of the radial head and
the bony bridge attactung this to the ulna Hemostatis must be perfect and
1t 1s advisable to insert between the ran surfaces of these two bones some
form of material which will prevent or discourage the re unton of the two
bones by bony callus Tantulum forl might be used or a vrtallium or stain
less steel cap may be placed over the tip of the radius the latter to act very

A B

Fig 125 Synostosls of radius and ulna following fracture (separation) of radial head
epiphysis in ten year old boy (A) Antero-posterior view of original mjury (B) Latenal
view after closed reduction. The reduction was subsequently lost and open reduction
was then performed on the seventh day after injury (G) Lateral view mx aod one-half
months later showing synostons between radius and ulna. (The mistake in this Que was
not performing the open reduction withun the fint two days after the original fnjury)

much as does a Smith Petersen cup 1n a hip joint arthroplasty Recently the
author has had success 1n correcting two cases of synostosis by covering the
raw bone surfaces with several layers of oxidized cellulose (Oxyeel) No
recurrence of the synostosis followed and the return of active pronation and
suptnation was excellent 1n both cases Following such operative correction
1t 13 of the utmost 1mportance to obtatn the patient s cooperation n perform:
ing frequent pronation and supination exercises These should be carried
out always within parn hmits so as not to cause further damage or bleeding
which would almost certainly aid recurrence of a synostosis

ANKYLOSIS

Fortunately today antkylosis 13 not common following fracture or disloca
tion 1n the region of the elbow This 1s largely because present day treatment
15 directed towards early restoratton of joint function rather than making
an attempt to restore and preserve the anatomy without regard to function
as was formerly the case. Ankylosis may occur followtng severe crushing or
shattering 1njurzes where 1t has been necessary to give a certain amount of
immobilization and where 1t has been 1mpossible to get the patient to begin
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carly function 1t 13 lso seen fallowing compound fractures that huve be
come nfected and result i bony ankylosis of the jomt Ankylosis may occur
between the humerus and the ulvn only lewing the superior radio-ulnar
jont completely free to pronite md supimate Such 1n clbow mny be 1 very
useful one with 1ts rotary function preserved 1nd there m1y be no definite
wndication for opermting upon and Attempting to correct the stiffness of the
humero ulnar joint Tlus of course will depend entirely upon the position

A B

Fig 126 Bony ankylosls of the elbow (A) In partial flexion. This was In a 2g year old
man who had received an open (compound) fracture of the radial head and olecranon
four yean previously (B) In extension. This patient was xx years old and his elbow had
been ankylosed for 12 years following fracture operation mfection and mmanipulation

of the ankylosis and what particular function the patient has to perform with
this arm 1 his daily routine More tertous however 13 complete bony anky
losis where the radius humerus and ulna are entirely ankylosed as one bone
This may leave the clbow (or even the entire arm) completely useless be
cause 1t 15 ankylosed in complete extension or 1n so much flexion that the
patient 1s unable to reach with 1t If both elbows by chance should become
ankylosed which of course 1s an extremely rare condition following trauma
(though not so rare following rheumatord arthrits) one elbow should be 1n
a position of moderate extension and the other should be 1n a position where
the patient can get his hand to hus face and mouth If 1t 15 deemed advisable
and the panent demands operation for ymproving motion 1n the joint
several types of arthroplasty may be offered him.

Before arthroplasty 18 undertaken on any such joint the surgeon must give
careful consideration to the occupation of the patient lus desire for a moy
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able elbow and most of all he should try to determine whether he belieses
this particular patient 1s one who will cooperate thoroughly n armyng out
clbow exercises following an arthroplasty procedure If he 1s not the type of
ndividual who will continue to exercise hus elbow for at least s1x months to
one year there 1s very little use n attempting an arthroplasty operation
Some patients seem to get the impression that they have to do nothing for

A B

Fig 127 Osteochondritis dissccans (Panners disease) of the capitellum. (A) Onginal

antero-posterior view in 14 year old boy complaining of pamn on motion The degener

ated cartilsge on apitellum was removed with sharp scalpel and a loose body was

removed. (B) Same elbow five yean after operation  (Print reversed.) The wire IO‘;P

was used to reparr the olecranon which was transected for exposure of the joint. Result
excellent.

themselves and that the operation will accomplish the entire purpose These
patients are not only a disappomntment to themselves but to the surgeon as
well and cause him to perform what 1s essentially an unnecessary operation
There are 1n general two types of elbow joint arthroplasties the functional
type as advocated by Haas and the anatomical type as described by MacAus-
land (For details of arthroplastic procedures the reader 15 referred to the
Chapter \\XIV)
OSTEOCHONDRITIS DISSECANS

Osteochondritis dissecans 1n the elbow joint usually follows trauma and
may even be seen following repeated small traumas without actual fracture
or duslocation The lesion consists of a degeneration of the articular cartilage
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of the humerus manly m the capiteliar region or m the mditl bead Occa
sionally a fragment of articular cartilige becomes loose md acts as 1 Joose
body within the jomt This 1s somctimes seen i basebll piechers where 1t 1s
often cilled 1 clupped elbow It usilly causes pun Jimited motion and
disabiity The treatment at the begmning 1s rest nd heat 1€ this does not
bring abont sufficient rehef and return of function operation 1s indrcated
for the purpose of removing loose bodies nd shaving off degencrated soft
fisured articulr carulage that
may mterfere with perfectly
smooth motion within the jont
1€ the condation 1s 1llowed to pro-
gress too far synovitis or civen
traumatic arthntis my develop
m which the prognosis for con
unued strenuous activities 1s
poor following any form of treat
ment

TRAUMATIC ARTHRITIS

Traumatic arthritis results
from long standing 1rmtation 1n
the elbow joint following 1njury
which causes roughenng of the
jomt surfaces lipping of thewr
margins thinning of the jont
space and marked thickening of
the synovial liming Conservative
treatment consists of test and Fig 128 Post traumatic arthnus of the elbow
heat and if the patient can ol

patient cannot

return to his usual work following moderate rest operation may be indt
cated The operation usually conssts of a modified housecleaning of
the 101t such as 1s sometimes necessary 1 the knee joint It may be neces
sany only to remose the radal head provided the offending pathology 1s
limited to this bone Frequently the synovial hning 1s edematous and
thrown up nto thick long villus like folds which are extremely hyperemic
It may be necessary to excise a considerable portion of thits redundant
and edematous synowial tissue If an extensive operation 1s necessary
such asa  housecleaning  of the joint the probable best exposure 18 via a
trans-olecranon approach repairing the olecranon 1t the end of operation by
means of a sturdy wire loop (No 22 gauge) or by means of a long scren

After such a thorough cleaning-out of the joint 1t 1s often advisable 1o per

mit only himited actrvities otherwise the patient 1s extremely hkely to
der clop further symptoms and disability within the Joint
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VOLKMANN’S CONTRACTURE

Volkmann s contracture 1s the result of 1schaemma usually following a
supracondylar fracture or occasionally following an elbow jomnt dislocation
1n which there has been marked interference with the blood supply to the
forearm (The reader 1s referred to the Chapter \IV for discussion as to the
treatment of ths particular serious complication.)
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Conditions i the Elbow Region Due
to Trauma Other
Than Fractute or Dislocation

LOOSE BODIES

LOOSE BODIES i the elbow joint composed of bone nd cartilage may
form s 1 resule of minor repeated trwumas or as a result of osteo-
chondrius dissecans These by constant uritation may set up a synovius
Gusing contnued formation of loose bodies which may bring about the
condition known as asteochondromatosis If such occurs the elbow presents
a rather bizarre picture of multiple loose bodies and very httle jont space
The usual presenting symptoms are disability from limited motion and pain
on certain motions preventing the individual from carrying out his usual
work Treatment consists of operanve removal of the loose bodies and Te
moval also of arthriuic spurs and redundant edematous synovial tussue The
prognosis 1n such cases should always be guarded since loose bodies may be
over looked at the time of the operatve procedure or there may be further
formation of these bodies following operation

CHRONIC SYNOVITIS

The elbow may become the site of chronic irritation with effusion into
the jomt oftentimes showing limited motion and pan It 1s difficult to differ
entiate this from such conditions as tuberculosis except by aspiration of
joint flmd 1noculation 1mto a guinea pig and by skin testing with tuberculin
At times 1t may be necessary even to perform biopsy of the synovial Iining
to rule out tuberculosis The physical migns usually are a mldly swollen
elbow with generalized thickening of the synavial limung plus some excess
fluid wathin the joint and with Limited flexion and extension Tenderness
1s rarely very marked The Joint may show repeated collections of flud with
ntenm phases of appearance and disappearance of the symptoms as well If
repeated attacks do not respond completely to rest and the milder forms of
phynotherapy 1t may be advisable to explore the jomt for the possibility of
non-opaque loose bodies and redundant synovial tissue that may be getting
pinched from joint motion The surgeon should be guarded in his Prognoss
and not guarantee any real success from such an operative procedure The

271
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advantages of operation must also be weighed of course against the nsks,
such as possible infection however shight this may be.

CHRONIC BURSITIS OF THE OLECRANON BURSA
(Miner's Elbow)

Chronic bursitis of the olecranon bursa (formerly known as miners el
bow) results usually from one or more attacks of acute burntis which 1o turn
1s the result of contusion The mmitial trauma causes a collection of blood or

Fig 139 Loose bodies in elbow joint. (A) Single loose body in joint between capitellim
and radus] head, No known trauma 1n this patient. (B) Three loose bodics at margin of
radial head causing locking Ths latter patient o years previomsly had sustained 2
marginal fracture of the radial head at the age of 31 yean. Operation had been performed
and the broken off fragment had been removed but the main portion of the hend wat
left n situ, She was frec from symptoms for 10 years when the locking suddenly ocarrred.
Opcration was required to remove the loose bodies and radial head

synovial fluid within the bursa which may respond to aspirauon and com
pression dressings without recurrence If the presence of fluid persists m the
burs2 the sac usutlly becomes thick walled and chromeally inflamed This
leaves an enlarged bursa over the pownt of the olecranon which gives an
unsightly prominence It rarely causes pan or loss of function

The treatment of chronic olecranon bursitis 1s not so sumple as 1t might
seem Several forms of treatment are frequently tried some of which are not
without danger from the standpoint of causing mfection within the bursal
sac and possibly within the bone beneath the floor of the bursa The types of
treatment that may cause such nfection are (1) aspiratton which may mntro-
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Fig 130. Ostcochondromatosis (multiple loose bodies) of elbow jont. (A) and (B)
Antero-posterior and lateral views of elbow joint. Flexion and extension of joint limited
and painful at the extremes.
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Fig 131 Sketch of olecranon buna distended with fld averlying the polnt of the
alecranon process. This 1 often called “miner s elbow
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duce a few organisms into the bursal sac  (2) injection of sclerosing flurds
which may cause necrosis of the shin over lying the bursa or (3) injudicious
attempts at excision which :f without splint protection against extension of
the elbow joint ay allow separation of the shan edges with the wntroduction
of organusms 1nto the deeper tissues

It 15 the author s belief that the surest and safest way of reheving the
patient of a chromcally nfected
olecranon bursa 1s by operative re-
moval This must not be done as an
office procedure It should be per
formed 1n a completely equipped
operating room where all faahua
are available and where asepsis 15
complete If the buma 1s large an
ellipse of skin should be excised
with 1t A transverse tnasion s bet
ter than a longitudinal one and 1t
may be planned to incude an
ellipse of shin The reason for re

Fig 142 Olecranon spur (exostoss) These  moung the ellipse 1s partly to re

sometimes become fractured and cause pain
by the constant pull of the triceps tendon TOVE €Xtra shin and partly to
in which they le. remove skin that may be thinned

out attenuated have a poor blood
supply and be subject to poor healing after closure. The bumsa 1tsclf should
be dissected cleanly all bleeders should be clamped and hgated and hemo-
stasis should be perfect. The bumal wall 1s very often adherent to pertos-
teum and bone over lying the up of the olecranon and 1f necessary the
periosteum should be removed from the olecranon with a sharp bone
clevator Hemostasis of the bone itself may be achueved by hot compresses
or by cellulose gauze or even by electrocautery Closure of the sk with
subcutaneous tissue should be accomplished with mterrupted silk sutures
and a compression dressing should be apphed to the elbow and the jomnt
kept 1n partial extension to enhance wound healing It 1s wuse to forbwd
more acute flexion of the elbow than a right angle for a period of ten days
to two weeks untl wound healing 1s perfect

EPICONDYLITIS (TENNIS ELBOW)

The condition commonly called tenmus elbow 15 an inflammatory reac
uon 1n the pertosteum over lying the lateral epicondyle and 1n the conjoined
tendon of the extensor muscles attached to this epicondyle This apparently
results from constant trauma and tension of this tendon upon 1ts attachment
to the eprcondyle It 15 mamifested by pain which 1s more or less constant
and aggravated by any motions winch tend to increase the tension of this
group of muscles at 1ts source of origin from the epicondyle The physical
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signs arc tenderness directly over or below the lateral epicondyle and 1n

creased pam on such motions s resisted extension wnd supimation of the

wrist Roentgen exammation 13 frequently negatinve Oceastonnlly 1 small

deposit of calaium 1s seen Just distal to the summit of the Iateral epicondyle
Treatment 15 usually conservative and best carried out by some form of

heat and rest Heat may be applied to the clbow m any one of the usunl

forms such as moist hot compresses hot

water bags soaks 1n hot witer diathermy

radiant heat etc Massage may 1lso be given

with benefit Occasionally 1t mty be neces

sany to resort to the mjection of the arer

with one percent procame hydrochlonde

solutton This however 1s usually not d

visable unless the condition does not clear

up following other conservative forms of

therapy If this 1s not sufficient 1t may even

be necessary to operite nd release the

tendinous attachment from this epicondyle

The rationale of this form of treatment

apparently 1s to change the status of the

pull of the tendon on the periosteum and

also to change the status of the local circu

lation This does more actual good than the -

exasion of any collection of calcium in the  Fig 138 Acute “burnths” of radio-

humeral bursa with claum de-
neighborhood of this tendon posit. This patient was treated with
Whatever form of conservative therapy radiotherapy but the pain was ag

1s carnied out, however the most important  gravated and she was unable to
part of the treatment seems to be rest and  *l6°P for three dap. The alaum
rest 1s & iy ob ed h was then washed out through as
not sufficiently obtained without the  5iating needies, employing 1 per
use of a cock up sphint for the wrist. A cock  cent procune hydrochlonde with
up splint may be built of a plaster-of Paris immediate and lasting relief of
molded splint or 1t may be obtained through  P*'™ xnd without ceom
th more than six year
¢ usc of one of the commercial metal or
plastic cock up splints The purpose of the splint 15 to put the extensor
muscles of the wrist and hand 1n relaxation which thereby relieves the ten
sion of these tendons at their attachment to the Iateral epicondyle Cases
treated with the wrist cocked up 1n this fashion scem to recover much more
quickly and much more completely than those treated by physiotherapy
without such relaxation of the wrist muscles.

RADIO HUMERAL BURSITIS

A condition frequently mistaken for epicondylitts or tenms-elbow  but
much more acute 1n form 15 a true bursitis m the region of the radio-humeral
Jont on the lateral aspect. Although 1t 15 extremely rare to find a bursa at
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this anatomical site we frequently see patients with pain n the outer aspect
of the elbow and becoming very acute withmn twelve to twenty four hours
and not necessarily following any specific trauma The pamn becomes so
acute the condition may behave exactly as does the shoulder with an acute
sub-deltoid bursitis Examsnation reveals marled spasm lhimitation of mo-
tion and acute tenderness The point of maximum tenderness 1s lower than
the lateral epicondyle and 1s more likely to be at the level of the radio-
humeral jomnt The pain 13 s0 exquisite
that the patient 1s unable to slecp and
unable to move or rotate the arm with
out 1ncreasing his discomfort. Roentgen
examination may show a small rather
arcumscribed soft depomt of calanm
with not quite the same appearance as
that seen 1n  tennis elbow It 1s more
like that seen 1n the cases of acute sub-
deltord bursitis
The treatment consists either of as-
prration of the bursa under local pro-
cane 1nfiltration or by actual operative
nasion and dranage If the bursa 1s
successfully aspirated and the patient put
on a regime of frequent active exercises
his relief should be almost immediate
Fig 134 Medal epicondylar ‘burmtis  and complete If relief 1s not thus ob-
with alcdum deposit. This 13 not ac tained mnasion and drainage uprobablv
ually = bursitus, but 11 an acutely in the method of choice rather than at
flamed @laum deposit 1n the common
tendon of ongin of the flexor prora  tempts at re aspiration Whether an ac
tor group of m‘;dﬂ- It bf-h"cg bﬂdlff tual bursa 1s located 1n this situation or
gehl:;;lmli;cumcuo?nv_;t hume:\: not 15 not of particular importance the
or 1n the supraapinatus tendon As Main pomnt is that there 15 a collection of
pmation under local anesthesia gives soft calafied materal vinble Toent
complete and ymmediate relief if per genologically and this 1s erther mn a
formed Pmpc;{ &n m?&am”b PH " bursa or m a cavity m the tendon of
P ongin of the extensor muscles and 1n
cither case 1t 13 under tension This 15 the cruse of the acute pain 1f the ten
sion 1s released the patient 1s immediately relieved of his pain and disability

MEDIAL EPICONDYLE “BURSITIS"

A condition stmilar to radio-humeral bursitis 1s very infrequently seen
on the medial aspect of the elbow jomt It consists of a collection of soft
calafied material just distal to the medial epicondyle of the humerus Ttas
doubtful that this 1s 1n a bursa It 1s probably m the tendon of ongin of the
flexor pronator group of muscles. The symptoms are 1denucal to those
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rdio-humert] busis namely acute pamn distress disabality and marked
Joss of function The treatment 1s 1dentical 1 ¢ cither aspirition under
procaine anesthesin or aperitive ncision and drunage The former 1s pref
erble and usmlly successful smee 1t completely decompresses the arca wd
gives the patient complete 1nd mstne rehef

RUPTURE OF THE BICEPS TENDON

The biceps tendon occsionilly hecomes ruptured near tts insertion mto
the liapital tuberowty of the rdius or 1t m1y even be completely wvulsed
from 1ts wmscrtion nto this tuberosity In either case the cruse 1s from 1 sud
den Jerk applied to the forexrm while the patient 1s crught off guard In
addition to the mam tear i the biceps tendon there 15 usuilly  tewr on
either side of the overlying fascia The mam belly of the iceps retricts 1n a
prontmal direction with the torn or aulsed tendon surrounded by extra
vasated blood Flexion of the arm 1s weak as 1s 1lso supination of the forewm

If the patient sceks veliefl early following njury the best treitment s
operative reparr of the vulsed or torn tendon If the tendon 1s s ulsed from
the biapital tuberosity 1t may be extremely difficult to re msert this into the
bone. It 1s possible to accomplish this by sutures apphied through the tendon
and through dnll holes in the tuberosity Drill holes m1y be made at night
angles to each other 1 the tuberosity while the radius 1s held first 1n pro-
nation nd secondanly 1 supination nd the tendon sutures m1y be dmwn
through these holes by means of a wire loop bent to pass through them If
1t 13 too dafficult to perform re insertion of the tendon nto the tuberosity at
may be best merely to attach the biceps tendon to the tendon of the brachi
alis anticus muscle Tlns will help 1n recovering full strength of flexion at
theelbow but of course will not ssist 1n recovery of full strength of supimt
tron It 1s probably advisable for the surgeon to make lus decision s to
whether or not he should attempt to re insert the avulsed tendon to 1ts
onginal attachment or not after he has studied the existing pathology If the
pauent comes late after mnjury treatment 1s probably best carmed out by
suturing the biceps to the brachiahis anticus tendon Following operative
TEpaIr 1t 13 necessary to heep the tendon protected from 1y forced motion
for a peniod of at least four weeks Mild actine motion and motion not
against gravity or resistance may be carrted out within one week after
operative repair

SPRAIN OF THE ELBOW JOINT

A spram of the elbou joint 1s a very rare condition It 1s much more
likely that a fracture has occurred such s of the radial head or of the coro-
noid process with or without displicement or of the olecranon process with
out displacement The patient may think that his condition 1s 1 sprain The
lustory of the mjury plus bony tenderness evidence of hemarthrosis or loss
of function should make the examimng surgeon suspicious of one of these
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fractures and cause hun to have a roentgenological examnation made.
Owing to suelling 1t may be difficult to determine definite hinear bony ten
derness or to palpate bony landmarks readily without causing the patient
too much distress Should 1t be 1mpossible to determine the nature of the
injury readily from clinical examination roentgen examnation 1s definitely
mndicated If no fracture 11 found and there 1 no hemarthrosis worthy of
aspiration 1t may be wise to treat the mnjured elbow by rest 1n a sling alter
natmg with ctive motion and hot soaks at frequent intervals Such patients
should be seen once or twice a week at first to rechech for further physical
signs nd for improvement 1n joint function 1If further signs develop or
function does not improve 1t m1y be advisable to try some other form of
treatment such as rest 1 a splint for 1 short period to overcome muscle
spasm

In cluldren one should never male the diagnosis of sprain of the elbow
without first ruling out all possible epiphyseal injuries since 1t 15 almost
1mpossible to sprain a child s elbow without causing harm to one of the
epiphyseal plates The elbow of a cluld which may have had made upon 1t
the erronecus diagnosis of sprain 1f not protected properly may develop
subsequent growth disturbance and serious deformity This can occur since
epiphyseal injurtes may be present without roentgenological evidence of the
same appearing on the films Unless the surgeon or physictan examining the
child ongnally 1s aware that epiphyseal injuries are common and looks for
them by testing for Imear tenderness along the epiphyseal Iines he may fall
mnto one of these pitfalls and not splint the epiphyseal injury properly and
for 1 Jong enough period. It 1s far safer 1f an epiphyseal mnjury 1s suspected
even though not definitely known to splint the elbow 1n a posterior molded
splint 1 moderate flexion. If a recheck by clinical means reveals that the
tenderness has disappeared completely within five to seven days 1t may be
assumed that the diagnosis u a sprain and the splint may be discarded and
early active motion 1nstituted If on the other hand tenderness persists for
seven days or longer 1t must be assumed that an epiphyseal mjury has
occurred and the splint should be kept 1n place for a period of two to three
weeks or until epiphyseal tenderness disappears Thus 1s the only safe way to
treat possible epiphyseal injurtes in the region of the elbow In other words
1t should be assumed that the 1njury 18 more likely to be one of the epiphysis
than one of the higaments If subsequent events diprove the eptphyscal
mjury  the splint may be removed and no harm will have bLeen done,
whereas the oppasite may be true if the onginal treatrment was directed as
for a spram and msufficient protection and rest given to the epiphysis.
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Non-Traumatic Conditions of the Elbow

INFECTIONS

RUF INFECTION withm the elbow jont may be classed 1s acute or
chronic

Acute (non pyogenic) ethow Jomne infections resuit hom the pneumococ
cus gonococcus memngococcuts Botyphosus ete il of which are blood
borne and not true swrgical mfections They are usually treated by rest
{sphinting) wnd by ntibiotic therpy (local instillation nto the joint after
asprration and by the general "dminustriuon of the drug) These infections
formerly resulted in frequent bony 1nkylosis of the joint and sull may do so
If the mfection 15 not combatted properly and early 1t would be highly
advisable to splint the elbow for rest in 1 useful position 1 ¢ the most
optimum one for 1nkylosis should such snffening seem probable

Suppurative arthritis occurs 1n tlus s 1 other Joints and 1s serious from
the standpoint of destroying function 1n the joint, This type of infection
may be blood borne but more probably results from cxternal contamination
due to a compound fracture compound dislocation  puncture or bullet
wound The organusms commonly causing this type of infection are the
staphylococcus aureus hemolytic streptococcus and B pyocyaneus Infection
by any of these leads to pus formition early destruction of the joint cartt
lages, severe pain distention of the Joint capsule and the lhikehihood of
fibrous or bony ankylosis Surgical measures must be mstituted early to
save the joint from complete destruction Aspiration of joint fluid for smear
and culture not only permit determination of the mfective organism but
will lead to proper anubiotic therpy should the orgamism prove 1o be senst
the to one of the drugs Such therapy may be rdminstered locallv by 1n
sullation of the drug 1nto the joint or by 1ts gener! administration Rest
(splinting and/or traction) will help to diminish arucular cartilage destruc
ton Elevation will assist venous and lymphatic drainage and thereby m
Prove the circulauon loeally and 1n general to the infected part.

I 1 spite of all these measures pamn distention fever and leucocytosis
ontinue it must be asumed that ddiuonal mewvures of treatment are
;‘“Uﬂry This would best be carried out by performing adequate surgical
;“mnagv: of the joint by opening 1t on both the medial and posterolateral

Pects especial care being taken to avoid damage to the ulnir nene Drains
M3} be placed down to but never into the joint The wounds and joint may

276 -
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be 1rrigated at the ume of drainage and daily thereafter with a solution of
peniallin (5000 units per cc ) or any other anttbiotic to which the mfecuve
orgamsms are sensitive until the mfection 15 well under control Mild acuve
mouon every few hours will assist dramage of this jomnt. Care must be em
ployed to prevent too early closure of the drainage incistons as long as
residual exudate can be washed out of the jomnt at the time of dressing
Chemotherapy or antibiotic therapy howerer should mmimuze this time

A B

Fig 135 Tuberculoans of the dbon joint. Note destruction of the bone adpcent to the

greater sigmoid notch of the ulna in (A) onginal lateral film. (B) Lateral vicw 16 smontin

after operative arthrodests of the elbow (Hallock type) The diseasc has been arrested

chinically and roentgenologacally The use of anti tuberculosis drugs is at the present time
mdscated 1n addivon to bony fusion

thereby lessening jomt destruction morbidity and disability time and offer
ing a very much better prognosis than without its use

Chronic 1nfection 1n this jome 1s usually of one or tuo varieties tubetcut
lous and rheumatoid arthritis

Tuberculoss of the elbow joint as with other joints 1s fortunately much
less common than 1t was twenty five or more years ago 1 the Umited States
However 1n countries where dairy control by tuberculin testing of cattle
and pastcunzation of milk 1s exther absent or not well regulated there will
contnue to be found a high incidence of bone and joint tuberculosis

The symptoms and signs of elbow joint tuberculosts are pamn hnutation
of flexion and extenston spasm at the extremes of these mouons when tested
passively suelling ncreased warmth over the jomt and atrophy of the a8
and forearm muscles The swelling consists of thickening 1n the perarticular
tissues as well as increse n the joint fnd Tt often appears greater than 1t
actually 1s owing to muscular atrophy above and below the jomnt which
tends 10 nccentuate its size The ouset 1s often slow and inudious and smus



ANon Traumatic Conditions of the I'lbow 281

formatson m1y develop In present day practice assisted by roentgen exam
mation there should be no great delny m estabhisling the dingnoss Roent
gen Glms m the carly cuse my show nothing other than muld local
dealctfication of the bone ends forming the jomnt Later there will appear
merersed decrlaficition of these bones and very hikely partinl destruction of
the joint surfces or loss of surfce distinction of these bones

To assist 1n making the dingnosts of tuberculows the history 1s of 1mpor
tance m respect to mfection m other members of the fanily or infection of
tlus nature m the patient lnmself (pulmonary lymph node or other jotnt)
The patient should be given 1 Mantou test nd observed at 18 hours Thus
may not be of great nmportance i adults if positine but 1f negative active
tubercutous joint infection 1s ighly improbable In early cuses with negative
roentgenologic findings 1t ts advisable to aspirite the jomnt make 1 smear of
some of centrifuged Ml obtuned and stun and examine for 1cid fast or
ganisms. Some of tlus same flutd 1f negative for growth on ordinary culture
media should be tested by moculwon mto 1 gumea pig Any distended
Jomnt resulung from trauma should have aits flind injected 1nto a guinea pig
if the aspirtion yields turbid yellow mdher than bloody flurd so that there
will not result needless delty i establishing the dingnosis and sututing
proper therapy

There m1y sull result msufficient evidence to establish the diagnosis as
definttely tuberculous and 1t may be necessary to perform operatine bropsy
of the synovial membrane In hospitals with well equipped pathological
laboratortes and experienced pathologists a quick frozen section may be
made If the diagnosis 1s definite for tuberculosis operatine fusion of the
Joint may be carmed out I any doubt 1n the diagnosis exists on examination
of the biopsy speamen or if the pathologists prefer to examine permanent
paraflin sections then the wound should be clased and further operative
freatment reseried for a later date

The treatment of tuberculosis of the elbow jomt once the diagnosis has
been definitely established 1s preferably operative fusion Tlus 1s the only
means by which definite cure of the local disease can be expected since thus
method alone puts the Joint at complete test The future may see cures of
tuberculous joint discase by means of immobihization m plaster plus the
ntensive use of streptomycin or other antibiotic When 1t becomes necessary
to ankylose the jont surgically due consideration must be given as to
whether 1t 15 the pauent s nght or left elbow to his occupation and to his
other needs with this arm The joint must therefore be rthrodesed 1n the
Opttmum position for the particular pauent (see Chapter \\IV)

ARTHRITIS

Fi
1ve types of arthrius affect the elbow joint —rheumatoid osteo-arthrius

Post traumatic arthritgs non-=spectfic arthritts osteochondritis dusecans
1
Rheumatosd arthrits may affect one or both elbows 1nd other joints
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at the same time It 1s due to mnfection usually from the hemolytic strepto-
coccus The primary focus cannot always be found but teeth and tonsils
may be at fault
It 13 bevond the scope of this work to go mto the course and treatment of
this disease 1 general but certan surgical aspects must be considered.
Owing to pan and spasm from the mnflammatory reaction 1n the -ub-
synovial tissues these patients rest therr elbows by flexing them acutely
There may thus result esther parual (-
brous) or complete (bony) ankylosis of
the joint since the tmflammatory reac
tion may last for many months during
which time the patient moves hus elbow
as little as posstble Subsequent active
exercises and other rehabilitaung meas
ures will do but little or nothing to asmist
him in regaining motion Since bu lateral
1m ol ement of the elbow 1s not uncom
mon m this disease patients so afflicted
become severely disabled through loss of
elbow extension and their mability to
reach It 1s with such patzents that surg
cal measures may be carned out and the
treatment may be considered here
The treatment of bilateral ankylosis
of the clbow must be directed to over
Fig 136 Rheumatoid arthrius of the  coming the flexed poston 1n one of
clbow jomnt Anteroposterior roeat oo jomnts. With both joints ankylosed
genogram  showing  narrowed  jont
space. 1t 1s 1mportant to have one 1n such a po-
sition that the patent may get his hand
to lus face Tor caing washing shaving etc. but the other must be 1 a post
uon of some extension (roughly 135 degrees) for reaching carrying caring
for toilet necessities etc The flexed and ankylosed joint (if st lacks active
rotation) must be 1n a position of nud rotation or slight pronation One
method of secuning extension 18 to osteotomuze the site of ankylosis and
place the bones m a position of optimum extension and permit 1t 10
become re ankylosed The other method of treatment for such a jont (and
probably the better) would be to perform an arthroplasty after the method
of MacAusland (Chapter \\IV) Tlus of coursc must not be performed
whtle the disease 13 sull locally active as evidenced by pain fever local ten
derness and elevated sedimentation rate If performed after the inflammatory
process has subsided the prognosts for a movable useful and painless joint
ts good Following such operatsse procedure it will be necessary for the
patient to practice active exercises for a prolonged period of trme (s1¢
months mmumum) 1n order to regain motion rnge strength and stability
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At any ume during the fitst two or three months 1f 1t becomes evident that
the mflimmatory process hag become re activated  care should be taken to
prevent subsequent rencwal of the flexion contiacture Sphnt wust be ap-
plicd to keep the elbon extended as long 1s there 15 1 possibthity of nkylosis
recurmng

2 Ostcoarthntis of the clbow jomnt 1s not 1 common condition It prob

ably follows triuma (fiacture mto the joint disloction repeated strans
and hard usage) It may 1lso occur s 1 late result followng osteochondritis
dissecans The jomt surfaces become roughened and wrregular thewr margins
showmg prohferitine hipping and overhanging edges nd the jont space
as scen on the roentgenogrim 1s gieatly narowed (see Fig 128) A certan
amount of chionic synovits wccompanies the bony and carulaginous changes
and gnes rise to pernrticulr thickening ind excess fluid formation within
the Jjoint The entre jomnt may hecome mvolved 1n the process However
the bony and cartilginous changes may be limited argely to the head of
the radius and to the caprtellar process of the humerus This type 1s usually
the result of an old fracture of the mdial head which was permutted to heal
n a position of mal unton and which beeame a constant source of 1mitation
as 1t moved upon the apitellum Such mal umon and prritation result 1n
irregular and eccentric enlirgement of the rdial head Adhesions of a
fibrous nature may also form between the mdinl head and a portion of the
jomnt lining Thas pathology will therefore gne nise to 2 hmited range of
motion pain on motion or on the extremes of mouon (including rotation)

Should the arthritic process be imited to the radial head and Iteral halt
of the articular surface of the humerus the treatment 15 simple nd satisfac
tory namely exciston of the radial head (seec Chrpter \XI) Where the
osteoarthritic process involies a considerble portion of the jomnt treatment
may consist of rest (shing 1nd curtulment of activity) heat gentle massage
and mild sedation Should these measures fail to relieve pain and should
disability continue operitive exploration may be carried out and a “house
cleaming” of the joint performed

A painful Jownt with limited motion may often thus be rendered painless
weable and strong Were the results successful for a period of only five
yeans 1t would st1ll be a useful procedure It could always be followed by n
arthroplasty 1n an individual occupied 1 a shilled trade requiring elbow
motion

8. Post-traumatic arthrits of the clbow joint 1s similar m 1ts nature symp-
tomatology and treatment to osteoarthritis (see above)

4 Nonwpeafic arthritis may occur 1n this Joint as 1n other jomnts It s
x‘m”)’ mamfested by gradual onset of chronic swelling (synowial tissue
p tekening and excess fluid formatson 1 the jont) little or no lhimitation of
nzo’;!{r extenston muld pain lick of increased heat and lack of tender
r,roccm;n: 13 usually no spasm or atrophy Other acute or chronic infectious

and foct must be ruled out Gout and allergte conditions must also
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be found lacking Roentgen examination reveals no characteristic changes
1n the bones or the jomt surfaces The pathology consists mamly of a
3ynol 118

Treatment should be directed towards rest gentle compression with
elastic bandage the milder forms of heat and massage and repeated aspira
tions to remove the excess fluid within the jomnt Should this fail to relieve
the conditzon 1t would be highly advisable to explore the jownt, obtain
bropsy of the synovial lining subsynovial tissues and even to perform a
partial synoyectomy

5. Osteochondrits dussecans in the elbow jont 1s a form of arthritis caused
by trauma or the result of embohic obstruction m the termunal vessels of one
of the humeral condyles (see Fig 127) It occurs more commonly upon the
anterior or antero-mferior aspect of the articular surface of the capitellum
but 1t may occur on the trochlear process An trregular shallow crater caused
by a defect 1n the articular cartilage extends down to the underlying bone
The detached and degenerated articular cartlage may gne nse to one or
more loose bodies within the joint and cause episodes of locking and pain

Should symptoms be sufficiently severe operatrve exploration will be war
ranted with correction of the offending pathology A transolecranon ap-
proach (Chapter XVII} 15 a wise one here since 1t 1s necessary to view the
front and back of the joint thoroughly to rid 1t of loose bits of carulage as
well as 1o smooth off the edges of any crater on the articular surface of the
capitellum The olecranon fragment and divided triceps expansion and
periosteum should be repatred as described.

NBUROTROPHIC JOINT

The elbow though not commonly affected by neurotropluc disturbances
as are the weight bearing joints 1s still subject to this condition Briefly a
neurotrophic jomt may result when certain nerve mnervation of the joint
18 cut off as a result of discase such as 1n syplulis or syringomyelta The joint
presents suelling of the pemarticular structures cxcess flmd weakness,
mstability usually with absence of heat tenderness or pamn (About twenty
percent of Charcot jomnts are accompanted by pamn ) Roentgenograms receal
early loss of joint architecture and this may go on to muljtiple loose body
formation and even to extreme dismeegration of all the jomt surfaces The
syphihtic neurotrophic (Charcot) jomnt must have its diagnosis confinmed
by the history of positive serology The sprrocheata pathida 1s not present 10
the joint fluid or capsular stnictures on microscopic exarunation The
neurotrophic joint due to syringomyeha must have 1ts dragnosis confirmed
by such characteristic neurologic findings as lack of pain and temperature
sensation resulung from degeneratnve lesions of the spino-thalmic trcts 1
the spnal cord

Treatment of the neurotrophic elbuw jomt does not have to take mto
consideration the problem of weight bearing The treatment problem would



Non Traumatie Conditrons of the Flhou 285

thereby hve to consider munly cisabality due to werkness hifting power
and stxbility of the joint m pushing or on hfting the arm over head Rarely
15 pan a problem This type of joint 1 most often scen i persons of middle
age or older If the patient has to usc hts elbow to 1 constderible extent in
lus work and needs 2 strong esticnuty one of two tlings may be done The
conservatnne form of ticitment should consist of support by 1 brice hinged
at the etbow jamt 1nd titted with leather cuffs to be Iced on to the arm nd
forcarm The purpose of the brace 1s pinely to lend stabilhity to the joint to
permit the patient to utihze lns muscular strength for flexion and extension
Should this support 1l to give adequate stabnlity and strength to permit
work and should pam hikewise be present one might be justified 1n per
forming an operatne uthrodess of the joint Such 1n arthrodesis 15 1ccom
panied by constderble risk of fulure and should never be attempted 1 this
parttcular type of joint except s 1 procedure of lst resort

OSTEOMYELITIS

Acute suppuratnie ostcomychius of the bones in the region of the elbow
most commonly Tesults from open (compound) fractures ( truck swipe”
mjury gun-shot wounds or fracture of the olecrinon) Emergency treatment
which 15 madequate from the standpomt of complete debridement 1rriga
tion etc. in compound [Mctures may permit infective organisms to estblish
a foot hold 1 the traumatzed ussues Inadequate dramnage 1nd madequate
sequestrectomy (once mfection has occurred) may permit 1ts spread and
allow 1t to get mto a chronic stage

Adequate surgery 1s the best means of avoirding nfecuon following an
open fracture m any regton of the body (Chapter \V}) Chemotheripy may
be utilized as soon as there 1s a suggestion of infection and to greater advan
tage than as a prophylactic measure It should never be used as a substitute
for adequate surgical toilet of the contaminated wound but only as an
adjunct to ths 1f used 1n connection with 1t always realizing that 1ts benefit
15 frequently greater to the surgeon s conscience than to the patients
wound When the time arfives to treat an infection one must never overlook
the fact that wide open surgicl drainage sull remams a sound surgreal
Prinaple 1 spite of the avattability of 11l chemotherapeutic agents This
) prevent an acute suppurative osteomyehins from passing wnto a chronic
sarred and sclerosed osteomyelitus which 1s so difficult to cure except by
‘ey radeal surgical measures Scarred nd sclerosed bone and surrounding
:ﬂll l:;'—: um:l)b:;rlx)r infectious organisms that no amount of chemotherpy
Mo ad p use the blood supply 18 so poor that no drug can be brought

cquate contact with the organisins
Corll)t:i:r ilCrI)CITOS:g bone should be removed where possible 1nd all pockets
ated, pcr%nmm [gmnulauon ussue must be opened widely and erads
penicillin or ‘m"g solt parts to fall into and obliterte them With the use of
me other antbiotic 1t may be possible to obtain primany
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(loose) closure of the wound after removal of such chronically infected bone.
It 15 not to be consdered advisable to attempt primary closure 1n the pres
ence of acute mnfection

Chemotherapy or other antibiotics may be used at any time in conjuncuon
with adequate surgery in definitely infected cases The author would strongly
advise 1ts use 1n such cases

The most direct tpproach to the bones adjacent to the elbow must be

Fig 137 Guant cell tumor of coronoid process of ulna. Bropsy and pathologial examina
ton confirmed the diagnosis. This patrent a male aged 24 years was umproved following
roentgen-therapy

carried out for the purposes of maston and drainage for sequestrectomy or
for removal of other dead bone and scar tusue especial care being taken to
avoid harming the radial ulnar and median nenves and the brachual vessels.
Any one of these may be masked by scar tisue If the masion 15 1 the
neighborhood of any one of them the structure should be 1dentified carly
and protected to avoid injury

OSTEOID OSTEOMA

The condition known as osteord osteoma has been observed to occur 1n
the lower aspect of the humerus 1n erther the medial or the lateral condyle.
It 15 characterized by pawn and subsequently by progressive sclerosis of the
bone mn the affected condyle with perhaps some overlving thickemng Even
tually a small cavity develops wathun the sclerosed rea and within this a tiny
mdus
The treatment once the diagnosis has been established 1s wide surgical
removal of the sclerosed bone cleamng out of the granulation tissue and
sequestrum within the cavity  The prognosis 1s cxcellent when surgical
treatment 1s dequate
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NEOPLASMS

The elbow 15 not 1 common site for primary neoplisms hemign or mahig
nant Most tmnefctions 2t this site are not neoplistic bue the result of
chronic mflammation of the jomnt lmmg or of the olecrinon bursa The
hemgn neoplasms of bony ongin occurring here arc osteochondromas and

Fig 138 Plagma cell myeloma of lower extremity of humerus. Antero-posterior roentgeno-
&am showing marked destruction and a pathologiaal fracture through lateral condyle

gant cell tumors The latter 1s more common It can imolie the entire
upper extremity of the ulna but 1t niay involve only the coronoid process
of this bone The diagnosis of tlus tumor can be made by charactenstic
Toentgen ﬁndmgs or 1f these ate not present by biopsy The treatment 1s
with radiotherapy It 1s practically never advisable to attempt excision of
wcha tumor and 1t 15 considered bad surgery to curette \nd cauterize them
The treatment of osteochondromata or exostoses should be by local excision
anar) malignant neoplasms i the region of the elbow are very rare
€ogenic sarcomata or Ewing tumors may occur as tumors of bony origin

S
1Noviomata are ighly malignant tumors arsing from the synosial himing
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cells of the joint and like bone sarcomata they commonly metastasize to the
lungs The treatment except for Ewing's tumor 1s amputaton of the arm
The weatment for Ewings tumor 1s sull controversial but radiotherapy
gues fair to good results considering that the overall prognoss for any of
these malignant bone tumors 1s none too good

Metastatic 1mvolvement can occur from other primary tumor sites, such
as the mammary gland prostate lung kidney etc. The first intimation of

A

Fig 189 Benign solitary bone qyst of upper shaft of ulna (A) Antero-postensor and (B)
latera] roentgenograms In eight year old padent.

such skeletal metastasis may come as a result of a pathological fracture
through one of these areas. Pain may precede the fracture and lead to the
discovery of the lesion on roentgen examination Such lesions if recogmzed
as secondary lessons may be given palliative radiotherapy but should not be
operited upon Should pathological fracture result, the arm and fragments
must be grven rest and quuet 1n order to minimize parn This mav be accont
plished by splints plaster casings or traction and suspension

True bone cysts (osteitss fibrosa cystica) or areas of fibrous dysplasia are
extremely rare 1n the region of the clbow The surgeon would rarely have
opportunity to diagnose one of these conditons unless hs or another physt
cian's attention were drawn to it by a roentgenogram tahen because the
pauent had complained of pain resulting from triuma or other causes. The
diagnosis would hatve to be based mamnly upon roentgen findings blood
studies and possibly surgiaal biopsy The treatment of choice 1s thorough
curettage cauterization of the cyst hning with phenol followed by absolute
alcohol and umplantation of bone chips 1nto the cavity

METABOLIC DISORDERS

Gout Fulargement of the olecranon bursa occastonally occurs due to de
posits of mono-sodium urates in 1ts wall Such a bursa 1s moderatels firm and
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mn genenl sphertcal 1t 1s non tender and ats deep surface 15 irmly fixed to
the undetlymg periosteum The overlying skin 1s not nflamed nd lacks
the charctenstic yellowish apperrance of topht seen elsewhere The ding
nosts 18 wally not difficult smee by the tme the deposit becomes large
enough to cause the patient Lo question ats presence 1t ts known that he has

A B
Cc D

Fig 140 Tumoral Galanoss 1n an 11 yearold boy (4) and (B) Antero-postcrior and

Eli: Toentgenograms of left elbow at age of 11 yearw. This patient had moular deposits

Vew TIght elbow both trochanteric regions, one wrist and one shoulder (C) Lateral

the of left elbow ac age of 16 years, Operative remoral of this depont and of those 1n

Tight elbow and both lateral hip regions was performed because all were becoming

Progresavely lager and unnghtly (D) Lateral view of left elbow two years after
exciuon of the deposit No recurrence had occurred.
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gout. Some of these bursae become as large as a medium sized plum The
treatment 1f the condition fails to respond to conservative measures (purine
free diet and colchicine) and the patient 1s bothered enough by the bursal
enlargement 15 excaision Some surgeons adiise putting the patient on a
course of colchuicane for twenty four
hours before and following operation to
forestall the possibility of an acute attack
of gout.

Xanthomatoss. Certain metabolic dis-
turbances 1 which the patient has a
high serum cholesterol content may grve
nise to deposits of cholesterol crystals in
the olecranon bursa These deposits
volving part of the triceps tendon and
periosteum are firmer less freely mova
ble and have a yellowish appearance 1f
the overlying slin has become suffi
cently thinned The deposits often take
the form of fibromas with deposits of
cholesterol crystals scattered throughout.
Such cholesterol deposits have a predt
lectton for the posteror aspect of the
elbow and the region of insertion of the
Achilles tendon and are often symmetn
@l General careful metabolic studies
should be made The treatment consists
of surgical excsion if the deposit bothers
}'Zf_ml‘;: l;’%:“’ d’]—]“:: (m::dmﬁib the patient sufficiently
e of mecat ondyle (healedy Ar  Calanosis. Aside from deposits of cal
rows polnt to site of the old fracure  c1um 1 the extensor tendon ongin often
line. The medul condyle fragment assoctated with lateral epicondylitis (ten
;;’mm;";;]rz d?;dﬁ&hfnﬁ{;g;; nis elbow ) there may occasionally appear

se wath the healing of fractures. deposits 1n the olecranon bursa or 1n a

portion of the joint capsule deep to the
triceps tendon and muscle called Tumoral Calanosis by Thomson and
Tanner These may become extremely large and bizarre 1n chinical as
well as 1n Toentgenologic appearance since they are readily vsible on films
They occur 1n other regions besides the elbow The underlying metabolc
condition causing them 1s little understood The deposits are medical and
surgical curiosittes and after thorough metabolic studies 1t may be Justified
1n excising one or more of these masses 1n toto for pathological study as well
as to remove them for cosmetc and functional reasons

Paget s Disease (Ostertis Deformans) This condition may involse one of
more of the bones making up the elbow joint (most commonly the humerus)

It tends to 1« lve the shaft of the bone first Its presence 1s usually detected
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only becwse of pam due to factine or other tmuma Thete 13 no particulr
treatment for this condition other than mdiothermpy for pun Should 2
fracture be present 1t should be treted s any other simular fracture without
partcular concern for the presence of Paget s duease

HEMOPHILIA

Persons suflening fiom hemoplihin e subject o repeted cpnodes of
bleeding (hematthrosis) into one or ntote joints 1s 1 result of mumor traumnatt
such as contusions nd sprams The Joint hecomes tensely distended from
the contintted bleeding 1mto 1t and assoctated with this there 1s severe pamn
With recurient hemuthions these jomts are subject 1o partinl ankylosis s
a result of mecomplete Absorption of blood md the formation of fibrous
adhesions Roentgenologic changes occur i the bone ends of the frequently
mvolved jomts and ne chnrmcterized mainly by the appearince of small
qst Ithe arcas beneath the vucular cartilage

Treatment [ ocal treatment of a hemophilic joint consists of rest cold
compresses and elevation to dunmish the bleeding Adequate rest tnd relief
from pain can somctimes be obtuned only by sphinting Elevation not only
helps to diminish bleeding but also lessens subsequent mflimmatory swell
ing As soon as pain ceases to be 1 factor 1t 1s important for the patient to
Q@rry out active joint exercises 1n order to lessen the formation of 1dhesions
The unfortunate part of this type of theripy 1s the dely 1 starting exercises
due to pan and to the length of time 1t takes to absorb the blood which 1n
turn permits the imtiation of adhesion formation

Hemopluhia was formerly considered the one cause of hemarthrosis in
which surgical aspiration of the joint for the relief of pamn was contrand
cated. More recently however 1t has been demonstrited conclusisely by
Gartland and Vfac Ausland that relief of pan and 1bsorption of the blood
from the distended jomnt can be greatly hastened by partal aspiration 1n
conjunction with the instillation of the enzyme hyalurontdase Tlus rids the
patient of pain in hours rather thin days and permits him to start exercises
1n days rather than after a week or tnwo Morbidity and hospitalization are
likewise reduced by the increased permeability of the joint capsule brought
about by action of this enzyme The tendency to fibrous ankylosis 1s mmlarly
reduced

The techmique of aspiration 1s as described n Chapter XIII It 15 not
necessary 1n these cases to remove all of the blood from the jomnt A small
mount (5 to 10 cubic centimeters) 1s removed nd 1500 turbidity reducing
mits of hyaluromidase 1s dissolved 1n quantity of one percent procaine
hydrochloride equal to the blood removed and the whole 1s nst1lled into the
g’r":"- The aspirating needle 1s removed the wound covered with a sterile

ﬂ?::i:g ‘l‘;ld the joint 1s wrapped with n elastic bandage The compression
the blong zhlhu bandage 15 of partzcular importance 1n assisting diffusion of
rough the joint capsule It may be necessary to re wrp the elstic
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bandage once or even twice within the first day after mstillation of the
enzyme owing to the rapid absorption of flmd and blood 1n order to man-
tain a constant external positive pressure

General treatment of hemophilia and associated jonts 1s prnmanily a med:
cal and not a surgical problem so will not be discussed n great detail.
Recently there has been developed an anuhemophilic globuhin (Cohens
Fraction I) which has been found definitely helpful in the arrest of bleeding
due to hemophilia If this 1s not available repeated whole blood transfustons
are mndicated.

AFFECTIONS OF THE NERVOUS SYSTEM
Flexor Power

Paralysis or weakness of the flexor muscles of the elbow (biceps brachs
alis anticus and brachroradialis) may cali for surgical procedures designed to
substitute other muscles for those affected such as (1) transference of the
flexor pronator muscle group origin as advocated by Stewndler (2) a modifi
catton of Stewndlers method (3) transfer of the triceps muscle (4) of the
pectoralis major muscle or (5) of the sternocleido mastord muscle or to
prevent complete paralysis by over stretching of the already weakened mus
cles by the bone block technique of Putt and Scagliettz

Stemndler s technique advocated for paralysis or weakness of the flexors at
the ¢lbow consists of transplantation of the common ongm of the flexor
pronator group of the forearm from the medtal epicondyle to a site about
five centumeters more proximal upon the humerus This may be performed
by remoring a block of bone with muscles attached and placing 1t 1 a hole
made to recerve 1t. It 1s fastened here with a wire Ioop or heavy silk suture.
Before the operation 15 carned out the operator should be certamn that a
pronator muscle contracture 1s not already present. He should also be cer
tamn that 1t 1s possible to obtan passiye supnation after having thus trans
planted the muscle othierwise a pronation contracture will result Care must
be used to 1solate and protect the ulnar nenve during this procedure

The after-treatment consists of immobilization of the acutely flexed elbow
mn plaster splints or casing with the forearm held in mid rotation After two
weeks the splints may be discarded and heat and mild active exercises may
be permutted to mprove the arculation and muscular strength

The modification of Steindler s method as advocated by Bunnell is for the
purpose of lesseming the tendency to pronation following transfer of the
flexor pronator group upwards upon the medial border of the humerus It
1s useful when the flexor carpt ulnaris muscle is not wvailable (because of
paralysts) to transfer around the back of the forearm to the loner extremty
of the radius The method consists of utthzing a free graft of fascia lata to
prolong, the flexor pronator origin and transfer tlus to a point two inches
upwards upon the lateral rather than the medsal border of the humerus

Transier of the triceps muscle to the biceps tuberosity of the radius has
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been advocited by Bunnell as 1 means of furmislung flexion power to the
forearm In general the power of clbow flexion 15 of greater importance than
that of extenston In order to make the triceps reach the tuberosity of the
radius 1t 15 necessany to prolong 1t by means of a free tendon or fscia lata
graft which 1s attached to the tiberosity by mens of 1 No o stunless steel

Fig 142 Methods of ratonng fexion powner to the paralyzed clbow by flexorplasty
operation. (A and (A') Method of Steindler wluch transfers the onigin of the flexor
Pronator group of musles attached 1o the medial cpicondyle to a point two inches higher
Up on the humerus. (B) Bunnells modification of Steindler s method utilizing a free
il graft 10 attach the flexor pronator group onigin upwards and to the lateral side
of humerus. (This method may be used when 1t 13 not feastble to pass the flexor carpr

tendon around the posterior aspect of the forearm and insert 1t in the lower
fadis 1o act as a supinator } (C) Bunnell s method of utilizing the tnceps muwle as a
Supinator by mserting its prolongation with a free fascal graft into the biapital tuber
outy of the radius with a pullout wire suture (D) Transfer ol the sternoclerdomastord
mesde and prolengation of 1t by a free fasaial graft to 1nsert into the bictpital tuberonty

(Redravn from Bunnell J Bone & Jont Surg 33 4 566 19,1)

‘¥ire suture braided through the tendon and passed through a drill hole
the bone and out through the posterior aspect of the forearm where 1t 15
tted over a button wlule the elbow 15 held flexed. A pull-out wire 1s utihzed
for the Purpose of removing this wire suture at the end of one month
Transfer of pectoralis major muscle (Clark s method) utilizes the lower
Part of this muscle wluch retamns a nene supply separate from that of the
Main bull, of the muscle He scparates a strip of this muscle two and one
I nches wide from 1ts origin on the ribs and rases this strip with 1ts blood
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and nerve supply mtact and 1n turn passes 1t downward and sutures 1t tg
the paralyzed biceps muscle close to the musculotendinous junction.
Transfer of the sternoclerdomastoid muscle may be accomplished by de
taching the lower end of this muscle from clavicle and sternum and pasing
1t distally m the subcutancous tissues by means of a free graft of fascia b
to prolong 1t down the arm where 1t 1s re attached to the biceps tuberosity

=

Fig 143 Posterior bone block technique of Puttr and Saagliettt to limit extension of the

clbow Three vanations are shown (A) The preferred techmique in which 2 small osscous

flap 13 ransed from the posterior articular surface of the humerus and the defect thus

created is packed with chups from the adjacent arca. (B) and (C) Methods of creaung s

similar bone block with the mtroduction into the humerus and olecranon respecthely of
a small peg from the tibia (after Campbell).

A

of the radws by a pullout wire suture The pull-out wire and suture are
remozed at the end of one month

The last two methods present somew hat difficult techniques but are use
ful 1n pauents without available forearm flexors

The bone block techmque of Puttl and Scaglietti 1s designed to prevent
over stretching of a wethened biceps muscle and 1n turn complete Joss of
1ts power A postero-lateral masion 15 employed to expose the postenior
aspect of the elbow joint By means of a sharp osteotome a smail bony shell
1 raised on the posterior arucular surface of the trochlea of the humens
and bone chips are packed mto the defect beneath the shelf This will thus
act as a block to the olecranon prevenung extension of the forecarm to
beyond go or 100 degrees The after treatment consists of plaster 1mmobilt
zation for three weeks followed by warm soaks and active exerciscs 1n flexton
to mcrease the range 1nd strength of the flexor muscles.

EXTENSOR POWER

Although gravity 1ssists elbow extension and operations to 1ncrease the
power of the triceps muscle are rarely indicated 1t may sometimes be advis-
1ble to transpose muscles to improve weakness of this muscle
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The techmique of Ober and Barr utilizes the brichioradinhis muscle dis
secting its anterior mugin proximally and distally for 1 distance of ten centr
meters each nd soliting and saving 1ts blood and nemve supply (mdinl
recurrent artery and muscular branch from 11dinl nene) Lewing the mus

BRALHIORADIALIS

Eig 144 Drachioradialis muscle tramspostion for triceps paralyss after the method of

lz:)::umd Barr The anterior margin of the muwle is freed by disection and rolled

o 7 and posteriorly and sutured to fascra and periosteum along the posterior margin

the e ulna olecranon and to the tendon of the triceps. The nerve supply which entens

musde high up is left intact The schematic sketch shows the muscle alter transy
postion the deeper muscles having been omitted for clanty

;Lcd":‘%mcl;laﬁ the Ireed anterior margin 1s rolled posteriorly and laterally
der of ﬂl:l' to the periostcum and fascia attached to the subcutaneous bor

¢ olectanon and ulnar shaft and to the tendon of the triceps muscle
The after treatment consists of plaster immobilization with the elbow 1n
Il supmation and extension Active exercises should be started ten days

aft
€T operation and hept up as long as power to extend the elbow continues
10 Increase,

fu



CHAPTER \\IV

Special Operations upon the Elbow Jomt

ARTHRODESIS

RTHRODESIS (surgical sufferung) of the elbow jomt 1s a procedure
chuefly employed for the treatment of tuberculosts Many orthopedic
surgeons consider arthrodesis of this joint the only acceptable treatment for
tuberculosis there are others who adsocate exaston of the joint as the pre
ferred treatment for this discase Although bony arthrodesis 1s destred 1f the
disease 15 to be completely arrested there rematns a suff joint. The disadvan
tage of stifiness may be quite considerable the advantage 1s cure of the
disease without recurrence 1n a very high proportion of the cases

Technique of Arthrodests

The following techniques for performing arthrodests of the elbow are
guven along with their indications as described by the individual authors

Campbell. This author feels that arthrodess of the elbow 1s seldom advis-
able as treatment for tuberculous or non-tuberculous affections of this joint

The articular surfaces are disturbed as ltttle as possible 1 his operation
the techmque of wiich he describes as follows “An incision 15 made over
the postertor aspect of the elbow joint extending three inches distal and
proximal to the olecranon process Dissection 1s carried through the triceps
muscle to the posterior surface of the humerus and the olecranon process of
the ulna Bone shavings are cluseled from the cortices of these areas. While
this procedure 15 being carned out. an ostcopenosteal grafc of surtable
dimensions 1s remoted from the ubra The osscous surface of the graft 18
placed over the denuded poruons of the humerus and olecranon process and
mamntained n close approximation by sutures or autogenous bone nails
(Fig 145)

After treatment The elbow ts immobilized at a nght angle and 1n mid
rotation m a plaster cast from the axilla to the palm (bivalied to allow fof
postoperatine swelling) Skin sutures are remoted at two weeks and a fresh
snug fitung plaster 1s applied. At the end of eight wecks follow ing operation
the plaster s replaced by a leather laced corset rewnforced with steel strips
and worn unt) bony union has taken place

Hallock. His method of elbow fusion for tuberculosis 1s simlar to the
Hibbs tvp of hup fusion 1 e utihzing a mass of cancellous bone from the
olecranon with sssues avtached to bridge the gap between the ulna and
humerus

296
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The patient 1s operated upon m the prone posttion with the elbow flexed
The jont 1s exposed through 1 postenior midline mcision and the perios-
teum 1s stupped hiom both sides of the olecrmon and upper ulnar shaft
By means of 1 chisel the olecinon process with antact triceps tendon 1s

Fig 145 Arthrodesss of elbow after method of Campbell. An osteopeniosteal graft from
tiba jy layed on the eaposed posterior surface of humerus and upper ulna  (Campbell,
W L. Operative Orthopedics St Louis Mosby 1939.)

removed obliquely from the ulna (Fig 146) nd reflected proxtmally Just
abote the olecranon fossa a slot 15 cut obhiquely upward 1nto the humerus
and the detached olecranon process 15 rotated one hundred eighty degrees
and 1ts tip drven 1nto the slot in the humerus  Additional bone clups may
be placed alongside this olecranon bone-graft which 1s anchored with mter
Tupted sutures of chromic catgut

After-treatment  Simular to that of Campbell
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Stemndler This author gives as mdicauons for arthrodesis of this joint
the flail elbon  tuberculosis of the jont, ostecarthritis and painful elbow
where 1t 1s nadvisable to perform arthroplasty He believes 1t 1s the opera
tion of chorce for elbow joint tuberculosis He feels that arthroplasty 13 more
frequently indicated 1n traumauc and arthntic conditions of the elboy but
where not feasible arthrodesis must be performed

The techmque of operation utilizes the posterior longitudinal 1ncision of

Fig 146 Hallock s method of arthrodess for the elbon Ths utilires 2 wedge-shaped

portton of olecranon with triceps tendon attached which s rotated and dnven into the

lower posterror humenus 1nto a hole previonsly made with a chisel The radial head 5
i

Langenbeck or Ollier over the triceps, olecranon and posterior edge of the
ulna (Chapter \VII) The olecranon with attached triceps 13 temporarily
resected and the posterior aspect of the jomnt is dissected. The jont 13
strongly flexed 1nd the arucular cartilage of the capitellum trochlea and
greater sigmoid fossa of the ulna 1s removed The antertor aspect of the
capitellum and trochlea 1s reached and denuded of cartilage by stmpping
the soft tissues away from the lateral and medial sides of the lower humerus.
Following this the arthrodests 13 further reinforced by a graft from the ubna
placed m a prepared bed on the postertor humerus and driven down 1nto 2
hole properly cut in the upper ulna The wound 15 closed 1n layers and the
elbow 15 iImmobilized at a nght angle 1n a plaster casing (Extreme care must
be exercised m identifying and retracung the ulnar nerie to avord mjurmg
1t during the operative procedure )

Scudenn This author has described a techmque of arthrodesis extremely
useful 10 severe war (gun-shot) wounds of the clbow with extensne loss of
bony substance of the humerus ulna and radius Thus gries a stable suff
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Ibow 1nsterd of 1 completely flual werk jomt Teas qssumed that extensive
enve damage has not occmicd to make the hand useless before such n
rthrodests 1s considered
The techmque m genetl 15 10 brdye the gip between the humerus and
he [orcarm bones by mens of 1
long hone graft taken from the
fbula or thin  prefembly the
latter and fastened securcly m
place with  screws (Fig 118)
Immebilization at a right wgle
m plaster 1s advisable unul re
vasculanizatton nd bony union
15 complete  Before thus proce
dure 1s contemplated following 1
severely damaged and mfected
area three 1umportant pre-opera
uve requirements must be met
(1) no drainage should be pres
ent 1n the area for 1t lcast three
months prior to bone grafting
(2) good vascular skin and subcu
taneous tissue must be present to
cover the bone graft otherwise
1t will not sunne It can only
obtain 1ts blood supply from the
surrounding tissues and must be  pyp 147 Steindlers method of arthrodesis of
come revascularized before 1t can  clbow joint uulizing ubial graft countersunk
e he b bone Ty 48 P S S
gl?;{lm;rb:cn?cmn to fill large | drven into a previously made cut in olec
place dense scar tis  ranon  As much cartilage as posible is re
sue by pedicle flap plastic opera moved In:lm $e rg::culnrlhm:[ac: of :hehl;;
i oT
zz:: ;':)'dff)r:lll):g:r} lh((’s)ﬁggcnf]c:)r- ;"‘l:‘tl:l' uﬁmu:n ::J uscdctu I;mgt:—l‘)ﬂhlcl lhl:Pjomt

after operation
therapy 1 adequate amounts
nl?m be admimistered before and two weeks following operation to minimize
the risk of infection and certain farlure 1f 1t occurred

ARTHROPLASTY

The procedure of arthroplasty 1s fairly w ell established for the correction
of complete ankylosis of the elbow joint. For a joint with malunion follow
g a fracture 1n which there 15 marked restriction of motion rthroplasty
may also be employed
ijhc elbow joint may become completely ankylosed because of trauma

ection or a combination of both of these causes Infection may be blood
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barne or mtroduced through an open (compound) wound It may be due to
gonococcus to rheumatord arthriis or even to tuberculosis Arthroplasty
15 more ltkely to be successful where the stiffness has been the result purely
of trauma not associated with infection Ankylosis following gonorrheal
wfection 13 the type most amenable for arthroplasty and the least Iikely to
show recurrence of the wnfection after operation Elbow jomts that have

gy

— cememeaa,

Fig 148 Scuderis method of arthrodems advocated to stabilize the clbow where thete

hay been extensive loss of bony substance. This utilizes a free tbial graft which 1s connter

sunk into the freshened humerus and vlna and fastened Internally with screws Additional

plaster fixation is advisable. This method may be excellent 1n old cases, but prewpposes
2 wseful hand.

become fused as a result of tuberculosss or have been fused operauvely m
order to cure tuberculosis of the joint, should never have arthroplasty at
tempted Any joint the site of previous sepsis should not have arthroplasty
performed upon 1t prior to one year followng the Jast evidence of mnfection
and operation should be accompanted by the use of pemcillin or other sutt
able antibotics prior to and after the operative procedure 1n order to munt
mue any flare up of infertion

Several conditions must be present before arthroplasty of the elbow 15 L0
be seriously considered first, 1t 15 best done between the ages of tuwent) and
fifry years second the bone must not be excessively sclerosed or atrophied
third, the muscles must not be completely fibrotic mn the region of the
clbow and fourth the skin and subcutaneous tissues must not be completely
adherent to the underlying bone It 1s extremely mmportant that the patients
general health be good and that he 1s the type of patrent that will coOPC"l:c
thoroughly 1n the after-care peniod 1n attempting to recover his motson by
frequent wine exercases It 1s of utmost tmportance that patients of foreign
nationhities who do not speak the Inguage should not be operated upon
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until 1t 13 possible to mke them understand explicttly verbal instructions
that must be gruen them from dy 1o dwy An arthroplsty to he successful
must furmish 1 useful 1mge of motion 1 the elbow It must give 4 stable
elbon and one that the patient can control well It must 1lso be painless
There ate i penct1l two types of arthroplisties that may be performed n
the clbow 1cgion The first 1s the functional type 18 described by Hans The

C
B

Fig 149 Haas type of clbow arthroplasty \ generous resection of the lower humerus is

made wath the long arm of the point on the flexor side The ulna is transected at the

kvel of the radial head {unless there 1s synastous between radius and ulna when it as

Temned at the Jower margin of the radial head) (A) Line of resection  (B) The defect.

(©) The attempt of nature to partially re shape the bone ends alter prolonged exercise
and function

technique of this consists mamly of 1 resection of the 1nkylosed elbow joint
taking aut a large section of the lower humerus upper ulna and 1f neces
wan the radial head The lower humerus 1s cut across in 1 V shape on
lateral view with the long arm of the V on the anterior (flexor) surface The
upper ulna 1s cut straight across All of this 1s performed sub-periosteally
Following operation the arm 1s placed 1n traction straight-out and the pa
uent 15 prevented from bending the elbow for at least two to three weehs
Follow ing removal of traction which has been for the purpose of separating
the raw bone ends and of prevenuing the growth of new bone across the gap
Greated by operanion the patient 13 allowed up and started on gradual flexion
;Xcrmq with the arm dependant at huis side for five mnutes every hour
ml_m“g the daynime When first starting these exercises he may obtamn little
10 actine floaon but he must persevere It may be at least two to three

Eon‘h-‘ before he shows as much as 45 or 50 degrees of actrve flexion from
e full poution of extension
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The second type of elbow arthroplasty known as the anatomucal type, 1s
that described by MacAusland.

Opcrative Technique. “The elbow joint 15 approached by a semicircular
naision that curves over the olecranon and extends from one condyle to the
other The skin and subcutaneous tissues are dusected and the flap 15 re
tracted The ulnar nerve 1s retracted to the ulnar side. A transserse incusion

Fig 150 Postarthroplasty (Haas type) of the elbow (A) and (B) Laternl rocnigenograms
with elbow 1n flexion and extension respectively taken sx and one half yean after
operation (For pre-operative roentgenogram of this patient see Fig t264.)

1s made through the deep fascia ligaments and capsule down to the perios-
teum The olecranon 1s chiscled through transiersely at the jomnt hne.

“The joint 1s then ready to be broken open This step 15 more easily ar
ried out when the jomnt hine 1s still visible and the joint surfaces an be
separated by means of curved chisels When the joint cavity 1s entirely oblit
erated 1n 1 bony bridge the site of the old joint line 15 determined as closely
a3 possible and then chiseled or sawed through The forearm 1s flexed the
olecranon segment freed and the flap dissected back 1n toto The flap 15 pre
served for a subsequent covening of the joint

“In the remodeling of the articular surfaces the normal contours of the
Jjomt are followed as closely as possible The articular ends should fit to-
gether accurately Care should be taken 1o remove only enough bone to
permut free motion An electric burr 15 used to remodel the condyles of the
humerus The olecranon fossa 1s deepened care being taken to present the
olecranon 1idge which 1s an aid 1n mamtaining the lateral stability of the
jomnt It mv be necessary to decpen the radial and ulnar surfaces somewhat
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with an cleanc burt so that they will conform to the humetal surfaces The
ulnar ndge which articulates with the mtercondylr notch should not be
drstnbed

A flap of fascin It is temoved from the outer part of the thigh  \fter
the flap has been ficed of a1l fat at 1s wiapped around the newly formed
humer] condyles and attached anteriorly and posteriorly to the cipsule

~ -

Fig 151 MacAudand s arthroplasty of the elbow (1) Posterior Ushaped shun indsion

(B) Line of transection of olecranon which 13 then retracted 1 a proumal direction.

(© and (D) Joint is broken open widely and dotted lines show amount of bone removed

L’h“mtru‘ and ulna are remodeled with clusels and gouges. (E) Double laver of fascia

hl: 1 fastened in place over lower end of humerus. (F) The olecranon 13 replaced and

ened 1 posivon with 2 single wood type screw The remainder of the pernosteum
deep fascia and skin are dosed as usual with interrupted sutures.

No 2 ciromic catgut 1s wound tightly around the base of the fasaial flap and
firmly tred
(h:l;l;:;:mllnr ends are brought into apposition A screw 1s driven through
cutare, ofnon and into the ulnn The capsule 1s closed with mterrupted
com catgut the skin 1s closed with mterrupted sutures of silk A small
pression drcssmg 1s apphed and the arm 1s immobilized 10 a neck and
anl_; shing with the foream flexed Just abosve the night angle
ccdu:: P;:Idt)}:lamj‘c treatment 1s an essential part of the arthroplastic pro-
cooperatimn ;e success of the operatzon depends to a great extent on the
COtracn of the patient 1 this after<care The pauent should practise
‘htlrtone ancc;(el‘cues of the arm and forearm muscles hourly to maintain
Paisine monns to tmprove the circulation The dressing 1s changed 1 a week
fs are carried out 1 about ten days after the operation Gentle



304 Surgery of the Elbow

massage may be given n three weeks The patient 1lso begins to use the arm
after the thurd week returning 1t to the shing only for rest

Prognoss

The prognoss following arthroplasty of the elbow joint naturally depends
mostly upon the patient and very little upon the actual operatise proceduie
The surgeon however should use some judgment mn selecting cases for
arthroplasty and should not attempt to perform tlus operation upon an
elbow unless the patient has a completely or nearly completely useful hand
on the same extremity

Articular Replacement

The substitution of an arttficial joint surface as devised by Hudack offers
an entirely new type of arthroplasty for parually or wholly suff elbow joints
and one that should give good stability and little or no pain The procedure
consusts of resection of the lower extrenuty of the humerus re-shaping of the
articular surfaces of the upper radius and ulna if necessary preservation of
the medial and lateral epicondyles with their muscular attachments and
replacement of the trochlea and capitellum by a luate rephica anchored to
the Iower shaft of the humerus by means of an mtramedullary rod of stain
less steel

The plastuc nternal prosthesis furnishes a smooth gliding surface for the
forearm bones to move upon and being shaped to resemble the origmal
articular surface of the humerus 1t therefore permts free motion while
mamtaming stability since the lateral muscular and periosteal attachment
are presenied The lucite and stamless steel replacement 1s imert 1 the
tissues and should therefore cause no inflammatory reaction

Although articular replacement has been employed successfully in a few
cases of elbow joint ankylosis 1t 1s not the type of operatine procedure that
should be undertaken Iightly For all practical purposes at the present time
1t must be constdered as stll in the expenmental stage An arthroplasty of
this type should be performed only by a surgeon who has had expenence
with the methiod and who can depend as well upon the materials and work
manship that go nto the prosthesis

Resection (Exasion) of the Elbow Jomt

This procedure consists of excision of the ends of the bones forming the
joint It 1s most commonly employed for tuberculons but occastonally may
be performed for recent mjury with overshelming destruction of the jont
surfaces erther as 2 pnimany or a secondary procedure It s an especrally
helpful procedure n severe war wounds when no reconstruction 1s possible
It may also be performed as a secondary procedure m (1) acute arthritis not
vielding to incision and dranage after njury when ankylosis 15 the best
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result thit cn e cxpedted (2) for i old mjury to the elbow joint pref
crence to 1 stict throplwtic procedure (g) whete the elbow 1s ankylosed
m fulty positon or (1) m A demgmzmg, uthuts duc o pyemin theu
matic fever o1 to old osteo arthtats

Ordinmily {or tubercnloss of the elbow jomt exciston 1s not constdered
agood procedure m chaldsen Toas much bettet to tient these conservatively
by means of plaster immobihzation plus stieptomyan therpy  In adults

Fit 157 Arucular replacement arthroplasty of clbow jomt for fibrous ankyloms. (3)
tenal roentgenogram prior to operation  (B) Antero-posterior view five months after
opmation The articular surface of the replacement 13 of plastic material shaped to
t‘::mu to that of the humerus \n intramedullary element of stzinless steel was used to
muul\ulnlhy prevent rotanon and distnbute pressure The epicondyles were left
e 3 muscular attachments. Tl 24 yearald man was able to move his elbow
%agh 1 range of Go to 150 degrees five months after operation and had a strong
stable elbow (case of Dr S § Tludack)

:’g’::;l\ucl arthrodesis has been considered a better type of procedure since

It € Jomnt at complete rest aind thereby asusts in arresting the disease

1 powsible that motion 11 1 number of tuberculous joints m1y be pre

:l::i_:)}f excision assisted with the use of ant1 lnotie (streptomycin) therapy

e ormerly without the use of streptomycn a lgh percentage of
ce of the tuberculous infection was to be expected
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Posnts to be considered 11 a case where excision of the Jomnt 18 contem
plated are (1) age—tlns 13 usually best done before the age of thiry fire
(*) comphications such as other wberculous jomis (3) value of preserving
the periosteum at the tune of excision (simce preservation of this helps 10
cut down on the amount of hemorrhage from the procedure and removal of
the pertosteum leads to less Jateral seabifity foliowing operation). If the pent
osteumn 1s retained the bones must be more freely resected than others e
since smotion may be impaired

Techmgue of Exasion of Ebow Operation may be petformed through
a single postersor vertcal mesion two lateral 1ncisions or a bayonet shaped
ncision The center of the imcuion should be just lateral to the tip of the
olecranon The muscles are peeled off the bone subpeniosteally are bemg
taken to protect the ulnar nerve The ulna s resected just below the lesser
sigmoid notch the radius just below sts head and the humerus at the upper
margm of the medial epicondyle It 1s usually wise to leave a gap of approu
mately two to two and one half mches between the humerus above and the
radius and ulna below The operatiie area 15 thoroughly smgated with
saline and drains may be placed i the wound for twenty four hours for
evacuauon of possible hematoma Following closure the elbow should be
splmted esther 1n a serasght Jine or at a nght angle preferably in the lauer
position because the patient can exeruse it esther i flesion or extenston
and this also offers a better chance for the elbon to become stabthired 1 2
more useful position

Finger excrcises should be started the day after operation Geatle passive
motion of the jomt may be begun 1n seven to ten days and active elbow mo-
tion may be started at the end of four weeks If the bones tend to pull
together light weight-cartying may be permmtted It may be necessary to tie
up the good arm 1n order to get the patient to use the operated arm Speaal
attention must be patd to exercises to ncrease pronation and supination
and at a Jater date systematic exercise must be carried out for strengthemng
of the arm muscles Twelve months must clapse before full benefit of the
operation can be expected 1 e complete combnauon of mobility and sta
biliey It may even be necessary to wear a brace after four weeks if a flail
joint seems likely prosided temporary immobilization for one month m
plaster does not tend to stabile it

Partral excision of the elbow jomt 1s definueely not indicated m tubercu
losis or ankylosis. Tt may be used for excison of a radial head (m toto) or of
1 medinl epicondy le fractured and displaced mto the jomnt  (See Chapters \
nd X11 on these speaific fractures )

Unfavorable Results and Sequelae of Elbow Joint Excuslon Fiewsion of
the joint 13 not always successful and may result in persistence of tuberen
lous discse canes and chronic osteomsetias anksloss flad like jont
wfection of the wound useless himb njury to the ulnar nerve and adherent

scar
3\
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Lraston of the Elbow Joint

The procedute of ctwon ol 1 jomt conasts of 1emoval of the disctsed
portions by sc1ping 1y watle 1 curette ot by 1 chisel This 1s 1 procedure
fmmarly wsed an elbow jont tuberenlons i chiftien but would now be
considered obsolete Tt was 1 poor procedure for removal of disesed tissue
and fiequently «nded m hbtous ankylosis or i recwirence of the discuse
Surce better procedutes are 1t I no futdher deseniption will be given of
this olrolete praxedute

Arthrotomy of the Elbow Joint

\n arthiotony consists of “m openmg mto the jomt The indicattons for
thisare (1) diamage for acute suppurttine uthints tesulting, lrom puncture
wound mnto the joint or due to blood hotne mlecuon (2) for removal of
loose bodies () conrection of milunmon of frcture of articula surfice (4)
removal of bone ot fragment (rdinl hew capieellum niednl epicondyle)
and (5) biopry

For metston and dramage of the clbow jomt two latenl incisions one
on either side of the olecranon are to be preferred No drun should be
mserted anto the joint cavity but one my be mserted down to the jomnt
lining

Amputation

Amputation in the region of the clbow 1s an operation that should be
2oided except 1n great necessity as in sciere crush mjuries or 1n extensne
gun-shot wounds of the upper forcarm with Iceration of the anterial blood

[}
]
1 7, A
L e
Fi
% 153 Amputation sites for u forearm low clbow) (a) Shortest possible
ppet

(by Optimum  (After Watson Jones.)
rd
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supply Where 1t 1s thus tmperatiie to amputate at this level 1t should be
performed with the 1dea of probable revision of the stump being necessary
at a later date A stump of at least three inches of ulna must be left to make
a forearm amputatuon of any functional benefit. It 1s for tlns reason that
amputauon or disarticulation at the level of the elbow jont should be
frowned upon The disadvantages of amputation near the jomt level are
that 1t leaves an expanded stump (1) dufficult to be fitted with a prosthesis
(2) which 1s poor cosmetically and (3) which 1s useless from the stand
point of applying a cineplastic prosthesis It would therefore be preferable
to amputate at a slightly higher level 1 e just above the humeral condyles.

The followng types of skin flaps may be employed if amputation (or dis-
aruculation) must be performed (1) long anterior flap (2) long posterior
flap (3) large anteromedial and short posterolateral flap (4) long anterior
and short posterior- (5) lateral flap (single and double) (G) gmllotine (aircu
Iar) method

The flaps should be so arranged that the Jongest extends three inches dis
tal to the articular surface or resected end of the Joner humerus in order
that there will be adequate soft parts to cover 1t. In disarticulauon the joint
15 opened on the lateral side betneen the capitellum and head of the radrs
The bones are thus separated and dinided The bleeders are clamped and
Iigated and the brachialis and triceps muscles are sutured to each other thus
covering the bone ends The shin and subcutancous tissuc 1s closed with
deep through and through sutures of sith A dramn may be nserted for
twenty four hours and a compression dressing 15 applied
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for frcture of capitelium with displace
ment, 1y

for fracture of lateral condyle with div
phacment gy

Trochlear proces of humenn

339

It

s

fracture of lateral humeral comdyle
with displaced  rotated fragment in
children 193
fracture of medial combile with dis-
Hacement 19}
fractute of olecranon with displace
ment 193
tracture of radial head with marked
di placement 194
for {ractures of radial head with moderate
displaccment 193
fractures with interposdtion of soft
parts, 19}
for impending Volkmanns paralyds 1,
for irreducible mdial head eplphyshs [rac
ture 193
for Montegpia fractures 19
for scparation of medial cpicondye epi
phydds with displacement Into elbow
Joint In chitdren 193
improper materials, use of in 196
infection from 190
internal fixatlon In 197
{rreducibde fractures, 194
of choice 19 195
of compound fracture 1q3
of necemlty 193 193
on soft parts anodated with fracture in
didoction  go6-rog
open reduction 194
advantages in 196 198
diadvantages in 196 197
inlecion folloning 204 to,
optimum time for 197 198
preparation of skin for 1g8-199
prerequidtey, 193 191
special 2pi-yos
TO BE AVOIDED 193 166
unnecessan risks, 194
use of plates in 197
operative of wupracomh lar fractures, g3-96
osteotomy g9, 100

for

for

for

for

postenior  displacement 0 supracondvlar
fractures 8a-8)

prinaples of 4619

protective immobiliation 81

Scuderl arthrodesl  298-199. 300

splints to be avoided 1n Ry

Steindler arthrodesis, 198 199

\an Coider type incsion 100

fracture of
115 116

after treatment of 116

associated injuries of 118

dowed treatment for 16

complications of 116

diagnosis of 1
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thaability thme with 118
genernl considerations 115 116
open ireatment for 110

prognosls, 116

ulnar neric damage with 116

Truck-swipe (racdures (sec  Sideanipe™
fractures)

Trynin A 11, 01y

Tuberculosts of elbow joint 280-28t
Tuberculosis teat from aspirated fluld 170
Tumoral aldnoshs 289

Turner T', 118

Tyler G T, Jr, s13

v
U indiston 217
Ulna and radios diocation 226 (sec also
under Treatrrent)
Ulna and radlus divergent distocation
(sec also under Treatment)
Ulnz disdoation szl (scr also under Treat
ment)
Ulna malunion of 2,8
Ulm non-union of 16o-xf1
Ulnar nene function 41
Ulnar nenve injury 75 118 140 151 181
Ulnar nerve muscle inmervation by 18918
Ulnar nerve neuritly 262 163
auss of 18 185
symptonn 184 183
treatment 183
Uloar nenve palsy 63 18, 262
Ulnar nerve paralysis dlagnenls of 182
Uina shalt Irzcture anodated with dlstoc
tlon of head of radius (see Monteggla
Iracture)
Unreduced  (old) dislocations (sce also un
der Treatment)

226

v
Valls, | sig
Van Gorder G v 217 11g. 817
Van Gorder type inciiton 100, 219
\an Zandh 1 L, 817
\mcular Injuries 180-181
Vemable € 5 311
Y enous disturtances., 88
A emous atavs, 181
Veme! fnterpoution 00
Veael rupture 2o
Vessel pasm G
Villagrana § € st
\ogl + 17
Volkmarnns ixlaemic contracture gt
17 Hy H( KOG H7 1B1 187 1gT 337
acute flews m ay apuse of 1BR g0 191
anonia 4 catne of 1Rg
arterfal erebaly m 3% cause of (R4
artedal Injun o (aues of 189 1gr

L

Surgery of the Elbow

arnterial ointruction 3 Qo of 18g
bumning pain a« symptom of 188
causes of 188 190
dinlal features of 188
coolrress of hand a1 symptom of 183
deformity from 184
diagnody of 188.189
Duilop skin traction lor 191
ctiology of 18g-1g0
cxternal compreslon as ause of 1o
fibrosis during detelopment of 183
hemophilic pattents with 1g0
Kirschper wire traction for 19t
morbld anatomy of 188
necrosh of forearm muscla in 188
nerie lasfon as cause of 18y
ocdlusion as catrse of 190
operation for preventlon of 11
operation under Fsmarch bandage as cwse
of, 188

pattor of hand ay symptem of 188
parafysis as symptom of 18y
pathogenesls of 189 191
prognosts 1ge
pulsclenines 23 gymptom of 1Rg
vesuls of 187 168
sites of 188
soft part Injury as cause of 188
tenvlon hematoma as cause of 1fg
treatment 189, 191 153 *70

early 1g3

late 1gn

proventative 1o
venom obstruction as cause of 1Rg. 190

Vorwerk A, g1
Voshell A F, 313

Wainwright D 14
Waring, T L. aur
Watson Jonet, R, 143 15( 192 307 311 313
Waxoan, A iy
Wilkie D P D g7
Willner P. 319
Wilon | C.atn
Wibon P D 03 71 265 301 313 310
Wie RA 81,
XY Z
\anthomatoss, 25+
\ ray evamination 39
lancey D L., g
Y {ractures 6271
Young. T, a1
Zeitlin A, 319
Zeno L.O 313
7 inchston g1y
Zinc oxdde cream go)
7 <hapeil tenotomy 530
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