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Preface

Tlis ook 1+ & compoate of the expenence of the members of the Frac
ture Service of the Vilwnuhee Cluldren a Hospital over a period of more
fhan twenfy vears Jts delaved appenrance has worked a tremendous
advantage to all concerned Our mature experienee with end results has
enabled us to formulate rules and cnumcrate prineiples of treatment
The diccusmons following numercus lectures in vanous parts of the
countrs have promoted clear thnking and mmphified the statement of
there prinetples The rurgeons 1n attendance at these lecturea and the
In<tructional Counex have rubmit{ed invaluable matenal I have quoted
freels from many pubhishied works and have mven the references but
fiave made no attempt to furmsh & complete bibliograpin My thanks
are duo to all who have increared the ecope of this book and who have
aided 1n condemning unnecessary and il advi<ed operations on children

Fractures of the akull and crantocerehral injurdes are in the domain
of the speciabst n neurerurgern Dr David Cleveland  of Milwaukee
ha« contnbuted a thoughtful chapter on this subject wluch prepares
the general phyveician or the general surgeon to deal with emergencies
and treat the mmpler head njunes Ths splendid contnbution wall be a
ready reference for those who must deal with head injures 1n cluldren

\o lers specialized 15 the treatment of face injumes Dr Wilham I
Frachelton of \hlwauhee, has covered thus subject admirably and 1n
enough detail to make fus section an ndequate gude for those who
treat the mmpler injuncs 1t will asd them in tho recogmition of the more
rerous 1njuries that must be transferred to a specinhist for treatment

Although the treatment of hand injures should be the provinee of all
orthopacdists 1t must be conceded that the orthopaedie and other sur
geons who have made a specinl study of hand surgery have the most to
contnbute to our knowledge of this subject I am pleased to inelude
another chapter by Dr Willam II Frackelton past premdent of the
Amencan Society for Burgery of tho Hand whoeo oniginality and sound
judgment bong much that 1a new and yet emimnently practienl to the
treatment of hand mnjunes in children

Dr Irwin Schulx was formerly one of the moving spints of the Fracture
Service at the Milwaukee Children # Hospital Many of the most astute
observations included in this book are the product of his clear thinking
He has done ploneer work in the trentment of wringer mjuncs and the
rection on this subjeet was contributed through his eollaboration
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Toall of the past and present members of the Orthopaedic Section and
the Fracture Services of the Milwaukee Childrens Hospital end in
particular, my colleague, Dr Albert C Schrmudt, and my assoctate,
Dr Robert H Casmdy and the remdent staff who have so farthfully
followed the cases so that we may have end results to study, I owe my
thanks I am grateful to the Department of Radiology of the Milwaukee
Children s Hospital and particularly to the Chairman of the Seotion
Dr Hans W Hefko whose keen obeervations and sound advice over the
years have eontnbuted much to our understanding of fractures m chil
dren I sm no less grateful to Dr 8 A. Morton and the Department of
Rediology of Columbia Hospital for the contribution of some of the
more unusual cams

The Willams & Wilkins Company has been most patient Thanks to
them for & techmcal job well done To Miss Dorothy Thiel my most
valued nurse and techmcian goes the credit for most of the better roent-
genograms and to Mr Cerl Brill mv appreastion for the excellent
drawings. Miss Mary Dougherty of the Milwaukee Academy of Med:
ane hes worked long on the references Dr Paul Arneson’s asustance
has been invaluable in reading copy and proof

Miss Marnon Kline who has been my rnight hand for as long as we
have studied fractures in cluldren reslly wrote the book—many times.
If 1t 18 well written, 1t 18 due to her effort and your thanks should be
added to mine

To all who have helped I am grateful the successon of administra
tora record libranans phymeal therapists orthopaedic nurses and tech
nicians And finally may T express m3 mealculable debt to my mfe for
without her sympathetio understanding and encouragement this book

would not have been wntten
Wartmn P BLouRT
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CHAPTFR 1

Introduction

A ook nbout fractures in clnkdren 14 needed by the general phymean
the general surgeon and, I fear, many orthopacdists: Cluldren’s fractures
are as different from those of adultx as are thew metabolic and psyvehic
problems The sepamate conmderation of ehildren s fractures does not
comphicato the 1ssue but mmplifies it Differential dingnosus is more 1m
portant than n adults Epiphyxeal lines rarefaction produced by blood
veescls dense growth lines congemitnl fractures and pecudofractures
umque pathologie fractures, and a host of other plenomena appear on
the roentgenograms to confuse the surgeon I have devoted many pages
to the diagnoas and treatment of lesions which look romething like frac
turen in cluldren

Before-nnd after films are adequate to demonstrato the treatment of
adult fractures The growth factor i children alters the picturo as timo
marches on I have ured numerous renal roentgenograms to illustrate
thee varations and the changes of treatment that aro necessary

Adults aro exposed to a great vanety of injunes with a correapondingly
complicated ctiology and fracture pattern Their ones break inereas-
mgly eauly with advanang years so that complex frnctures are likely
Except for transportation and farm machiners accidents the causes for
bone 1njuries n cluldren are usually mmple The bone changes are char
acteristic and the outcome predictable The prnneiples of treatment are
correspondingly smple The fact that most fractures in children heal
farrly well with indiferent treatment has led the unwary to neglect the
fact that other fractures terminato disastrously unless expertly handled
Some papers have made valuable contributions to our knowledge but
others have been musleading Monographs by Ashhurst (1) and Trues-
dell (2) have been ymportant milestones The subject of childron s frac
tures has beon somewhat neglected 1n recent vears becausa thero has
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2 FRACTURES IN CHILDREN

been no economic stumulus to make end result studies liko the urge to
evaluate the compensable accidents of industry

The dingnosta 18 cornpheated in nfants by the lack of an socurate us-
tory and by the lack of cooperation dunng the examination Even the
roentgenogram 18 dufficult to interpret because the ends of the long bonsa
are composed largely of cartilage The osseous centers appear at predict-
able ages which have been charted (Figs 1 and 2) In older children the
opiphyseal plates mtroduce translucent lies which are sometimes diff
cult to distinguish from fractures Fractures through the epiphyseal
plates are difficult to recognige if there has been & spontancous reductian
Thurston Halland s (3} mgn of a tnangular chup of metaphyms attached
to the epuphyss on the mde to which the epiphysms was previously dis-
placed 18 reliable when present particularly at tho distal end of the radius
(Fig 130 p 102)

Most unportant in this connestion and in general when takmng roent
genograms of chudren 15 the rule Always take both nght and left parts
in mmilar positions and each, of course 1n two projections Compare the
roentgenograms of the injured extremrty carefully with those of the un
mjured Failures to observe this rule are responmble for most of the errors
1w diagnoas of children’s fractures A gresnstuick fracture m & chuld may
show only a wrinble 1n the cortex vixblo only when projected mn profile
The torus fracture of the distal end of the radius 18 an exampls (Fig 108
p 80)

At certain stages of & child s development minor twists and tumbles
will ceume fractures of the long bones that do not occur m adults On the
contrary severe trauma to the torso 1s requred to produce spinal or
pelvic fractures which are common 1n adults with lesser injuries The ap-
pearance of multiple fractures without adequate trauma suggests at once
the existenco of a deficzency discase like osteogenems mmperfeata Isolated
spontanecus fractures m children are likely duo to bemgn bone cysts
(Chapter XVII Pathologic Fractures)

As compared to the differences of opmmion with regard to the treatment
of fractures 1n adults there 18 relative unammuty among the few men who
havo studied tho problem 1n children The pnnciples of treatment are
mmple (142) Algnment 1s the cluef requirement. The fracture ahould not
be gromly angulated or rotated. Rotational deformties are mexcusable
and should be corrected at an early stage of treatment Slight angulation
18 frsquently compatible with a perfect end result Thuis means that many
1mpacted fractures i young children ean be mmmobilised without reduc
tion On the contrary angulated greenstick fractures near the conter of
long bones particularly the forearm bones of older children must be com
pletely broken through and aecurntely sligned if permarent dwability 1
to be avorded



sponiancous correctabiitly ol ANEUIAT GCIOTMIFICS IN IONE HONU IRICLLIGS UL
children 1+ dependent upon several factors

(A) Three local rariables (1) The ago of tho chuld (I1) The distance of
the fracture from the end of the bone (I11) The amount of angulation The
vounger the child and the nearer to the end of the bone, the more angu
lation one mas accept The older the chuld and the nearer tho fracture 18
to the middle of the bone the more accurnte the reduction must he

(B) The mot completo spontancous correction of angular deformity
occurs when the angulation 18 1n the plane of molion of a neghboring qin
glymus 3ot Just proumal to tho lunge jonts of the hnee clbow and
fingers angulation with the apex toward the flexor surface produces rur
pnangly bttle immediate disabiits  There 12 =ome hmitation of flexion
but usualls this s not noticed by the patient Hvperexten<ion 19 inmgmfi
eant 1f present at all Function 1s eventually normal unless the fracture
accurs near the end of the growth perted Angulation i other direetions
15 bhely o permst at kenst in part Rotationa! deformities are permanent

(C) Deformilies of or near the femoral neck aro not corrected by molding
The proximal end of the femur is unique n 1ts component struts and
leverr In a growing child the results following a trochanterie or sub-
trochantenc freture are complex Appasition is of little mgnifieance sinco
nonumon 18 unknown \lolding cares for local irregularities of form True
to tho preceding rule (A) of sceeptability of malunions 1n children an
gular deformits near the proximal end of the shaft of the femur tends
to straighten cut with longitudinal growth But the change in the angle
of the femoral nech wath reference to the shaft permsts (Fig 211 p 165)
If the fracture produces a coxa vara this deformuty 1s permanent Ex
cept as altered by phyveologie derotation rotational malalignment 1s also
permanent

Similarly an angulation osteotomy below the trochanter 1n a child will
tend to straighten out with growth but the changed relationships of the
neck and the rhaft permst Coxn vara 1s permanently corrected 1n a voung
chuild by subtrochanteno esteotomy but a mmilar angulation osteotomy
graduslly lores 1ts buttressng effoct in stabilinng a dislocated hip (4)
The effect of rotational osteotomy i the subtrochanteric regon 18
permanent

Apposition (the amount of end to end contact or engngement of the
ends of tho fragments) and moderate shortening are of hittle significance
m children Long bones may be allowed to umte with bayonet (mde to
mde) apposition 1 children 28 old as ten (female) or twelve (male) years
with assurance that molding will produce a normal bone before growth
18 complete Bide to mde apposmtion produces & rapid strong unlon Al

«
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SHOULDER HIP
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pereeatile. Figures followed by ‘m” = months otherwiss = years. There two sets of
figures are gven for ons center upper heavier number = males, lower lighter num-
her = females AB = visible at bith. Approumate age of fuvion {n parentheses.
(Reproduced with permimion of Dr B R. Girdany and The Willlams & Wilkins Co.)
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6 FRACTURES IN CHILDREA

though this pomtian is usually not acceptable in adults 1t 12 not oaly per

mussible but demmble in displaced fractures of the femur and humerus
of younger children The stimulus that follows a fracture results 1n accel

erated langitudinal growth of the bone involved and sometimes of anathar
distal to 1t The result 1s mmular to that observed m bones with chronie
osteomyehitts The mechamsm 15 not entirely clear and the results gre not
accuratel) prediotable but the average overgrowth of the individual bones
following displaced fractures may be'uwd as an index of the desmable
overiap dunng healing (Chapter V)" The end result will be better if the
overgrowth 18 corrected i advance because a bone that 1s too long 18
Just as disabling as one that 19 too short There 18 no beneficent force
which brings about & compensatory (5) shortening (Chapter VII, In

jurtes of the Femur)

With the desiderata so sunphfied definite principles of treaiment can be
outhned In mosat cases excellent results are obtained by tractron or
closed reduotion and a cast When overlapping 15 demrable, traction 19
the method cf cholce Fractures near jomnts ere much more frequently
treated muccessfully by manipulative reduction and plaster immobiirza
tion than m adults.

There are defimte and predictable exceptions to the success of con
sarvative treatment These exceptions include three relatively common
fractures about the elbow and a few rare articular fractures These will
be enumerated apd defimte prnciples of treatment outhned under the
verious anatomie headings. Open reductions of other fractures are diffi
cult to yustfy For lack of knowledge of sound eonservative pnnerples or
to smt the convenence of the sirgeon unnecsasary operations may have
been done far years without serious complicetion But even ane unneoes-
gary tragedy i s Ifetime 1s reason cpough to abandon such viezous
operations

A knowledge of prognosts which 1s valuable i adults 18 of the atmost
importance 1 children who are gong to eontinue to grow It is ths
growth factar which mahes fractures in children so different from thoso in
adults Further growth 1s usually a help in the correction of the deform:
ties of bones that have united in a crooked position or with shortening
All too frequently growth 1s an mexorable farce which produces deform
1ty when the epphyseal cartilage has been damaged These favorable and
disastrous changes are predictable and should be understood by anyone
who treats fractures 1n clildren

In general epiphyseal fractures are best treated by clased methods An
exception 1 et the proamal end of the fernur This subject 13 disoussed
with reference to fractures of the different bones particularly the distal
end of the tibie and mdius A violent longitudingl thrust producing a
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crushing 1njuny 1o the epiphyreal plate will cause retardation of ept
phvreal growth and rerous deformity Unless there hias been damage to
tho growing cell< of the epiphvacal plate at the timo of injun, rlight over
growth 1= the rule retarded growth an exception After twa weeks con
riderable di placement 1< u ually to he preferred to forceful clowed reduc
tion or an open reduction

The questions have often heen nshed, How zoon will ruch a deformity
show up? When can we be relatively sure that thero has been no =erious
injury o the growing cells of the epiphyrenl plate? These questions
cannot bo anwwered 1n a few words It 1x not  how long  but ¢ how much
growth that determine< the answer The elongation of bones occurs un
predictabls tn spurte If the fractured one and its fellow on the opposite
mido grow little or not at all in a given interval the answer must be post
poned

Al adviee would he as< follows When an epiphvms has been njured,
take mmultancous roentgenogmms of the affected bone and the one on
the oppoite sade at six foot distance The length should be accurately
recorded If after three months or mx months the measurements of a
rocntgenogmm stmularly tahen show that there has been appreciable
growth and that the mate on the fractured mde is the same or a httle
faster than on the oppoite mde then one ean rafely xay that the ep:
phvrie haa not been damaged If there has been no apprecuable growth
then one ju<t doeen t hnow If the fractured lone has grown less then
one should mve a guarded prognows and repeat the roentgenograms at
two month intervale

It doc<n t mean onvthing to sy After mx months , because hones
mav ret rix months wathout growing appreciably It doesn t mean amy
thing to hnow that “The cluld has grown one snch in height  because
occasionally the addition to height 1s entirely in the torro while the ex
tremities grow venn little of any

The teehme of reduciion and particularly that of fixation vares some
what with the age of tho cluld, but differs greatls from the technie i
adults Nonunion mav he ignored as a compheation if open operation 13
avoided Tixation 18 needed for a much shorter timeo than 1n adults the
duration being roughly proportional to tho child s age Immobilization
should e cfficient n order to prevent deformity Chuldren are much more
active than the older members of thewr fanules nnd their broken bones
must be held even more recurely In generl it 1% wieo to immobilize one
or more joints on ather mde of the fracture until the eallus is solid Per
manent stiffness of joints due to such immobilisation is unknown 1n
children Skan traction may be applied to straight fingers for three weeks
without cau ing residual stiffnesy Permstent limitation of joint motion
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nesr a fracture 1s due to bonv deformuty and/or fibrous of the soft parts
resulting from the 1mtal trauma or rough and repeated mampulations
Early mobilization 1# not onlv unnecessary but 1s contraindieated Let
the eoft parts heal Keep the part at rest until the hono fragments are
zoldly united

Physical therapy which 18 invaluable m the treatment of mnjured adults
15 almost never neceasary 1n the management of uncomplieated children &
fractures Bame principles of phvmology and mechanies must be followed
by the doctor m charge of the case Reduction 1s gentle to avord soft hissue
damage Casts splints handages and traction are appled with the part
1o a comfortable poution There must be no obstruction to arculation
Iee 18 apphied locally and the part elevated to mimmure swelling Heat
and massage would be wasted and pasave manipulation does more harm
than pood At the proper tume active motion 18 supplied by the healthy
child 1 unhmited quantities Early pasaive motion which was strongl
urged even as late as Ashhurst s day (1) should be strictly taboo

At the elbow where there 13 frequently a delav 1n the return of motion
a hands off” paolicy must be followed for many months If the fracture 18
properly reduced eohdlv healed and there 13 no complieating fibrosms of
the joint eap=ule normal motion will return The chld knows instine
tively better than his parents phymeal therapist or doctor what he may
do without harm Pam 15 his guide to restnction of actimity It 19 & good
one If left to his own devices he will recover in the shortest posaible tume
An attempt to hasten the return of motion by loadmg with pails of rand
or manrpulating prolongs the restriction of motion indefinitelv by per
petuating the protective spasm In children there 1s no place for manp
ulation under anesthesta If extensmive fibroms prevents the return of
motion an operation 1s necessary to excire the fibrosed tissue (0) In
creared extenston mav be obtaned by a wedged cast or mampulation but
usually the gam will be only temporarn The child s attempts at normal
funetion plus tincture of tme will produce the maximal permanent
mmprovement that can be obtawed without the aid of surgery
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n % ?' Injuries of the Shoulder Girdle

Fuaertnrs oF e CravicLy

1t rhould be no rurpnse that the clavicle 12 one of the most frequentls
fractured hones in the body  particularly dunng childhood Tt serves as
the only bony conncetion between the shoulder girdle and the trunk Lx
cept for 1tx articulation with the stermum  the rhoulder mrdle floats n a
rea of musclex \nv medially directed blow on the shoulder 13 transmitted
to the clavicle This bone 1+ likels to be the one to hreak when the foree 1n
applicd to the outstretehed hand the elbow or the shoulder Thie means
that the clavicle 14 subject to injury with almost any childhood aceident

Fractures at Barth and During Infancy

v Compre=son of the shoulder mrdle dunng dehvery will occastonally
cause a fracture of the clavicle (2) If the foree 13 great the fmeture may
be i placed with overnding A mother mayv roll on a nenborn infant
cau ing a simular fracture Sometimes an infant is dropped on the shoul
der or beaten by a mentally meompotent parent with sufficient foree to
produee thi« fracture

The common svmptom 18 pecudoparalymas of the arm with obvious pain
when the arm 14 moved on the aflected ride If the fracture 1s complete
the pain will be con 1dernble \ newborn infant with a greenstick fracture
may e moved more freely Rest in the supine pesition is all the treat
ment neces an

The svmptoms of a dieplaced fracture may he relieved in tho toddler
by the addition of a figure of eight bandage of flannelette Overnding of |
bmm and angulation of 10 may be necepted More deforrmity than tlus
18 not encountered Iealing 13 very rapid and the fracture may bo mnored
after ten dava

8



10 FRACTURES I\ CAILDREN

Frequently a greenstick fracture 15 not discovered until massive callus
has formed The explanation of the child a previous fussiness 1s then ev1
dent The mother should be amured that the bump will disappear entirely
1 a few months

In pseudoparalyns of the arm the phymaan 13 Likely to suspect the
bumerus rather than the shoulder girdle beeause the child guards the arm
0 carefulls and the true diagnoss 13 revealed for the first time by the
roentgenogram.

Reduction 15 rarely necessarv in a ckild under sz years, even if the frac
ture 13 dusplaced (Fig 26 p 24) Grotesque roentgenographic appesr
ance 18 charactenstic due to the complex curve of the bone and is com
patible wrth an excellent cosmetic and functional result (Fig 27 p 20)
In the rare case wath groes overnding temporary latersl traction an the
arm with elevation of the bed on the affected mde may be demrable (Fig
12 p 17) A child of three to #x cannot be kept flat 1n bed A figure-of
eight bandage of stockinet partialls filled with sheet waddmg (Fig 3)
may be tightened every mommg by the mother It will give comfort and
is all the support necessary

Fradures of the Claricle 1n the Child Siz to Tiwelve Y ears Old

As the child grows older games and sports account for falla on the
elbow or shoulder with a direct med:al thrust on the end of the clavicle
Greenstich fractures are shll frequent but overnding fractures are more
comman

The greenstick fracture 13 well treated bv the cotfon figure-of-eight
dressmg (Fig 3) The mfant should wear the support for three weeks the
older e¢huld for four The markedly displaced and overriding clavicular
fracture of the older child should be reduced Satisfactorv anesthewia ts
obtaned by injecting procane mto the hematoma The child 19 seated 1
a chair and tied securels 1n place A bolster 1s placed behind the small
of the back. This position 1s ideal for the reduction (Fig 4} To mantain
the postion, roft all wool felt 1s fitted as a figurc-of-esght and over thus
plaxter slabs and then turmns of plaster are added to complete the voke
populanzed bv Billmgton (7) While the plaster 1s still zoft 1t ehould be
molded to form a rope 1n exther axilla and ghould be pulled awav from the
back of the nech. This 1s the mo<t comfortable of the secure dressings for
& fracture of the clavicle i a child (Fig 0)

The prognons 13 uniformly good The “bump of callus and the alarm
g deformity’ frequently geen m the roentgenogram will be obliterated
by the molding incident to further growth (Fig 28 p 22) There 18 no
Justification for open reduction
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1 racTuREs or T Scaruna

Tureet violence nnd particularly nutomobile mjuties are rexponsihle for
mast of the displaced fractures of the reapula Blows from liand abjects
and falls on the back of the shoulder will produee leswer fractures

The treatment 1« conservative cven when there i< eonadernble displace
ment “imple re<t of the choulder girdle with n eling and a swath i suffi
cient Fraeture of the senpuln is frequently combined wath other injunes
neees itating bed re~t In ruch a ease the fractured seapula may be 1g
nored e0 long a< the patient 1« comfortable Trregulantics of contour dix
appear wath further growth If a bony spicule #hould persist 1t may he
removed at a later date It should be noted that the entire blade of the
renpula 1« remoy od wathout lo=s of function i ruch conditions as reapula
alta and deforming exostoas

Insunns AT e SuouLber Joint

Injurten at the shoulder are caused by falls on the outstretched hand or
clbown or sudden traction on the arm Boft treue injunes at birth van
from tprain< to avulion of the brachial plexus In children, di loentions
are extremely rare as compared to their frequenes in adolescentr Frac
ture fall into definite anatomie tvpes according to age groups

Ingury at Lirth from vigorous mampulation of the arm may cause an
epiphvreal reparation and/or a dislecation which reduces spontancous<ly
(2) Tractures helow the epiphvacal plate aro hikels to be through the
middle of the rhaft Shoulder injunes are extremely difficult to diagno~e
beeause the head of the humerus 1s still cartilaginous The dvsfunction
aoaated with a Bone injury 14 often ruAnterpreted as a brachial palsy
Fracture or di location should he suspected when there 1s marhed swell
ing of tho rhoulder with preudoparalyms of the arm cven with negatine
roentgenographic findings One should always ropeat the roentgenogram
maweek (S) By that time callus will bo evident (Fige 7 8) if there 13 o
fracture A dislocation ean bo detected by eareful companeon of the two
shoulders 1n hoth the nnteropostenor and lateral projectiona

One of these mjunes 11 frequently combined with brachial birth palsy
The cocxastence of a ncrve leson should not blind one to the presenee of
a boneinjury (9) In particular one should avoid the mustake of alxduct
g the arm on a #plint and redislocating a shoulder which had been
reduced spontancouly A splinted Lrb & palsy should always bo examined
roentgenographically to rule out dislocation of the shoulder

A rare hut charactenstic lesion 18 a complote fracturc duloeation of the
epiphyms at birth with 180° rotation of the head fragment (Fig 10)
Tlus injury 18 not often recogmzed until later If a diagnostic wizard
could recognixe the lesion but reduetion could not bo accomplished by
manpulation open operation would bo justified to rotato the hirmasdl
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head The deformity resulting from this senous mnjury 15 well shown
Figure 10 Although unsmghtly the shortening of an upper extremity 18
of hittle sgmificance Function can be greatly umproved by an osteotomy
(Fig 11)

In all of thess shoulder injunecs of the newborn the treatment 15 easy
compared to the difficulty of recogmtion of the leson Relative immobi
hsation and rest of the part 1s usually all that 18 necessary Brof lateral
traction 18 occasonally helpful as 1n the trentment of sumilar injuries 10
the infant (Fig 12) The enb may be elevated on the mde of the fracture
for countertraction A sling 18 unsatisfactory 1n an infant A collar and
cuff 1» better treatment (Fig 37, p 36), and 1t may be combined with a
swath

Rough handling of an infant msy cause the simpler injurtes desenbed
mn the preceding paragraphs The lesions to bo differentisted are a true
brachial birth palsy and/or & pscudoparalyss from congemtal syphilis or
scurvy The latter tno can usually be recognized 1n & roentgenogram A
true nerve Jeson should be evident on testing with a pin It 18 & common
mustahe to treat a brachial birth palsy with a splint 1n the pomtion of
abduction 90 rotation outward 80 when there 18 an unrecognized eom
plicating fracture or dislocation This error may cause permanent dis-
location or limitation of motion.

Children from tiro to seven years sustain wnjuries at the upper end of the
humerus while at play IDhslocations and epiphyseal injuries are rare A
transverse subtubercular fracture 18 common and likely to bo greenstich
m the younger child In the latter caso, angulation of 10 —16° 18 com
patible with & normal end result and the fmcturo need not be reduced
A collar and cuff 1s all the treatment neccssary

The displaced sublubereular fracture 13 normally aligned by the apph
cation of a hanging cast (Fig 13) Bayonet appomtion with 1 em of over
nding 15 1deal poution Ten to twenty degrees of angulation are permus-
sible Although the mtial appearance 1 shocking (Fig 14), molding takes
care of the roentgenographic picture (Figs 15 16) The shortness 18 out-
grown 1n a few months Occamonally followmng severe traumsa such as
sustained 1 an automobile acaudent bed rest with lateral traction 13 de-
wrable In such a case care ghould bo taken to avoid malrotation The
hest plan 15 to flax the elbow and have the forearm pomting straight
upward from the bed 1n neutral rotatton (Fig 12) In most instances a
hanging cast with the elbow flexed to 80° ahould be substituted mn a few
days ro that the child may be ambulatory The cast may be changed for
ﬂmllnrnndruﬁoraelmgmthmorfourwceu

The rotionale of the Aanging cast 13 mmple The long head of the biceps
croses the shoulder jomnt The biceps functions 1n flexion of the elbow
and 1n supmatio;  Immebilization of the elbow helps to place the shoulder
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at et A padded bandage around the neck supporta the wrist and let«
the cast hang free (Fig 13) +0 as to produee an ideal trction effect Tho
clild #hould st up m a cemirechmung postion in n chalr or bed for the
firt might or two After that he may Lie flat in hed A swath nbout the
chent and en t mav nerease Ine comfort for the firet few daya

In the ehild of caght ta fourleen years subtubereular fractures are les
common and epiphyseal frachures of the prouimal end of the humerua
occur dunng gamea and sporty (Fig 17) Dicloentions are uncommon
until adole~cence

The treatment 1~ conenvative Tt s the greatest fallaey to think that
accurate reduction of an epiphveenl fracture at the proximal end of the
humerus 1 important enatgh to reqiure open operation (10) \othing
could be farther from the truth If rcon promptly  thix fracture can he
accurnich reduced by elosedd methods Usually simple traction and the
applieation of a hanging cast 1< all that s necessary (ig 13) Ovceanon
ally 1t will he found difficult to reduce such a freture unless the arm 1s
placed 1n a prvotal positton (11) Traction with the arm straight overhead
and the elbow flesed to %0° will be found effective for reduction (Fig 15)
If the frngmentx become displaced when the arm 18 returned to tho sxle
n hight plaster spica +hould bo applied holding the arm in the pivotal
pasition (Fig 10) for four ta five weehs (12)

The vounger the ehild with an epiphvreal fracture the more displace
ment mav be permutted A ten vear old bov wath bavonet nppoaition of
an cpiphveeal fracture mas bo treated conservatively with every as ur
ance that the result will be perfect At twelve vears 50 per cent appoa
tion 1 ratifactory but there should bo lexx than 10 of angulation It 1s
car to ohtamn this pasttion by the methods mentioned above Open re
duction 1+ likely to damage tho epiplhiseal plate and causo shortening as
well ax rgome permanent stiffness of the shoulder (13) Tt s mentioned only
to be condemned

One of the commonest shoulder injunes 1s caused by a soheitous but 17
norant nuremaid or parent of the young cluld The toddler 18 helped
acrow tho atreet by holding one hand When the opposte curb 1s reached
2 vigorous jerh pulls the clild up to the sidewalk (Fig 21) If thiere 1 not
full cooperation from the child the shoulder may be overstrotehed caus-
ing an acute sprain The same mechanwm operntes when thoe parents
try to heep the chuld from falling by jerking on the arm The injuny may
be of con 1derable reverity The child charnctenstically refuses to use tho
arm The deltoid may seem to be paraly zed (preudoparalyms) and the
condition has been confused with poliomyeltis Pulled ahoulder 18 din
noeed on the lustory with a negatino roentpen 8
motion of the shoulder but o haun on ttempted

povwer in the arm below the shoulder When

the foreo of t} k
(C]m;mr (;V) he jerk 15 differently transmitted pulled elbow 13 the result



Fia 4. A. A duplaced fmotare of
the elavicle m an older child can well
be reduced under loeal anesthetic
with the patient sittmg in o chair

and back, o stnp of felt is formed to
a figure of exght and strtehed in place.
Fht may be enclosed m stockinet if
be child = sen 1tive to woal

FRACTURES IN CHILDREN

Fia 3 Fractares of the clavicle without dis-
placement may be treated with s mmple figure of
eight bandage made of stockinet, padded inexde
with aheot wadding under the axfllas. It js conven-
rent to crele both shoulders and then pin the band-
age together in tho back ruther than to farm a

figure of elght primarlly The bandage may be
tightened each mornmg by the mother
i
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116, o. Lomg splints of plaster of Parls are ree
cured In turns of phacter bandage. Tle lavers are
mokled into a rope umler the axillae Firm pressurs
s made between the shaulder blades mo that the
weight of the arms s earried liere,

F1o 8. The complatad yoke i & comfoctable, efficlen
hould be worn for four to six weeks. - t dresing If properly appled It



Fro 8 A H. twehve dave after
Figars 7 With tmetion (Fig 12}
setinfactor; position was mantained
untll mamgre eallus formed Sup-
port was no Jonger necessary

TRACTURES 1IN CHILDREN

Fig 7 A, H, male, newbomn,
10/11/46. Epiphysen! separation at
the proamal end of the right hu-
merus was wot  recoguzed mtld
fourteen davy after delivery Callus
had begun to form. Note the dis-
placement of the capital omseons
center op the right as eompared to
tho left,

Fro 0. A.H Four months after
the delivery thers s almost com
plete restortion of the oeweous elo-
rments of the right shoulder Note
the precomots developatent on this
nde.



INJURIR OF THE RHOUTII T amniy

Tia 10. 3 G male ape 1l 02730, The proxk Fia. 11 J C  6/17/33. Feventeen vear afte
sl epiplyris was completely sepamted st buth,  the precoding film shows solk! healing and moldin
The epiphyzs was rotated almot 150° and healed  of the osteotomy  wath greath Improved range b
Inthi positian with marked shortenme of thearm  forward flexion and abdactian.

Timuted formard flevim and abduction. This Toent
genngram taken at the time of the correctne o
tertomy shows the deformity chearly

T b= ,"“\\

o=

U

Fia 12 Flannelette recured with Ace adherent may be used for Iat
ernl trmction.,
Smtmbmdtbefmmmﬂlelmrmlhmldbawl mmhrtoﬁ'{:
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Fra 18.J B 4/6/33 the same
fracture as shown in the
roentgenograma. Reducton was eas-
ily accomplmhed snd maintained by
elevnting the arm over the bead

Fro. 10.J B, 4/6/53. A Ight

four weeks the cast was removed and
traction applied while the arm was
was brooght down to the side grad-
oally

Fic. 200 B 12/11/53 An-
rhor vew of both should:
eght mooths after the preceding
roentgenogram, showing peariy aym-
metrical appearance. Functlon waa
enthrely pormal.




CHAPTFR TIT

Fractures of the Shaft of
the Humerus

Erowoar

As compared ta the frequency of fractures through the middle of the
humerus 1n adultx, ths fracture s rathor rare n cluldren It may be a
compheation of delivers (2) It may oceur waith rough handling of infants
dunng dressing In older children 1t 1s usually the result of direct trauma
The idireet foree of a fall on the outstretched hand or on the clbow
causes a fracture clrewhere

TREATMENT

Fracture of the shaft of the humerus in nfancy 15 xdeally treated I
Iateral traction (Fig 12 p 17) for a weeh The elbow zhould bhe flexed
with the forearm pointing straight upward from the bed 1n noutral rota
tion to arsure the surgeon that o rotary displacement 18 not occurring
Traction with the forearm straight has allowed rotary dusplacement par
ticularly 1 & squurming infant

When roft callus has formed traction may bo discontinued and a collar
and cuff with a swath used mstead Apposaition 1s not necessars Fifteon
degrees of angulation are permisaible (Figs 26-28 pp 24 25) If thero s no
displacement or if traction 1s not feamble a collar and cuff with a swath
may be used a8 primary trentment The infant is less comfortable than
with traction

Ambulatory children are best trented with hanging casts Two cm of
overnding is not an indication for a change of treatment One cm of over
growth 15 common 1n & displaced shaft fracturo of the humerus and somo
overruding 18 desirable (Fig 23 p 23) Tlho rationale of treatmont 1a the
samo as for fracturo of the femur Bayonet nppomtion 13 usiinlly profer
able but a fracture which 18 not displaced will not overgrow as much
and should be left as it 15 Healing 18 very rapid In four weeks all support

2

-
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may be removed Reduction 1s required only in the rare obhque fracture
with the bone ends impaled 1n murele Traction under anesthema s nec
essary to free the fragments. Traction 15 then continued or & hanging east
applied A sprca with the arm abducted was common treatment before
1030 It 13 unnocessanly eumbersome and tends to cause angulation nath
the apcx medially  Thers is no justification for open reduction

Complications are almoat unheard of 1n sumple fractures of the shaft
of the humerus 1 cluldren Nonunion is not encountered Radia} nerve
palsy which frequently accompanies this mjury i adults, oceurs very
rarely in ehildren Dr Cave (14) aited a freak ease of racial nerve palsy
A ten year old gurl fell in the bathroom eatching her arm between the
wall and a towel rack A complete closed transverse fracture of the mud
shaft of the humerus with mimimal displacement was produced by direct
trauma There was 1mmediate loss of power mn the radial distnbution
with hypesthemsa to mn priek over the radial sensory area A cast for ax
weeks was followed by a cockup splint Three and one-half months after
the Injury there was electrical but not
funchonal evidence of neurotixation
One year following the mjury all motions
were present except active extenson of
the thumb Twenty months after the
myury funetion was entirely normal

Fracture of the shaft of the humerus
may be one of multiple mjuries which
confine the patient to bed Traction 13
then the best trestment If the hurserus
18 left in the horzontal pomtion, the
elbow should bo flaxed to msure correct
rotation Oceamonally 1t 18 better to flan
the humerus at the shoulder with akele-
tal traction through the ulna (Fig 25
p 24) Care should be tahen that the
wire or pin does not damage the epl
physeal plate of the clecranon (15) It fs
a good plan to apply a cast from the
band to above the elbow to protect the
pan from contamination

Fra. &1 The jerk’ will hurt the
¢hild s efbow or shoulder




TRACTURES OF THF ILUMI tUS

Fie 22 W T male age 12
772730 A fmcture of the middle
third of the kft humerus was eom-
plieated by multiple rib fractures and
collap=e of tho left lung With trac
tion in e pgood algnment way
maintatned,

T'e 23 W T, 0721736 <ol
umion of the fracture with good
aligoment and 2 em overriding three
montl after Figare 22

Fio 28 W T 8/23/38, two
) years after the ongpml injury The
! shows |
changes In tho Internal arelutecture
by ' but functlon was entirelv pormal.
gl 1 There was 1 em. of shortening

Fio 22

Fia, 2¢
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Ll

F1o 25. Traction on the humerus by n Kimchner
wire through the olecranon m sometimes used to
advantage. Care must be takem to place the wmre
distal to the eplphyseel plate of the clecranon. If
the skeletal traction 14 to be wsed for more than n
few davs, the traction bow shoald be incorporated
in & hight plaster cast.

Fio 26. L. W male, ags 3
0/10/51 Alarkedly dmplaced frao-
tures of the left elavicle and the
proximal third of the left humerus
cauved by the impect of an avte-
mobfle. The child was first seen st
days after the injury A hanging cast
was applied and the deformities per
mutted to recmun.




TRACTUTES OT Till JIUMI LUB Y3

Fia 2 H W, 12/8/42, flteen
months following the preceding
roentgenogram.  The  angular  de-
formlty and dmrtenl.n;: have both
been reduced.

S
Fro 28 T W 12/8/62. Symmetnical shoulder joints as well ax elavicles without
formity fn epite of the gross duplacement In Figure 28, *

V'



CHAPTER 1Y

Injuries About the Elbow

SuPrACONDYLAR (DIACONDYLAR, TRANSCONVDYLAR) FrACTURES
(60 per cent of elbow froctures)!

Etwlogy

Attempts were made to subdivide these fractures mccording to the
level, 1n the days when skiagraphs’ were mdistinct shadows (85) The
more distal ones were called dia (through) condylar (Fig 29) or trans-
condylar and the term ‘supracondylar was reserved for those alightly
more proumal But in the lateral view most fractures look supracon
dylar' whils mn the anteroposternior vien the same frnctures have the
‘transcondylar appearance The level through which the break eom
monly occurs does not vary more than a mullimeter or two The differ
ence if any 1g o slight, that thev are grouped together in this book The
exact levels of the fractures do not depend on the age They oceur from
three to ten years with greatest frequency between five and eight Eps
phypeal separation of the entire distal end of the humerus was a common
diagnosis st the turn of the century (1) It too bhas vamushed with 1m
proved radiologic technie

The supracondylar fracture 15 charactenistically produced by a fall on
the outstretched arm with the elbow 1n hyperextenson If the fracture 1s
complete the distal fragment 15 displaced postertorly usually with some
upward rding (Fig 30) The deformity may be tremendoun so as to
mmulate a dislocation with which 1t is commonly confused If the fracture
1s mncomplete there 1s httle deformuty Angulation with the apex an
teriorh may be sufficrent to reduce flexon by 25 to 30 and justfy
reduction

Less than 1 per cent of supracondylar fractures are the reverse or
Slerwon type Thus ijury 19 produced by a fall on the flexed elbow mth

 The percentages in thi chapter are from end result studies at the Aiwaukss Chil

dren s Hospital.
-]
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rewultant anferior displacement of the distal fragment (Fig 33) This
flexion fracture should be recoguized in ordor to reduce and immobihzo
1t 1n sufficent extension to provent a recurrence of the angular deformity
(Fig 34) It is an error to confuee the tvpes and to treat 1n extenston the
usual postenorly displaced diatal fragment with angulation apex an
terorly  Thia mistahe causes prolonged hvpereatenwion and hmited
flexion

Treatment

If a supmcondr lar fracturo 1s scen promptly, before swelling has ap
pearcd even though the displacement is extreme an excellent result 1s
obtamned bt smmediate closed reduction and immobihzation in flexion
(Fig 35) If reduction 18 delaved until there is marhed swelling 1t is hetter
to appl traction (Fig 36) in slight flexon rather than to attempt a
mampulative reduction The mampulative mothod mav miceced tempo
ranly even with sweling but thero 1s Iittle but tradition to recommend
1t (16) It 15 aeldom poamble to fles the clbow mufficiently to maintaimn re
duction without obatructing the eirculation and the powtion 18 promptly
lost (17) The application of a eircular cast 18 an invitation to Volkmann s
1schemia With three or four davs of elevation traction and 1co packs
the swelling will mubmde and a manual reduction mav be completed under
anestheria

Tho ntroduction of hvaluromdare into fracture treatment has some
what changed the prognosis in supracondylar fractures Three to five
hundred T R umts mav be injected nto the hematoma of & badly swollen
elhow The accelernted dispersion of oxtru cellular flud certawmly hastens
the restoration of the tixsues to normal and probably reduces the ulti
mate fibrous reactton Theorctically the likellhood of Volkmann s
1schemia 1s reduced The use of hyaluromdase may make 1t possble to
reduce and mantain the powition of supracondylar fractures pnmarily
even when consdernble mwelling 1s present

Not infrequently satisfactory posttion 15 obtamed by Dunlop traction
without manipulation It 1s particularly mdicated in the unstable trans-
condylar fractures (18 19) (Fig 20) One may continue the traction for
three weels and then place the arm i a sling There 18 usually no need
to mamntain the traction so long After ten days when tho fracturo 1s re-
duced and the threat of vascular embarrassment has gubmded I prefer
to make the httle patient ambulatory by scutely flexing the elbow This
may be done comvemently with rectal pentothal A collar and
cu.%]munmn the pomtion (Fig 37)

e ability to reduce but not to hold the tion of a
fracture has influenced some men to use mtxl fixation B:‘Ehrflio?liﬂ;
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sults are sometimes good permanent bumtation of motion 13 all too
frequent Thus method cannot be justified With ten daya of traction as
above thers 18 enough callus formed to make the fracture ‘aticky’ It
will then stay reduced 1n the flexed position If thero 18 over an indication
for open reduction in the absence of compounding 1t 1s extremely rare n
a fresh came A conmderably greater exposure is necessary than for the
open reduction of a latersl condyle Operations on supmeondviar frac-
tures are frequently followed by restricted motion Blhnd pinmng with
protruding pins 18 always undesirable 1n children, whose urge to wiggle
and scratch cannot be controlled The use of internsl fixation because
conservative management fails on the first try 18 the way of an impetuous
surgeon Patience and gentleness pas off m tho treatment of fractures inf
children and 1n supracondylar fractures 1n particular

Befare the reduction of eny elbow fracture careful exammation should
establish the normal function of the motor nerves controlling the hand,
and the condittan of the radial pulse If the pulse 18 present, 1t should not
be obliterated by the mampulative reduction If abeent before mampals
ticn 1t may be duregarded if the capillary arculation remans good An
absent radial pulse 15 a danger mgnal which eannot be ignored, but 1t 15
not of rtself an mndication for open reduction

The mechanies of dosed reduction are mumple (Fig 35) While counter
traction 15 made 1n the exilla (not by grasping the an of the arm!)
streaght traction 18 made on the supiated hand with one of the operator’s
hands The other hand grips the arm just above the elbow with the fingers
over the b The thumb lLies agamnst the distal end of the praximal
fragment while byperextenzion is made to disengage the fragments Mal
rotation of the fragment 15 corrected by varying the degree of supmeation
Lateral displacement 1s corrected by molding the fragments before cor
recting the posterior displacement Then the thumb slips down over the
tip of the olecranon forang the hyperextended distel fragment forward
nto poution Counterpressure 1s supphed by the fingers The elbow 15
flexed to mamntain the reduction only after complete reduotion of the
fracture The poation 1» checked at once by roentgenograms If it 1 not
satisfactor; & sccond reduction may be tned Traction in bed s pref
ernble to the mnsult of soeveral mampulations

Furafion tn flesion may bo varoush aclieved (27) The mmplest and
surest method 18 to joan a collar and cuff by an inelastic bandage (Fig
37) A hght compression dresang about the olbow rotards swelling and
increases the child s comfort The additton of a plaster sphnt to hold the
foreanm 1n Fupination 18 advocated by some The rotation of thoe forearm
in actually ummportant once redurtion has been obtamed gnd the elbow
flexed Adhenve plaster dresdungs are secure too socuro Unless applied
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wath estreme eare ihey aro a threat to the arculation The worst cascs of
1 olhmann x f«chemia have occurrad wath the uze of adbesvo plaster or
cireular easr (Fig 3%)

Tollowing reduction of the supraconds lar fracture, tho child should e
hoxmtahzed for twenty four hour to nsure frequent olyservation of the
arculation of the hawd 1y a competent nune or houw officer If this 18
not posable the parentx must understand the danger rlgnnl«

\lost mgmficant as warmngs of carly ischemin are pain swelling
coldne=s evano~ix or pallor and low of ability to move the fingere Re
member the tnad Pun pallor and paralvsis (Fig 30) The most im
portant and constant of the<e mgn< 1« pain A well reduced fracture in /
cluld whould require no +edation other than aspinn Pan severo enough
to require opatea should e a warnimng that there 1k some complication,
often too tight a bandage or too much flexon

1 olkmann & Tschemic Contracture

If there 19 ovidence of circulaton embarrassment the acuity of the
flexion 18 reduced immediately by 20 or 20° If this change 18 not 1n
stanthy successful and there 18 #ill a threat of yechemia all bandages are
removed from tho elbon amd forcarm angulation 1s reduced to 20°-30°
strmighter than a nght angle and 1co bagn applied  Satisfactory po<ition
of the fragments and elevation of the forcarm are mamtained by traction
Uruallv this 13 applied to the skin of the forearm without constretion by
tho ure of flanncletto strips sccured by Ace adherent (Fig 36) and held
m place by a looscly npplied elastic cotton bandage A Kirechner wire
through the olecranon (Fig 25) (21) 15 preferred by rome If there are
alrcady blebs nbout tho elbow the wire may be mnwcrted m the basal
phalanx of the thumb Loss of poetion of the fragments 18 wnmgmficant
compared to the tragme disability following unrchioved ischemin (Fig 38)
l;r?r?plt blocking of the appropnate svmpathetic gangha i sometimes

elpfu

If the symptoms arc well advanced or do not subsde with conservative
mensures no tune should bo lost beforo exploring the cubital fossa and
volar aspect of the forearm Tle tough fascin enclomang the flexor muscles
of the forearm 13 alit permitting the explosvo extruson of edomatous
muscles and hematoma (22) An injured or markodly constricted brachual
artery should be resccted This relieves vasospasm of the collateral ar
terioles and the reflox involvement of the ntunate vasculaturo of the
muscles (23) Delay 18 disastrous Withun three or four hours wrrevergible

changes have taken place The all too-frequent cla usunll
inadequate or delayed therapy o claw hand > means
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Retention

In the average case, the reduced supracondylar fracture should be im
mobiliged 1n flexton for three wesks At the end of that ime the callus 18
strong enough to allow the elbow to be lowered to a nght angle in a shing
In another week or two, all fixation may be dscontinued snd the child
allowed to use the hand at his own discretion (24) It has been adequately
proved that more mpid return of normal function will oceur if the child 12
unmolested Carrying & pail of sand docs more harm than good (Fig 40)
There should be no manpulation to increase motion erther with or with
out anesthesia Repeated stretohing of contractures not only distresses
the child but perpetuates the spasm and delays the return of normal
function

Occasonally thero 13 an mndication to continue traction long emough
for union to occur (Fig 48A) Usually the pomtion will be satisfactory If
thero 18 undemrable angular deformuty at the end of three or four weeks
the fracture may still be mampulated under anesthesa and satisfactory
position obtained Bayonet appomition with normal ahgnment 19 mtisfac
tory and 18 not an mndication for manipulation at this stage (Fig 43B)
Sharp spicules disappear and contours unprove with molding as in frac
tures near the ends of other long bones (Fig 44) (25) Angular deformit)
corrects very little at the distal end of the humerus

Prognons

The prognoss in supracond)lar fractures must be guarded If the
trauma is not unusually severe and if the redustion 19 promptly and
gently performed the result should be & normal elbow (1) There are
several chances for diabihty The most mgmficant comphication Volk
mann's wschemio contracture hes besn discumed Exuberant callus will
usually disappear spontanecushy if unmolested Phymeal therapy 18 not
only superfluous but 1t actually delays recovery (Fig 45 “Mjyomts
osmficans (Fig 46) occurs most frequently following excessive periosteal
stripping  particularly after duslocations It will usually disappear if un
molested (Fig 47) Operatnve removal of the excess bone i children 1s
invarably followed by recurrence Permstent capsular contracture may
requiro excuon of the anteror capsule (8) If osteotomy 1s necesmary to
correct extremo apgular deformity or to improve the arc of motion 1t
should be postponed for several years

Reversal of the carrying angle (gunstock deformuty) (Fig 48) mey be
due to uncorrected medial displacernent of the distal fragment (Fig 49)
usually the result of rotation (27) It may follow a perfect reduction and
be due to accelerated growth of the lateral condyle rarcly retarded
growth of the medial
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Paralyms from nerre tngury 18 usually only temporary The radial nerve
and occa~onally the median may bo involved in the nbeence of f«chemia
Early explomtion 1= contruindicated as spontaneous recovery is the rule

Gro<ly mnlumted mupracondslar fractures may require open reduction
after mx to aght weeks (Fig 50) Moderate permanent limitation of
motion 1+ the rule even if reasonably good poxition ean e maintalned by
pin fixation (Tigs 1, 52) After cight to ten weehs it fs ucually botter
Judgment to nllow the fracture to go untreated and correet the deformity
by osteotomy a vear or moro nfter the injury

Fio 20 K. k. male age 3
3/8/3 A A trwo tranrcondylar
{racture of the distal end of the

N \\ humeres with displacement of the
A g dhtal fmpment to the ulnar swde. B
\ T ”__ The reduction obtained by traction
. = as fllustrated v Figure 30 The lat

eral view was abwo good. After fifteen

dayn o collar and cuff were applied,
The boy wns dmebarged from the
hospital two dave later At no time

A was the creulation in jeopardy
B Functloa pormal.

31
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— Fio. 30. G L, male, age 9,
%’T/‘\ 3/23/53 Supracondylar  fracturs

=~ o T with marked poaterior and prodmal
displacement of the distal fragment,
imitating a drdocation on elinfeal
emmination.

Fro 31 G L. 3/29/53. Antero-
postenar and Iateral views of the
sme fmcture seen In the precedmg
figures on the day following an easy
reduction. \ote the oblique fracture
lire which makes the fracturs trans-
condvrlar m the anternposterior view
but definrtely supracondyiar m the
lateral view
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Fro. 33. C M, female. Fledon
type of rupracond, lar fracture eaaeed
by a {all on the tip of the elbow four
weeks after the arm was immobllized
In fleuon. Some extention would
have mmproved the pomtion. The end
rexult was a pormal elhow

/

4]

bia 7 G T A77/61 tho eunn
cnsc ono yenr after tho fracture
Tiraling has Teen coinplele Tin
Internal arelitectare borestors] Tha
ket hunnerus o 2 nun longer than
the right Motlona and earrying
angle are ayinmetriesl
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Fia 31 A The mechankem of supracomdvlar fracture Bexion type B Immolilaation
m pomo degree of extension b derimble ta bring the distal fmgmeent Into alignment with
the provimal. Immoldlization 1a necesmany for onls thiree or four meeka

Tia 35 Reduction of a mpracondvhar fractore A Determine the preecnce or almence
of the radual pulse examine for motor paralyeiv. A Under general anesthesda apply trac-
tron with the clhow hyperetended Cotntertmction in the axdlla asaetant & hands loosely
on the arm. I8 The surgeon s thumb forees the distal fragment Into poution  Accumte
reduction Is obtamed In rotatmg the forearm am! mokling the fracture. C Only after the
fracture b completels reduced s the elbow fieved aeutely (not foreibly) D Reduction ks
maintained by the Beved position with an offient collar and eaff [Reprécluced with per
mbsion of the Journal of the Ameriean Medieal Asochation (40) |

Fia. 30. Dunlop s traction as modified by Allen and Gramse (10) Is used temporarily
H there i excesive ewclling or threatened vascular emiarmamment It mav be continned

until healmg 14 complete [Reproduced with permison of the Journal of the Ameriean
Medicnl Arociation (45) ]

o

-
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Fre 36

T
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Fro 37 A ouff of soft material like wool feit is
piaced about the wrist and secursd with seveml tams
of edbesive plaster A similar renfarced soft collar
15 placed about the neck Thess are jouned by an
inelastlo bandage with the elbow in acute Sexion. It
Is well to apply a corapresmon dresaing to the elbow
for a few days. If the child is restiess o swath may
be added. A plaster alab may be vsed to maintain
sapination of the forearm. This b wsually superfluous
1f the fracture has been scourately reduced and the
edbow kept flexed

Fia. 39 Doctor treat the
patient, not the pleture,
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Fia 3% \Volkmanna fschemle
contractare When  this stage s
reachod there lms been cata trophle
damage to the clbow forrarm aml
hand The wamings were pamn palior
ol paralysa. Prolonged rehabilita-
thont will produce only a vers poor
rulntitute for a normal hand and
am

Fig. 40 Camy the sand yourpelf
ind let the ehild get well.
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Fra. 41 W H. male, age 10
10/27 /31, Suprcondylar Iractare of

Academy of Orthopmedr Surgecna,
Instructional Coarse Lectures (142) ]

F1e. 42 W H 10/27/3 Accn-
rate manipulative reduction of the
preceding fracture. The cfroulation to
the hand way Impeirsd and flexion
was relensed. Dunlop tractlon was
apphed [Reproducod with permbs-
son of the Ameriean Aendem) of
Orthopaedle Surgeons, Instruetional
Course Lectures (142) ]

Fio 43 A. W H. 11/23/34 the
. appemrance of the preceding (ractare
after four wesks of tractlon. There

Course Lectures (143) ]

!

]
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Fra. 44 W I 10/3/40 lateml
viens of both elbows fifteen vean
later Slight deformity persista, I
cept for 10 limitation of flendon on
the keft function i« normal amd mvm
metrdeal. No sabjective smptom
[Reproduced with permiedon of the
Ameriean \eademv of Orthopaedic
Burgeons, Instructional Course Lec
tures (142) ]

G

Fia 45 Btrong arm methods will
K Bot straighten the elbow




Fia 47 R.T 7/17/43 A roent
genogram  three vears after the
preceding The sbnormal bous has
almoat dmappearsd Elbow motions
are norma] The trestment was
masterly negleet. [Reproduced with
permingon of the Journal of the
Amencan Medienl Asoclation (45) |

FRACTURES IN CHILDREN

-

Fia 42 R. T male, ags 8

7 7/19/40 \Iyoutis omsificans foliow
ing dialooatron of the elbow Motion
wns grently restricted (Reproduced
with permisnion of the Journal of the
Amencan Medical Amociation (45) ]

s s it L i

Fio 48. B. H male, ago 44§ 12/14/42, Gun-
stock deformuty of the right albor follow Ing a sapre-
condylar fracture five mouoths previculy Anguls-
bon was due to medial displacement and rotation of
the Jistal fmgment.
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Fio 40 R Il 8/20/1t An
anteroposterior  roentgenogrmm of
both clbows two years after the pro-
eeding pliotograpl. Tlero hag been
no clange in the deformity “ote
the precoclous epipliyreal develop-
ment on tho right. Sometimes
culatus varm I caused by over
growth of the lnterm! epiphyscal
plate sometimes by Injury of the
medial Lateral and medial angular
defonnithes do not correet spon-
tancomly

Fra 50 J H. malo age &
10/17/50 Two views of o grosly

Letod

dylar fracture of the left humerus
v weekn after the snjury \arked
deformity and hmutstion of fledan
0° evternal rotation 30° Open
reduction and pin flwation ssenred
normal position of the fragmenta.
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Fra 52 J H 11/7/52. Normal
ahgnment of the efhona In Flguro 81
Iateml view Rocntgenograms taken
eighiteon months later sliowed Im
proved appearmnee. Tattlo eliange on
elinieal oxanitnatlon. The left hu-
merus 13 14 mm overgrown a8 the
result of tho frarturo amd operation
It kv more maturc and its epiphy seal
platey wlll elose eurfler oqualizing
#somo of tho overgronth

Fie 581 3 H. 11/7/52 two
years after the preesding roentgeno-
gram. Thers b still 10° Emtation of
flexion and 25° of exterion.
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Fracrenrs oF Tk Lati rat Cospyrr oF Tar Heurnes
(18 5 per cent of clbote fractures)

Lateral condylar fractures nre produced by hvperextension plus angula
fion with the apex medially often a combination of direct and indirect
trauma (g »3) The fracture hine extends from the laterl epicondsle
obliquels downward and medially into the trochlea (Fig &4A) The de
fornuty j« not great and the injury i often dismuiered as & sprain partteu
Jarly 1n the infant whowe eapitellar o~cous center hax not yet appeared
(Fig ) Carcful palpation of hoth elbows may be the only diagnostic
procedure of anv value When a condylar fracture occurs in combination
with a dt loeation there 12 lthely ta he prolonged or permanent hmitation
of motion

Roentgenograme of both elbowa should he taken with smmmetnenl
poationing Even then the dingnosiy 1s difficult 1n voung children hecauce
a largo portion of the distal end of the humerus s atill cartilamnous The
small oval ovecous center of the capitellum may be the only bone visu
alized 1n the condylar frapment but ueually a flake of metaphvreal bone
1 carnied withat The fragment i2 much larger than would appear in the
rocntgenograms Its cophalad corner 15 charactenstically rotated later
allv and downward in the samttal as well an the frontal plane through
an arc of 00 or more by the pull of the extenzor musrcles of the forearm
The fragment 1= trapped 1n the jomnt eo that the articular cartilage of the
capitellum comes to lie agninst the raw rurface of the metaphyws (Fig
57} In this pomition umon docs not oceur

In rome cases with only rlight mitial displacement there mav be suf
ficent continuity of the roft parts to hold the fragment 1n position Then
open reduction 1« not neeersary The peation may be improved by lateral
compres~ion of the fragment Additional roentgenograms should be taken
m two davs and agmn at a weeh beeause delayed dixplacement frequently
occura When the fracture 18 reen within a few hours of the injuny (Fig
58) a perfect reduction may be obtained by mampulation particularly
if the fragment 14 large (Fig 50) If tlua 1s accomplished the elbow ahould
be put up 1n acute flexion lthe a rupracondylar fracture Rarely will the
po<ition he maintained after the patient wokes up The fragment 18 thels
to he displaced by the pull of the extensor murcles of the forearm Its
poution must be accurately cheched by roentgenograms in two planes
on the recond fourth and ninth days If the position 18 matisfaetorly
mantaned one may consder himeelf fortunate (Tig 00)

If there has been any delay 1n the reduction or if clased reduction has
failed the patient should be transferred promptly to an inatitution where
an open reduction may he performed ratifactordly If 1deal conditions
exst 1t 18 usually wise to aperate pnmarly on the marhedly displaced
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fracture rather than to subject the patient to the traums of closed re-
duction which 13 Iikely to fal or be followed by tardy shpping of the
fragments Delayed open reductions after the falure of conservative
treatment aro less satisfactory (Fig 61) The operation 19 more dufficult
hmitation of motion perssts longer and lom of the carrying angle from
uritation end overgrowth of the Iateral condylar epiphyseal plate 18
likely (Fig 02) Sigmificant arrest or retardation of growth following open
reduction has not been encountered The lumiation of motion wheh fre-
quently follows an (unnecessary) open reduction of a supracondviar frac-
ture does not occur after mich an operation on a lateral condyle which
requres almost no stnipping of soft parts

The Operation

The open reduction of o leteral cond lar fracture 18 best accomplished
through a Kacher masion (Fig 57) A tourmquet 1s not nocessary After
the clotted blood and boune spicules have been removed from the raw sur
faces with o curet the mobile fragment may be roteted and pulled wto
postion with sherp hooka An aceurate fit should be obteined. Two
obliquely placed short pins are efficient 1n holding the fragment. The
penosteum 1 sutured but euture alone 14 rarely enough fixation to pro-
vent some displacement The pins may be left ehghtly long so that they
protrude under the skin After closure of the wound a cast 18 apphed
from the knuchles to the axilla with the elhow n flexton of 90 and the
forearm 1n neutral rotation

At the end of threo weeks, the stitches aro removed through a window
m the cast If they have not already pushed through tho skan tho pins are
exposed with & pomnted kuife and pulled out A woek later tho cast may
be removed and roplaced by a sling

Prognosis

Tong term (ten to fifteen veam) follonup of eares treated by prompt
open reduction has shown tho rosults to be umformly satisfactory Growth
arrest or mgmificant lmitation of motion has not been observed Delny
mahes the operation more dificult An open operztion as late as four
months after the myury should be successful but moderate deformty s
the rule (Figs 05~07) Nonumon 18 not mcompatible with satisfactory
function (Fige 68 09) If the fracturo 19 older than threo months it 18
probabl wise tao allow 1t to go untreated (Fig 56) until the patient 1s full

wn

81’0“ the fracture 15 unreduced nonumen mnvenably occurs (Fig 71)
Thero 12 usually hmtation of axtenson With longitudinal growth on only
the nvediul wde of the humerus the currying angle becomes exaggorated
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(Fig 70) The end result 1e a painful weak deformed elbon  The most
ngmficant dicalilits s the delaved ulnar nerve paley which appears fifteen
ar twenty vears after the injury (Fig 72)

Tho deformity 18 bet corrected n koon ax grow th i completo by oste
otomy and exesion of the loowe fragment (Fig 73) Pin fixation of the
o<deotomy is dewrable This operation will relieve the pain of the non
uman and correet the deformity (Iig 74) Late ulnar nerve aymptoms are
prevented If the svmptoms are already present tho ulnar nerve may be
transplanted to the front of the elbow at the timo of tho o<teotomy If
ulnar palay 1< the predommant disability, anterior tranapo-ition of the
nerve should be done without the osteotomy (28)

Fia $3. A. 8 male, age 11
8/8/31 Fracture of the laternl con-
dyle combmed with dislocatron of
the ulnohumeral jomnt when he fell
off a porch mlling handing cn kis
outstretehed  hand.  Asihumst (1)
called this fracture “Pomdas”
beeaure it was fist desenbed by the
professor of surgery by that name at
Boenos Awres (20) But this was 1n
tho days when skipgrams  wers «
vague shadoms. The dislocation was
recognued  but the fragment was
thought to compriee the entire durtal
end of the humerus,

Fio. 54 A, 8.A.Closrdreduction
was cbtained two lwurs after the

Ibjury under genernl anestheia I \
8/16/51 A roentgenogram two ddayw N \
after reduction  showed acrurate Y
mamtenance of posttion. The frac v Q
ture line was hetneen the arroms. A A

harging east was appled with tho e Y !

clhow in 90° of flexion B 10/21/51 Y i
ten weeks after reduction Bofid
unlon of the lateral condsle with
xood podton In both views, “O°
Imitatlon of extenon 10° lmita- [
ton of flexion on the right.
A B
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Fic 50. D K., male, ags 3. Unrecognirsd frac
ture of the latern! condyle of two years’ dumtion.
Thers wers no subjestive symptoms. Slight daform-
ity of the elbow Trentment not mdicated untll the
child s full grown, (Courtesy Dr Paul J Collopy )
[Reproduced with permmmon of the Amarican Acad-
emy of Orthopaedio Surgeons, Instructional Course
Lectures (30) ]

Iateral epaphymenl plate had caused
5° incrense 1n thoe earrying angle. The
angle of grentest extenmon on the
right was 180° and oo the lelt was
190° Other mobons were normal
usaally they aro not. The rewult was
better than that obtuned by Ash-
hurst (1) m his case 28. The Injury
was apparently identical,
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I'o 57 A Dagmmatic  repre.
sentathon of fractare of the lsteral
condyle Tho extenwor musches of the
forcarm have rolated the fmetured
surface A-13 laterally and downward
through an arc of 00 The oseroas
centers of the capiteltlum and the
medial epconds le are abow n in white.
A1l Open reduction s performed
through the hoelier Iatern! inclston
B Thw rotated lateml condylar frag
ment has heen cleanal of ! lood elota
and pulled hack Into position with
small bone hooks. The fractured sur
face A-B ) its normal poeition.
The fragment 13 fivedd with two small
pina which aro alloned to protrode
alightly under the skin. The aponeu
rosn of the extenror muscles Is
sutured  [Reprodoced wath permls-
sdoa of tho Journal of the Amerlean
VMedieal Arsoenation (45) ]

— _
v
A
Fia 553 B male e 4 _ { \‘
7/1/8. Typleal Iateral condylar
freture with 00° rotation of the
{ragment m the frontal plane.




Fro 60.J B 8/2/37 The ease
shown In the preceding roentgeno-
grams four years after reduction
shoxmg t enlargement of
the left laters] candyle but no change
in the earryng angle and po Jmuts
ton of elbow motlon “ote the
precocsous devalopment of the left
mdial bend

FRACTURES I\ CHILDREN

+
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Fia. 62 K. L, two and one-hall
years after the preceding rocntxeno-
gram, Solid healmg has been aecom
panjed by aceelerated loumtudinal
growth, enlamgement of the right
lateral condyle and Irregulanty of
contour The ecarrylng angle was
diminshed. N\ote the precockous
matunty of tho radial head There
w1 bony enlargement of the latera!
condyle on clmieal etamination
{Reprodoced with permrysnon of the
Amenean Aeademy of Orthapedso
Surgeom, Invtruetional Courre Lee
tures (35) ]

Fio 01 A K. L. male agr 13§
Ineplaced  righit katernl eon lylar
frarture withoat murh  rotation
Open reduction was delayed tso
weehs because of illnew, B Threo
week after accumte open reduction,
The carrving angke was normal
[Reprodluced with permresion of the
Amenican Acndemy of Orthopaedis
Surgeons, Instruetional Course Tec
tures (33) )




Fio 67 J 8 Anteroposterior and
lateral viewn of the Jeft elbow m
Figure 66 show wsobd umon bat
imegulanty of the bony eontours.
Elbow fledon limfted 10° Other
molioos normal. Chaital evamins

Fio. 6% A \, malk ag 7
8/12/37 Admitted to the Hospital
for Special Burgery oo 8/11/37 with
an eyght week old mednl duloeation
of the mdms and ulna oo the hu-
raerns with a fracture of the lateral
condyle of the humerus (see came
A. 8, Figure 53) An open reduction
wes performed on §/14/37 two
months after the injury’ Through a
postensor Inebnon the soft thwnes were
completely stripped from the bones.
It was necesary to fres the prod-
mal fourth of the alna. The hteral
condylar fragment was removed,
cleaned of calls and replaced. It
wot held fn position with a beef
booe peg A pluster cast was apptied
untll 8/24/3" (Courtesy of Dr T
Campbell Thompeon.)

Fre 0 A N, 11/27/3" The
elbow in Figure 68 fourteen weeks
postoperative. The eapitellar frag
ment falled to unite, with gradual
inerease fn the camying angla
Fifteen jears hter funchon wns
evcellent with extenwon 150° and
flexion 25* He mas able to play
foothall and baseball and had po
complamt. Transplantation of the
ulpar nerve may still be necessary
(Courtess of Dr T Campbell
Thompon.)
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Fig "0 LR mak age 21 4713737 The nght
Interal condvle was factured but untreated at age
2. Limltation of elbow mation and paln appenrsd
rrdually  Hypedheda of the ohnar distribution
was discovered on ewamination. [[teprodueed with
permivon of the Amenican Academy of Orthopasdie
Surgeent Instruetwnal Courms Lectares (1) ]

Tia "1 R R, 4/13/37 Anteropostenar roent
geoogram of the nght clbow shown in the preceding
photograph  There was a nonmnica of the Interal
condvie with upward nding fallure of Inngitudinal
growth on the latern! ride and increnss In the carry
ing aogle Tho ncute anguiation of the hone had
begun to tranmatire the ulnar nerve [Meproduced
with permivdon of the Joumal of the Amerlean
Aedial Amociation (45))

1
|
I
i
|
!
|
1

B

F1a T2. (A)Srhwmatic reprerents-
than of nonunlon of the nght Intem)
bumernl condyle with Inereasy in
the earryingangle Compare with the
normal side (3) Prolonged traums
t) the ulnar nerve reults in the
tlancterbte pirturs of delnyed
ulnar nerve paky  [Ite rodueerd] with
permindon of the Joumal of the
Amenean Medieal Anoration (1 )]

53
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Fio 73. R. S, 10/8/37 Anteroposterior roeni-
govogram mx months after the deformity In Figure
71 was corrested by osteotomy and the joose frag
ment removed. Pal was relisved. The hypesthela
over the ulnar dmtribution dwappeared whhont
trapsplantation of the ulbar nervs. [Reprodueed
with permwwon of the American Academy of
Orthopaedrs Surgeons, Instructional Couarse Lec
tures (35) }

Fra. 74. R 8. 12/1/37 photograph sx moaths
falloxing the oeteotomy The carrying angle = bow
normal on the right. There i #till shybt Iimitation

]
x
|
|
f
!
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Fractunms of the Mromt Triconnrir
(8 per cent of clborwe fractures)

\lediat epteonds lar nvulsion ia the result of sudden valgus strain of the
elbow with or without dislocation of the elbow joint The fragment is an
apophvrr and not an epiphyvms and tahes no part i longitudinal growth
I{ it 1a displaced no more than a few millimeters (Fig 75), the aponeurosy
of the flexor muscles 1® not completels torn Brief 1mmobilization 1n
ficxaon 1= all that 14 necessary Bony healing will usually take place with
out deformuty or dicabflits  If the digplacement 14 greater than five mulli
meters one must decido between leaving the fragment displaced or open
ing the fracture and pinning the fragment 1n1ts normal position Attempts
at closed reduction are futile If the dixplacement is allowed to permat,
nonumnuon 18 the rule Usually there 1a ahght deformuty but no disability
In grls this may be more deurable than a scar Occastonally tho dis-
placed fragment is reunited to the metaphveis by a hornlike bony pro-
Jection

With marked displacement of the epicondsle there may be prolonged
flemon deformity with permanent wenkness of elbow flexion If the injury
18 dingnosed promptly and there 18 no contraindication to surgers open
replacerent 18 the procedure of choice in a male There are onlv two ur
gent indications for operntion First 1f there are symptoms of ulnar neno
mjury the nerve must be explored promptly and the fracture can be dealt
with at the same time Second a temporary dislocation of the elbow joint
not infrequent!y leaves the bone fragment inearcerated in the elbow joint
(Fig 76) Whle 1t 1s occamonally posable to angulate the elbow into
valgus under anesthesa and pop tho fragment out agnn there 15 the
danger of causing or aggravating ulnar nerve mjury {20) After twenty
four hours such a manipulation 1s futile and open operation 18 indicated
(Fig 77)

When the surgery 18 performed witlun a few days of the njury (Fig
78) the fragment should be pinned bach 1n position (Fig 70) The ulnar
nerve 18 usually not exposed and may bo left mn the groove unless pro
operative findings suggest exploration The elbon should be immobilized
m plaster at a nght angle for four wechs postoperatively as derenbed for
lateral condyler fractures It 18 well to remove the pins and stitches
through a window a week earlier

If operation 15 delaved until two weehs after the injury 1t 1s better to
excire the bony fragment and suture tho aponeuroms of the flexor muscles
of the forearm as near their normal position as poxable The loss of the
apophyms has no mgnificant effect upon the future development of tho
elbow Prompt open reduction umformly gives an escellent result 1
operation 1 delayed as long as four weehs prolonged or permanent flaxion
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defornuty may occur After that mterval, conservative treatment 13 usy
ally better After a delay as long as thres months (30) even if the frag
ment has caught i the elbow jont the prognosms 1s betfer with masterly
negleot than with operation

Medial condylar fractures are exceedingly rare in children (Fig. 81)
If they cannot be reduced by mampulation an operation should be per
formed promptly (31) Ashhurst (1) made this observation about a case
of Jus in 1910

Cointnoren Covprrar Fracroaes

T fractures and communuted fractures of the lower end of the hu
merus which are common in adults are very rare in children (Fig 52)
Open reductions are frequently necessary n adults and they are noton
ously difficult In children such operations are rarely justified Permanent
limutation of motion 18 the rule following 11! advised surgery If the frae
ture 18 secn promptly it may be reduced with surpnimng accuracy by
closed manipulation With traction in nght angle flenon the fragments
are molded into good pomtion and held there by the capsule which 18 hept
taut by the traction of a hangming cast (Fig 13) for four to five weels
Temporary hmitation of motion following removal of the plaster is treated
by masterly neglect (Fig §4)

Feacrunes of THE RapmaL Neck
(4.5 per cent of dbow fractures)

The longitudinal thrust that produces a compresson fracture of the
radial head 1n an adult causes & fracture of the radial neck n a young
child (Fig 86) Charactenstically the buttonlihe gas¢ous center with a
thin flake of metaphyma 18 broken off transversely displaced and angu
lated radially If the fracture 19 incomplete with runimal angulation, no
reduction 18 necessary If the displacement 18 partial so that there 18 some
appostion and the angulation 15 60° ar less one may mampulate & fresh
fracture by angulating the clbow into varus (Fig 85) and pushing the
mdial head nto improved pomtion Then the treatment should bo con
servative (Fig 87) A cast 1s apphied with the elbow flexed to 80 or some-
what more acutely

With angulation less than 45  tho end result will be surprimngly good
There 1« frequently some imutetion of supination but the patient 1s rarely
anare of this For a period of several months all motions are greatly re
stricted The temptation 1s great to exciso the radual head 1n order to n
crease the range of motion While the immediate effect of such an opera
tion 1 fovorable the Iate results are tragic (Fig 88) In the cates that
have hecn followed for aoveral years (32) there has been grows deformitv
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with racia) deviation of the hand, alrorieming of the forenrm, increaro in
the carrving angle and weakness A erer exerne thepndial head ma groweing
child.

If the racial lead 1« angulated nearhy 30° and displaced »o that 1ts
fractured surface hies apainet the shaft (Fig $9) elosed reduction 15 rarely
ruccerdul and prompt open reduction 1 the trentment of cholee If the
aperation 18 performed in the firet fow davs the immedinte and late rerults
rhould be execllent (Fig 00) \ bad prognoas (33) 18 not justified (Figs
01 62) Great care should he wsed in handling the epiphveas It should be
gently eleaned of clots and epicules and pulled 1nto poation with small
Tiooke Wlren the fracture and the radichumeral disloention are accuratels
reduced and the elbow flexed rotation of the forearm will not dirplace
the fragment Tle flexed position rhould be maintmned while the wound
is closed and plaster applied Internsl fixation 18 undesirable and usually
unnecersan (34)

1f tho operntive reduction 1x delaved for a week or two oraf the {racture
18 communuted there will be conmderable new bone forined and motion
will be greatly restncted As in enses of traumatic myomtis osmificans the
treatment should bo conervatine Batisfactory motion will gradually re
turn 1n most cares Phymotherapy 1 contraindieated After three weeks,
groes deformuty 1s preferable to an open reduction (35)

Fracture of the radinl nech arsocinted with dislecation of the ulne-
humersl joint 13 hikely to cause permanent hinntation of motion duo to
the nftin roft tissue injury (Figr 93 04) In such a cnse with permstent
restriction of radiohumeral motion or in the rmre fracture of the head of
the radius (Fig 93) operative resection of the Irend 18 indicated but should
be postponed until the cluld i3 almost full grown

Disrocatiovs oF TeE Ennow
(6 per cent of lboto 1nyuries)

Dislocation of the elbow joint wathout fracture 1 more common
children than in adults If geen promptly 1t is usually reduced with ease
by sumple traction wath the elbow at nght angle flewon If adequato treat
ment 19 delayed & week or two open reduction may be necessary  Anaent
dislocations (reveral months) aro best let alone (Fig 96) The lustonc
preudoreduction of Robert Jones (20) by mampulating under anes-
thema may be helpful in restoring partial fieaon 1f the elbow 18 axtended

A three month old dislocation of the radinl head in a cluld either with
or without amomated fracture should nat be reduced by open operation
This dislocation causes little or no diabihity although 1t may be un
aghtly (Fig 104) It is amazning what good function may prevail withan
old untreated dislocation of the radin! heed Delayed open reduction re
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sults n permanent hmuitation of motion, KExemmon of the radinl head 1m a
child causes the deformity and disabihty that were discussed under radial
head fractures (Fig 88) (36) After the ohuld s fully grown, the radial
head may be exased 1f there 18 an indication

MiscrrLraneous Ersow INfURues

Olecranon fraciures occur rarely as 1olated injurses i children Plaster
fixation 1n extension 18 the treatment of choee (Fig 97) Immobihsation
for five weehs or langer causes no prolonged ar permanent stiffness in &
child as 1t does 1w the adult Ordinary ungwded activity moon restores
normal motion Phywmeal therapy 1s contraindicated

Nonunion 15 not likely 1 the olecranon fracture of & chuld Partite ale-
cranon (patells cubiti) (37) 18 o devalopmental anomaly which bas besn
described erroneously as an unumted fracture n chidhood (Fig 08)
Patellas cubita 1 usually but not always hilateral

Not infrequently an olecranon fracture 1s amociated with a fracturo of
the radial nech or distocation of the radial head (Fig 09) If both are
treated promptly closed reduction 1s usually successful Open reduction
of & dialocated radial head may bo necessary particularly after several
day's delas The Boy d mnamon (38) gives the best axposure

Blontega fractures of the prauumal third of the ulna associsted with
dislocation of the radial head n children (Figs 100, 101) can usually be
reduced by clossd manipulation (39) Whon open operation 18 necessary
1 order to reduce the radial head niost often because of delay mternal
fixatron of the ulna which 13 routine 1 adults (40) 1s usually suparfluous
1n children When the radial head has been redueed by mampulation or by
open operation  the radius usually splints the ulna effcently (Fig 102)
If the fracturo of the ulna 15 found to be groasly unstable at the time of
operation it may be fixed by an intramedullary pin inserted through the
olecranon This should be removed through a windotr m the cast after
threo weeks and the cast Jeft on for a fortught longer

Malumted and unreduced VMonteggis fractures that are three months

old should be allowed to go untreated Tha adaptation of a chuld to this
mtuation 19 remarkable (Fig 103) A normai range of motion usually de-
velops 1n spite of the unaghtly hvpermobiity of the radul head (Fig
104) The latter can be corrected by exasion after the child 18 full grown
without jeopardimng elbow motion A dmloented radial head should not
be removed Although not 1n appestion with the capriellum 1t does none
thelows press on the soft tissues with the force necessary to promote nor
roal growth Do not remove the mdial bead in a groning child
Subluzation of the radial head under the annular ligament (pulled elbow
nureemaid » elbow) 1s a frequent injury 1 children two to mx years old
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At this apo the radial head 1 no greater in diameter than the shaft (41)
Although 1t 1« accurately deeenbed in the carly Lioglish (42) and French
(43 60) hterature m the lasrt century (44) and i well known to pedintnsta
thi« lemon 1+ rarely mentioned 1 papers on fracture< and diclocations
(45) It 14 extremely purzling to tho ummtiated (Iig 100) The injury is
commonly produced by a jerk on the ehild » upraised arm by the mother
who 1= helping Inm to tep up on a curbatone (Iig 21 p  22) or streot
car step (46) It mav oecur alwo dunng rough play with older children or
when the arm 1« caught 1n the slate of a enb The subluxation ix extremely
pamnful The elbow 1= held stiffly 1n moderate flexion and the forearm 1n
mdpronntion The cluld rereams and reasts all attempts at help The
rocntgenograms are negative The diagnostie feature 14 hmited supination
and pan on anv attempted motion

After an appropnate warning a deft quick manipulation into supina
tion produces an audible and palpable elick ascociated with sharp pain
Votions then become norma! and the pain disappears The elbow should
bo immobilized with collar and cuff for a week to prevent recurrence of
tho subluxation which 18 not uncommon when support 1s omitted

Fia 75. F K, male age 8 Avulsion of
the medul epicondsle of the right hurmerus
- with minkmal dieplacement. The ehild re-
covered  completely without treatment
other than brnef Immoblluation,

&(/W
I
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Fia 76. W L. male, age 18, 10/14/48. Injury of
the nght elbow playing foothall Immediats pain
and swelling with linktation of motion. Open redire
ton four days later Tho medial eplcondvls was
removed from the elbox joint snd plaved In phce
with two pleces of Kirschner wire. The ulnar nerve
was not trenmatised and was not disturbed. (Cour
tesy Dr Bruce Brower )

Fie 77 W L 11/12/48. Four weeks fallowmg
the operation at the time of removal of the pins.
Subwequent complete recorery {Courtesy Dr Brots
Brewer)
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Tia. 78 W M male age 11
10/21/52. Injury of the left elbow
with conklerable displacement of the
medial epfcondye, Paln and swelling.
Ths degreoof diplacement was Bkely
to cauro permanent drahility

Y
A

8 W N 10/28/52. Open reduction and
ation of the fmeture In Figure 78 four
‘ter the Injury
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Fia 80 W \L Eight months following the open reduction,
fonction i entirely normal.
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Fia. 81 D P male age 13. Frctured medlal conddyle of tho right humerus when he
fell strilimg his right elbow against a tree stump. The conds lar fragment was rotated 00°
Open redoetion ad fination with two Kirsehner wares on Juhv 16, 1046, Cast and wires
removed on \ugudt 5 1016,

Examinaton two years [ater

Range of mohon ai the elbow Right  Lept
\nghe of greatest extendon 165° 150
Angle of greatext flaion 33 25

Pronation and supination were symmetrical Right medial condyls alightly promipent.

Carrying angles symmetrical. All epiphiyses on the nght were closed while those on the
left were stlll open (31)

63

1
B Fia. 82. B J., female age 11
N 7/27 /37 Comminuted condylar frac
ture of the distal end of the humeros.
I,
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Fra 83 B. J 8/20/37 Prompt
manipulation under apesthesis and
applieation of & hanging cast secured
fair reduction Roentgenogram on
removing the cast. Funotion rapidly
returned to nommal,

Fie 84 B J., 0/30/38. Fourteen
months after the soctdent, function

way pormal excopt for 10° mltation - t
of fieaon, This persisted when the . \k"’?
patient was eammed twelve yeams J

Ister e r——————_

-~

Aeza,
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Fio 83 Reduction of a displaced radial neck frmcture can sometimes be aecomplishod
under general ancsthesia by angulating the elbow into varus and redueing the fragment
with firm digatal preasure. With groes displacement, this metbod s not useally suecemifal,

fir



Fia 86 C N, female, age 4, 10/10/63. The
radml nock was fr d the i I 1,

vus displaced mdially and angulsted 70° by s fall
on the left hand (Coortesy of Dr Paunl 7 Collopy )

Fig 87 C N 10/18/53 Clowed roduetion of
the fracture in Figure 80 under general anesthesn
cut the deformity to 20° of angulrtion which was
acceptable. When emmined three months after the
njury all motions were normal evcept flonon which
was lmited 15* 8k months later motians were
symmetrical. (Courtey of Dr Paul J Collopy )
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Fia. 88. B L, female, age 15 Roentgenogram of both forearms nine years
after removal of the left radial bead for a displaced fracture of the radial
neek. The radios was short and delleate. There was mdm] devitioa of the
hand and inerense in the carrying nngle. These deformitics were amoemted
with weakness and discomfort, Moral \ever remove the mdial head in &

growmg child. [Reproduced with permission of the Journal of the Ameriean
Vedseal Amociation (52) |




Fio 00 C k. 9/2740 nx weeks
aftar the precedmg roentgenogram.
On 4/14/40 the beft mdial head nas
gently pulled mto pomtron with
small sharp books o internal
fmtion way neressany A molded
ploster aplint wa uwed to hold the
elbow m fimbon The peatn wat
maintaioed with » collar and caff

FRACTURES IN CHILDREN

\,\

Fio 839 C K, femals, age 7
8/13/40 Rosatgenogmm twenty
lour hours after the patient fell o
the outstretched left hand., The
radia) neck was fractured and the
bead duplaced and angulated to the
rachal mde. The arrow pomta to the
redial head 1n the latsnal view




INJURIES ABOUT THI TT.DOW

Fic 91 C K. \ino years &
the fracture the elbows are
logically mmmetrical exeept that
1eft radinl peek by slightly thicl

Fio. 92. C K In the antero-
posterior view the left elbow b
normal. Climeally the motlons are
entirely symmetrical. The carrylng
anghes are the mume,
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Fra. 84 R Z, 2/23/40 Five
months after Figure $3 there o
evoesire pew bone formation with
ver; lLttle motlon. Hesection of the
Tadm] head st sge sittesn ended In
complets ankiious of the radioninar
Joint “arked restretion of fevion
and extenmon  [Reproduced  with
permdanon of the American Aeademy
of Orthopedis Surgeony, Instruc-
ticnal Course Lectures (35}

Fia 93. I. Z., mala, age 12, 8/8/48, Fraeture of
the neck of the radms with dulocation of the elbow
and extenarve soft timue mjury Closed reduetion of
the dislosntion. Open redustion of the mdia! hend
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Fia. 80. E. C,, female apge 10
The patwnt did not reslise that
there was anything wrong with ber
nght elbow untll a roentgenogram
was taken foflowing a mmor acer
dent. The diagnosds of acute duloen
tion of the mdum! hend was pot justi-
fied in mew of the small atrophic
hend which had cbviouly been oat of
posttion for many years. Comperi-
son of thia plate with one of the
opposite elbox would have disclosed
at once tle abnormal appensrance of
the ncht mdial head. Moral Chikd-
hood diloeations of the mdial head
need ot be dimbling (Courtery of
Dr T Campbell Thompwon )

Fio 03 C N\, male age 13
Hoentgenogmam eleven months alter
a crush injury of the right malial
beard Although elbow motions were
restricted as folloms extenwon 40°
ficoon 13* supination 60° and
pronation 20° lie was advised pot
to have the mdial hend resccted until
he was nearly foll grown.
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Fia ¢8&. F B male age 22 Patella cublts
4 congenita] anomaly which should not be confused
with & ohildhood fracture This case was du-
covered when trauma to the elbow produced
& transverse Imeture of the projecting distal proces
of the abnormal boae The lewion was not bilateral
in thrs cnse.

Fre 97 W G, 10/18/43, mals,
age 10 received multiple injuries
when he was struck by a car A
roentgenogram revealed n fracture
of the olecranon in satwfactory
poadtion. The left elbow was splinted
in extensdon. When ewmined six
weeks later the Jeft efbow had por
mal motion. Checkup rosutgemo-
grams foar years later showed no
tmee of the orlgmal Injury BMotions
nere symimetrieal

Fia 89 C Q. female, age 10
Fractare of the cleeranon and redal
neck without gross duplacement.

Collar
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Fia. 100 L. F., female nge 0 8/14/50 Photo-
graph of a gromly doplaced Monteggia fracture of
the right clbow (dlslocation of the radial head with
fracturo of the prodmal third of the ulm)

Fra. 101 L. F 8/14/50 Roent-
genogram of the precerling dwplaced
Montegum fmeture.




Fia 102. L. F 8/16/50 The fracture s Figure 101 after closed redustion and apphi-
caton of & hanging tast. No mternal fisation was used. Complets rocovery followed. If
there Is o tendenay to displacement of the fracture an intramedullary pin may be used in
the uina ax a temporury measare.

73 “ )
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Fro 103 9 S femalo, infant, 6/18/62. A Montegya fracture m an infant slx weeks
after the inurs Two vrews of tho beft forsarm shox greenstick angulatin of the ulna with
drplacement of tho radial head. The tw0 normals on the nght for campanson are abso-
lutels emsential in «uch o case. \o treatment. (Courtess of Dr A C Bchmidt)



INJUTHIES ABOUT THI I'TBOW [

Fia 101 T L, male age 6 11/28/31 In tho typdeal Montegmn fractore the dulo-
eated radial lend was overlooked and open reduction performed on the ulna two months
before this roentgenogmm was taken Clinwenl and roentgenographic examination six
yeart later thow &l very [ittle cliange in the ulna, Incrensed displacement of the mdkal hend
but with normaal mothon ard rormal funetion,

Fia. 105 Ina chil from two to five years of age, the fy of the eartil
radml head I the samo or smaller than the neck. There w little to keep the annular lign
ment from subluxatmg As shown in the lateral view the ligament slips between the
capitellem and the radisl head when the elbow is hyperestended. Bv elght years, the
rudial head 1 relatively larger and ‘pulled elbow does pot oceur [Reproduced with
permbrsion of Maglll and Aftken and Burgery Gymecology and Obetetrles (41) ]

<




CHAPTERR v

Fractures of the Forearm
and Wrist

Eroroar

Fractures of the forearm oceur 1n order of froqueney 1n the distal third
(75 per cent) the muddle third (18 per cent), and the praxamal third (7
per cent) At the dustal end they are cormmonly produced by indirect force
from a fall on thoe hyperextended outstrotched hand The force is the same
a5 that wiuch produces a Colles fracturo n an adult In g child the roent-
genographic appearance vanes with the age In young chsldren there 1s
usually a both bono fracture frequently greenstich 1 eom sbove the wnst
(Fig 108) From mx to twelve, a both bone fracture 1s Iikely to be a httle
higher, with displacement of the distal fragments dorsally (Fig 107) At
this age the fracture may myolve the distal eptphyses with partial or
complete displacement

Fractures of the muddls third may be produced by direct or induect
trauma A chrect injury may fracture the radis without the ulna or the
ulna alone Fracturo of one or both bones 13 hikely to be “greesstsch in
cluldren and angulated with the apex volar producing a charactenstic
deformuty (Fig 105) The mochames of the prozimal (hird fractures aro
complex lhke thass of elbow joint wjuriee

TREATMENT

The treatment vanes with the level of the fraoturc. Open operation 13
almost netver justificd unless tho radial head 1s alwo dislocated Green
stick fractures of the dustal therd may be left unreduced if the angulation 1s
not great (Fig 108) The vounger the child and the nearer the fracturo 18
to the end of the bone the more angulation onc may leave unreduced
One should not ordinanly aeeept more than 30 even w an infapt and
this would be axcesarvo 1o a Juld of mx (Fig 100) With growth and mold
ng even greater angulation will eventually disappear (Fig 110) At mx

78
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orreven 030 angle will produce a erooked arm for roveral menths The
parenta should be nformed that the forenrm will be bent at firct but wll
e perfectly struight eventunlly

The closed reduction of o displaced fracture of both bonea of the distal
thard of the forearm may reguiire con derable shall After a delay of n few
dave it mas be impos ible 1t should be accomplished 1n the fresh case as
follown

Tle patient « hand 14 gra. ped m one of tho surgeons, palm to palm,
with the thumb over the dorrum of the distal fragment The other hand
graeps the forearm m svmmetneal poation with the thumb just above the
fracture The forearm 12 then anpulated ax much as 00° with the apex
volanvard at the kame time that atrong traction 15 applied (Fig 111) Tlus
1« powablo with Dboth thumb« ax a fulerum The proximal thumb ships
down to maho firm pressure on the dictal fragment of tho radius while
tho operator x other hand straightens out tho abgnment Usually both
bones can be reduced stmultancously  Checkup roentgenograms should
be taken immedtately in two planes Do not use n fluorescopic examina
tion Tt leaves no permanent record—only a permanent effect on the
tisucs of the aurgeon & hande«

If one bone 14 reduced and the other not the reduced hone ean be used
as a lever to du. tracet the unreduced one which 1« then sglipped into position
by mmple manipulation with the forearm straight If two or three at
tempts at closed reduction fail there may be muscle interpozed (Fig
112) Tlus 19 not an indication for open operation (Fig 113) Fixed trac
tion ehould be applied (Figs 114 115) The result will be a functionally
normal forearm within mx monthe (Figs 116, 118) and normal bone
arclutecture on roentgenographic examination within eighteen months in
a chuld of about rix vears (Fig 118)

1 fracture of the radius alone or of both bones at tho distal end should
be reduced 1n full pronation (66) unless the fragments stay reduced better
with romewhat less pronation and immobilized 1n n cast extending above
the flexed elbon (Fig 118) A arcular plaster 18 botter than splints The
wrict rhould be 1n ncutral fleion Volding under the 1 olar axpect of the
radius to accentuate the normal curve 18 more effective than forced 1 olar
flesion of the wnst (52) 1n mamtaining reduction Pronation will relax
the pronator quadratus and by twisting the radius around the ulna
overcome the strong tendency to recurronce of the angulation with the
apex volarmard

The cast should extend distally to the hnuchles In n child thero 18 no
need to permut free fledon of the metacarpophalangeal joints Fingers do
not become #t1ff following five weeks of partial immobilization The hand
portion of the cast will be battered to pieces with loss of pomtion if one 1s
too carcful about freeing the child a hand
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Following reduction and the applieation of a cast a roentgenogram
thet shows satifactory alignment while the patient 13 axlesp must be
repeated 1n a fen days to prove that angulation has not oecurred from
muscle pull Another plate should be teken in two weeks It 18 better to
discover angulation 1o time to correet 1t easly than to find it when the
cast 13 removed (Fign 120-122) Fragments that remain in melposition
ean be refractured at five weeks but it 18 much easter at two (Fig 123)

Bayonet appoation m good ahgnment 15 not to be confused with angu
lar deforimity The mde to mde contact produces no deformuty or Lmuta
tion of motton and 1s aceeptablo Healing 18 solid mn leas hme than with
end to end appomtion Shght enlargement of the wrist rapidly disappears.
Length should not be & problem If there 1s appreciable overnding 1t
should bo corrected and the position maintamed with traction When
there 15 no tendency to displacement there 13 no objection to midrotation
The wrst should be 1n neutral flemon (Fig 119) alight palmar flexton
mather than dormextenson as advired in fractures of the hand Extreme
volar flexion of the wrist 18 awkward

Occamonally 1t 18 permussible to cut the cast and wedge 1t but care
must be used to avoid harmful pressure Pressure pads or preasure rods
between the bones are not necesmary 1n children end should be avoided
because of the danger of wechemic necrous Casts must be epht and spread
or bivalved if there 1s any threat to the arrculation

Too many men treat roentgenograms wmatead of children I have been
aaked frequently how I satisfy parents who wish to see the rocntgenogram
which Jooks like Figure 117 The formula 13 mmple I bring out a sot of
roentgenograms w hich I kesp in readiness which loak even wome than the
ease under treatment I show how the deformed bare returna rapudly to
normal appearance The gratitude of the parents at the end of trestment
13 worth the trouble expended 1n explaining the prognons

\Iany of my colleagues who have tahen the easv course and replaced
the fragments 1n anatomic posttion by open operatton have confessed to
various compleations Nonumon 1 all too frequent (6) Several cases of
peeudarthroeis at thoe distal end of the radiuy requinng bone graft havo
been reparted by personal commumeations There are reveral reports m
the Lteraturo (47 48 49) Delayed union 13 common following operation
Deforruty due to unequal growth 4 not uncomimon (Fign 124-126)
Infeetion cannot be ygnored The scar 13 objoctionable in 2 girl Dirastrous
complications ere rare but they are meveussble when the results wth
cloved methods are o (51)

A reverse distal fomgﬂoﬁmclm 1n which the foree 1 appbed with the
wmst 10 volar flexion 1% somewhat more frequent 1n childron than 1n
adults among whom 1t almost disappeared with the automobile erank
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1t oecurs m children who fall an the back of the volar flexed hand When
the fracture 1« i placed reduction s usually ensy  Thix fracture should be
put up in rome degree of dormextension
Fraciurea of the nuddle thard of the forcarm should not be allowed to re
mam angulated to any appreanble degree except in very young children
Reduction may beo carned out ax deseribedd for the distal third usually
with the forearm 1n midrotation. An angulation or rotation deformity
here will pen. t for vears (inolder children perinanently) and limit pronn
tionand/or rupination (66) A true e<timate of the amount of angulation
frequenthh necesatates accurate roentgenogrmms of hoth forenrms in
svmmetnical positions and soveral projections The normal curves of the
bone« are deceiving
Creenstiel. fracfurca at this level (Fige 127-120) a3 recommended by
NMalgupne (65) should be broken completely through by o quich deft
bending force over the surgeon s knee (Fig 130) (not ‘jerking uncon
trolled movement ) (50) Ancsthesia 1« not required n a fresh ease After
the fractures have been completed with an audible enap the fragments
will remain m good poution whle the forearm is ruspended by the fingers
and a plaster easo applied from thoe knuckles to mudarm wath the elbow
at a nght anglo and the forearm in midrotation Thero 18 no tendeney to
cisplacement  Cross union has not oecurred in our renes and I have never
heard of a venfied case (30) If a greenstick fracture 18 not broken through
but merely bent to the straight posmtion as advocated by rome (50) tho
deformuty will usunlly recur within the cast Wedging of tho cast or the
use of a presure pad to prevent the return of deformuty (50) 18 an invita
tion to \ olhmann & ischemia The appearnnce of pain 13 a danger mgnal
bero as 1t 13 at the clbow
The poation of a fracture of the middle third ean be mamntawed by a
mmple east (Fig 131) with necutral version 1n most coses Loss of align
mont 18 no indication for open roduction Satisfactory pamtion enn be
restored with skin traction appled to the fingers with rubber bands (Fig
115) over a banjo wire incorporated in the conventional arm east with the
elbow at a nght angle nnd the forearm 1n midrotation (Fig 114) There
18 no nsh of stiffness when the fingers of a child are immobihzed with
traction but the danger astociated wath open reduction of this fracture
cannot be ignored Appostion 18 not necemnry nnd 5 mm of overnding
will be equahred by accelemted growth (Figs 136—138) Nonumon does

not occur cven in tho abeence of treatment Shight short
nifieant 1n the forearm ® e n g
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Fra 106, R. W, male, ags 8. Greeostick (torus)
{raeture of both bones rust above the wrist. Immo-
biliton with & sbart east or & sphint for two to
three weeks relioves the symptorne. Compheations
do not oceur

Fro 107 L. T mals, ags 11
1/5/33 Both bone [rasture charao-
teristso of the age, 3 to £ cm. above
the wrist jomt Closed redoetwon

bayonet appostton, dormal displace-
ment of the distsl fragments. Heal-
1ng was prompt without deformuty
A follorup study five yewrs Iater
showed nNormal motwn, strength,
appearance. Thers was mo
mdwlogic evidence of Iracture.
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Fin. 100 T 8, five weeks after
the preceding roentgenogram when
the cast wos removed A chechup

should base Ieen

coavedty volar was almost gone in
sy weekn

tia 105 T K femake esge 7
C reenetieh fracture dista) end both
hones of the forrorm. & cast was
appliccl. The patient dx} not retorn
for five weeks,




Fra. 110 T 8 follownp roent-

{1 genograms throe and one-hall years
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formitles in the plans of motion of &
joknt of A young child straighten oat
! to & remarkahls degres,

Fia 111 The dhplaced both
bone fractgre of the dietal end of the
foreerm (A} can  somstimey be
reduced by mmple traction and
mampalation (B) In the diffcuit
cam this » pot possdble. Then it
well to comblne tracton with
angulation apex volar Ope of the
ewruners thumbe m used as &
fulerum as shown I (C) The frag
ments may be angulated as much as
00° if necessary  After the ends are
engaged the thumb w shipped dewn
over the dhta! fragment (D) and
the bones are straightened out.




FRACTURIS O THE TORT AR(M AND W RIST

Fro UL R J, male, age &
1/23/38 su~tained the characteristle
forearm {mctore for this age when
his aled struck a parked ear Follow
Ing two unsuecesful attempts at
closed reduction ander anesthesa,
elignment was maintaned and
overriding reduced to s minimom
by traction apphed as fllustrated in

ean Medical Awoelation (47) |

Fio 112 P L, female age 0
A closed both bone fracture of the
distal tlunl of the forenrm at eharae
teritie level Mol tisnue lnd been
included Letween the bone ends as
recn in the Iaternl view This dreap-
peared within three months Solid
unlon oceurred
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Blas~cut

Stralght-cut L:]J
lannele}
Flonnele Flannelet

Fre 114 8kin traction may be used on the fingers of a
ebild (rot m an adult) for thres weeks or mors mthout il
effect. By thws means, the alignment of any forearm fmetare
may bs mah; d. A don 13 of no

produced with permmsion of Clinical Medinne (143) ]
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Fia 116. R. J Evcept for slight swelling the
appearancs of the wrist was normal on removal of
the second cast. Climeally normal alignment is
important in forearm fractures m chidren. (Repro-
dueed with permmaion of the Journal of the Ameri-
ean Medienl Amociation (52) )

Fio 11o The tapo traction was attached to
a Jong arm e t with the elbow fleved. Thr was
changed for & long arm east without traction
seventeen dayw after the fmeture.




g

Fro. 117 R. J, 3/4/39 Fire
neeks following the fracture there

Amertean Vedical Amociation (82) ]

FRACTURLS I\ CHILDREN
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Fra 118. R J, 8/19/3%, Eigh
moaths after the fmeture, th
roentgenogram shone slmost com-
plete restoration of the Interna
architecture. Cnfeally the forearm
was normal In the roentgenogramy
teken elghteen months after the
inyary the kft Jooked just Hke the
nght. {Reprodured with permisoa
of the Journal of the American
edieal Amocistion (32)]

i

N
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Fia. 120 F Y male, age 10
12/29/51 This greenstick {ractore of
the left radivs with a comjplete
fracture of the ulm ocenrred when
the child fell out of & doable decler
bed Lreaking the fall with hin left
bard. It waa reduced by a loeal prac
tibober who did not brenk the radies
through, but merely begt the fore-
arm straight.

Fia 110 Fractures of the distal third of the
forcarm shouk! be Immeobliliznd m pronation alight
promation for (ractures of the radmus only and
pomes liere betwcen md and full promation for both
hones, In u cliukl the wret peed pot be in the po<-
tion of funetson 1 xtreme malmar flexion serves vo
wwelul parpose either Slight palmar flevon is the
peutrnl pomtion. The east shioald e molded onder
the volar surface of the radins.
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Fra. 121 F Y This mweaigenc-
gram was taken through tho cat
Joxt after the ineomplets reduction,

T | befors the patlent resmmed astivity
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f T 123. F Y., 3/25/03, one
year after the preceding Alm. The
am was refraetared on 2/20/02 and
put up in marked pronation. The

&)7 alignment of the radlus wns restored
The ulna way pot refmctured At

R

Fra. 121 G B female, age 8, 10/25/28. Com-
plete closed fracture of the distal end of the radius.
Closed reduction attempted nnsuccessfully on two
.!Wtuunmm%miuctbn on 11/2/23 ono week

Ducharged from the hospital in
plaster splint. ! *

tho end of a year functoon wns
pnormal. Vomals 1 Angnlation of

fractures of tho forearm
Is likely to recur unlcss tho facture
Bs completed 2. Fractures of the
radios near the distal end are put
up in pronation.




. , Fra. 125, G B 11/30/28, In the plaster splint
ane moath after the fracture, The position of the
1 fragments bs satisfactory

Frg 126 G B, 6/30/38 eght years folowing
the fracture. “\ote that open reduetion has “dons
something  to the feft (orearm. Following closed
reductions, deformity does not occur (compare
R.J Fuyure 113) Thers was bowing of both radias
and ulns with the converity Interally Appreciable
shortening of the forearm bones. Sitty degrecs of
lmitation of pronstion 10 of sopdnation. Other
motroms wers notmal Mlght lose of the earryung
angle Pain 1o the wrut with heayy work.
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Tia 177 R. h. male age 3%y
6/21/47 Trpieal grecostick frac-
ture of both bones of the forearm.
The troe angulation fs mathed In
babr fat.

————

Fro 120 R K. 8/1/47 bealed
fracture shown 1n the previom
roentgenogram  my weeksy  later
Tmoo is soldd. The afignment =m
normal The ulna npormally bowms
with the convedty dommlly

N7

Fia. 128, R. K., 6/21/47 Green-
stick both bons fmcturs of the
middle thinl. Both bLones were
broken through (Fig 130) and a dong
cast wns applied with the forearm
in midrotation. The soft tissue
hinge that Charaley describes (53)
i derimble buat a bony bridge will
merve os & eprng to reproduce
the deformity unless it s broken
through.
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Fie 130. An angoiated greepatick frarture of
both bones of the forsarm (A) abould not almost be
straightened out, but should be broken through by
2 deft bending fores over the surgeon s knes. (B)
Tke deformuty shoudd be allghtly reversed. The
bone s broken bat the perostemn remafns ntaet
Following this manearer the forearm will remain
strarght while sospended by the fingers. Recurrence
of the deformity does not occur as 1t doew so aften
if the fracture s not complated.

Fre 131 A long arm cast rith the elbow flaved
to 80* and the forearm m neutral veron 11 routine
for fractures of the muddle third. 1t 13 not pecesmary
to lave the Lnuckies free. Immobiization of &
child s finger joints does not caume strfnews anless
there Is & band mjury
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Iisplaced fractures of the prosmal thard are reduced with the forenrm
1n complete rupination (Tig 132) and held In a plaster cast (Fig 133)
Overnding 13 not objcetionnblo but alignment must bo good (52) If there
13 & tendenes to angulation 1t niust be corrected by traction apphed to
the fingers as suggrested for fretures of the middle third Bayonet appost
tion 15 acceptable mnee thero will be perfect restorntion of the hony con
tours 1n o few months and roontgenograms will look normal wathin a year
Function will be normal Alalpowition 1s an indication for more cfficient
coneervative measures and not for open reduction

Fractures of a single bone 1n the forearm at any lovel offer an intercsting
problem If the fragments aro displaced appreciably an attempt should be
made at reduction The sound bone may be ured as a lever and conmder
ablo force exerted mn traction on the broken one (Fig 134) Pronation is
useful 1 mamtaning the position of & fracture of the distal end of the
radius supmation of the proximal end Accurate reduction hastens the
return of function [t 1s not exxential (Figs 137, 138) There will be solid
union even if the bone cnds are moderately displaced Callus wall brdge
interpoted muscle maseea 1n children (Fig 112) Restncted propation and
supination will eventusally return to normal unleas there is gross displace-
ment 1o a bov over twelve (a gird over ten} Only when there 15 irreducible
angulation at the middle third 1n a child over this age 1# open reduction
justified Internal fixation 1s unnecesars -

Refracture of both bonea of tke forcarm at the same levcl 1s more frequent
than genorally realired (Fig 135) It wsualls occurs within the first six
months after the ongnal injury but may be delayed longer The reason
15 probably related not to any weakness of the banes, but to the child s
habit patturn Tumbles at a certain age are due to temporary awkward
neas or carelesness When the fall occurs 1t 1s charactensticalls broken
by the outstretched hand that 19 not carrying a toy The same trauma is

hkely to be repeated After a year or more other activities cause other
njunes

Errraysesr FRACTURES

Epsphyscal fractures of the dustal end of the forearm are umaque in children
and usunlly occur betweon the ages of aix and ten The racus alone or
both bones may be 1nvelved Sometimes displacement of the radml ept
phy#s1s combined witha greenstick fracture of the ulna Marked displace-
rlr;)r;t of the epiphyseal fragment is usually produed by direet trauma (Fig

The diagnoss of a displaced epiphyseal fracture 1s reads]
3 made by the
roentgenogram. Occamonally there 19 spontaneous reduction Ther{oue
should recognize the diagnostic importance of a tiny chip of metaphyms
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which usually remams sttached to the darsum or racial mde of the em
physeal fragment (8) It 1san indieation that thers had previously been dis-
placement When ecen promptly the fracture 15 easily reduced (Fig
140) As m fractures through the distal end of the ghaft minor duplace
ments need not be redueed There n1ll be prompt restaration of both fane-
tion and form on the roentgenographie film Shight overgrowth 18 common
but retardation from epiphyzeal njury 1s rare 1n this type of fracture {Fig
141)

The slightly displaced fracture through the epiphyms of the radus
(Fig 142) produced ndirectly by a fall with conmderahle force on the
outatretched hand may appear mnmgmficant but the axsomated crushing
pn to the growing cells of the epiphy=eal plate 18 likely to cavse -
tarded epiphveeal growth Anguler defornutv appears promptly as the
bone elongates (Figs 143 144) The prognoas should take this possibahty
tnto conmderation (Fig 147) Prompt recogmtion 15 mmportant if treat
ment 18 to be efficent (Figs. 145 146) Repented osteotomes are prefer
able to early closure of the radial epiphyes to prevent the return of
angular deforouty Not more than o mm of elongation should be at
tempted at one operation The radial deviation of the hand secondary to
epiphyzes! fracture of the distal end of the rediuy must be differentiated
from a true \adelung 8 deformuty (Fig 148) wluch 1s usually bilaternl,
and asymptomatic untl puberty

Epiphveeal fractures are treated like other fractures of the distal end of
the forearm Open reduction 1s rarth necessary (Figs 140-151) The end
resuit 18 influenced less by accurney of reducfion than by the amount
of imtial treuma to the growing cells of the epiphvas Forcible or re
peated reductions and particularh open reduction of an ephiphyeeal
fracture which 13 mare than two weeks ofd should be avoided becruse of
the danger of additional trauma to the epiphyzenl plate After diplace-
mwent of an epiphvms realignment takes placs subperiosteally and the
chaft soon follows the epiphyzs to the new pomtion Apply the mma rules
for acceplabihty of the defarmsty as for both bome fractures ebove the
emphvas

FRACTURES aXD DisrLocations OF THE CARPUE

Injuries of the carpus are exceedingly rare until e chuld 1s almost full
grown Freeh dislocations of the semiunar are reduced in the pame manner
as for adulis (54)

Fractures of the carpal sraphoid are ususliy not dirplaced Thes may be
difficult to recognixs es m adulis Roentgencgrams of both wrists should
be taken wath tbe fists clenched tn the dorsipalmar projection and in the
oblique po-ition Reray in a week if the first roentgenogram 1« negative
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Plaster immobilization meluding tho thumb must bo continued until
thero 1s rocntgenologe ovidence of healing This usually means eight
weche but it moy tahe sx months

Occamonal carpal fractures wall benefit by open reduction T mcture of
the carpal semulunar 18 rarely encountered as an wolated mjury Such a
fracture with di placement of one fmgment could not bo reduced by
cloeed methods (Fig 152) An n<sociated erushing cpiphyrenl fracture
of the distal end of tho radius which was easily reduced by eloved methods
caused permanent shorteming whle the earpal semulunar healed perfectly
following open reduction (Figs 153 to 155)

Lignmentous injunca of tho carpus require two weehs of complete 1m
mobilization plus one weck of xplinting with superviced gentlo motion
at the times of dresing

WnineeEn INJuRIES?
Euology

A\ fracture of tho middle thurd of the forearm and ocea<ionally at
another level 1n the upper extremuty of a child 1s xomotimes tho result of
a wringer or mangle injury  The fracture may oecur at the timo of the
acadent or later s n pathologic fracture following denudation of the bone
(Fig 1508) In either casze tho fracture 13 of sccondary importance The
mechanism of the roft tiasue mjury should bo thoroughly understood if
trentment is to be appropriate

The voung child 18 faseinated by the moving wringer of 2 semtutomatic
washing machine and catches s fingers 1n the turming rollers 1f not
watched. The wnngor overpowers the sereamung child and draws part or
all of the arm nto tho machme At times it may pull a small chuld off hus
fect If the victim 15 fortunnte eomeone stops the motor and sets off the
safoty refease If rescue 18 delayed tho wnnger mechamsm wiil churn
the soft parts at exther elbow or axilla damaging severely the underiying
muscles vessels and nerves at this point of injury This severe crush
myury 13 a true surgical emergeney and should be handled by some
one who 18 famuliar with the proper treatment Neglect or impropor treat
ment at thia time results 1n further damage

Ezramination

Thoe arm mas appear completely unharmed or only &l

y alightly damaged
A fen superfiel abrasions lacerations ecchymoses or a moderate
amount of edema may be all that 18 noted When churning  hasoccurred
there 18 usually a small area of ‘brush hurn 1n the antecubital forsn or

 This sectson s based upon tha ploneer work of Dr Irwm Bebnls ukee,
of Milwa
condnmdhwnttmmthhhmﬂnbnmﬂcumdthehe{polDrchke{Lm kit
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axils It 15 mmpoesible to estimate the degree of damage at the first exam
inatien, mnce the most scrious element of the mjury 18 the progresave
tusmue destruction that 1s hrdden beneath the skin gurface

Pathologic Changes

In additron to the erushmg of underlying muscles tendons perves and
blood vessels there 1s bemorrhage into fasmal planes extravasation of
blood and tissue fliud A aleeve of skin and subjacent tissue soparates from
the underlying fascia sheanng off the intervening and connecting vascular
plexus The arm ma) be compared to a semidenuded musculosheletal
understructure incased m a pedicle graft alesve The pedicle graft sleeve
bas been strotched twisted and crushod Salvage of this damaged Wleeve
15 dependent upon hmrting the “vhite bleeding’ of tissue finrd extravasa
tion and pooling of the hematoma and by guving turgor support to timues
to improve therr arculetion

Vanscular spasm and 1schemic necroms begun soon and may progress to
a disastrous degres within twent; -four hours These changes can be mim
mired or prevented by propor treatroent instituted tmmediately after the
acadent Even after thirty-six hours progressive damage can be arrested
A poorly handled case mey go on to extenuve necroms of muscles ten
dons nerves and bone (Fig 156) of the entire hmb Infection may super
vens 1n the damaged tissue This diesster means complete destruction of
tassue that might otherwise have been salvaged

Ischemic necrosms s the moet damaging corapornent of wringer mjury
It 18 preventable if proper trentment 19 bogun early Hot compresses and
strong antieptics increase tissue loss and should be ay ovded Proper treat-
ment stops progreauve loss of tissue and salvages structurss wwhich have
been injured but are atill viable

Trealment

The arm 18 exarmuned and roentgenograms taken If there are fractures
they are reduced and sphinted when the preesure dressing 15 epplied The
the njured extremity 1s cleansed thoroughly with soap and water under
aseptic precautions Complicated cascs are treatod in the operatmng room
with the surgeon 1n cap mask gown and stenle gloves Ancsthema 18
ured 1f needed Superficnl and decp lacorations are repaired but not closed
tightly Any large hematomas are evecuated by aspiration Stenlo petro
latum strips are apphed lengthwise (not curcularls ) on the abrasions and
reparred lacerations Several layers of gause sre mterposed between the
fingers to avaid skan to akin contact Kerlrx roll bandage 18 wound about
the extremity from the fingertips to well above the point of maximum
mijury \echames waste has been discarded because st 1s difficutt to epply
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cvenly A cotton elastie (not rubberized) bandage mves further firm com
pression Tho fingertips are left exposed &0 that the circulation may he
carcfully watebed This tvpe of clastic pressure dressing gives support to
the damaged vewels by proventing furtler edema and extrayvasation

When a fracture 18 present o light plaster caxt 18 applied over the pres-
gure dresang to mamtain reduction The forearm and arm are clevated
and surrounded with 1co packs Acrer apply heal A sustable antibiotie 18
given n the pre<ence of abrasons and lacerations

Resulls

Two end reault studies have been made at the \hilwaukee Children s
Hospatal (55, 56) tho first of 45 patientsin the penod from 1030 to 1041
and the recond of 114 casea including thw first senes from 1935 to 1001
Many of the 45 patients (1935 to 1041) were treated late and by inade-
quate or harmful methods The applieation of hot compresses produced
tho woret results Tho other 00 eases (1042 to 1001) showed markedly
mmproved results This was a reflection of loeal pubhiaty regarding the
sericusness of wringer injury and its proper treatment The patients i
the second group wero brought to tho hospital earher tho late ones
received botter medieal eare Shin grafts were neeessary in fewer cases
(87) The periods of hospitalization were markedly reduced
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Fio. 153. A loog forearm cast
should be applied 1 supination for
fractures of the proamal thrd. If
there Iy any angulatim or evcestive
overndmg a banjo attachment s1th
akin tractlon on the fingers may bo
added (Fig 115)
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Fla. 134 Valgos strals of the elbow is useful In dutmeting the mdial frag
ments when only the radins is hroken, Tractson i lem 1mportant than the
leverage action at the wrrt (A) by using the ulna as » fulerum. B The distal
fragment 14 manipulated mio poeiton with the thumb
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Fic 130 L. B 7/22/% six months after the
precedmg film Umon had oceurred with good
alignment There was still siight Dmitabon of
pronation This dunppesred within three months.
(Reproduced with permiston of the Joarnal of the
Amenean \Medien] Amocuaton (52) )

Fro 135. L. B male, age 6, 1/4/36. Refractyry
of bath bones st the stta of a greenstick fractam of
both bones three and one-half months previomjy
Good ahgnment but po appoaition was obtained o
s stinpls east. {Reprodueed with permmmon of the
Journal of the Amencan \ledieal Amociation (52))
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Fio 137 L. D,, 11/8/40 five yenrs after the
originl injury There was no radiologle evidence of
the fmeture. [Meproducer) with permimion of the
Journal of tho Amerdean VMedieal Amoclation (52) ]

Fio 138, L. B., 11/8/40 lateral view of the
preceding came. The forearms were symmetrieal,
Chcally they eannot be dwtingumbed. [Repro-
duced with permisson of the Journal of the Amen-
\Medical Amoctation (52) ]




plivd FRACTURES IN CHILDREN

Fro. 1390 R E mals, sge 10,
8/18/30 Epiphyweal fracture of the
distal end of both bones of the sight
forearm enused by & fall from s straw
stack. Note the ehlp of metapbyss
attachad to tho radial epiphyseal
fragment (arrow) Reducbon we
eany under general anesthesia A
long cast wax applied for thres
weeke.

’Q

Fro 1mn_s,9mmnomt "“"—""""‘,/
genogram of the preceding  epl- ‘,

physeal fracture on removal of the

csst Ewmination ten weeky later

sbored pormal functroo.
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Fie 142 D B male age 7
3/19/37 Minimal displieement of
the left drial radhl! epiphyms
amoemted with o greenstick fmeture
of the ulna was enuwed by a fall on
the Jeft hand. Quite properiv & cast

was applied without further reduc
toa.

Fia

41 R L.

10/28/414

A

five year followup showed normal
fonctlon with &5 mm of shortening
of the right mdrnus.

ll
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Fie 143. D B, 8/7/42. The wjury must have
been sovers, with comsiderable damage to the
growmg colls of the Jeft distal radinl eprphveis
beocawse thw deformity appeared in the muoeeding
five years.

Fic 144 D B 8/7/42. An anteropostencr
roentgenogram of both wretz showing marked
retardation of growth at the left dmstal radial ep+
phyms.

1
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Fia 146. D B 7/11/50 A good
cosmetic result. Bhortening of a
forearm s not of great consequence,
The deformty coukd not havre been
prevented but could bave been
corrested earfler with less macnifice
of length,

Fia. 145 D B, 8/3/43 Ons year after arrest of
growth of the distal ulnar epiphysls and ostcotomy
with insertlon of a bone block in the radius, The
operation on the mdius stimulated further growth
at both ends of the bane,
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Humeruss
Proximeol
YA Bb % Radius
=Y - Proxtmal
] ke
A
Distal
P
Femurs
Proximal .
1
iden  RE
Distal
R8%aa 23
RE 2%aa
Green
Proximal
Fibula s §d2aa
Proximal
A ‘ff
Grean -
Distal

P:;gntaqc&rqrtmt m“‘ﬂ
#~Bisgard Gill and Abbots KHeiple, MD. 5%
Fro 147 Epiphyseal contributions to longitodmal bone growth. In makmg s prognosis
a3 to growth stimulation or retardation resultmg from epyhyaea! infury ope most con-

sider the relative normal rate of growth of the epiphyxis Involved The averages are well
showp in the above eartoon, (Courteay of Dr Charles Frants)
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Fia. 148. B I L Lateral viewsn of the wrists of
the preceding care to show the unusual volar devia
tion of the distal endd of the mdmus with increase in
the normal radial articular angle. (Courtesy of Dr
W W Huont)

-

Tie 14% A P L female age
8. This was not a fracture of the
distal radial epiphyrls on both
sdes. It was \adelung s deformity
tdiopathic shortening and bowing of
the radius. (Coartesy of Dr W W
Horst.)
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epiphysly remained canght in the
dutal radial articulation. It eould
be dimlodged only mith an open
reduction. B shows eccurats raplace-
méent of the ulnar eprphyala with ph
flmtwon. (Courtesy of Dr Robort
House.)

)

Fro. 140 E. L. male, 5/2V53,
Complets dislocation of the dmtal
epephyscs of the loft forearm with
fracture of the ulnar stylold when a
tractar overturned with tha bor's
arm caught m the ateering wheel
(Courtcsy of Dr Robert House.)
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- Fia 1561 L. L. 5/29/3% (at 6
distance) one vear after tho preced-
Ing roentgenogmms. Thero has Leen
slight retardation of grosth of the
left mdius (closed reduction) bat
considernbly lers gronth of the left
ulma (open reduetion of the epi-

phywis)
Right radios 2.7 em
Left radiay 218 em
D em.
Right ulna 253 em.
Left ulna 240 em.
13 em.

Vi

Function was good (Courtesy of
Dr Robert House.)

Fia. 152. G B, malo nge 12
7/23/43. A erushing type of epiph-
yeeal fmacture of the nght distal
radlal epiphves with o fmcture
dulocatlon of the semilunar Cloved
manipulation aceurately redoeed

the radhal eplphysis lrat waa ineffec had !
tual In restoring the remilomar Q
'~ G
o [0 P '

Fra. 183. G B, 7/26/43 the
wrist shown in Figure 152, On
7/24/43 the semilunar was reduced
by open operation through a volar
fnewion and & cast appled. No
Intemal fivation was necesmary




Fra. 134 G B 4/30/47 A
shows mhintensnce of good posttion
of the semlhmar with retardation of
gronth of the mdms 5/25/47 B.
The dietal ulnar eplphywis had been
curetted packed with booe chips
and ploped

Fia 155 G B /117580 30 cm.
shortening of the right mdums wus
not & groat handieap Function woa
normal.




FRACTURIS OF TII1 TORI ARM AND WIUST

N

fracture of both bones of
Fia. 156. D R., male age 3, 1/29/33. Ununited pathologie
dm;dlfurmnumm(h-foﬂarhgnnrmgaln]ur) with slough of the skim. The fmcture
ocemrred forty days befors this roentgenogram. Resection of the radius and debndement
of the ulna shortened the forearm. There was spontaneous healing of the radius in dght
w eeks.

Tra 157 D R, 4/30/50 twelve years after the preceding roentgenogrun. At elght
montls the left ulna was still ununited. After mx years, both bones wers solilly united, At
twelre years, promation was [mited 10* ulnar edduction limlted 40° volar flexton Lim-
fted 10° Other wrist motfons »ere normal Grip normal Thbe left radiue was 2.0 cm. short
the left ulna, 4.2 cm. as compared to the bones of the Hght sde 10 a six foot plate.

111



COAPTER VI

Injuries of the Hand?

The enld s most frequent injury 15 to hus hand Wide recuperative and
corrective healing powers aid the surgeon but do not free lum from the
obligation of intelligent management One who treats hand fractures
must be prepared to treat all injured structures conconutantly Auch of
the child s future social activity and economie postion 1s dependent on
the preservation of good hand fanetion

Sprains and dulocations are relatively common among the closed m
Juries to the hand Fractures are mare often open than closed, and ao-
companied by serious soft tissue injunes. Most statistical analymes of
children s fractures have a low hand incdence—7 per cent to 10 per cent.
This undoubtediy results from the omisson of the most frequent hand
fracture of all—ths distal phalenx in the crushed finger tip Treatment of
this mjury at the office or out-patient level excludes 1t from tabulation in
a haspital sertes

Most closed tnjunes occur with falls playground or athletic acadents
Open 1njuries come from crushes 1n doors and injuries by toys Care of
open and closed types 18 so diferent that thev will be conmdered sop-
arately

CrLosep FRACTURES AND DisLocaTioNs

The treatment of the closed fracture and dislocation has for 1ts goals pre-
vention of further displacement and added damago to soft parts reduction
to positions of narmal bony architectursl relations end retention of the
correct alignment duning healing (01) Though early reduction 18 emential
no manmpulation should be done until the exact disgnoms 15 established

3 Thu chapter waa contritmted by Dr Willlam H- Frackelton, Amwtant Professor of

Surgerr Marquette Untrersity School of Medlems
ng
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and skalled attention ean bo supplied Meanwlile splinting of the hand
and forearm in postion of function (Fig 158) mith n stenle compresson
drerang ratinfies the firmt md requirements (Fig 159)

Diagnosts Inepect for ewvelling cechvmosis deformits and lo=s of fune
fion Gentlo palpation may reveal bony arregulanties 1If the cluld 14 ald
enough to cooperate pownts of tenderness and referred pain ean be located
especialls m phalanges and metacnrpals Gentle compression of o digit
against itn proximal jolnt mav direct attention to fracture or hgament
joint instability

Rocnigenograms arc obhigatory for diagnoms record and followup Volar
dorsal and lateral views are moro satwsfactonly obtaned when the small
child 8 hand 12 stabilized agninst the cassctto by an overlving radiotrns-
lucent gheet of aluminum or glass Tlis mmple procedure prevents move
ment or the supenmpo<tion of curled phalanges Symmetneal films of the
opposnte hand are of great aid 1n differentiating fracture-dislocations from
the normal translucent zones at the growth centers

Reduction 18 accomplished early with greater eose and with leas damage
to surrounding parts than under a delaved treatment program Manipu
Iative reduction requires satisfactory relaxation Often local anesthesma
will ruffice A prebmunany barbiturate sedative and infiltration of the frac
ture hematoma or joint #pace of a dislocation with 2 per cent procaine 1s
mtifactory for children from threo years upward

Gentlenera 13 ereentinl Force leads to contusion edema and etrculatory
ymparment I reduction 18 not readily obtained by closed mothods at
tempts thould not be continued Operative reduction may be indicated
Speafienlly closed reduction 1s likely to be meffectual 1in dislocation of
the metacarpophalangeal joint of the thumb because thohead of the meta
earpal protrudes through the capsular rupture and between the tendinous
ends of the flexor pollias brovis where 1t 18 imprisoned Less frequently
this 15 true for fracture or dislocation of the head of a phalanx or of the
bead of a metacarpal into 1ts joint

Most fractures and dislocations are correctly treated 1n mmple fashion
Too often over treatment leads to complications Merely plaang the
hand 1n posmtion of function (Fig 168) will accomphsh reduction and
the proper position for retention splinting 10 almost oll phalangeal and
metacarpal fractures of the hand The exceptions are the threo B s
Bennett s Baxers and Baschall tvpe fractures The dorsal “bowing’
of metacarpal and midphalangeal fractures 18 corrected with the relaxa
tion of the wnst extensors the long finger flexors and the interossei Thus
1 nccomplished when the hand 1 in the position of funchon An angular
deformuty of a phalanx with the apex i the ulnar or radial direction will
perast for raany months i & kmall child and will b permanent m en older
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Hand 1n the

P "
Fosition o funcion Fio 183, “F ol F "

wrist dorslextended 20° to 30°
prodmal and dutal jounts moder
ately floved and midjolnts fexed
almost to rght angles, thomb o
opposition away from the palm,
The whole hand b in & ‘ready to
grasp* poution,

one There 13 cansderable leewny when the angular deformity has the
apex in the direction of flexion that 1s with the fragments hyperextended
at the tume of bealing (Figs 160 1061) Somowhat less correction takes
placo when a phalany heals in an angulated pestzon with the apex dors-
ally (Chapter [}

In obtaiming or mamtaimng reduction of cbhique, comminuted or jomnt
fractures traction may be helpful Thus 18 adequately and practically ob
tained by applying gnuse strips held to the digit with collodion This
aimple method 19 sufficiently securo for the appheation of tractim neces-
sary for phalangeal and metacarpal fracture control A speaific techme
13 necessary to avoud constricion Ono inch wide gaure bandage 1s used
A length shghtly over twice that of the finger 1 cut With the finger
extenson, the alan of the lateral mdes 1s painted with collodion. The gnuze
18 applied 1 loop fashion the fres ends of the gauss at the Intera] mdes of
the base of the finger and the loop extended bevond the tip of the finger
Additional collodion 18 pamnted on i successive lavers as 1t drys Since
there 13 8 strp of exposed skin both dorsally and volarly arcumferential
constriction 18 avaided The collodion 13 allowed to dry woll before actual
traction 15 applied to the loop (Fig 162)

Pulp traction through a transfimon wire 1s unnccessary and too fre-
quently complicated by soft tisue damnge from infection or mmpaired
esreulation Traction by means of & holo 1n the finger nail is unsatisfactory
and damagng to tho nail Woven constricting devices such as  Japanese
finger traps are unthinkablo Adhemve tape apphed w spiral fashion is
lihewise dangerous

Since the amount of trachion necessary rarely excecds the capabilitres
of the collodion strip mothod skelotal traction Is seldom necomsary A thin
Kirachner wire or metal traction pin may be placed through the bone
trapsverels at the distal end of a fractured bone or 1 the terminal
phalanx of the finger Tho hand and 1pjured finger or fingers should be
supported n a poution of function on o volar curved motal sphnt nte-
grated mto a hand-forearm cast Vultiple digit wnjuries may be better
supported upon a hand forearm  postion of function sphnt (Fig 15D)
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Fio 150 Handforearm splint and dresung. A. Tucen board moaked with water
enslly et and bent to proper shape. B A mound of gauze gives proper palmar areh. A
sargieal pad over this gaure and the eplint aids In protection and compression. C Gaurs
ls placed between the fingers Kerlivaboat the Land before applying the extenor layer of
gauzo bandage.
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Fra 161 B P, 3,11/63. Rosnt-
genograms thurteen years following

tured bove. The range of motion of
the sdfacent jolnts was choleally
pormal and symmetncal wrth that
of the other hand ‘Mioral Anguls-
thon of a fracture in the plans of
motion of a hinge joint dimppears
to & romarkable degree, partleniarly
if the apex i toward the flexor sdde
(Chapter I)

FRAOTURES IN CHILDREN

Fra 160. B. P, famals, 2ge 8
7/30/40. Two weeks befors thy
roentgenogram was teken the pa
bent sustained & freturs of thy
bas! phalanx of the middls finger
when she was siruck by a flylng
handle. The finger bad been splinted
m flexion with the present deformity
Unlon had oceurred and the deforme
Ity was allowed to remat. Sym
metrcal roentgerograms wers taken
but the keft one was amuited to save

space.

N

|

%
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Ezceptions to Reduction wn the Pogon of Fundion

The three B are reduced mn different fashion although by closed
mothods Bennett s fracture of the base of the thumb metrearpal through
the yunt and with disloeation of the hook
Whon 1t ocoure 1n adolescents, skeletal fixation through the head or shaft
of the proximal phalanx of the thumb 1s the treatment

Boxer s fracture of the neck of the metacarpal 13 reduced by nght
angle flexion of the proximal phalanx on the metacarpal Tho head of the
metacarpal 15 stabilized 1 pomitton by 1ts jont hgaments. The usual
method of applving a postenor plaster slab to hand and forearm continued

18 not seen 1n young children
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Rubber bond
J collodion sirlp appled
o lo sidas of finger

Splint ma/ae Mole skin
i podding on
of soft metal vang
bent o shops £

A
Safety pin
Fia. 182, Traction for redurtion-retention of digital metacarpal fractures. A. Traction

hmmmpmmmmhtmmdmﬂmwmuum
finger with a few layers of eollodlon. B The splint can be bent to

shape or a strip of metal fashiomed to a similar desgn. C A hand-forearm cast s applisd
and allrwed 10 set. The metal wphint i then incorporated with wdditional tams of phaster
Moleakin or gauss separates the finger from direct contact with the metal splint. When the
plaster and the collodlon are sufficlently dry correet traction ear be applisd by a rubber
band.

on over the praximal phalanx m 1ts nght angle pomtion may at times be
meffective for continued fixation

It 15 mutable 1n older children to pass a Kirschner wire through the
head of the metacarpal on into the shaft of the metacarpal to emorge
dorsally and shghtly obliquely to the long axis of the shaft and on out
through the slan proxumsally Excess Kirschner wire 1s cut off distally
The proumal end of the Kirschner wire emerging on the dorsum of the
hand 18 then pulled further proximally until the distal end of the Kirschner
wire is withdrawn beyond the metacarpal joint surface and entirely within
the head of the metacarpal The protruding end 1s cut off bent and buned

ury
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under the skin A metal strip splint padded with moleskan and bent at
night angles can be apphed on the dorsum of the hand and beyond 1ts nght
angle bend to the dorsum of the proximal phalanx Such a splnt sy
be removed nternuttently dunng the third to fifth week of the healing
time for alan eare and general cleansing

Baseball fracture or mallet finger 1s rupture of the extensor tendon
and/or fracturs of the dorsum of the baso of the distal phalanx This
nyury 18 farrly frequent in children often i an open wound It 1s reduced
and mamtamed with the distal jont i hyperextension and the midjoint
of the dipit 1n flexion thereby mecunng the greatest relaxation to the ex
tensor tendon spparatus at the distel jont It 18 splinted 1n this pomtion
rather than by operative fixation even if 1t 13 an open 1njury

A plaster of Pans sphint 12 often ady ocated but 1s difficult to apply and
mamtamn in children Satisfactory fixation 18 obtamned by a narron metal
gutter splint pedded with moleakin and placed volarly The splint 18 eo
bent 23 to allow for hvperextenmon at the dustal joint right angle flecon
at the nudjoint shight fleon at the proxunal jant and with sufficent
splint length to extend proximally within the palm. It 1s held 1n place by
str1ps of adehmve apphed about the palm the proxumal phalanx the mud
phalanx and over a small felt pad placed on the dorsum of the distal jaint
Weckly or biweshly adjustments are necessary dunng the succeeding
five to mx week healing period

Open Reduction

A closed fracture of the hand of a chuld 1s operated upon only when
mampulgtion fals to produce a satisfactory result A well equipped oper
ating room good highting adequate srwstance and mstruments complete
anegthema usually general and e bloodles field obtained by the use of 2
preumatic cuff about the upper arm careful shin preparation and draping
are essential

Of cloged fractures and dislocations requnng open redoction the most
common 18 dislocation of the metacarpophalangeal jownt of the thumb
We bave discussed the reasons why closed reduction 1s likely to fail If
hyperextensmon of the prommal phalanx and gentle roclang to freo the
metacarpal head has been neffective a radioleteral melson is made over
the proamal joint The skin and subjacent tissue are elovated The digital
nerve 1s visualized and protected The volar capsule rent 1s enlarged
longitudinally to expose the protruding metacarpal head The enarcling
tendinous portions of the flexor pallicus brevis are withdrewn from each de
of the metacarpal head and reduction then obtmned by manrpulation under
direct vion The joint 15 fived in moderate flexion for thres weeks and
then motion 1s allowed Some Lumtation in rango 19 to be expected The
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longer the penod lefore reduction the greater will bo the ultimate rextric
tion of motion

Vetacarpophalangeal dulocations of the fingers develop n romew hat
amular obetacle to elosed reduction, but less frequently The proximal
jomt of the index or httle finger can be approached from the radunl or
ulnar lateral mdo respectively For thoe nuddle and ning finger a dorsal
inc1mon sphitting the extentor tendon and dorsal joint eapsule allows direet
cotrance into the Jomt A blunt tipped probe of dissecting tvpe gently
frees the volar eapsule from the metacarpal head and permits reduction

Interphalangeal jotnt fractures of the chip type or dislocations may re
quire open exposure This 1x done on the lateral mde of involvement In
terposed capular ligament is withdrawn out of the jomt and reduction
pecured 1f mmple flexion poaition does not readily mauntain correct ahign
ment of a phalangeal head fracture pinming of the bead on the shaft
with an obhique fine wire may be required Mamtenance of reduction is
eccured by immobilization of the bony injury area It is rccured with ap-
paratus or bandaging that prevents motion at mte of myury This appa
ratus or bandagng slould not interfere wath circulation by constriction
ot pressure

Except as previously discuseed for the threo ‘B fractures position of
function 1s indicated dunng retention Normal coneavity of the palm
prererves the arch of the hand The wnist 18 1n 30 dormextenmon the
metacarpophalangeal and distal interphalangeal jomnts m 45° of flexion
end the middle interphalangeal joint 1n almost 90° of flexton For multiple
digt injury o postion of function metal sphint of the Mason Allen type
18 1den} although not commereially availabloin a ehild & mee An unpadded
eplint made from plaster strips 18 lighly mtisfactory For multiple digit
mjury the plaster sphint can extend distally and +olarly sufficient to form
the flexion support for the digits Unlesa the thumb 19 myolved 1t 18 ad
vantageously left freo of plaster aven to ita base For cne or two dipts
the plaster need not extend farther than the distal palmar crease The
myolved digits can be supported on a volar curved metsl splint integrated
to the plaster Freeing the uninyolved digits for movement is practieal
though not a0 esrential in children as in adults. The tendency for stiffen
10g of uniny odved but splinted fingers 18 lexs 1n the chuld than m the ndult

If traction with the collodion gauze loop 18 to be used a rubber band
from the loop 18 fastened with & safety pin wto the plagter cast at the
pavicular yolar wnist area (Fig 162)
Thn ol rettactons emte o o e neeinga sod sl

e entire limb from finger

tips to the upper arm in 8 complete cast or a plaster mplint for part of the
arcumference of the arm Tho latter 15 apphed over light padding with



Fr. 163. Fixation aling for hand mjury cases. A. A 8 ar4 (7 em.~10 em.) width of
stockinet Is cat to proper length and notebad as shown. B The short thardd b rolled beck
C. The notched openmg and the roll of stockinet are pamed over the kand and splint
dremsing to an upper arm powrtion, The short third s then unrolled to cover the foresrm
and hand. D The remammg lngth is passed about the shoulder and neck and slipped over
the hand. Tho end i secured with safety pins with the hand at the proper beight, The
safety pins are covered with adhesive tapa.

the elbow at nght engles and mamtamned 1n place with & spiral gause
bandage In addition a balter type of stockmet aing (Fig 163) will add
comfort as well as prevent the destruction or dislodgng of the cast
through the child s banging, dunking or other activities

The use of Kirschner wires at time of reduction has been mentioned
Occasmonally they may elso be used transversely for metacarpal fractures,
especially oblique ones Even here pomtion of function sphinting and gentle
collodion stnp gaure traction will ordmantly suffice Wiring or platmg of
hand fractures 15 unnecessary m children
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Fia 164 Tho Jevel of a phalan-
geal fracture affects the healing
time. At the base of the phalant
the hone !s moro voscular and
cancellous. Ilealing s more mpid
At midshaft, the amount of eortienl
bone m grestest and vasculanty
proportionately ks healing time
here b slowest. At the bead of the
phalany, eancelions bone is not as
abundant as at tho base Lat s In

- ter proportion than in midshaft.

i E] 3-5 weeks ﬁ?ﬂm;{mmyhd&m&d

Average - A for children down to one-hall for

wwon trme @ 57 - toddlers. (Redrawn from Dr Eric
. 0-14 " Voberg (59) ]

In tho early post mjury stage elevation 15 demrable It 19 mandatory
1m the severely cantused hmb YWhen the patient is m bed the upper arm
18 bonzontal and the forearm at nght angles and vertieal to 1t The arms
suspended by & loop of bandnge pasted along either side of the forearm
and undernesath the elbow In the ambulatory patient the halter stockinet
sling will prevent dependency Immobilizntion should be continuous until
bealing of eoft tissues and firm bony union have been established

Ligamentous and capsular mjunoes panving dislocations require
two weeks of complete immobilization Dunng the third week the hand
may be removed from the splmt for bathing but ahould be splinted be-
tween the dressmings

The healing of fractures of the phalanges and metacarpals requires 1m
mobilization for three to five weeks 1 children Distal phalangeal frac
tures will tolerate activity somewhat earher Phalangeal fractures vary m
healing time with the level at which the fracture occurs There 19 hard
slow healing cortieal bone m the midahaft peution Near the head or base
of a phalanx there is more cancellous vascular bone (Fig 104) In the
mid portian of the shaft healing 18 alower by ome to two weeks Mam
tenanco of reduction must be timed secordmgly

Carpal fractures rarely oceur in children except with direct crushing 1n
junies (Chapter V' Fractures of the Forearm and Wnst)

After immobilization 18 dircontinued the program is different for the
child than for the adult Formal occupntional or physeal thorapy treat-
ments are unnecessary The restoration of function will oceur through the
child s own hand activity es he plays with hus toys or engages in ordinary
gumes Indeed attempta at passive stretching may prolong and merease
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disability of sprains and jomnt wnvolvements A spramed jomt, with or
without Ligamentous tear may require two to three months of use befare
maximum mobility and subsidence or thickenmg has come sbout It will
recover beat without passive manipulations

Orpex FracTures aNp DiBLOCATIONS

Open hand injunes with fractures and dislocations require composte
care of all damaged tissues (60) Such wounds may invalve demage to akin
by burnmg or avulsion laceration of nerves and tendons and open 1njures
of bones and joints In so complex s ‘ machme &8 the hand in which there
are over two bundred named parts, smgle tissue injunes are a ranty Sue
cess m treatment depends upon mmultaneous or proper sequential treat
ment of all mjured tssues

The 1tmiral first ard care of open hand injuries (61) 15 aimed at protection
Avordance of infection added trauma and future disebility are the goals
The epplication of & sterile gentle compresxion dresming to the hand end
sphnting 1n pomtion of function satisfies these requirements Even the
hemorrhage from a severed radial artery can be controlled by the gentle
compression The sterile dressmg protects the open wound from contamu
nation by interested bystanders or dirty wstruments The splint and
dresming 1mmobihizs the hand and prevent added tearing separstion or
pierang of damaged tissue

Preliminary to defimtive treatment of open hand injuries the how
when and where hstory should be obtmned. The manner of mjury—

‘how’ —will gve an index a3 to the type of wound and the seventy of the
crush factor present An estimate of forthcoming edema and fibroms and
the consequent hmrtations for operstive manipulation 15 thus gawed If
the time mnterval 13 not too great— “wvhen —(four to mx hours) an open
contaminated wound ean be convertad to a clean one Primary closure 15
then desirable The place— “where —the accrdent ocourred will give fur
ther mndex as to contammation—did 1t happen mn the manured farm field
or 1 the relatively elean area of the household kitchen? Inquury as to first
aid treatment gives further mformation a8 to poamble added contaming
tion and trauma

Dragnoms prior to ths child’s entrance 1nto an operating roorn 15 lumted
to functional testing rathor than examnation of the wound itself Can
the patient flex the distal joint of the finger aganst resstance? If not
Likely the profundus tendon 18 cut Can the patient percervo the touch of &
cotton applicator to the digt surfaco? If not perhaps tho digital nerve to
that aren has been severed or severely contused Can tho patient extond
the Iast two jornta of hus fingers spread hus fingers apart and bring them
togethere If not likely the motar ulnar nerve has beon damaged Can the
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patient bnng the thumb out aa wn the pouition of renchung for a glasa? If
not there 1t probably damage to the medinn motor nervo All of themo
tonts cnn he carmed out without removing the gauze covering the wound

If tho clnld 1 too voung for cooperation or understanding functional test

Ing s of Lttle worth In pection a« to deformity and the location of the
wound will have to serve as a guide to probable damage

Rocntgenograms are tahen without disturbing tho overlymng dressing
Under operating room condrtions with mashed nose and mouth an ade
quate wound cxamination can be made by stenle handling

Defimiice treatment The patient 1« troated avatomatically for pain,
shoch and hemorrhage and surveyed for other mjunes which may ro
quire concortant or prionts carc Antibioties are given prophy lactieally
Tetanus totord booster (tetanus antitoxin 1 the absence of prior active
immunization) 18 admnistered (Chapter XVI)

For opcratire treatment the following are exential o well equipped op-
erating room good lLighting adequate assstanco and nstruments eom
plete anesthema (almost invanably general) and a bloodless field zecured
by emall pocumatic cuff to the upper arm The area about the wound 1s
gently and thoroughly cleansed with white soap or bland detergent and
water Saline irmigation of the wound nlong with instrumental removal of
devitahized tixsue and foreign bodies completes the mechameal cleanming

When the crush or contammnation factor 1s mgnificant or the wound 18
man}y hours old repair and closure are deferred Nonetheleas mechanical
cleanung 15 carned out gently but thoroughly The highest goal of 1m
mediate defimtive care of hand injury 18 healing without infeetion Fried
nch (68) said in essence most wounda contaminated with certain patho-
genie bactena but cleansed by mechanical flushing within mx hours will
heal without infection ‘ost wounds contamuinated simularly but not eo
cleansed until after mx hours will develop mfection If this mx hour time
interval 1s not exceeded severed structures may be repared and the
wound closed primanly When surface tissue has been lost but closure 18
otherwire ndieated a skin graft facihitates closure without tenson and 19
nature s best bandage A voluminous gentls compression dressing 1 ap-
plied and the hand and forearm splinted with metal or plaster n optimum
position of function Post-operative elevation and rest of the hand pro-
mote healing

Nenmterference with the mitial dremung (mx to ten dayn ts
disturbed Early evidence of infection 1s ele»ntcil )ttmtui
odor and pain 1n that sequence Gangrene 13 indicated by pam odor and
temperature ( “Top and ‘Pot ) Active motion 18 started when the struc-
tures are suffictently healed ususlly ten days for akin and subjacent tis-
sues o to three weeks for muacle fascia and capsule and threo wesks
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or more for tendons and nerves Supervised pasuve motion may be mst
tuted earler in eertain mstances. The schedule for bone and joint healmg
has been histed previously
Dunng operation jomt dislocations aro reduced Bone fragments in
the open wound are restored as nearly as possible to normal pomtion They
are almost wveriebly saved when any perosteum with blood supply re
mams attached Even detached meces ma) be put back mto pomtion
except 1n highly contammated wounds Loose bodies that could cause
Jomnt nmitation are removed
In open fractures, reduction without foreign matenal fixatian 18 best
Oecamonally 1t may be necessary to stabihze the fractures with a siture
of stamless steel wire or & stamless steel pin Maintenance of reduction of
fractures or duslocations can usually be obtained by appropriate splintmg
1n podition of function If traction 18 required and contumon of the skin of
tho fingers makes collodion strip application unwse then a transverss
pin may be mserted i the distal phalapx
Tendons are seldom reparred when a fracture exsts In the same wound
area (63) Only fine nonabsorbeble suture such as 00000 or 0000 1k or
n3lon, or fine stainless steel wire No 35 ar 3G, 0056 or 005 mek 013 o7
0125 cm ) aro used Croshed mevered ends of tendona are runimally de-
brided to mamtam length Mamntenanece of apprommation depends not an
strength of smuture but on relaxation by splinting Tendons are relatively
avascular and particularly suscoptible to infection and mdurated healmg
Additionnl operative traums may be dusastrous Suture by intratendmons
crisseross suture usng a double arm twelve inch strand is a suitable tech
me (Fig 165) Suture 18 pawed transversely through the tendon 3§47 (9
mm ) or s from the promimal cut end The needles pass alternately trans-
versely and somewhat obliquely to emerge et the end of the tendon They
are mmlarly insorted and crisscrossed mn the distal end of the tendon
emerging ultimately on tho samo mde at an area near to each other and
agam about 3% (§ mm.) away from the sovered end Each end of the
strand 18 pulled individually and alternstely to tighten and ‘accordio-
nate ’ the tendon into firm approxmation before tyng the sature The
suture 18 placed transversely m a sngle plane By thus technio there 13
mmmual aseptze necroms from the presence of the suture and no arcum
ferental strangulation
In tho narrow channel of the tendon sheath withm the finger adherence
of the injured flexor tendon 18 all too common  “No man a land  Lies be-
tween the distal crease of the palm and the mdflexion creaso of the finger
Primary tendon suture ssldom succeeds here even when the sublums ten
don 15 removed 1t invanably fais when both tendens are united within
the sheath It 13 mvanably tnsuccessful when o fracture coexists at the
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Fio 165. Suture of tendons with «ilk teshnic. (Redrawn from Dr Steding Bunnell
(59) ] A. to D With a thread and two needles the sutures are placed traversing the tendon
with exch nesdle from two to four times and emerging through the end. E. All alaek 1s
drawnouat F and G The sture 13 continued similarly up the other tendon. Both ends are
broaght ont at the ;ame spot. In placing the last strand in the second tendon end the
needle must not spear the other thread or the threads will not slip By keeping the needies
on separats sides of the tendon this i avolded or better both needles mav be throst
through the tandon simultapeoualy H. and L To prevent the tendon ends from mepersting
under strain the skack  removed from the secand tendan. To do this cne suture 1 palled
at a tlme as the tendon i ehoved along it to snug againgt the other tendon end. J and K.
Thers s but one knot when tied 1t sinks into the tendon and at n place where It raceives
the Jenst strain as knots aro the weakest parts of & tendon suture.

120
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snrme level as the tendon mnjury The callus about the fracturo 1s accom
pamed by induration and fixation of the tendon

Good results accrue from secondary tendon reparr after the mduration
of myury has submded (three to five woeeks) It 1a far botter to gain primary
wound healing 1n tho hand and accomplish secondary flaxor tenden reparr
than to jeopardize eventual function through complicated indurnted beal
g Flexor tendons distal and proamel to “no man’s land @ive good
results when repaired within four to eight hours following o lacerated
wound without & crush factor Crush 18 thus another contraindication to
tendon repair under almost any arcumstance Only whaen the contused
area 18 80 small that 1t can be excised 18 repair feamble Then one deals
with an “ncsed ,not 2 crush wound

E'xiensor tendons are anatomucally different from flexors Although they
aro relatively avascular and tend to become adherent at levels of bone
mjury they are not located in tubular sheaths Simple mattreas tendon
suture 18 used The results from extensor tendon repair are usually good.

Even after the so-called “safe tune interval’ for tendon repams has
passed, 1t 1s wise to unite govered nerve ends. When crush 1s not & factor
primary definitive neurorrhaphy ean be dane 000000 eye silk suture with
an atraumatic needle 18 used for the mterrupted sutures placed 1 the
neurtlemma sheath In crushed or grossly contamnated wounds, onlv
temporary inrtial umon should be sought Secondary repair (neuroplasty
with lyms of nervo removal of neuroma and neurorrhaphy) 13 done later,
following subaidence of mduration

Open wounds with avulmon of figsue and expasure of bone or jont are
not switable for sphit thickness shan grafting It is botter to swmng a pedicle
of skin and subjacent tissue over to the wound from a nexghboning digit or
mmplant the wound mto a subpectoral aren of the trunk Tho bed from
which the pedicle was advanced 18 covered with a eplit thickness skm
mbftmumm of the crushed fingertip merits specal conmderation becauss
of 1ts frequency (64) In a child end espeanlly the nfant one mught
hesitate to consider hospitalixation and operation under general anesthoma
for mo swall an myury The followmng plan offers an adequnte substitute.

If the tip 13 crushed but the bone 18 not denuded by avulson of the soft
parts general anesthesma 18 unnecessary One may use a berhiturate seds
tive by mouth o for tha mfant by rectum codeine by mouth or hypo-
dermucally The fingertip 1s gontly but thoroughly 1mgated with stertle
water and roline solution Even tissue of questionable witality 18 worth
preserving  Approumation of the hmue 19 obtemned by 8 mmple collodian
dressing  Narrow strips of fine mesh gause mowstened 1n collodion and
brought over the tsp of the finger 1n crisscroas fashion will servo (Fig 166)
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from a donor hip or forearm area fs ph
over the denuded tip and held witha

)
’/
Overlapping collodion or
adhesive sirips

adjacont digit a pediclo skan graft from the thenar eminence or from 2
subpectoral pedicle A thumb should be saved under any arcumstance
for oven o stff one 18 verv useful A denuded thumb should be covered
with a pedicle graft A completely denuded finger however seldom re-
guns satifactory function with an enarcling pedicle skan graft Partal
preservation of length especially m s girl may be indicated m order that
& prosthesis may be applied to the stump later

The story that the ‘fuger was completaly cut off and sowed back on as
good a8 new’ must generally be relegated to the category of old wives
tales When the tip of a finger has been severed and that tip bas not bean
crushed approcably 1t 1 feasible to use 1t es a compastte graft hghtly
stitch 1t 1n place Treat the wound expectantly The necd for presen ation
of partially amputed parts or digits has slready been emphameed Sur
vival and usefulneas may be gamed failure does not constitute an added
losa
It 1s worthwhilo to emphasizo that tho highest goal to be obtamed m
hand 1njury 15 primery healmg without mfection An analyms of the
wound the appreciation of the potentialities of repair and lmtation of
treatment within theee potentialities will best serve the patient

The child s spontaneous hand usage 13 all that 1s needed in the way of
therapy to restore form and function upon the completian of healing Re-
constructite surgery on the tiwues surviving mjury has wide scope Even
one sun v ing dignit 18 more veluable than the mast perfeoted mechanical
hand A wgle digit or a metacarpal stump can grasp or pinch agamst 8
prosthetic post attached to a glove or a forearm cuff When the band 1
totally lost a prosthems and early tramng are worthwhile
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Injuries of the Femur

Tae Smarr or THE FEMUR
Etiology

Aboat 70 per cent of all fractures of the shaft of the femur in chuldren
oceur in the middle third 18 per cent n the proximal third, and the re-
maning 12 per cent at the distal end The distribution varies with the age

A transverse fracture of the middle third of & child s fernur (Fig 168)
18 usnally produced by direct trauma a long spiral (Fig 169) by torsion
Commmuted fractures are less common than m adults Greenstich frac
tures are less frequent at this level than 1n the distal third. To the mmplo
ones that occur 1n childhood games are added the complex inyunes of the
modern machme age

Brrth fractures of the femur are usually transverse of the muddle third.
Rarely are they complicated by a palsy of the lumbosacral plexus analo-
gous to but obviously much more difficult to produce than a mmilar lsmon
1n the brachial plexus This exceedingly rare nerve leston may oceur with
out bone injury In making the diagnosss one should not overlook an
epiphyzeal fracture
Trea{ment

Clo%ed fracturea of the shaft may be treated by conservative mensures
with a routinely satisfactory outcome An incompleto fracture without
deformty 18 immobalized m & cast for mx to eight weeks depending upon
the age of the child In treating the displaced fracture only a few pnn
ciples need be obeerved Rotation and angulation of the distal fragment
must be avouded Both can be eluninated by traction with the legs held
in symmetrical positions Tn the young child tlus 18 carmoed out with a
double overhend aystem (69) It 1s better not to tie the ropes to a ngd
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bar but to use separate weights and pulleys (Fig 170) An efficient re-
straint 18 imperative (70)

A child over five or mx years 12 usunlly better controlled by smgle ar
double Russell traction with a weight of thres to mx pounds (Fig 171)
Pulleys must be kept olled Ap effiment foot prece will prevent rotatin
and keep tho foot at a rght angle Tho knse ahing rmust be soft and s
placed 28 to avord pressare on the peroncal nerve A steady pull on the
fractured leg will usually mmuntan correct ahgnment (71) Rotation is
controlled by the foot piece with the occasional addition of adhemve troe
tion with a laternl pull Xf there is angulation 1t may be corrected by ap-
plication of traction to the other leg

In fractures of the junction of the mddie and upper thirds there 1s fre
quently adduction of the promumal frngment This 19 overrome no! by
ereasing the pull on the broken leg but by dimmnishing 1t and pulhng
harder with trction on the opposite mde (Fig 172) Thus tilts the pelvis
distally on the oppomte ade, thus adducting the distal fragment on the
affected mde If there 18 excesuve adduction of the cistal fragment the
legs can he widely separnted to correct alignment In spite of careful ob-
gervation the fracture of en unususlly active cluld may develop early
oconsolidation with angulstion The fracture may be rebrohen easly under
sedation ar general enesthema (Figs 173-177) The callus will have &
plastio conmstency which will aid m mamntuning correct ahgnment mth
further traction

A traction frame for newborns and mfants may be mounted on a board
with a foam rubber pad (Fig 178) so that the child may be cared for at
home Rubber bands replace the pulloy traction Nurmng care 1s easy if
the buttocks are held just of the pad The child remmns comfortable
durmg transportation to the officg or hosputal for egreful mspection at
frequent mtervaly and for roentgenologic examinations Rotation 18 con
trolled by heeping the feet 1n symmetrical pesitions Twenty degrees of
angulation spex posteror (Joss of the antenor bow) and one centunoter
of overnding are perrmsatble

There 13 less chance of complication and a higher percentage of good
results with traction than with other forma of conservative treatment
Unicn 18 more prompt than with & cast and there 18 leas likelihood of angu
lation The disadvantage 1s the need for a hospital stay of thres to mx
weeks depending upon the nge of the child In ver) joung children the
fracture will be solid 1n as short & trme as two wooks but traction should
not be removed until tho tendarness of the caltus has disappeared

There arc dangers assoctated with shin fraction m children which must
be recognized (72) Tight bandages may cause arculatory emberrass
ment If they are not released immediatelv they will soon cause sloughs



TH1 BHATFT OF THI FIMUR 131

or worse 1schemuc necroas (Tig 170) Tlus1s particularly truo of overhead
traction in infanta The well leg 18 more often injured in this manner than
the brohen one Paimn 1n the leg swelling cyano«s, or pallor of the toes
require mmediate removal of the bandages and inspection of tho ahin
Never disregard the complant of pun The pain from a fracture rhould
not be suffiecient to require opiates in a clnld

Traction mny be applied with ordinary adhexve plaster Even better
1s the uee of remnforeed flanneletto stnps glued on with Ace adherent
Allon the hqud to become almost dry hefore tho strips are lmd on
smoothly and held n place with a loowely apphied elastie cotton bandage
Apply traction at once mstead of waiting as with adhesmve plaster Tine
ture of benzotn 18 less effiment in a child beenuse 1t soon loses ity hold
Dreplacement of the traction stnps must be detected promptly If the
child kachs vigorously the arcular turns of bandage will slip up around the
heel and cause pressure roret Frequent inspection and rewrapping when
necessany will eliminate this complication

Skelotal troction 1s rarely necesrary 1n a child beeouso abgnment can
be maintaned by shin traction and complete restoration of length 18 not
demirable 1n o displaced fracture (67 73 75) When gross shortening 18
not detected promptls sheletal traction may be mndicated A Kirschner
wire 18 to be preferred to & pin or tangs It 18 better inzerted through the
crest of the tibia just distal to the proxumal epiphyma than m the lower
femur With heavy traction wires have cut through nto the epiphyseal
platen and caused growth arrest of the femur (156) and the tibia (76) A
wire distal to the tibial tubercle 18 safe

The likelihood of nfection 1s great when a transfixon wire 19 used n
a child unless 1t 15 meorporated 1n plaster from the toes to well abovo the
wire Tha cast prevents contammation by lateral movement of the wire or
by the chuld A mampulation and scratching

The treatment of a displaced shaft fracture with a plaster cast requires
connderable slall The hips and knees should be flexed The healing time
islonger than mith trachion

If the fracturo 1s transverse and can be locked end to end with proper
rotation the only danger 18 that of angulation Repeated roentgenograms
are necessary If angulation oceurs it can usually be corrected by wedging
the cast Boware of excesmye loeal prossure or constnchion The mvolved
formur that was end to end 18 usually too long after mx months

Spiral or oblique fractures of the femur are better treated with traction
than a cast unless the eoft parts mamtamn the poettion of the bone ends
with only slight dieplacoment Then east treatment is good because 1m
mobiliation 15 all that 1s necessary

It 1w usually 2 mistake to discontinue traction and apply o cast while the
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callus 1a soft The fragments are likely to angulate When the callus 1 no
longer tender traction majy be discontinued safely Then a cast or & ealiper
18 superfiyous Keep the child m bed &t home for an additianal week end
then perrmt partial weight bearmg with crutches As the child geins con
fidence he will automatically transfer weight from the crutches to thoe foot
on the affected mde He will not overdo unless mschievous boys steal
his crutches In the absence of complications there 13 no reason to gild the
Liy with phymcal therapy
For the transportation of a chud with & fresh fracturs of the femur
fixed traction may bo appled with & Thomas splint For an infant the
usual overhead may be mounted on a board (Fig 178) Hoke traction 15
1deal (Fig 180) It provides a constant pull on the affected leg by means
of a ratehet with the oppomte leg for countertraction It 18 comfortable
and may be left on for the duration of treatment Comphcations are less
Likely than with ordinary cast fixation and bealmg 18 prompt.
In the usual displaced shaft fracture of the femur end to end appomtion
18 not only unnecessary but undemrable. In a Inrge series of cases, the aver
age overgrowth of fractured femurs was 1 em. Then 1 em. of overnding
18 the 1deal pasition for unton (77 78, 79) Side to mde appomtion gives a
more rapid and stronger umon than end to end contact With accelerated
growth on the fractured mde, the final leg lengths should be symmetrieal.
A fractured femur that 15 reduced so that 1ts length is equal to tho cne
on the oppostte mde will likely be too long at the end of frestment A
long leg 15 just es undesirable ax a ahort one
If the frooture 1s not displaced, the perosteum will not be stpped.
Growth will be accelerated Little 1f any Then the exsting normat length
18 desrable. It ghould be obvious that all fractures of the femur must be
followed for a year or mare until ono knows that the rate of growth ls
equal on the two aides and that the legs are of about the same length.
The exnct dogree of acceleration of growth 18 unpredictable (67) As a
general rule the amount of overgrowth 18 proportianel to the mital dis-
placemant of the bone cads and the amount of callus formed. The surest
way to get excessive overgrowth 1s to remampulato & fracture after callua
18 formed so0 as to produce a huge exuberant masy (Fig 176) One mch or
more of overgrowth has been obssrved repeatedly after such manpala
tion In refracture of & mahumnited femur, traction should be adjusted to
leave 1 inch of shortening (Figs 181-183)
Toequahty of leg length a year or more follomng & femoral fracture s
8 permanent deformuity Thero 15 no beneficent force that intercedes to
produce compensatory shortening as has been nmvely stated (5) Ao-
celernted growth 13 a phymologic not & compensatory procers It s true
that follosing & fracture i an aldor ciold the overall development of the
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bone will be aceclerated, so that epiphyeenl closuro tahes place a few
months prematurely But dunng that fow months Iefore final closure,
very lttle longtudmal growth occurs At best the unafleeted femur will
gam m length only a fow millimeters at the end of the growth penod

1f the differenco 10 longth 18 o mgnifiennt deformity the long fermur
shoukd be xtapled (80, 81) in time to equalizo the length Occasmonally 1
a young cluld of short parents, the opposte femur may be simulated (82
§3, 84 85) #0 as to gn deurnblo height

\farked overnding’ or ' gross deformuty  aro usually given as indien
tons for open reduction There 12 no excuse for malpomtion if akin traction
1sured In the caso of o neglected fracture with such a deformuty, refrac
turo with ekn or skeletal traction will euffice to obtain a normal ex
treraty  In euch a case intramedullary fixation 1s contrmndieated End
to end appomtion plus the stimulation of refracture plus the imtation
of the formign body produce marhed overgrowth It is interesting to note
that m Cole s records (86) abnormal bowing of the shaft ‘wns seen only
1o the operated cascs '

The plea that open reduction 18 necessary to removo mterposed muscles
18 groundless in children Most strands of muscle will pull out of the way
with traction Caltus will form 1n and arcund fibers of muecle which re-
main interposed (Fig 112) Defects in the callus that are visible m the
roentgenogram as transhiscent arcas are soon completely obhiternted and
eolid union results

It 18 true that under 1deal arcumstances the immediate hazard from
open reduction is small but 1t 18 ever present Plates and screws are par
tieularly bad in children Thoy are prone to break with the mevitable
constant movement even in a plaster cast. The operation restores the
exnct length of the bone which immediately starts to overgrow The
eallus 18 scanty and weak however and must be protected for o long pe
nod of time The plate must be removed Iater This means an additional
operation and further shmulation of growth

The wntramedullary nail is less Likely to break m children than the
bone plate The cases that have been reported to me have shown over
growth of tho femur of vanable amounts from one to three centimetors
The stimulation from the nail alone 19 probably not more than ane to two
centimeoters Further elangation would boe dspendent upon massive callus
formation or low grade mfection Removal of & nml probably produces
no further overgrowth

The operation 15 unnecessary however and as such must be con
demned It mtroducea the hazard of an unnecessary anesthetic unneces-
rary exposure of the bone ends and trauma to the entire marrow cavity
of the femur There 18 no reason for doing 1t With traction 1n & growing
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oluld there 19 #sokd healmg within four to eight weeks Nonumops do not
occur except following open reductions In an adult the healmg time 1s
much Jonger Nonunions and delayed unions are common and thers s a
real reason for using the mtramedullary nail

After open reductions in children by competent surgeons we have seen
a vanety of serious compheations nonunion (Figs 184 185) osteomye-
htie (Fig 186) multiple refractures (Fig 187) gross deformuty (Fig 188)
and m one early case death from septicerma (Fig 180) This chamber of
horrors ments the serious consderation of anyone who contemplates open
reduction on the shaft of the femur m a child (87) One postoperative
osteomyelitrs n & hfetims 13 encugh to cure & surgeon of & casunl attitude
toward open reduction In the Vhlwaukee Clnldren s Hosprtal there has
been no serious compheation with the use of traction

c

Fio 188 E L ma}a,mi.Tmmm-afrwmnofthcmlddhthud,A.Onndmhkn
b Aﬂathmmho!mcthn&)meupmuﬂnnﬂthlmmuﬂdhghdmnhhm
nnguhtmuththe-pupoﬂaioﬂymuﬂh‘mbaenmudbytbemp{mﬂnﬁm
plllow ¢ The smme Jemor two yoars later \lokding bas taken eare of the bany deformite
Rnentzmown.mutdxfootd]:t:nced.;htmnnflutbe[n:tm.bortlnﬂhe)dtfmﬂr
measured  mm looger than the unbeaken right. [Reproduced with permimion of the
Soather \fediea) Journal (87) )
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Fia 160 H W male, are 4
Spiral fracturo of tho middlé third
after four meeks of traction. Unfon
ts solid with overndmg and some
sugulaton Better pomtion  than
this can ususlly be obtamed. In
elght months the length was restored
and alignment cotrected.

Fia 170. Bymnt orlginally applied vertleal traction to oaly the fmetured femur It is

bdtulomﬂontnthltp.Tmeﬁunmyhldmcdbetm-ﬂm pulleys
ml.mi.&smformdm&ﬂntk!mm‘mﬁ\‘t’. toveehtsand
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Fra 171 Rumeell tractian Je ideal for the treatment of fraetnre of the femur i older
children. If the pawrtion fs difficalt to maintam the other log should be treated similarly
I the ehild #s cooperative, unflateral fruction may be used. A box b then placed at the foot
of the bed for counterpresenre on the well foot as an attermative to eleration of the foot end
of the bad.
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A g
Incorrect Correct

|

Fra 173. G K male, age 0 12/1/33 Fracture
of the right femur In an automobile accident.

Fia 172 \WWhen the protimal! fragment Iy ad-
ducted (A) do not incrense the pull apply tmction
ta the other leg (B) tlt the pelvis downward on
the other mdo and releare the adductor spasm.
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Fra. 14 G K., 13/18/33 two weeks after the

i Jrevio tifaot
' k Dot with overpoll, Begmning esllom formaton
!

Coarse Lectures (142)]

Fra 175. G K. 1/13/34. At six wesks the
Rumell traction was removed. The {ragmsats
anguiated and refrastured. With 1 cm. of overlap,
umon would have been solid.
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Fia 1.6. G kK., 1/30/31 Threo weekn alter the
renpplication of Ttumell tracton the enllos was
maturs (pot tender) There Is now end to end
apposiion with massive callus. Overgrovth was
inevitablo In such a ease. [Reproduced with per
misdon of the American Aeademy of Orthopacdie
Burgeons, Instroehonal Coure Jectures (142))

Fra 177 G K. 11/8/40 seven yearn after
figure 176. Ope Inch (25 em.) overgrowth of the §
right femur has permsted A Phemister eplphy

slodexis was performed at the distal eod of the right

femur with mtidactory equalization of leg length,

[Reproduced with permision of the Amencan R

Academy of Orthopaedse Bargeons, Instructional

Coarse Lectires (142) |
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Fra. 178. Bryant traction may
be mounted on & board. A foam
rubber ped and & restramt aboat
the tormo aro added. Rubber bands
suspend the fest. The child b ensdly
cared for and can be tranaported.

Fiec 170 N 8 female, age 5. Ischemio necroais
13 0 eatastrophwe complication of Bryant's traction.
Double overhend trachon for a fractured nght
femur brought on an soute lschemia in the lgf! calf |
as i3 frequently the eass, With pain paller and
paralysis of the toes, bandages must be koosenad at
once and tmetion removed U necemmry With !
appropriate cast and brace treatment, the deformity
of the left foot dimppeared and function retumad |
almost to normal The end result is not always so
fortunate.
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Fra. 180 Traction in abduction with well leg
countertraction by means of & Iloke east Is idenl
{or tha transportation of children with fractures of
the femur who are too old to be sspended on a
board. Conetant traction = malntalnod by the
ratchet at tho end of the bar. Bometimes the
affected Jeg Is partially included in plaster Traction
elminates pain and prevents anpulatin of the
Imgments. This device may be med for trochanteris
Iractures. [Reproduced with permisuon of Soathern
Medieal Journal (87) )

Fia 181 R. L. male, age 8 9/20/46. Roent-
genogram five weeks after & fracture of the right
femur A]]mmcnthpcrfectbutorerrldhxghu
comtive,
|
i
=3 |
= :
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Fra 182 R. L. The upion shown in Figure 161
was saslly broken up under anesthens. With ekeletal
traction, the overriding was reduced to 1 em.
Thirteen weeks after the fracture, union was again
sohd,

Fio 183 B L, 4/1647 wmx monthy after the
fracture, The position and the length wers mts-
Iactory then but there had been a tremendous
stmulation to Joogltudine]l grosth. Two years
later the nght femur was 6 mm. too Jong and the
right tibia was ~ mm. too kg, In & easo of this
type, overndmg of 2 em. shonld have been per
mitted to remam. With staplmg of the right femor
the mequality was corrected.

.

!
)

Sy
)
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Fio 184 V 8 female, age 21 The emd result
of a chomed fractare of the middle of the right femur
trented by open reductlon and plating at the age of
six The resolting nonwnion was unsuccemfully
treated by four bone graft  The roentgenographle

with permiesion of the fouthern \ledical Journal
&7)1

Fra. 165 V 8 The eatastrophlc end result of an
nnecewmary opent reduction and plating. The
would have been better with an amputation. fﬁ'?
produced with permrton of the Soy
J e thern Aledical
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Fio. 186. B. Al male, agn 8. A. 7/21/20 Clomed Iracturs of the left femur wogld bave
glven a petfeot end result If allowed to remain in this position B 7,/29/20 End to end ap-
poattion was the goal of the nugecn who performed an open operation and applisd s Lane
plate. The plate and screws were reamoved ten weeks Jater and [n anotirer month a seques-
trestomy was performed bocnuse of infection. C 6/23/31 & lon was pecemmry
two years after the fracture. Five years after the fracture the quadricers mechanism was

There was parmanent disbility [Reprodueed with parmiseion of the Soutbern

Medieal Journal (87)
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Fig 18~ R. J, male, age 10 10/31/20 The
nght femur nas fractured five montbs before this
roentpenogram.  After two weels of traction
perfect end to end appoeition was not obtained.
An open redaction and a very poor plating job
were done The surgeon's judgment was appar
ently on a par with hw technleal abllity Ina cast,
unon oceurred Refracture on removal of the cast.
The hardware was removed and a serond cast
applied. Thers was a refracture ooe year after
removing it Two years Jater there was a third
refracture necemitating a cast for four months.
The patrent wore a brace for three years until the
femur was solid encegh to permit uosupported
weight bearing. The left femur »as ymall atrophie
and 4 mm. short. The rcar of two operations was
adherent to bone. Years of peediem invaldum
were canned by an unnerewary operaton

Fio 188, L. P, femule, age 11 10/22/47 The
left femur of this eleven vear old gl wan broken
two years presiously The unpecessary macrtlon
of the queer hardware was followed |y angular
deformity overgrowth cow vam, and a draining
sinus. On admimion the left femur was § mm.
short. After removal of the hardware, subzzdence
of the infection and completion of a subtrochan-
tene osteotomy to correet the cova vam, the left
femur was 15 mm. too Jong. Further temporary
acreleration of growth was expected. Staples were
inserted in the distal end of the left femur and
left In sdtu until the legs were of equal length,
Following removal of the staples, continmed
growth procesded mymmetrieally
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Fra. 180 The boy iy fins, doctor No hardmare i neaded!
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Tnsumies AT o Proxmrat Lvo or Tk Fraun

\ thrust 1n the long nxn of the thigh particularly with the femur in a
distorted position will occasionally produco a fracture of the nech of the
femur or a traumatic epiphyreal reparntion (Tigs 190-193) The record
ehould show elearly the differentiation from a pathologie epiphyseal dus-
placement (adolescent eoa vara) which 18 dircussed later True fractures
at the proamal end of the femur arc #o raro that no one has o great ex
penence with them They aro umally ndifferentls treated with bad re-
sults (Fige 194 to 197) The publisbed reports (88 80 60 91) show that
the great hazard is avascular necross with resultant deforrty and dis-
abibtv dunng adult life Some men have obtaned good results with
closed reduction and a cast Tlus treatment is more likely to succeed
eptphveeal fractures (Fig 191) than in thoro through the muddlo of the
nech If necessary for accurate reduction and effiment immobilisation
prompt internal fixation 18 justified 1n this difficult fracture The usual
Smuth Petersen nail 18 too large for ure mn the neck of o femur of a voung
child One-eighth inch (3 mm ) adjustable nails are entirely satifactory
Injury of the epiphvacal plate 1s unlikely from transfinion with two or
three such pms and longitudmnal growth should continue Premature
closuro 18 asmured however and the ease should be followed until growth
18 complete

Stipped femoral epiphyss (adolescent coxa varn) 18 a disorder of both
sexes much more commen 1n the male It usunlly appears at puberty
but mny occur as early as ten Vost of the patients are of the flabby fat
tvpe with retarded sexual development and obvious glandular dysfunc
tion An occamonal one 1s o lean phymeally active sexually precocious
adolescent The early aymptoms of pain i the knee or hip and himp may
exist for many months before the disability 18 sufficient to brng the pa
tient to the doctor Then too often the exnmination 15 imrted to the knee
becaure the pam 18 reforred there It is imperative that phymeans who
treat fractures n children and adoleacents becomo famihar with the symp-
toms findings and treatment of this entity

The patient walks with n hmp on the affected mde with the foot ox
ternally rotated the hip adducted He has a posmtive Trendelenburg ngn
on this mde Phymeal exammation at this time shows restriction of all
motions of the affected lup but particularly of abduction and rotation
wnward If posterior slipping has progrossed to & considerable degres ax
tan;;;u may be abnormally increased, while flexon 18 hmited

roentgencgram 1n the anteroposterior projection will f
show widening of the transluscent zone of the e;p)’uml plate dfg‘tl;ﬁ
placement of the caput but more often this zane 1 obscured by super
impention Shipping of the epiphy=s 18 usually but not always associated
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with some coxa vara (Fig 108) The Iateral view of the neck 1n the Lauen
stamn posrtion (Fig 201) is usuelly more revealing then the anteropostenor
view (Fig 109) particularly i the carly case (Fig 202) The diagnoss
should be made when the symptoms first appear

The treatment 18 conservative and/or operative Conservative manage-
ment meludes prelminary bed rest with traction m the longrtudinal axus
of the hmb as well as m internal rotation m combmation with medieal
management of the hypoglandulansm, of present In the case without
complete separation of the caput, muscle spasm will disappesr raptdly end
& conmderable degres of actnal correction of the deformity may be ob-
tamed The hp must be protected for & prolonged period If the caput has
been suddenly completely soparated, reduction 1s eamly accomphshed by
the sama method of trachion In eather case tho hip 1s vulnerable until the
epiphyms has fused Aggravation of pre-emsting symptoms or an acute
separation may occur when activity 18 resumed For this reasan ome 1
Justified m the pnmary operative treatment of a slipped femoral epiphyms
1f an experienced orthopaedic surgeon and a first class operating theater
are avalable The operative indications change with (1) the chromaity of
the disease (duratton and emount of shpping), and (2) the recentness of
the complete separation when 1t occurs The followmg table grves thess
ndieations 1n outhne form

Coneervative treatment (92) 18 used temporanly m adolescent coxa
vara (alipped femoral epiphvas) or becaurs operative treatment s not
available

Operntive treatment of various stages of the dmease
I Incompleto separatian of caput and metaphyms,
A. Miumal alip of caput oo metaphvais (Jass than 1 cm.) (83)
(1) Unfused epsphyseal plate—fixation with nails.
(2) Fused epiphysenl plate—no treatment neccmsary
B \loderate alip of caput on metaphyss (about 1 cm.)

(1) Unfused epiphysenl plate—fixation with nails and simultaneous oste
otomy (4 74) (Fig. 202)

(2) Fused epiphyseal plate—subtrochanteno oteotom) without naihng

C Extreme alip of eaput posterior on metaphysms (gver 1 an.)

(1) Unfused—open operation with separation at eprphveeal plate re
duction, and neiling or wedge osteotamy of the neck, reduction, and
nalling

(2) Fused
(1) Good motion—wedge osteotomy of the mecl, reduction, and

nailn
(b) Only gﬂ' total range of hip moticn. Unilateral—with pamn o
motion—arthrodeus. Bilateral—arthroplasty displacement asto-
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otomy prosthoms or other palliativo operation on one or both
ps scdected aceording to age, sex, and occupation In male, an
arthrodcas on ane side is often desirable.

1T With sudden completo separation of eaput and metaphysia.
A. Eardv in discase, mummal neck changes.
(1) Fresh scparation—clowed reduction and naling
3) Four weeks old—mwedgo rescction open reduction and nafling
B {Lato 1n the diseaso (deformity of the neck established)
(1) Fresh scparation—swedgo resection of tho neck, open reduction and

nailing (Fig. 200)

(2) Four weeks old—samo treatment as B (1)
(3) Anclent.

(a) Good motion—same treatment as B (1)

(b) Only 30° total range of hip motion. Unilateral—arthrodess.
Bilatetal—arthroplasty displacement osteotomy or prosthess
ot other palliative operation on one or both hipa. In a male, an
arthrodems on oce eide 1s often demrable,

Tn maintaning the pomtion of the eaput on the metaphyms of the femur
thres 4* (3 mm.) adjustable nails are usually preferable to a smngle trifin
nad The latter 18 demgned to traverse the neeh of an atrophic adult femur
Here 1t 18 an efficient uit When two dense surfaces of bone are to be held
from slipping 1t is less effcctive than three widely dispersed nals It is
particularly clumsy when there 18 conmderable displacoment The slender
nails may be crosed within the neck so that they obtamn a geod hold en
the thicker portion of the caput A mngle tnfin nail must necessarily mm
at the cephalad and anterior portion of the epiphyma which 15 very thin
with very httle margin of safety Often i1t must be driven through the
posterior cortex of the neck 1n order to reach its goal. Thore 18 leas trauma
amociated with dnlling in threo amall caliber nails than with dnving of a
composite nail through the exceedingly hard metaphymeal rone This
menns less likelihood of injury to the blood supply and lems danger of sub-
sequent avascular necroms

Pinning elone is the method of choice even when the caput has slipped
os much a8 1 cm. When the deformty 1s sufficent to justify osteotomy 1n
the stage of continued alipping then pmnmg may be combined with sub-
trochantenc osteotomy to obtaln more abduction 1nternal rotation and
flexion of the distal fragment (Fig 202)

The moderate slips with fused eprphymeal plates which have becoms
painfree with resdual deformty are best corrected by a subtrochantero
osteotom) (4) Coxa vam may be fully corrected The operation 18 contra
mndicated only when the posterior displacement of the head is exceedmgly
great The operation 15 rarely followed by avascular necross and 18 much
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safer than a direet attack upon the neck of the femur It often ehmmates
the limp and establishes a very satisfactory range of motion

TWedge osteotorny of the necl of the femur at the metaphyseal rome
with the base ecephalad and antenor 1 justified m the absence of com
plete soparation 1n the ective stage and even after bealing hasbegun if the
deformuty 18 extreme No other procedure 18 of value Tha operatian is &
difficult ane and must be performed with & munmum of trauma It should
not be attempted except under the direction of one who has performed the
operation many times While there 13 a definite risk of avascular necroms of
the fernoral head the meidence 13 even greater with cast fimtion alone
or with attempted forced mampulation and cast fixation. The latter com-
bination 1s rarely successful even temporanly and almost nvanably
eventuates in a stiff hip

With mimimal treuma or none at all the capital epiphyms may separate
completely off the nech m either the early or late stage of the disease If
seen promptly 1n the early stage there 1 no doubt that gentle closed re-
duction followed by blind nmhng gives an excellent result m most cares
If the separation occurs suddenly 1n a late stage of the disease with exist-
g marked deformity of the necd. and eburnatian of the exposed partion
of the metaphvas then mampulative reduction replaces the capital
eprphyma cnly 1 the pomtion of deformity where 1t was before the final
slip and not m 1t normal peaitton The manipulation has served only to
endanger further the blood supply of the capttal epiphyms In such a case
pnmary wodge resection of the cephalad portion of the nech, gentle
curettement of the epiphyseal surface of the head and accurate replace-
ment m the normal position 18 the operation of chorce This 18 not as
hazardous as a wedgp osteatom) 1n the ancient case which has not com
pletely separated In such a case all of the trauma of the osteotorny 13
transmutted to the head When the bead has already separated spontane-
ouely and an anvil retractor (94) 18 slipped under the neck the osteotomy
can be performed without any trauma bemng transmitted to the head
Once the nech 13 cut away , the head may be replaced stall mathout trauma
by 1pward rotation and abduction of the shaft In the hands of an expert
this operation yields a high percentege of good results

In the treatment of sipped femoral emphyms the high neidence of
bilaterality (20 por cent to 40 per cent) must be recognized In somo
clinies the appearance of the disorder 1n one bup 18 conmdered an mdica
t1op to nml both hips (95) A less radical approach 13 to examune both hups
clinseally and by roentgenograms at tho tume of the first visit If the accond
hip 1s normal the parents are warned that 1t may becomo smilarly m
volvedat any tume Very often the child 18 brought m within a year to have
the second hip natled Prompt treatment 1s needed to provent the com
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plete shp which greatly complicates the prablem The parents must under
stand ths fully

Congenifal coza rara sometimes WTONgly demgnated congenttal fracture
of the neek of the femur w a developmental anomaly of one or hoth hips
charactenged by shortening Limited abduetion, and a roentgenogram
showing a varus pesition of the neck of the femur In the infant or young
child the mddle portion of the nech mas bo entirely eartilaginous eo that
the appearance 1s suggrestive of a fracture (Fig 203) Bonc grafting has
been done to secure umon 1t s superfluous Subtrochantenic osteotomy
with blade plate fixation i the young child (Fig 204) leads to prompt
ormificntion of the cartiloge xone and correction of the fimp If the varus
1 extreme it may be corrected 1 two ot even three stages to avod racnt
fiemng length

Traumafic dislocation of the hip 18 exceedingly rare m young children
(Fig 200) Reports in the lLiterature are mostly of wolated cases (07 98
99) In adolescents it 18 lems Likelv to be complicated by a fracture of the
acetabuum than in adults The diagnosms of the postenor dislocation (70
per cent) can be made from the pontion of the extremuty 1n internal rota
tion and flenon (Fig 207) as contrasted to the shortenmg and external
rotation of fracture of the neck of the femur (Fig 208) A roentgenogram
15 necessary for the record

Reduction of the posterior dislocation 18 accomplished under general
anesthenna with the least trauma by flexing the thigh to a nght angle and
Lifting the flexed knee toward the cetng 1n adduction The thigh 1s ab-
ducted and extended only after the femoral bead shps into place The
same maneuver will convert an antenor dislocation to a postenor one and
then reduce 1t The histone violent reduction methods by apparatus or
levening agamst the Y bLgament were developed m the absence of an
esthema They are exceedingly traumatic Open reduction 18 unnecessary
unless treatment has been delayed for two weeks After two or three
months an angulation osteotom (4) will gve a better ultimate result
than an open reduction followed by fibrous ankyloms Arthrodesis m
povtion is an aceeptable cutcome 1n the male but 1s not better than the
osteotomy if the Jength of the legs 18 equahzed

Avascular neerosis 18 o Jess common sequel than in adults but when 1t
oceurs the end rerult 18 even more devastating For this rearon a dis-
located hip should be protected from full weight bearng for three months
If there is no endence of avascular necroms by that time 3t 18 unlikely
l();x&]c;elawd oxteochondral changes much ke those of coxa plana do oecur
cﬂTr:dz:ﬂmcfradurn are also prone to develop avascular necroms of the

put A hip spiea with wide abduction for eight weels will usually 1m
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mobilire the fragments adequately The subcervical fracture 18 one that 15
Iikely to heal in the varus position and 1t should be operated upon in most
cases (Fig 185) A child mire blade plate 1s used to restore and mamtain
the normal angle

It 12 true that angular deformities bolow the lesser trochanter strighten
out with growth but when trochantenc and subtrochantenc fractures
heal with & coxa vara deforrmty (Figs 200 210) the loss of the neck angle
13 permanent 1n spite of molding as discusmed m Chapter I (Fig 211)

The abort proxumal fragment of a subtrochantene fracture 1s pulled
mto flexion by the psoas (Fig 212) while the hip extensors act more
strongly on the distal fragment The temptation to do an open reduction
m a child should be remsted In voung children and sometimes in older
anes accurate reduction may be obtamed by acutely flexing both hips
with overbead traction If Russell traction 1s used 1 an older child, an
additional sling may be placed under the knes of the affected mde to pro-
duce more acute angulation at the hup and knee (Fig 214) When the
distal fragment has been brought in hne with the flexed praximal frag
ment the position can be mmntained by continued traction Bavonet
appoation 1s permissible and even demrable in the displaced fracture
Shight angulation 19 aceeptable in a voung child (Fig 218) One must be
careful to avoid excesmive angulation with the apex laterally which pro-
duces permanent coxa 1ara (Fig 210)

In a high fracture of the shaft the short proxims] fragment may be ab-
ducted from loss of adductor pull. The alignment 13 corrected by mereas-
g the traction on the affected extremity in the abducted pomtion In
the low fracture of the upper third as in one of the muddle third an ad
ducted proxumal fregment 18 algned by lessening the pull on the affected
lez and adding more tractian to the oppomts leg 80 as to abduet the pelns
to the mde of the fracture (Fig 172) The need for clate supervimon of
traction cannot be overemphamred Faflures are due to the wav the
method 18 applied rather than to anv fault with the method teelf Van
Eden (101) obeerved that the traction treatment of fractures of the femur
mn children was better 1 small hospitals « here the attending surgeon per
gonally supervised the entire treatment than in the large hospitals whero
treatment wns left to the house officers This should not be true if the res
dents are trmned 1n the prinaples of fracture management

Arulsion fracture of the greater trochanter may oceur as an isolated injury
or may be assomated with duslocation of the ip (Fig 215) The amplo
avulon heals promptly with the leg immobilised 1n abduction. Arulson
of the lesser trochanter 15 the result of muscular violence It heals with dis-
placement but Lttle or no dusability
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Fracrones or tie DistaL I'\p o e Fewun

Forced hvperextension of the knee mny produce an epiphyreal repara
ton of the distal end of the femur (Fig 210) with gross displacement,
the wagon wheel injurs of the horre and bumm days If the mjury 15 reen
prompthy accurate closed reduction usually offers no problem under gen
eral ancethewia Once the fracture ix reduced there 14 no tendencey to dis-
placement (102) \ long cast with the kneen slight flexion will immobihize
the fracture until union 18 sohd 1n three to four weeks

1f reduction is delaved 1t may bo very difficult Ocensionally this frac
ture becomes a murgienl emergenct becaure the metaphyseal fragment
protrudes agmnst the popliteal vessels (103) If there 18 airculatory embar
rassment and the fracture cannot be eamly reduced by eloted methods
prompt open operation 1s mdieated (104) Legs have been lost through
delay

An epipbytenl reparation should be accurately reduced m most cascs,
but with moderate displacement and good abgnment 1t will heal without
loss of function In a child under ten angulation of 10° to 20° with the
apex posterior will cause no mgnificant back knee and only temporary
loas of fleon Angulation with the apex anterior will enuse prolonged
fleaon. hunock knee and bow leg deforrmties dumimsh only sbghtly wath
growth.

Supracondylar fractures of the femur just above the epiphyseal plate
are rare They may be treated m traction with the knee and hip flexed
at nght angles (Fig 214) In young children when there 18 difficulty hold
mg the fragment it 18 occamonally expedient to 1mmobilize the knee m
acute flemon The fracture is analogous to the supracondylar fracture of
the elbow and may be mmilarly treated The enme care must be teken to
watch the arculation

The T fraciures of the femoral condyles eo frequently encountered 1n
adulty are exccedngly rare m children They may be treated with trae
tion below the knee A Kirschner wire through the tibial crest masy be
ured if necessary The soft parts rerve to hold the fragments m fair appo-
umition Conmderable displacement of a supracondy lar fracture 18 permis-
sible Bayouet appofition 13 aeceptable 1n a young child bat ahgnment
should be reasanably good

Oblique fractures through the distal femoral epiphyms are
result of direct violenee Anatomie reduction uexl:olz smr)u?'}g)mau:
agement may be difficult enough to justify a Kirschner wire through the
crest of the i A long leg cast with the knes flexed should stabilize
the wire. Open operation will ncreass the hkelthood of epiphyzeal demmage

The prognoess 15 good 1 most dustal femoral eprphyseal displacements
of adolescents Premature closure of the epiphyreal plate usually occurs
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but there 18 rarelv more than & few millimeters difference 1n leg length
Fractures produced by great violence with myury of the growing cells of
the epiphyseal plate whethor thoy are incomplete, transverse or oblique,
are likely to be complieated by retarded growth with both hpesr and
engular deformity (Figs 217 218) Prompt recognition of the epiphyseal
demago and appropriate treatment are imperative if permencnt diea
bility is to be avaided Repented osteotomues are necessary 1m & voung
child to correct the angulation and at the same time accolerate growth of
the damaged bone Sometimes a wedge or ‘nepkin nng  of bone from the
bank may be mserted but one must be careful not to extend the host
bone too much Skmn sloughs and more serious complieations have oc
curred Internal fixation 13 desrable 1n the older child Growth of the op-
poate femur should be retarded promptly by staplmg but not bofore
eight yeers (Fig 219) An angular deformity 1n a short bone should not
be corrected by stapling In the treatinent of deformities from epiphyseal
mjury 1t 18 umperative that one understand the rates of growth (Fig
147, p 106) of the various epiphyses which have been computed from
actuanal studies (105) It is also necessary to know the tume of closure
of theepiphyacs (Figs 1and 2, pp 4, 5) Vanations may be anticipated by
obtmining en accurate growth hustory of the progenitors

Treatment of fractures of the fernur in children 1 the past has been
lacking m sppreciation of the late soquelne Each patient must be fol
lowed until ope can be sure that there will be no inequality of leg length.
The surgeon who treats such deformities must keep as hus goal the ideal
appearance and function of the extremities when the children are through

growmg
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Fie 101 I E, 8/1/20 The
fracture was reduced under anesthe-
sty and immobslired in plaster for
echt weeks. Note the relative
increaeed  denmty of the nght
caputsl epiphvms at  ten weehs
Unfortunately the bay mas not
peevented  from weight beanng.
[Reproduced with permison of the
Boathern Vedienl Jonrnal (57

Fia. 102. 1 K 12/11/30 mseven
months after the fracture. Avaseular
necrosis of the capital epiphyvats had
already appesrcd Weight bearing
was continued [Reproduced with
permiswon of the Boathern Vedical
Journal (87} ]

Fia 183 L K., 5/4/35, six years after the
fracture. Revascularimtion had oceurred but with
deformity which would have been prevented had
weght bearng been eliminated. In the next seven
years the varms deformity of the right hip inerensed.

[Reproduced with permisaon of the Southermn
Medweal Journal (87) )
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Fra 19L R. 8 P male ege §
1/7/61 A sabeervieal fracture of
the left femur caused by a toboggan
aceldent,

Fia 185 RS P., 1/30/51 After
traction In bed for two weeks the
antero-postenor rocatgenogrm did
not ook too bad but the lateral view



INJURTES OF THT FEMUR 157

e

“

L

~ /“
YA
s

Fra 100. R.8 P 8/15/51 Beven montha following tho fracturs In Figure
164 there wers cow vare, epphymolyss, and avascular necross of the
eapital epiphvats. Adduetion, flexlon, external rotation deformity were ox
treme and the Limp was grotesque
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Fre 103. R H male, age 14, 1/28/42. Sudden
sepanation of the rght espital epfphysis after six
months of Impmg \ote the chronte changes In the
metaphysin. This wns o pathologic not an acute
traumatic fracture.

Fia. 197 R 8 P, 0/2{/82
Fourteen months following an ange-
ltlon  rotaton  ostentomy with
interpal fixation. Functon was
greatly fmproved. The hardware
was removed at this time. The
night distal femornl epiphysls was
stapled to equalire lex lagth.
Motion of the left hip remainec
eonaiderably restncted but the bo)
walked with scarcely a Iimp,
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Fia 200 R. H., 1/12/42 Antero
posterior and lateral views of the
smame hip shown in Figure 169
following wedge resectson of the
metaphves  open reduction  and
nailmg of the capital epiphyms in
notmal position. An excellent result
was obtamed. The nafls were [ater

Tio 109 Rt L, 1/28/42. A lateral view of the
hip shrown In Figure 108, The deposition of boos on
the posterior margn of the metaphvets wa clearly
shown There mas an acute completo rcpamntion of &
femorn! epiphves engmfted on a chronie fipping.

Fia 201 A htenal view of the
prodmal end of the fomnr w best
obtatned by the Lauensteln pomtion

& shoxn, The tubs m centered
M!‘m‘uﬂnmp{mmphm
The femom! head and neck are
shown n profile. See Figurs 202
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Fia. 202 A. 8 male, age 13 13/13/43 Limp of a year's duration was explained by
moderate stipping of the capital epiphyns without acute separation. There waa coxs Tarm
in the anteroposterior view and posterfor duplacement of the eapital epiphysms in the
lateral view Internal rotation and abdreetion wers imited The roentgenogram was taken
aight weeks fallowing a subtrochanteris osteotom) with nterpsl fixation. The caxa vart
was corrected by angulation sper medially and the rotation by mward tanson of the
distal fragment. Further slpping was prevented by the simaltaneous lnsertion of t¥o
adyestable nails. [Reproducsd with permieslon of the Joarnal of Bone and Jaunt Burgery
(74)]

Fie 203 R. K. female, age 5 Congeni-
tal o vamn of the left hip sommtimes
improperly called cougenital fracturs of
the neck of the femur” The abrormality
was amociated with Imp. Abduetion limited
40° internal rotation limited 25° external
rotatson 50° in excess of pormal. Early cor
reetion of thia deformity was desirnble.
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Fro. 204 R. K, the same case as Figure 203
seren weeks after an osteotomy to correet the
angulation and rotation. Internal fiuatlon was
wecure and a cast unnecessary A bono graft would
have been superflrous. The cartilage halands which
gave the appoarance of a fracture readily dmap-
penred when the weight Learing throst was cor
rested. The blade plate and screws were removed in
alx montha,

Fra. 205, E. W., female, ago 21
months, 3/1/52 Roeatgenogram
immedintely after an amomobile
backed over ber \o injury other
Lhanlupaﬁuhlnbrnﬂumundpm.
terlor dislocation of the left hip,
Closed reduction  under groeral
1 M m ]

forﬁvnrmhﬂbelhrtedudght
bearng fourteen weeks after the
injury Tbe child limped

during the first year bat recorered
completely (Courtesy of Dr F 1.
Foreman.)
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Fra 206. E. W, 4/19/54, roent-

The child was clinieally well and
had a bilaterally negative Trendelen-
burg mgn. (Courtesy of Dr F H
Foreman.)

Posterior
dislocation

Fra. 207 The right leg i In the chamcterlstic
poeitron asumed with a posterior dislocation of the
hip shortening with internal rotation and flevion.
Compare with Figure 203,
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Fracture of femur

Fia. 208. The charactermstic position of the left leg (A) following & fractare
of the neck of the femur with shortening, external rotation and with the
trochanter riding high (B) with fracture of the shaft of the femur the leg
externally rotated but the relations of the hip remam normal
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Fra 210 J H., 5/15/54 Healng
of the preceding fracture in cota
vara with 15 mm. shortening. This
o disablng deformity that will
requre correction by osteotomy
Buch a fracture b bart treated by
wide abduction This may be ob-
talned by a cast or trachon or both
(Fig. 180) Courtesy of Dr R. 8
Rillmg.)

Fra 200 J H, mals, s
months, 2/7/563. Comminuted
chantenic and sabtrochanteris
tures of the left femur in an 4
mobfle colliwon. Treatment
Bryant’s truction. (Courtery of
R 8 Rilling)

{
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Fia. 211 Bubtrochanterie fractures in & child should be normally allgned. A. bayonet
nppodbnnbntbindoq B. Moldiog takes caro of the local deformty Slight fevion of
the prexmal fi tmible. \oderats overnriding Is equalized by J
gm\t.hlnunaymr fnncﬁundmldbenormnl.\l Angulation into con vam b not per
mimilde \ Cota vara remains as a permapent deformity Thers is no change fn the neek
angle as & result of growth. O mhmlhwuhﬂtydmwmnbuttbemnnmm-
malm. T Co Iy a sl to correct cova varn i pamanently
effectiva. Y The angle between the neck and the long axie remainy constant. 7 The mb-
trochanterle angular protrison gradually disppeare. 1f the operation was performed to
stabllize & dnlocsted hip then its effectiveness gndmly diminhhes and the 1ot

osteotomy must ba repeated
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Fra 213 H. T Six years after
the preceding figure the loeal de-
formity had been obliterated by
moldmg. Alignment was now nor
mal, Leg length wes the mme and
motions of the hip were normal

FRACTURES IN QHILDREN

Fro 212. H. T., male, age 7
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Fra. 214. Rusell traction s modifisd by addmg an addrbonal strand to the knes aling
and pulling upward A. Care must be taken to avoid compressing the peroneal nerve. The
slng muet be soft without being too yrelding Felt in stockinet is a good eombimtion. B
For supracondylar fractures of the femur the additional fiedon (C) wall align the distal
fragment with the prodmal. D In subtrochanterle fractures of the femur it ls mportant
to flex the hip by the same mesns. Hers the lower beg M more nearly borirontal. The pullays
at the foot are raised and more pillows placed under the leg.
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Fia 216. J S., mals, age 15
Completoseparation of the dbs
tal femora) epiphiyss mas re
duced promptly under genera
anesthema without difficalty
There wers no complications
The distal femoral eprphyss
oo the nght mde closed o fen
monthy before the cme on the
left. There wns 3 mm of
shortening  The length of the
bones before the accudent wnot
kmown. (Courtesy of Dr Bruee
Brewer }

|

!

Fra. 215. D H. male age 8 Io an automobis
acedent the left hip was dulocated and the grester
and lesser trochanters avubsed. Reduction of the
dudocation restored the trochanters to a resonably
good poeition. They united without deformity bat
the capital epiphyxis went on to arascular necroms
Contrest with Figures 205 and 200
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| Fia 217 F K, fcmale, age 0 0/17/47 Beven
years after o home Licked her nght kneo injurlog
the distal femoral cpiphvele, shortening and angular
deformity wero dimbling as well as unsightly

Fic 218. F }\.,thcmn-hmnl:uﬂgumZW
The central portion of the right dital femorml
epphyeeal plate had been destroyed. Growth had
bcenmorerﬁ.udulhtmﬂyﬂnnmedhl]y




Fio. 218 F K. Supracandylar osteotomy on the
dght with insertion of & large block of bons from
the banl corrected the angulstion. With this was
combined stapling of the medisl side of the distal
femnoral epiphyms. Usually multiple oeteotomies are
preferable  but the parents were relatively tall
The laft distal femoral epiphysm was stapled to
retard growth of that bone.

Fro. 220 ' K 11/12/51 A straight kg has
betn maintamed on the nght. The right femur has
parthally eaught up to the keft. At the completion of
growth the total difference In leagth was 28 em. It
wns not neceman to remove eny of the staples,




CHAPTFR YIII

Fractures About the Knee

FRACTURES OF THE PATELLA

Transrerse fraciures of the patella are caused by a direct blow by the
indirect foree of sudden violent flexion of the knee or by a combination
of the two They occur much less frequently than m adults because all
of the timsues are more resihent Followmg a previous injury, stiffness
about the knee may predispese to such & fracture with a long tear of the
extensor mechanism on either mde (Fig 221) Asn the adult an open
reduction 1s necessary to repair the extensor mechanism The bone frog
ments may be beld 1n the normal posstion by a ercular turn of wire about
the patelln (Fig 222) The capsule 13 repaired with mattress sutures
which are placed before the reduction and tied afterward If secure fixa
tion 1 not obtnined the patellar fragments will separate and form an
elongated patelln Remember when mterpreting roentgenograms that the
penpheral portion of tho patella 1 stll eartilagmous

Partue patellae may be confused with fractures of this bone m adoles-
cents The abnormabty is usually present bilaterally Comminuted frac
tures are rare and exciman of the patells 18 unnecessary

In a child the intact patella may bo avulsed from the distal half of 1ts
normal fibrous covermg 1n connectian with & transverse rupture of the
quadneeps mechanism In such a case the roentgenogram shows an up-
ward nding patella and only o fow fiahes of bone adherent to the patellar
hgament (Fig 223) Replacement of the patclla mto its former location
18 accomplished like placing an egg m an egg cup (Fig 224) Buture of the
»oft parts 18 suffident Plaster immobilization in extenson for four weeks
is demmble Postoperative extenmon contractures do not oceur n children
even 1f the Immobilization 19 twice as long

Avulsion of the anterior porfion of tho proztmal tibial epiphyns 18 a rare
injury of adolercenco (106) Before the epiphyms has united at age seven
m
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teen to mneteen the tonguelike antertor projection, or a larger portion
maay be tarn loose and displaced upward by a violent extension of the kneo
If the displacement 19 more than 1 or 2mm  open reduction and sature or
fixation with pins will be required to maintan the position of the loose
fragment that hes been carried upwerd by the patellar hgament Follow
ing this injury 1o growing children tho prognoss should be guarded Back
knee due to premature closure of the anterior portion of the epuphyss 18
Likely Fortunately this mjury occurs in older boys and the chance of
gross deforrmty 19 ahght
Osgood-Sehlalter s osteochondroms of the tibwal tuberosty (08) must be
distinguished from a fracture It oceurs charactenstically in boys thirteen
or fourtean yoars old who have become active 1n violent sports A tender
bump appears just below the patellar ligament The symptoms are usually
unilnteral although symmetncal lateral roentgenograms of the Lnees fre
quently show a bilateral irregulanty of asufication of the tonguelike por
tlon of the epiphyals The diagnoms 18 made on the clinical findings The
roentgenogram 18 important in estabhshing the prognosis and planning
treatment
When the symptoms are of only a few month s duration and tbe roant
genogram 18 indicative of & mmple inflammatory reaction of tho epiphyas,
the prognoes 18 good with plaster immobihization for mx to eight wecks.
The tendemness and bump will both disappear permanently Driling is
superfluous and likely to lead to rmmediate eprphymeal clasure which s
not dearable
The case of long duration 18 likely to be confused with a fracture A
saparate ossoous center forms antenorly If treatment Is delayed too long
the separation becomes pormanent and the bony eplargement 15 perpetn
ated by an oemcle which Lies 1n a nest of granulation and/or fibrous tisus
The bump and the tender ‘nonumon make kneeling pamful or mpoenble
(Fig 225) When the symptoms of Osgood-Schlatter’s discase are associ
ated with the formation of this definrte ossicle much time will be saved by
excimng not enly the oamclo but the bod
The patellar igament 15 spht longitudinally and the two halves elovated
to erther mde by sharp dusection without disturbing the peripheral at
tachment of the lgament The entire prommence 18 removed with & large
gouge The cut does not go deep enough to endanger the epiphysenl plate
The halves of the patellar hgament are sutured together and the knee ym
mobilized 1n plaster for three wesks Prompt and permanent rehef of tho
symptoms 18 afforded

AvuisioN or TR TrBran SeiNg
Torsion stram combined with hyperextenson of the kneo of a child
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will avulse the attnchment of the antenor cruciate lignment more fre
quently than 1n an adult Thero 1< hemarthroas and if the bone fragment
is displaced the knee ennnot bo fully extended Tho symptoms are amilar
to thow of a loched senulunar cartilage The true nature of tho njury
shiould o suspected beeause remilunar cartilage tears aro exceedingly
raro i cluldren A rocentgenogram will khow n thin flaho of bane rawed
from tho tilnal plateau (Tig 220) The differentinl dingnoss between tins
condition and osteochondroas disecana or chup fracture of the articular
surface should not bo difficult Avulmon of the anterior eruciate usually
oceurs 1n children between sy and twelve vears while the other two oc
cur after that age

If the injur 1s recogmzed promptly arthrotomy through an anterior
mamon will permit accurate replacement of the fragment It 18 held m
pomtion by a loop of wire through the antenor eruaate hignment at 1ts
attachment over the fragment and down through drill holes 1n the front
of the proimal tibial epiphyms The trick is to dnlil two holes that con
verge shghtly to the medinl and Interal margins of the defect A separato
loop of wire 1s passed upward through each drill hole An end of the first
wire 18 caught with each loop and pulled down through the corresponding
hole The cnds of the wire are twisted together or tied just distal to the
tibial tuberomty (Fig 227) Great care must be taken not to damage the
epiphyreal eartilage which should Lie entirely distal and postenor to the
holes After mx or eight weehs the wire 15 eamly removed The end result
:?:_ﬂﬂd be perfect If the epiphyveal cartilage 1s dameged a back knee wall

t

If the fracture has been neglected for two or three wesks and/or the
fragment 18 not groealy displaced (Fig 228), a better result will be ob-
tawed with conrervative treatment A cast should bo applied with the
knee n 10° Jems than complete extenmon for three or four weeks Roent-
genograma will show a bump on the tibial platesu but funetion 1s mur
m)good mmmediately and eventually 1t will be entirely normal

g

Curr Fracrurcs or THE FmioraL CoNprTLe
Athletic injuries of adolescents particularly from football and baskot-
ball oceamonally combine flexion of the knee with o direct blow so as to
chip off a piece of bone and cartilage from the femaral condyle rarely the
patella Symptoms of internal derangement of the knee &ppear 1mmed1
ately There 18 hemarthroms and great disability Usuclly the knee can
not be fully extended occamonally 1t cannot be flexed Intermuttent lock

ing may develop Carefully postioned roentgen
paperthun flake of bone (Fig 230) cerama will dnclose o
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The diagnosis 18 sometimes difficult The exact ongm of the bone 1
rarely seen on a roentgenogram (Fig 231) and sometimes the defect
cannot be seen at operation without & large exploratory memon which 1
not justified

Prompt arthrotomy should be performed for removal of the loose prece
Tho roentgenographic shadow 18 no indication of 1ts mse A thin layer of
omseous granules 13 attached to 8 full thickness piece of articular cartilage
Spontaneous reparr of the defect 18 usually complete Unless removal of
the free body has beep delayed (Fig 231), the prognoss 1 good for nor
mal function even if the 1njury borders on & weight bearmg surface

A differential dingnosis between this chip fracture and a true osteo-
chondroms dissocans 1s necessary for msurance or medicolegul reasons
The fracture comes on without prodrames and 11 the result of & sudden
violent mjury Disability 18 immediate and complete Osteochondroms
dissecans will usually grumble for several weeks In this early stage, roent-
genograms will disclose the piece of bone and cartilage still n situ (Fig
232), surrounded by a rone of rarefaction on the lateral aspect of the
medial condyle of the femur Only of the looss fragment has become diy-
placed as a free body 18 operation indicated In the early stages the se-
questrated body will revesculangs if not molested A plaster cast for ax
to eight weeks has permutted complete healing 1n most cases Conserva
tive treatment should not be abandoned unless the fragment 15 actually
displaced All too frequently an operation has been perfarmed only to
find the cartilage surface mntact Do not rernove the roentgenologically
demarcated body m & chuld unless there is & break in the cartilage Drillmg
is superfluous 1n view of the excellent results that are obtamed with smple
conservative menmires It 15 unwise 1n the late case when partial separa
tion has already oceurred Operation should then melude removal of the
dead prece of bane and cartilage and smoothing of the edges of the crater
Healing of the defect with a fibro-cartilaginous scar gives s satifactory
end result but not es perfect as the one obtained by conservative meas-
ures when the easo 13 seen earler

Teuars of the semilunar cartilages aro rare before puberty Bofore that age
symptoms suggestive of this diagnass will usually disappear with rest in
a cylinder cast for three weeks They may be caused by a partially tom
tibia] eollateral gament or a contused cartilage or fat pad with persst-
ent flevion deformity In the adolescent operation may be roquired A
tom cartilage or a discord cartilago should be removed

FRACTURES INTO ADJACENT EPrPrrses
Incomplete fracturea of the upper tibl or lower femoral cpiphyses
are frequently referred to as knee injurtes Those of the lower fermur have
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been discussed with fractures of that bone More frequent in young chil
dren are the fractures into the prodmal tibial epiphyms A metaphyzeal
fracturo without displacement may scem inmgnificant at first but later
may prove to he a rerous mjury of the growng cells of the epiphyzeal
plate resulting in valgus varu, flexon or hach hnee deformity The prog
nosis must be guarded (Figs 1 2 pp 4 5 and Fig 147 p 100)

It must bo remembered that nngular deformity following fracture of
tlie proximal end of the tibia may be the reailt of atimulation of one half
of the epiphvacal plate rather than retardation of the grow th of the other
Rocntgenographic measurement by mx foot plates ecanogmms or by
other accurate menns should dotermuine the length of the bone immed:
ately after healing of the fracture Thus record 15103 aluable in determining
whether the rubrequent deformuty 18 due to overgrowth or retardation
The mast frequent cause of growth arrest is the slightly dirplaced epiphy
eeal fracture with a crush injury of the metaphyseal plate due to a force
ful lonmtudinal thrust ratber than the widely displaced epiphyzeal frac
ture due to laterally directed trauma In the latter care the growing cells
of the epiphyms are all carnied with the epiphyseal plate They continue
to grow with temporary nccelerntion so that the shaft zoon lines up with
the diusplaced eprphy=is In the crush type of injury some of the cells are
destroyed and growth 1s retarded thereafter

Tiba vara (107) 18 a relatively common leston of idiopathic ongm The
mfantile type 1# an exaggeration of the phymologic development It may
be unilateral (Fig 233) or nlateral Tho differential diagnoms from the
precedmy post traumatic lemon 1s easmly made by roentgenograms If
a fracture occurs m o bone which was previously bowed the diagnoms
should be made at the time of the fracture Frequently the ongnal de-
formity may bo corrected dunng the treatment of the fracturo The ten
dency to recurrence must be noted Checkup roentgenograms should es-

tablish tho accuracy of the alignment at the end of the healing period If
2 varus (bow leg) des elops later as a result of epiphyreal damage the sur
geo;_;dll tlhen(}lla\ ezgz;of that the reduction wes accurato
'thia ralga (Fig Jemora vara and femora ralga (107) are rare

have been observed as idiopathio lemons Such defp:ré:me)a are us\ml}JJ;
due to injury or diseare

Before anv angular or rotational deformity in the
is arenbed to trauma or disease the phymeian shtgxld be mmﬂn ‘glt}ihll:i
normal vanations of the developing child (108 109 110 111) The new
born baby has flexed kmees and hips Tho knees are rotated externall
while the feet are rotated Inward Thero 13 laternl bowng of both fcmorfa
and tibwe These ‘physiologic deformuties are normally o ercomrected
d“nngﬂiﬁﬁI!ttWO}mofhfe.Athme;mroldchﬂdhuuknock}mee_
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bach knee stance with the feat pownting straight forward A pre adolescent
gurl should be appreciably knock kneed 1f the tibiae are to be parallel after
the enlargement of the pelvis has occurred at puberty If these deform:
ties nro corrected during the course of fracturo treatment they wll go
on to overcorrection es the child develops.

Disvocatioxs or ThE KNeE

Daslocation of one or both knees 18 occamonally observed at birth The
condition may bo aggravated by the delivery but 18 usually the result of
a developmental anomaly with hyperextension and marhedly restricted
flaxton Treatment should be started promptly With mamtenance of the
flexed position, 1t 18 sometimes posaible to correct the deformuty by con
sorvative means In the severe case operation 1s indieated (120)

Traumatic dislocation of the knec 15 extremely rare in a child It may be
produced by great violence such as the 1mpact of an automobile Closod
reduction and the application of a plaster cast will give & good result more
frequently than in an adult Forceful medial or lateral angulation of the
knes m the adolescent may cause the complete avulsion of either end of
the tibial ar fibular collateral igament Novocame injection of the tender
Lgament and roentgenograms tahen with the knee i varus and valgua
strmin may be of great benefit in establishmg the diagnoss The kneo jont
will open widely under strawn 1f the ignment 18 ruptured The results with
a1x to caght weeks of immobilization are satisfactory for ordinary activities
but may preclude the prompt return to vigorous athleties The question
a8 to the management of such lesions will anse in the football injurses of
high school boys The operativo replacement of the completely avulsed
Ligament should bo conmdered if the case 18 diagnosed early Recovery 19
more prompt and mare complete If the rupture 18 Incomplete or after &
delay of a weeh 1mmobilization with a cylinder cast in extenmon and bow
leg (or knock kneo) strain 13 the treatment of chorce
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Frie 222 D 7, 8/13/31 Tho
sams case as in Figure 221 followmg
repaur of the extensor mechanism
and approdmation of the halves of
the patells with stamless steel wire,
Noto that most of the patella w still
cartilagmous. It looks as though the
wire loop were too Jarge. Recovery
war complete with sbght enlarge-
ment of the left patelln.

Fla 21 D J male age O
7/27/31 A previons extensive lacern-
tion of tho (uadreeps mechanran
Lmited fedon and prodeposed to
tho traneverse frncture of the left
matella oo rudden forceful flexion
This mjury is rare in the chikls
normal knee.

Fio 223 H. 7., male, age 1.
Sudden fledon of the left knes dur

Ing » football gnme tore the extensor

the patellar ligament. The arrow
polats to the tiny chipa of bone left
on the Hgament, indicating the
former position of the patells.
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Fia 24 I Z twenty-seven months folloming
the preceding roentgenogram. Thers J complete
henling after replacement of the patell in the
diztal ligamentous pocket and suture of the extensor
machantem. No mtermal frmtlon of the bons waa
necessnry An extenzlon cast was worn for six weeks.

Fia, 225. J \L, male, age 18 with & history of
a panful lump on the front of the nght knee (Os-
good-Schiatier's disecse) of txo years duration.
\o adequats treatment \ots the separats omiole
which bad formed 10 front of the patellar tubercls,
This was a developmental anomaly and not a
fracture. Separation had progremssd too far for the
lesion to hen! by conserative messures. Evobsion of
the entire aren through a longitudinal Inchuon
the patellar 1 resulted fn & Pete cure.
Etcinon of onh the comcle does not rebere the

ssmptoms.

\ote the cortical eyst (nop-omnfying filroma) in
the prodma) end of the tixa, Tha 1 of no sgnifi-
cance (ste Chapter XVII Pathologie Fractures)
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Fia 2 E. B 4/0/42 five

ment was rephiced the day after the
injury and maintained In positlon
by o loop of stalnlews steel wire,
Recovery of function was complete.
The wire was earily removed.

1y
J
‘\
r
L!

Tio. 220 . B male, 1173741
Tho portion of tho tibial plateau to
whieh tho antenor cruciate lignment
was attnched was completely ayalsed
by the Igament. Symptoms of
internal derangement wers com-
pletcly disabling The knee coukd
not bo extended

Fia 228. 8 V., femals, age 8
11/7/32. Avublon of the anterior
tibal cruchte attachment #milar to
that ln the preceding ewse but with
less dreplacement of the fragment.
Asplration of the Lnes joint and
Immobillmtion of the knee with a
loog cylinder cast relieved the
symptoms. (Courtewy of D M. L.
Btraes.)
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Fm. ﬂL HZ tnmty—wvc.u months following
There Jort

beulmg n!ter replacement of the patells m the
distal hgamentous pocket and suture of the extensor
mechangm, No internal fixation of the bons was
neceamnry An extenwon caxi was wom for alx weekn

Fra 225 J M male age 16 with a history of
» palnful lump on the front of tho nght knes (Os-
good-Schiatter’s dimease) of two years' durstion.
No adequate treatment. Nots the separsto osicle
which had formed in froot of the petellar tubercle.
This was a developmental gnomaly and not a
Iraeture. Beparntion had progremsed too ar for the
lealon to heal by coamsrvative measures. Excinon of
the entire area throngh a longitudmal incimon
the patellar lgnment resulted m a complets cure.
Exertion of only the csmals doss ot relieve ths
symptoms.

Note the cortleal cyst (nop-oeeilymg fibroma) in
the prodmal end of the tible This m of no signifi-
cance (see Chapter XVI1 Pathologlo Fracturts)
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Fia 227 E. B, 4/9/42, five
months  following the preceding
roentgenogram.  The avulsed frag
ment was replaced the day after the
injury and mantained tn position
by 2 loop of stainless steel wire.
Recovery of function was complete.
The wire was ea<ily removed.

Fia. 220 L. B mals, 11/3/41
Tho portlon of the tiblal platenu to
which tho nntenor cruciate ligament
was attached was complotely avuleed
by the Tigament. Bymptoms of
internal derapgement were com-
pletcly disabling The knee conkd
not bo extended

Fic 228. 8 V., femals, age 8
11/7/82. Avulmon of the antedor
tibenl crucinte attachment similar to
that In the preceding case, but with
lows duplacement of the fragment.
Aspination of the knes jolnt and
mmobilimtion of the knee with a
long cylinder cast rebeved the
symptoms. (Courtery of Dr AL T,
Stracs.)



180 FRACTURES IN CHILDREN
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Fio 230 W K nule, age 154
1723/39 'The arrow pomts to a chip
of bane and cartilnge which was
dmlodged from the lateral femoral
condyle when the pafkent jumped
and twisted his knee m n basketbsll
game.

l

Fie 229 8. V., 1127/ A
year follomng the precedimg roent-
genogram ahows complete healing
with afight prominence of the
avulsed fragment. Funetwa was
normal. (Courtesy of Dr M. L
Strans )

Fio. 231 W K A tangential romtgenogmm of
the procading case showed the defect from whicha
chip of bune and cartilage was broken. Acute symp-
toms of internal derangement wers produced. Re-
moval of the free body was delayed for #ix monthe
and thers was gome residual disability with Sbrila-
tion of articular eartilage.
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Fio 233 Typical bilateral mfantile type of tibm
vara. The angular varms deformity was corrected
by cateotomy noar the proxhmal end of the tibia.
Normal algnment was attained. This type i not as
prons to recurrence as the adolescent. (Coartesy of
Dr Leo \layer)

Fia 232, J T f{emale ago 10
6/1/51 Bilateral osteochondroms
diwceans in an early stage. This
was not a fracture Thero had been
po freo body formation. Bymptoma
tlo treatment and immobilation of
the knes with a cast for four to six
weeks was all of the treatment that
waa nccesary
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Fra. 284 \I H., male, agn 3, 10/28/53. Typical bllateral tihls valga
This deformity and infantile tibia vars are developmental ewaggerations of
“phyuiologis deformitien. They are not produeed by infuries of the eplphys-
eal plates. The defamity is rarely unflateral. (Coartesy of Dr L 8. MoRey-
nolds.)



CHAPTER 1IX

Injuries of the Leg and Ankle

Tre Suarms oF ToE TipiA AND Fnora

Fractares of the shaft of the tibia vary 1n chamaeter with the age of the
¢hild Tn mfants and children up to mx years torman of the foot produces
» epirnl fracture of the tibia with no break of the fibula There 1 frequently
uittle or no displacement This tvpe of mjury results from catchmg the
foot m the crib and twisting in an effort to get loose The older child falls
with the foot canght and produces the same mjury (Fig 235) In children
from five to ten years direct trauma frequently produces a mmple trans-
veree fracture of both banes with or without displacement (Fig 238)
Among adolescents, eports euch as ekung cause commmuted fractures
of the middle third with butterfly fragments and marked displacement

The sprral fradure of the mfant frequently goes unrecognized YWhen
the diagnows 1s made the symptoms are rebeved by a long leg cast from
toes to mud thigh with the knee 1n flemon This need bo worn only three
weeks The mmilar fracture m an older ehuld with munimal displacement
needs rmmobihzation for only four to five weeks m the same manner
When thero is no fracture of the fibula displacement sufficient to justify
reduction is rare Accelerated growth of tbe tibia corrects the shght bow
mg When otk bones are broken and displaced manrpulation under anes-
themn will usually gve eatidactory pomtion Bayonet appemtion with 1
em of overnding 1s acceptable (Fign 237-230 and Fig 203 p 244) A
long cast with the lmee bent 15 all the immobilimtion that 18 necessary
(Fig 240) When there 18 gross overnding ®1th conmderable diplacement
as m highway aceidents skeletal traction may be mdieated particularly
if damage of the ekm precludes the use of ekin truction (Fig 256) A
Kirechner wire may be inserted through the beel and the traction device
ncorporated m a east extending to mudtlugh with the well padded knee

15
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shghtly flexod (Fig 240) Tracton of fivo to ten pounds may then be
placed on the cast and good alignment and setafactory length maintained
As m the case of the femur overriding of 1 om 18 conmdered a favorable
postion Overgrowth 1o the leg occurs leas rapudly buit as conmstently as
1t does i the femur (Fig 257 and Fig 204 p 245) All closed leg fractures
should be treated conservatively in children

After the completion of growth the comphieated spiral sk or football
fracture with a butterfly fragment and marked dusplacement may ro-
quire open reduction 1f an 1deal end result 18 to be obtained Closed reduc
tion with overnding of the fragments oventual shight shortemng and
alight bony deformuty are to be preferred to an attempted open operation
by a tyro Unless the injured youth 1s to have defimtive surgery within
an hour or two before the swelling has become a problem the leg should
be immobiliged 1n a splint or cast with a pressure dressing, 1ce baga, and
elovation It 18 unwise to attempt the open reduction of a tibial fracture
at the height of the swellng a day after the mnpury occurs. It 1s better to
wat soveral deys until the reaction has submded Hyaluromidase may re-
duco this time It should be emphasized that until growth 13 complete
open reduction has no place n the treatment of the fractured tibia Even
then closed reduction and mmple plaster fixation 15 usually the method of
choice

FRACTURLS JUBT AROVE THR ANXLE

The typreal ankle fractures of adults do not occur 1n children Charac-
tenstic mpunes occur for tho vanous age groups In the mfant there is a
transverte greenatich, fracture st praumal to tho epipbyms due to direct
traume (Fig 238) The tibie alone or both bones may be involved Thers
19 usually runimal angulation and immobilization with a long cast for
three weeks 13 all that 18 necessars In the child from three to twelve years
an anhle fracturo often mvolves the epiphyms (Figs 241 244) Asat the
knee and wnist the direct lateral foree 13 less likely to produce growth
arreat than the longitudinal thrust The distal tibial eprphyms 18 the most
prone of any 1n the body to the type of mjury that causes damage to the
epiphyseal plate and subsequent angular deformuty and/or shortemng
(Figs 242 247)

Closed reduction of epiphyseal fractures at the ankle 15 usuelly easy if
the cae 13 seen promptly (Fig 245) Open operation 18 ot justified even
with conaderablo resdual displacement A long cast with the knes flexed
should be apphed for four weeks 1n a young child. As puberty is ap-
proached the time should be extended to mx weeks Tt is imporativo that
the parents bo mformed that eprphyeeal damage 15 not unlikely Carcful
examunation at mtervals of three and then mx months with accurnto
rocatgenographic measurement of the individual bones 15 nocessar) for
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the first year or racre until one can bo sure that growth 18 progressing
satifactonly Inerenso in length of tho legs may bo determined by direct
measarement or by subtracting the mtting from tho standing height
If there 18 no growth an opmion ns to progress must e deferred oven af
conmderable timo has elapsed

It 1s important to recognizo an incipient deformty carly ro that the ap-
prapnate corrective measures can be mstituted promptly before gross
deformity has produced secondary changes (Fig 243) A knowledge of the
growth cxpectancy 18 1mportant (Figs 1 2 pp 4, 5and 147 p 106) When
there 18 no epiphyzeal damage overgrowth of 1 ecm 18 the rulo in a dis-
placed fracture This 1s equally true whether the fracture be in the middle
of the bone or near the end

Emphyseal fractures with conmderable displacement (Figs 248 249)
should be treated with masterly neglect after a delay of two weehs Closed
reduction 18 usunlly mmposmble and open operation 18 not justified As
previously discussed (Chapter VII) the growing cells accompany the
epiphyms and with molding the angulation dimmishes (Figs 250 251)
As the chuld approaches puberty, more accurnte reductions are necessary
1f unsightly deformty 18 to be avorded

Malleolar fractures occur oceamonally 1 older children with a version
or rotatianal strain (Fig 252) There is usually no dsplacement On the
lateral mde the epphy=s 18 bkely to bo 1y olved Here & fracturo without
dusplacement may go unrecognized until roentgenograms ten days later
show subpenosteal callus about the epiphyzeal plate Malleclar fractures
heal better than they do m adults A short unpadded cast with a walking
heel s usnally tho best treatment Internal fixation 18 not necessary Pseud
arthroms 13 not encountered 1n children

Srrains

The feet of a normal child are pronated until the age of mx years or more
80 that h{ao‘anua are extremely stable Sprmn 18 very rare Foot stramn 1s
common Overachivity and insufficent rest ently cause hgamen
stmluofthemnurmdeeofthefootmdanfkrl?uAchy;'.ldmthmchstrtil:
often stands on the outer border of one or both feet with the toes curled
under He hmpa He has a great urge to remove hua shocs Adhesave strap-
ping with the heels mverted 18 & therapeutic test and good treatment

An mmde beel wedge with an elovation of 34” 1 good for the pronated
foot of the older child It should never be used on an infant who still walks
on a wide base to mamtain balance Wedging the heels of the toddler will
make hiy feot more unstable and prolong s awkwardness Rigd arch
supports have no place m the treatment of the feet of amall children
Much of the thunder would be stolen from the shoo quacks who prey an

over roliestous mothers 1f all doctors would broadenst the f emall
cluldren are normally flat footed o fact that
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Fra 236 B. D male, age 8

for five to sixr weekn in & Jong cast
with Loee bent.
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Fra. 235. J N\, mals, age 8.
Bpural iractore of the distal thir of
tho right tihia due to torsloo- The
fibals was pot broken (other plates
showed the prodmal end).

o
Caze R O
&"“”‘Aﬂ thmry




Fro. 257 J 8 male nge 4.

removal of the cast seven weeky
19 fnan after the fractare.
Quered w ‘\4
“nx«\nx on

a. 238, J 8 7D years after
xeceding roentgenogram. Fone
was completelv normal,

19 4311
Ewd Resuly
Ve W Kem w
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Fro 239 J 8., laieral view to as
company Figure Z38. The Jegy were
roentgenologeally symmetrical sk
though the site of tie fmcture conld
still be wdentified. Moral Bayonet
appoartion fa gcceptable. \loderate
angnlation of the middle of the
tihia with the apex posterariy b not
productive of permanent deformity

Fic 240 Musttmctura-a!ms)qtuchﬂdrmlrordlhmtadrlﬂnlonglegu:t'ﬂr
footlbouldbentnghtm;lamdmneﬂh-d\mmhnelbaﬂdbnﬂamdbamw

and 130°
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Fig 242 C 3L 5/25/49 two
years and soven montha after Figare
241 There hnd been partial arrest of
epnphyseal gronth of the distal end
of the tibia on the medial side. This
bad resalted in disbling varus of the
ankle and shordmning of the right
tihin. [Reproduced with permimion
of the Amerlcan Aendemy of Or

Fro 211 C M., femals, ago 6,
10/10/46. Fracture of the distal
tibual epiphysis with greenstick ime
tare of the fibula healed matisfacto-
nly without reduction. (Reproduced
with pormisson of the American
Aeademy of Orthopaedic Burgeons,
Tnstructiona) Course Lectares (35) ]
(Courtesy Dr James J Callahan.}
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F16. 244 E. k. nmnle, age 8
10/0/34. Distal tilaal epiphysenl
separation with obhque fractare of
the mrddls of the filbula when the leg
was crushed by ar automobide. The
viow on the left 1 2n oblique antero-
posterior view the right a lateral
[Reproduced with permision of the
American Aeademy of Orthopaedic
Burgeons  Instructional Course Lee
tares (142) ]

Fia 243. C M 2/25/52 Thres
monthe after the second ostrotomy
to carroct the angular deformity A
wodge ahaped segment of extindneal
bone fiom the bank was meerted
There was complets correction of the
deformity and good acceptance of the
graft. This asteotomy will be perms-
pent because there wns epiplyzenl
closure. Inequality of leg leogth wes
equalissd by stapling the prodme!
epiphywls of the opposite tibis. [Re-
produced with permiadon of the
Amenen Academy of Orthopasdi
Surgeans, Instructional Course Lee-
tures (35) ]
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Fia. 210 E.L, 10/15/34 The pre-
celing fracture after ensy closed re-
duction and immobllizatron in a long
leg cast.

Fia, 246. E. E. 11/16/30. Two
years after the fmcture there was
shottening of 3¢ (12 mm) due to
injury of the dmtal tiblal epiphvreal
plate with slight varue of the ankle.
{Reprodueed with permusson of the
American Aendemy of
Surgeom, Instructional Coarse Lec-
tures (142)]
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Figc 248. B P female, age 10
Anteroposterior visws of both ankles
three weeks after o fracture on the
nght. There was 5 mma. of sharten-
ng Moderats swelllng No treat-
ment. [Reproduced with permbmaon
of the Ameriean Academy of Ortho-
paadio Surgeons, Instruetsonal Coarse
Lectures (35) ]

Fia. 247 E. E, 2/28/39, fire
years following the fracture shown in
Figure 24 Epiphysen! growth wa
almost complete. There had been
premature closure of the left dmtal
tiblal epiphysls. The vares deformity
was mmimal bat there wns 25 om.
shortenmng, Today we would antia-
pate the result at the end of the first
two years and stapls the opposits
provimal tiblal epiphyms. [Repro-
duced with permimnon of the Amer-
can Academy of Orthopasdio Bur



INJURIES OF THE LLG AND ANKLT 183
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Fra 250 B P Anteropostenor
view of both Jega two years and four
moaths  following the preceding
roentgenogram. The angular deform
ity was otill viaible but dmintshed
and masked fatly well Ly the soft
timoes. The right leg was now
slightly longer than the left. [Repro-
duced with perminion of the Amori-
ean Acsdem) of Orthopaedis Bur
;(;;)n.]t,Lnltnm.kml Lectures

Fia. 210 B P Laternl views of
both ankles of the preceding case
show the deformity which was
raasked by swelling, The patient
walked with crutches. Becanse of the
likelthood of epiphyseal damage with
attempted redovetion tho deformity
was nccepted and a walking east
appled [Reprodaced with permirsion
of tho American Academy of Ortho-
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Fre. 252 L. R. male ago 12. A
Jongitudinal fractire through the
medial side of the epiphvaeal plate
and metaphvma was jmmobilised m
plaster without reduction. The fmo-
tare healed promptlv and thers wes
Do grow th desturbance.

Fia. 251 B. P Improved sppear
ance In the latern! view as compared
with Figare 349 The delormity v
not elmically evident from the sde,
Note that the deformuty n the
mggital plane corrects better than
deformity 1 the {rcatel phes
Vom! It s befter to acoept alight
permanent apgular deformity than
run the nsk of injury to an epiphysee!




CHAPTFR \

Injuries of the Foot!

The child s foot 1s so flexible and remlient that a force apphed to it 1s
usually transmtted higher up to produce the fracturc there Almost all
fractures of the foot are due to direct trauma A fall from a great beight
will cause a fracture of the caleaneus and/or the talus (Fig 253) asin the
adult but les<er falls will break only the tibia Crush injunes will fracture
the metatarenls or the toes Oceamonally a child will stub hus toe and break
1t but not o frequently as s parents Marching (fatigue) fractures which
oceur frequently in the metntarsals of adults are rare n children Girls
who akip rope Tigorously 1n the epring after a lang winter of relative 1dle-
ness may develop a fatgue fracture of the second or third metatarsal
Callus may appear before the fracture line 13 visible An osseous center at
the base of the fifth metatarsal 18 normal until seventeen and should not
be confused with a fracture

The recuperative power of the child s foot is tremendous Except when
the fracture 1s open (compound) operation 18 almost never indicated A
badly crushed foot (Chapter XVI Open Fractures) 1s molded back to1ts
normal contours and beld mn a padded plaster cast The foot 13 elevated
and surrounded by 1ce bags The first cast soon becomes loose and 1s
changed for an unpadded one Alstatarzals which look like & pile of yack
straws will reshapo themselves and with molding present & nearly normal
rocntgenographic apperance within 2 year or two Funetion will be excel
lent Angulated closed metataran! fractures are well treated with tempo
rary skun traction on the toes and forefoot to produce better alignment
Sheletal traction on the phalanges 18 permussible but rarely necesrary
Care should be taken to mold the arch Broken phalanges should be
sphinted temporanly or bound to an adjacent toe Good general alignment
may be judged by the external contour of the toes

Fractures of the talus 10 contrast to those of adults (Figs 204, 255)

4 For “flatfoot” see the last two parmgrapha, preceding chapter
103
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heal satisfactonly without serious remduals from avaseular necroms of the
trochlea Reasonably good pomtion 18 zary The o I displaced
fracture of the talus with complete rotation of one fragment m an older
child may require surgery to replace the fragment

Flake fractures of the articular surface of the trochlea (Fig 258) appear
suddenly after a violent twist of the ankle of an older child (112) Thay
may be difficult to demonstrate by roentgencgram unless the ankle 1s
aharply plantarflexed If displaced, they will not unite and must be re
moved like the chip fractures in the knee The prognoss 18 good for nor
mal function

The rare fracture of the colcaneus m a eild should be treated conser
vatively Amanng degrees of restoration of form and function have been
obgered Mutilating operntions are contraindicated Avascular necroms
occurs but creeping substitution 18 rapid (Fig 255) The subtalar post
traumatic arthrosts which 15 so disabling m adnlts does not occur The
bane should be protected from weight bearmg until 1t 18 revascularized

Cruah fraciures of the natrcular are almost unknown Following an mn
Jury the osteochondral lemon of this bone known as Roehler s diseasc
(Fig 259), (and a mmilar lemon of the cuneiforms) should not be confused
with a fracture The extreme flattening fragmentation and mcreased
densmty of the osseous center are characterisho Koehler's disense 18 pelf
Lnuted Symptomatic treatment sath & cast 18 desrable for threo to four
weehs until the tendemess and swellng have dissppeared After soveral
months the roentgenogram will appear almost normal. Shght permanent
thinming of the navieniar 13 compatible with perfect function There 18
no likelthood of permanent deformrty as there 13 with coxa plans (Legg
Calvé-Perthes disease)

Freibery’s dwsease (127) (Koehler s dizenne # 2) 18 a mumular osteochon
dral lesan of a metatarsal head usually the second or third m & gl of
about thirteen (Fig 260) The entity 1s much more prevelent snce the
advent of loafers which cause pressuro on the ends of tho toes Pam fre-
quently bnngs the patient 1o for roentgenologe examnation There may
be an osteochondroas disecans which 18 somoetimes misdiegnosed as &
fracture

In contrast to Koehlers # I the prognoas 1s not good Unlees the dis-
arder 13 recogmsed very early deformuty results Weight beanng should be
relieved by a cast in the severs ca%e or by approprate modification with
anterior pad and Jones bar of a shoe that is long enough TPermanent
hmitation of motion 1s likely and the joint may become very pawfal in
later life even requiring resection of tho basal phalanx The prevalence of
this disense should constitute & ples for long enough shoos for growing

aqirls
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Fia. 253. L. h. male, age 3. Crushing mjury of both Jegs and the left talus and eal-
caneus in a fall of five stories. After shock had been controlled the legn were immobilized
{n plaster usmg 2 Kirschner w fro through the proxmal end of the left thi. Thers wero also
{ractures of the left femur both mehial tuberoaltres, the meram and reveral dommal verte-
bese. [Reproduced with permisncn of the Amencan Academy of Orthopaedio Surgeom,
TInatructional Course Lectures (35) |
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Fro 254 L. K five months after the preceding roentgenogram. Healing had taken
place bt theee was avascular necross of the trochlen of the talus and the tuberosity of the
ealeancea, [Reproduced with permiseron of the Ameriean Academyof Orthopaedic §
Instructional Course Lectures (35) |

Fia. 255 L. b seventeen monthe follon mg Figure 284 Creeping substitution had o¢
curred tn the arens of avascalar necroait. Frmction was good altbough there sas Timitaton
ofmﬁono!thek!:.nkhlndmbhhrmta.[Tlepmdncedﬂthpu-mh:mo“ha.&meﬂ-
ean Academy of Orthopaedic Surgeons Instructional Couirse Lectures {3%) )
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Fia 250. L. k. & phtc six weeks after Figure
233 There was 4 mm. shortening on the keft. Note
the cliannel of the Kirschner wire in the proximnal
end of the Jeft tibia.

Fia 257 L k. 5/7/52. Two years following the
preceding roentgenogram thers had been a galn in
the length of the left, tibia of 7 mm. due to acceler
ntedm'.h_’l‘lnldtmmnsmramm_mobmg.
Anguh.rddom\}tymnﬂ]viﬁhhbmnutdhﬂmg




FRACTURES IN CHILDREN

Fro 251 L. K. five months after the preceding roentgenogram. Healing had taken
place but there was avascular necrans of the trochlea of the talos and the taberosity of the
caleanens. [Reproduced with permuion of the Amerfean Academy of Orthopaedic Surgsoas,

Instructonal Courss Lectures (35) |

T
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Fia 255 L K. soventeen moaths fallonng Figire 254 Creoping substitution bad oc

curred 1n the arens of ayascalar necroas. Fanction was good althongh there was limitaton
of motion of the keft ankle and subtalar jomts. [Reprodyced with permusicn af the Amert-

can Aeademy of Orthopaedie Surgeons, Instructionsl Course Lectures (35) 1
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Fia 208. L. K., a plate six weeks after Figure
253. There was 4 mm. shortenmng on the left. \ote
the eliannel of the Kirschner wire in the provimal
end of the left tibia

Fia. 257 LK, 5/7/82 Two years following the
roentgenogram there had been a galn In

the length of the left tihea of 7 mm. dus to seceler
ntedmv.h.’l'helduﬂ)hmm3mmtuobng.
Anguh:de{orm}tyrunﬂlddhhbnnnotdhblmg.
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Fra, 259 B B fermale age 4.
Eochler's disease of the tarsal navic-
lar not a fracture, Therp was in-
creaved demsdty flattening, and
iragrrentatim ©f {he cwetoos center
amocsated with swellmg and pein.
The symptoms were reliecved by a
walking plaster enst. The form of the
navioular way gradunlly restored. The
diseaso ja welf-Jimited. Bignifieant de-

formity does pot oceur evwa withott e, *4

treatment.

—

Fra. 258. AL E femals, age 13. A flake fracturs
of the trochlea of the astragalus was esaily recognizad
five mopths after injury In the onginal film the
fractare was missed although it wns visihle on careful
scrutmy The ankls wos trented as & spram. Com-
plete recovery after removal of the Jooss fragment
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Fio 260 P W femnle, age 14 This was not a
fracture of the head of the second metatarsml. Frel-
berg’s dmense (Koehler's disease £2) kv an osteo-
chondrul Jeston mmilar to cows plana, There is the
mms tendency to deformity if the foot i not pro-
tected at an early stage. Short shoes predupase to
this lexion.
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19
|



CHAPTER X1

Injuries of the Ribs and Sternum

Luke the fibulas the ribs 1n children are so elastic that they are rarely
broken except by a crushmg injury The general condition of the chld 18
then the first concern and the fractures may be disregarded Rib fractures
m children due to & blow are Iikely to be greenstick A swath made of an
elastic bandage 18 comforting A strip of muslin over ane shoulder will keep
1t from shipping down (Fig 261) A ‘Sem Brown belt’” may be used Ad
hesive produces more discomfort thun the fracture 1n most cases

Fractures of the sternum are of rare occurrence 1n older children If the
fracture 18 displaced there 18 no trouble with closed reduction if treatment
18 prompt The patient 18 placed 1 hyperextenmon with the arms above
the head Under local or general ancethema the fracture 1 reduced by head
and foot traction and digital pressure In an old fracture closed reduction
18 1mpoesible There 13 no mdication for open reduction Function is nor
mal. Molding corrects any deformity



DNJURIES OF THT RIBS AND STERNUM

Sofely pins
(bock 8 front)

Fro. 261 Fractures of the rite in children may
be made more comfortable by a cotton elastic swath.
It s kept from alippung down by & mualin band over
the shoulder



CHAPTER XI1

Injuries of the Pelvis

Crush fractures of the pelrts oceur rarely n children of any age because
of the elasticity of this bony nog with 1ts interposed cartilage buffers
Unless they arc compheated by wjury of the urethra or other pelvie con
tents they are of httle mgmficance They heal vory rapidly Modernte
degrees of malpomtian are of no mgmficanco as they dirappear with mold
mg In older gmrls restoration of the pelvic outlet 18 necessary This should
not require surgery If the fragments are separated they may be pulled
together by a hammock (Fib 262A) Alore commonly there 1s compres-
@on of the pelvis (113) Thus may be corrected by the application of two
long leg casts with a fulerum at the knees and a turnbuckle or Spamsh
windlass to pull the feet together (Fig 262B) Eather type of force may be
combined with traction on one leg if there 18 upward nding of one half of
the pehis (Fig 262A)

Boys between twelve and nineteen rarely girls of equal development
may have s traumatic separation of the apophysia of the tschium The cres-
cent of bone 18 pulled away by a violent musele effort such as a jump or a
sudden start in runmng When there 1s wide separation union does not
take place spontsnecusly and conmdernble disability results There 18
wenkpess and pain with activity When displacement is muumal the apo-
phyms will unute (114) Vlolding will correct the deformmty If tho adoles-
cent grows for mveral years Somo thickening of tho ischum permists when
the njury oceurs nearer the closure of tho apophysis at the twent; fifth
vear Open operation and internal fixation have failed because of delay
1n some cnses The fragment has pulled loose agam (115) An attempt at
reduction and secure fixation of the groaly displaced fragment would be
justafied if the diagnaan were made early Excimon mav be conmdered 10
the late caro with disebling symptoms but thare is & marked tendenc) to

204
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{he reformation of new bone at this location The sear superficial to thiy
bone 1s tender when tho patient mits

Just before the achiopubie hiatus closes n cluldren from four to eight
yeara of age there 14 frequently a conmderable exaggemtion of the normal
fuaform enlargement of the synchondrosnis muggesting callus (Fig 263)
This osteochondral kesion (118) may eause a hmp and himitation of abdue
tion It1snot a fracture A fow day'arest 1sall the treatment that 18 neces-
sarv The enlargement disappears with time

Os acctabula may appear as o permanent reparate ossicle at the nm of
the acctabulum The osscous center hero may temporanly present the
common picture of an osteochondral inflammatory lemion Trregulanty of
ossification may mve the appearance of a fracture (Fig 264) The lesion
13 rarcly svmptomatie If there 1s lup pain it will disappear spontancously

Flu.mA.Fmdmuoldnpdvh‘lﬂ-mnhnndthaf
ragments be
rdm;:!yt;bkpnf:‘&ﬁ“m b{-de,th:md e ey m’;u o
on one aling may be eombined with traction
lﬂectadddaudmbylbomﬂllﬂnhmmhm ——
overhy compreeaion,
Mmtbndﬂnfmhhdh!d.ﬁhmybo&nhedbp;:dpplghghngm
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Fie 284 L. D Irregularity in the development
of the im of the acetabutum may norulste  fracture
in the roentgenogrmm. Symptoms of hup disabihity
are rare The center usmally unrtes later but may
form an os acetabula. This was not & fracture bat a
bilateral osteochandral Jesion asociated 1n this case
with abeormal developrnent of the capital epiphyxis

Fia. 203. J D Osteochondrosis
of the mchial pebls huatus is a Jeskn
producing enlargement and mrege-
larity of density Symptoms of Limp,
umaally without pam Hmited abdoe
tion of the affected lup with other
motions  pormal,  are  rebered
promptiy by bed rest, The roentzes-
ograpine changes may ocour n the
absence of symptoms.




CHAPTER \III

Injuries of the Spne

Trr CERvicAL BPINE

Except m cases of extreme violence fractures and dslocations of the
cerrical spine are rare ‘Thev occur in older children as diving accidents
rarely from the whiplash trangportation njunes which are £o common m
adults Thet nro less likely to cause transection of the cord than are
mmular inquries of adults but their treatment 18 otherwise exventially the
eame (117 118) Followng injurv an asymmetneal athtude may lead
one to misdiagnose a congemtal anomaly as a fracture Roentgenograms
should be carefully studied and compared with those of a cluld of smilar
age Apophykes are often confusng Alippel Feil syndrome fniture of dif
ferentintion of the cervienl \ertebre must be recogmized as o congemtal
deformity

Subluzation of 8 pair of facets of the cervical spine 18 relatively com
mon complete urnilateral dislocafson more rare (Fig 267) Dunng o game
& child s head may be jerhed to one mde and rotated It remams m that
position (Fig 266) due to a failure of one pair of facets to retum to tho
normal poation A subluxation 18 difficult to demonstrate on o roent-
genogram but a complete luxation may be dentified (Fig 267) With
head traction the pam and spasm will disappear and the involved facets
will resent themselves (Fig 208)

A few dava m bed with a pull of a felt harness (Fig 208B) 15 usually
the treatment of choice The commereial Sayre head pieces are less com
fortable When neck motions are normally free and painleas a collar made
of stockinet filled with coarse cotton 18 applied as illustrated (Fig 209)
It 1 more comfortable as well as more efficient than the adjustable neck
braces sold by mstrument houses and brace malers It Lits the bead with
a defimte tractian effect In older children a Minerva jacket (Fig 285)
may be preferable

o
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An acute subluxation mey be reduced by manipulation without apes-
thesa Wiule traction 15 applied and tho child 1s completely relaxed 1n the
posttion of deformmty the head 18 given a sudden deft twist in the dorection
of increased deformity This unlocks the facets and permits them to seat
sgain The head should then be mmilarly manipulated m the opposite di
rection The manrpulation must be painless Motions will then bo entirely
pormal while traction 1s mamntamed. It 18 well to continue to support the
neck for several days with & eotton eollar (Fig 269) Traction 15 not neces-
sary when the subluxation 18 seen promptly and completely reduced If
there 18 any delay traction 1n bed is the only treatment to consder

Spontaneous duslocatton of the allas and azts may occur as a compheation
of upper respuatory digease (119 120) A careful ustory should distin
guish this entity from the preceding ono Bed rest with traction is ind:
cated, never mampulation A plaster collar may be dearable for a few
weeks after the patient 1s ambalatory

Tae Dorssr SPINE

Sraall chuldren may be tied 1n knots without fracturing the dorsal spine
After the age of eight years a jach kmife injury m football & blow from &
falling object a fall from a beight or & transportation acadent will com
press a vertebra (Fig 270) hut the fracture is rarely unstablo Usually
the compression 18 not greatand 1t 13 unnecessary to reduce the deformuty
Until healing 18 complete the child should be placed 1 a hyperextenmon
cast to provent further collapse Active treatment without support which
18 80 destrable 1n most spine fractures of adults 18 not apphcablo i rela
tively rresponatble children

After o few weeks the roentgenogram will show some yrregulanty of
contour and bene denmty due to osteochondral changes of tho secondary
osccous centers Tho vertebral body will slowly become homogrneous and
there may even be partial restoration of form (Fig 271) if extenmon has
been well mamtamned by a cast or a braco, No disability results even
though thero 18 slight permanent wedging

In the absence of cxtreme violence, & fracture of the dorsal spune 18
likely dus to a pre-existing leston Egmnophihie granuloma 18 one cause for
collapse (Chapter XVIT) Thero are occamonal cysts of the vertebral
bodies which disappear following thoe fracture If a pathologio fracturs
produces lateral wedguig of & vertebra (Fig 272) the resnlting Joca} angu
iar doformuty should be held overcorreeted for many meonths to bo sure
that the defarmuty does not progress during a rapid growth spurt. Rever
sal of the uncqual pressure on the compressed vertebra permits equahizs
t10m of the deformsty by overgrowth of the involved and adjaceat verte-
brae eccording to Hueter (121) and Volkmann (122) and demonstrated
repentedly by Rieer



INJURILB OF THI BPINE 209

One must not mistako for a freture an idiopathie osteochondral lexion
of tho pnmary (Fig 273) or secondary (Tig 274) osscous centers of the
epme The first known ns Caled’s disease, (125) nnd ormnally beheved to
be an idiopatlue o<teochondrom hiko coxa plann 18 a lesion of the primary
aencous center of a vertebra The bodv becomes dense very flat and
broader than the contiguous oner (Fig 273) The adjacent mtervertebral
spaces are mcreased rather than dimimshed With bed rest the height of
the vertehm 18 nlmost restored and the denmitsy retumns to normal It s
recogmzed now with better roentgenograms that several lesions may
causo this vmptom complex In rome the loss of height may be oc
caxioned by a pathologe fracture a8 1n eoxnophilic grnuloma (Chapter
\VII Pathologic Fractures)

Scheurrmann (140) was the first to descnibe the irregular development of
the secondary osscous centers of the spme enumng juvenile round back. The
otiologmy 18 unknown The deformuty is probably aseocinted with meta
bolie dvdfunction It matrongly hereditary Inerease m the deformuty may
be minimized by prompt efficient splinting (Fig 270) Rapidly progressive
curves are best treated by correetion n a Milwaukee brace and prompt
fumon There 18 an immediate cosmetic improvement with definite roent
genographic evidence of correction of the kyvphos If fumon 18 sohd the
deformity does not relapse although the grafted area will elongate with
further growth of the spine

Tue Luupir Brive

In the lumbar region where the disorder 18 less frequent the differential
diapnoms 19 more difficult (Fig 270) The wsolated irregulanty of develop-
ment of a mnogle epiphyms (Fig 277) 1s often confused with a fracture
Remember that fractures of the spine are almost unknown 1n children
below the first lumbar segment One must not overtreat an adolescent, or
an adult s & result of such a mistaken diagnoeis Not only are there likely
to be far reach dicolegal phications but grave and wholly wn
necessary neuross may develop from an othermise tnval mjury

Fractures of the laminae or pedicles are exceedmgly rare but must be
looked for in cames of extreme violence to the torso in which there 18 an
element of torsmon (Fig 278) Although the fracture may be unstable
reduction is not necessary With rest complate recovery 1w the rule and
mn children there 18 no indication for spmal fumon Tho support of & cast
or a braco and Iater a corset may be indicated

In the older child the differential dingnoms between fracture of a trans
rerse process and an unumled apophyns must be determmed by careful
scrutiny of reveral roentgenographuc films Roentgenograms after several
weeks may be necessary to be certam of the dingnows A fracture will heal
1n the interval the anomaly will remamn unchanged
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Congential anomalies 1n the low lumbar region are likely to bo mistaken
for fractures Spondylolisthests with an 1sthmus defest and some forward
slipping of the superor vertebrae 18 usually disgnosed for the first time
when back pain appears spontancously at age thirfy or younger, when
the low back 13 subjected to unusual strain such as a tour of military ser
vieo Occomonally o spondylobsthems will becoms symptomatic m child
hood Such a case was followed from pimne years until twelve (Fig 279)
Disabling symptoms were not relioved by the prolonged use of a surgical
corzot Complete relief of gymptoms was obtained by fumon of the fourth
and fifth segmanta to the sacrum (Fig 280) In a ten year followup the
young man reported parbcpation m basketball and all ordinary sports
without disabrhity

Spondidolysis, the isthmus defect without the ehpping 18 diagnosed
1 the oblique roentgenogram, occasmonally better m the lateral. It must
not be confused with fracture of the 1sthmus which 13 sometimes caused
by great violence Later roentgenograma will ahow bealing of o traumatic
bone lemon

Fia. 265 Vlivervs jacket to be
applied In the more sedons fnjunes
of the cervical and dormsl epine. It B8
useful m ehikiren who will squirm oot
of almost anv neck beace that %
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Fia 266, M )., female, age 0. A wry peck pro-
duredbyujerkuntbehmd‘ithynln[ulnb!mﬁon
of the facet between opo and two on the right (Fig.
2067)

Fie. 267 JMAL A. 8/13/52. 8ab-
ration of the facet between the first
o second cervreal vertebone on the
ight. B. 10/27/52. Head traction
Fig. 263) promptly reduced the sub-
mmtion. She wore a cotton collar
Fig. 209) for two weeka. \Ine wecks
fter the Injury the symptoms had
ompletely dimppeared.
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of the head end of the bed Ia the sufest

injurles in children. B A aling meds of felt and stoekinet s better

traction with elevation

Fia. 268. A, Head
ting neek
thlntbat‘ommsmh]nrﬂda.c Arutmluthntec-:ryfurmatehﬂdrm.

method of tren

tolerated
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Fio 209 A modifieation of the Schans collar is well adapted for use 1n ehildren. Three
tneh (17 em.) stockinet six fest (2 m.) Joog e stuffed with conrse cotton. The cotton s first
rolled kengthwise into & sausage and then palled into the rofled up stockinet. Some empty
stockinet 19 left st each end. The support o applied loosely under the chin and ocaput (A)
The secobd turn s below the first and somewhat tighter (B) The third turn w made snug
enough to make the child uncamfartable at first. The first end 18 incorporated in the band-
a0 and the looss end 3 pinned fast, Thie dressing may be tightened by the mother at fre-
quent intervals, It affords a support to the head with a distraction effest on the neck,

213
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Fro. 271 T 0., 11/28/52 Omdf

fire years it had been partally re-
formed There wers no symptoms
referable to the baek. Clinical r»
covery was complete except for
alight ¢lbbes at the mte of the freo-
tare.

Fio 2710 T O, male, age 11,
11/4/47 A compresgdon f{racture of
the twelfth thoracio vertebra wm
sustamed  when thw patient wm
“Jack-knifed” whils plaring foottd
with larger boys. Immediate pain in
the back. Thers was compression of
the supenor table of the twelfth
thoradio vertehra with an anterlor
brenk m the eorter. A hyperextenson
cast was apphed for mght weeks fo-
Iowed by a hyperextension brace for
2 year
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Fio 272 K.\, female age .
Prio in the back awmocated with
compresston of the minth thomcle
vertebra Immadintely followlng »
fall on level grouml The chikd
landed on lier back with hier epine
flened Thero niay have been lat-
eral flovdon an well Paln perrsted

- until she was immobilizl in a
cast. For a year she wore a JMi-
waulee brace with a lateral strap
on the left. Note the compreeion
of the ninth thomeie vertebm on
the right side. The ircture ap-
peared to have occurred at the
nito of a precisting eyst involvmg
the nght side of the body and
right podlele.

Fia. 278. F 3L Thi m one of the two cases
publi<hed by Calvé (128) Collape of a vertebra of
» young child with broadening increased density and
sometimes fmgmentation has tince been Mdentified
with Calvés mame. Other cases have been cited in
the Literature with subsequent restoration of almost
pormal belght and form. It  now recognized that
several vertebenl lenons of known etlology mav
eaure thls unoeual sequence. (Courtesy of Dr Elliott
G Brackett) [Reproduced with permmsion of the
Journal of Bone and Joint Sargery (128) )

Fia. 274, G ), female, age 15
An osteochondm) leslon of the wec
ondary cscous conters of the dotsal
spine amociated with mgged develop-
ment of the vertebeml epiphyees and
antenor wedgmg of the involred
vertebre is amociated with the name
of Scheuermann (140) If the pioces
is imited to one or two vertebrme it
may be confused with fracture. I'aln
may be conviderable w hils the disense
B active. The permanent rounding of
tho back is objectionable particularly
In girla. The disease Is gelf-Imrted bat
mey be greatly improved by mam-
taning proper posture dmmg the
active stage.
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o b .

Fio. 275. The \lilwnukes brace hes been modi-
fied to treat vertebral epiphvuits (Figs 274 and
276) in rts active stage. It 1 used aleo following
spine fuman in the severe cases. It S» equally adapt-
able to use in high domal fractures m children. In
the enwo In Figure 272 the brnce was used with a
left lateral strap to eorrect the lateral devmtion of
the spine.
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Fia. ™ Developmenta! anomals of a lombar
verteho, Tha bs not & fractare Thia keslon s some-

times the sequel 1o the vertebral b
yriths eoen in
frere 750, h /
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It 276 1 R female age 12
Locallzed epnpliymtis in the lambar
regpon 19 more likely to be confused
with fmeture. Pain was present in
tho active stage and tle himber
curve was reversod.

Fia 278. M K. female age 5}¢
The lamma oa the left side of the
seconcd lumbar vertebra was fmc
tured when this child was struck m
the back by a ear The anterior dm-
placed arbenlar facet 1s clearly vable
i the oblique view (right) The
laminn of lumbar one w tited. The
etukd wos treatod on a Bradfoed
frame and made o complete recovery
clmically Thers were no neurclogic
sympioma
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yearafter the
m.anho‘rnh: Fignre 379. The grafi firmly
umted the fourth and fifth lumbar verte-
brae to the sacrum. The symptowms wers
completely relieved.

Fre 279 A. E, male age 11
10/1/45. Bpondylohsthess cansed
dmablng sympioms fn spits of an
effirent surgical corset. The dafect m
the pars Intrs-artieularus which js
vimble in the lateral view (same-
tunes better shown in an obliqus
vrew) should rot be confosod with &
frasture. It 1 usenlly developmental
n origin. There in grads ane forward
alipping of the fifth lumber vertebra
oo the mcrum. The fourth snd fifth
lumbear vertebrae were fused to the




CUATTFR X1V

Facial Bone Fractures and
Dislocations®

EtioLoar

Facal bone froctures 1n children are uncommon Dislocations are im
Jted to the temporomandibular junt and are even more rare The poten
talities for disfigurement and dysfunction are so great that immediate
diagnoss and defimtrve trentment are neceseary Even with good treat-
ment disturbances mn growth ma) be dusfiguning in later years (123)
The parents should be acquainted with thus fact.

GexNERAL CONSIDERATIONSB

Open wounds with copious bleeding offer sufficient stimulus to the par
ent to bnng the child to the phymoan for nttention Closed fractures may
be promptly obscured by the raprdly appearng edema and swellng If
the parents rationalize that ‘ eversthmg 18 gong to be all nght and Johnny
Just had & bad bump treatment may be postponed or even omtted
until too late for an optumum result In closed mjunes the surgeon must
suspect a fracture under an area of contuson and swellmg Diagnoss by
gentle palpation must supploment mere inspechion Speculum examination
18 indicated in all nasal contumans Palpation as well as ohservation of
occdumon 15 necessary In injunes about the jawe Examination of extra
ocular function must supplement palpation of the bony orbit 1n cheek
injunes

The most common mjurnes of the face are to the nose mandible max
illa and malar bones in that order They are most frequently caused by
durect impact of the windstueld or tanneau of & car s hurtled object or a

*Thu chapter was contributed by Dr William . Frackelton, Amistant Profemor
of Burgery Afarquette University 8chool of Medueine.

ne
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blow from the fist. A child’s fall mjures & nasal bone more frequently than
the mandible maxilla or malar bone

Roentgenograms are eseentisl for quantitative rs well as the qualita
tive analyms of facial mjunea They may not reveal some nose mjunes,
but are essential 1o mandible mawlls and malar bone fractures Tem
poromandibular jomt dislocations ean be adequately diagnosed by pal
pation and testing dental occlusion but should be venfied by roentgeno-
grams for the record and for an estimate of progreas

Treatment of closed fractures and dislocations can well be conmdercd
w conjunction with open mjures smee mantpulation and fixation proceed
along mmuilar mothods

Lacerations or avulmons require prompt attention and usually this 1s
obtaned The repaw should be exacting 1n order to prevent deformaty
The rich vasculanty allows pnimary closure of soft tissue wounds of the
face aighteen or twenty -four hours after injury much later than those of
the extremities (Chapter XVI) Ths leowsy should not be used as an
encuso for undue delay It does rerve to provide sufficzent tume for roent
genograms accurate diagnoms of fractures treatment of shock and evalu
ation of other injuries requiring mmultaneous care

Tt 1s unnecessary to postpone treatment of injury of the face becaure of
coexisting cercbral damage Even i children much can be dane under
local anesthema if general anesthewa 18 temporanly contrmndicated With
open face 1njunes 1t 1s best to treat underlving fractures mmultaneously
rather than to follow the frequent practice of reparrng lacerations and
deferrmg treatment of fractures for zeveral days If fracturcs are treated
early reduction is essier less traumatic and less hikely to cause growth
disturbance In addition, an open wound may give ready access to an un
derlying fracture and perrmt direct mampulation without accesrory 1n
cuson

InJuries or TeHE NOSE

Palpation for abnormal movement and for erepitus 15 mmportant In
tranasal mspection will reveal laceration of the mucosa dslocation of nasal
cartilage or reptum and the presence of hernatoma requinng evacuation.
Treatment 13 usually uncomplicated except for severe comminution
involving the nasal boues as wall as the septum In the older cluld s pre-
hmunary barbiturate sedation and 5 per cent cocane cotton mtranasal
packs supplemented with no ocame infiltration provide satisfactory anes
thema In the vounger child general anesthesia 1s needed for complete
mspection as well as treatment

Reduction 18 camly earried out by the use of a blunt mstrument or a
rubber sheathed probe in the nose and finger manpulntion cxternally



TACIAL BONE FRACTURES AND DIBLOCATIONS 221

Elevation and correction of Interal dovintion will hring about realign
ment Tho lera comminuted fractures aro relatively stable The severcly
communuted fractures require the supportive splinting of o light mtra
nasal packing of fino mesh vaschine gauze in each nostnl and up into tho
nose This separates the septal from the lateral wall A section of small
rubber tube laxd 1 tho floor of each noatril serves, not #o much to allow
breathing as to prevent discomfort during the act of swallowing with ob-
structed nostals The tubes are held from slipping back nto the nasal
cavity by an external suture passed through them and aeross the midline
(Fig 251) The suture m tumn 18 held m place with a small pieco of ad
heuive

The noso is protected externally and atabilized further by a Lightly
padded metal splnt Light sheet alummum or copper 18 best but 2 splint
can be cut from a tin ¢an and bent into proper shapo (Fig 281) It held
on the nose with a central stnp of adbesi ¢ fastened to the forchead Ad
besve strapping 15 apphied transverrely across the cheeka to Leep the
splnt 1n contact with the noso and to provent lateral displacement Tho
tranasal packing may be removed 1n tio days if internal support 1a not
needed YWhen internal support 1s required because of gevere commimu
tion of the septum the packing may reman for as long as 8 weeh, but 1t 1s
better to replace it before that ttme The external splint should be mam
taned for ten to fourteen days to allow fibrous and bony umon and also
to prevent inadvertent trauma and displacement of the fractured nose

Even minor mjures to the noss are likely to result in deformuty Well
reduced nasal fractures may dovelop overgrown bony ndges requiring
rhinoplastic correction m Iater years The operation for improvement of
the shapo of external nose and septum 18 best postponed until the age of
fifteen or sxteen Oceamonslly severe septal thickening or displacement
may require earlier attention (124)

MaxpmULaR FRACTURES

Vandibular fractures (125) are diagnosed by disturbances in ocelusion
Light palpation will reveal the wregulanty or tendemess of & fracture
Ecchymoses under the mucosa will pomnt to the fracture mte

Early treatment 13 directed to maimntensnee of an arvay The chuld
should be transported 1n the prone position with the face down and head
lowered rather than supmne Bandnges are frequently unnecessary except
for lacerntions The commonly apphed Barton bandage s actually harm
fal in that 1t forees the lower Jaw backward and upward A barrel type

Iuteh (Fig 282) 15 better and may be utilized even for definitive retention
in some cares
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Left and nght lateral roentgenograms ahow the verfical ramus of the
mandible, the angle, and the body Postercantenior projections show the
complete mandible Specalized views or lammnographic and stereascopic
films may be needed to visuahze correctly the temporomandibular 10t
the condyle, and coronmd process

Uncomplicated fractures of the body of the mandible are adequately
treated by manipulation, alignment m good occlumen applieation of &
barrel type hutch, and overlying plaster strips

More severe fractures and those with marked displacement requme
reduction under anesthema Fixation by mterdentsl loop wires at molar
canme and incsor postions 1s suitable m the older ehild (Fig 283) When
only deczducus teeth are present, bands or wires are neffective Acryhe
splints can be used. Fxtraoral fimmtion by pins 18 inadvisable for fear of
damaging unerupted tooth fallicles A fracture at the angle of the jaw may
requrre 8 small infra angular memon and direct wirmg through small bone
drill holex even m chuldren The wire need not be removed At the sym
phyms a similar method 1s feasible or a transfimon Kirschner wire may be
pleced in the lower portion of the symphyms without damage to tooth
follicles Accompanymg condjler dislocations are corrected by bringmg
the teeth into occlumon When necessary a thickness of rubber can be
placed between the upper and lower teeth to act as a fulerum duning part
of the penod of gradual reduction and splintmg

Subeondylar fractures are treated mmilarly by reducmng them and bring
mg the teeth into occlumon for fixation The potentiahties of growth dis-
turbance are great smce the greatest elangation of the mandible occurs
1n this area

Following reduchon and durmg retention of the jaw m occlusmon, the
young child can be fed with & rubber tube attached to & synnge An or
dwary diwet run through & blender can be managed by the older child
through available tooth spaces It 18 unnecessary to extract a tooth

A mmple mouth wash should be used after each feeding

An sntibiotic should be given prophylactieally 1n open fractures

Much of the foregoing applies to fractures of the maxlla (125) When
the alveolar process alone 1s mvolved the loose teeth are supported on an
arch bar stabilized to the adjacent teeth. In small children eerylic splints
may be necessary Extenmve maxillary fractures require specialized fixa
tion

Navar FRACTURES

Alalar fractures may bo lmuted to the sygomatio arch A palpable de-
presaon may exist and there may be accompanying difficulty 1n jaw ac
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tion duo to coronad impingoment or 1volvement of tomporal and mas-
sctor muaclo If the mnjury 1s imited to this aren, elovation of the fracture
can be carmed out The bone may be mmply elovated by a hook intro-
duced subeutancously Vore severely displaced arch fractures require 2
temporal mamon and elevation of the arch by a probe passed beneath
the temporal faxcia After reduction tho fracture 1s stable unless 1t 15
ecverely commumuted

IxFRAORDITAL FRACTURES

When a malar fracture 18 confined to the orbital im the diagnoms 14
made by palpation Abnormal extraocular movement should be noted
The cooperntive older child should be tested for diplopia Fracture in this
arca frequently miolves the infraorbital fornmen and infraorbital nerve
and lends to numbness of the cheek noee and hp If the nerve 18 severed
paresthemn and hypesthema may be permanent

Treatment of 1nfraorbital fracture with duplacement is mutably carned
through an infraorbital inemon  direct exposure of the bone and cleva
tion of the fracture by a hook If the infraorbital floor 18 severely com
mnuted the antrum 15 entered through a buceal incimon The antrum 18
cleared of blood and torn mucous membrane and pached suffiently firmly
with vaseline gauze strips to elevate the orbital floor and correct any ocu
lar displacement Instead of leadmg the pack out through the buceal m
asion withm the junction of the gum and cheel, a nasal aperture can be
made with a blunt hemostat and the pack led out through the nose The
buceal intraoral mnamon can then be closed with less opportumty for an
oml-antral fistuls to form The pack remams m place for two weeks and
1t 15 then withdrawn 1n stages
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14 c
.
/

Metal splint

Rubber tubing sutured
fogether and secured by lape

Fia 281 Splmting of an injured nose. A. and B A light aluminum nnm! splint = best.
A ean may be cut with tin anips accordmg to pattern shown s an effective substrtute.
C The splint i bent to the shape of the nose. D After reduction and suture of the injored
parts, the podtion is maintained by & 1 latum gause packing. Within the
gnuro pecking bat along the floor of the noss 23§ fnch (8 am.) rabber tubes will provide
an air channel. The skin of the nose i painted with tinoture of bensoin overlald with
trarsverse sirips of adhesive, and the metal splint applied. If thero are external lacers-
tlons, a thin fine resh grurs padding (eve ned) is uwed instead of adbesive tape In chil-
dren especially 1t  Decesary to prevent the displacement of the tranasl gause
packing and rubber tubes Ly an gtternal stitch through the gauxs and rubber from side
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Fro 252 Emergeney bead handage for fmctured fax A, Barrel type hitch supports
without retracting the kower jaw B Barton type hitch incorrectly forces the lomer jaw
posteriorly and thus camses tongue olatruction of the aireay
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Fra 283, Method of applying mierdental firation. A. A 6-Inch (15 em.) Jength of #28
or #28 wire (012 em. or 016 em.) Is given a single twist about a rod of 34, Inch (23 env)
dizmeter B Both ends of the wire are pamed between the selsoted palr of teeth at the gum
lne. C One end of the wire fa brought about the crown of ench tooth end gue end ts pamed.
undernenth the twisted loop before 1t 1s approdimated to the other The twisted loop Is than
ghven additional turne to make the fiation mnug. D After the paired wires are In place,
small rubber bands (may be cat from a rabber tube) are plased over the twisted Joops 1

shown,
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ShLull Fracture and Cramocerebral
Injuries*

ETtioLoar

Injunes to the brawns of infants during delivery are less common than
was previously believed There 18 often some underlying abnormality
predispomng to cerebral injury dunng delivery The actual cerebral defect
usually exiats prior to birth The demgnation “birth injured 15 unfortu
nate and should be replaced by cerebral palsy’

The inczdence of skull fractures and cramocerebral injuries in children
has increared 1n direct proportion to the gain m the number of vehicles
and the speod at which they travel. The number of children injured 1
autos by cars while at play or while crossing the street has grown to an
alarmung level Falls from porches and windowa have added to the toll.
The spreading distribution and mereamng number of these cases calls for
understanding of the bame principles of treatment of head injuries by the
general physieian or surgeon This requures knowledgo of the fundamentals
of anatom;y and phymology of the nervous eystem

GENERAL CONSIDERATIONS

The skull of the child must be conmdered 1n three stages of develop-
ment The first phase 18 that of the infant skull with open suture lines In
the recond the suture lines are joined but omufication 18 incomplete In
the third tbe skull 1s complstely oanfied hle a nmd box. The transmis-
mon of foree through the akull to the bram vanes with the phasos of de-
velopment A blow on the nelastic cloted box skull transmts the force 1n
all directions through the semicolloidal brein and 1its fiuid envelope The
presence of the foramen magnum minor foraming nerves and blood ves-
et Uaienky et o ot 028 Profemr of Neurologh gy

-
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Falx cgrebri
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Inf long. s(nus Sup !ong Ssmnus
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Cerebellor fosso

F1a 284 \idmgittal sectlon of the bead

sels durs felx and tentorrum elters the mechamam only shghtly (Fig
284)

The skull with closed suture lines but incomplete csmfication 1 much
more clastic than the ngid box It will absorb some of the blow and lessen
the force transmitted to the brain The effect of trauma to the mfant skull
with patent satures 18 more local with mmmeal transmismon through the
brain because of the great elastierty of the unfused portion of the skull.

The lines of stress of the skull and the mechamsm of skull fracture
are well recogniged With impact there 18 an area of mbending 1mmedi
ately beneath and arcund the pomnt of the blow Surrounding this 1s an
aren of outbending which has a tearing apart effect If the fores 15 ade-
quate and the velocity high the area of mbending fails and a depressed
fracture results If the area of inbending does not farl the tearng apart
effect may result 1n a hnear fracture which rediates from the pant of im
pact The type of fracture depends upon the speed and energy of the blow
The high veloeity inury tends to cause perforation and depresmnon at the
paint of impaet A blow of low veloaity and great foree causes a stellato
fracture with depresson of en extenave area
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The elastic skull of tho infant with menger cemfication absorbs much of
tho blow by the give of tho ekull plate as a umt A blunt object striking
this membranous tvpe of akull with low velomty will cause a “derby hat
deformity (Fig 291) a dent i tho elastic skull without teanng apart or
fracture The clastic inbending from a low veloeity blow may dsmpate
the force and permut relatively Lttla cercbral injury High veloaity foree
results m eovere loeal cercbral mnjury due to meffective skull protection

The presence of a fracture 1n the ekull 13 of runor importance unlessit
erosres a mnus %o as to admit air or mfection mto the eramal cavity, or
tears a blood veseel or nerve In contrast to fractures elsewhere in the
body thero 18 no muscle pull to add deformuty The prime conuderation
18 not that of the fmeture but rather of the brain damnge

When sudden force is applied to tho skull there js an mmediate 1
¢crease 1n mtracramal pressure which can be mensured At the same time
there 18 a sudden movement of the brain which 15 most marked at the
rmudlne or falx This 1s followed immedintely by a rebound stretch As a
result of the brain movement and incrensed tenzon there may be severe
molecular and chemical alterations small blood vessel rupture and
petechial hemorrhage throughout the bruin The rebound stretch may tear
the surface veseels and causo subdurnl or extradural hemorrhage

When the skull 15 moved by sudden foree there 1s a slight lag 1n the
movement of the bram due to 1ts mertia in its fuid envelope Conversely
when movement of the skull stops suddenly the brain moves further
Lacerations and hemorrhages may occur in the frontal and temporal lobes
from the trauma of the ndges of the floor of the akull

The cerebrum of two b ph which are separated by a
tough mckle shaped falx which extends from the anterior tip to the ten
tonium behind (Fig 254) The tentorum divides the cerebral hemuspheres
from the cerebellum which lies behmd and below The bram stem runs
through an opening n the tentorum to the pons which 18 surrounded
above and laterally by the cerebellar hemuspheres Sovere disturbances
frequently occur at this opening m the tentorrum Massive increaso n
pressure above the tentonum mav force the uneal portions of the temporal
lobe to herniate through the incisurn and compress the bram stem to such
2 degree that 1ts function 18 abolished Decerebrate ngidity may result
from such hermiation

The effects of cerebral 1nyury depend to a great cxtent upon alterntions
of the artenal vencus and cerebral spinal fud errculation The corebro
epinal fluid 1 produced largely by the choroid plexus Lining the ventneles
It arculates from the lateral ventncles through the foramen of Monro
into the third ventncle and then by way of the aqueduct of Sy Ivius to the
fourth ventnele n the postenior fosa It e<eapes mto the fibarachnoid
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Motor co«fex .5:e/7sa'y corfex
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Hearing
Fro. 285, Lateral view of the hemrspheres with the motor areas named (129)

spaces by way of the two lateral foramina of Luschka, and mto the cis
terna magna through the medial fornmen of Magendie It lsaves the as
terna magna between the inferior portions of the cerebellum, to enter tho
subarachnoid #pace around the cord and bram The fid 15 absorbed 1mto
the venous mnuses through the archnoidal vili and granulaticns to com
plete crrculation The flow 18 aided by the pumpmg effect of the artenal
pulsetaons of the brain Increase 1n the volume of the bramn may compress
the subarachnoid spaces and mmpair arculation and absorption of the
carebrospinal fluid Damming back the fluld further increases the mtra
ventricular pressure

Detailed ceredral localisation 18 beyond the scope of this book, but gross
area localization 18 important (130) The left hemusphero is the dominant
one in a nght handed 1ndividual the nght hemisphere 1n a left handed
person The frontal lobes lie m front of the central sale1 of Rolando They
aro primanly motor The parts immediately antertor to tho central sulcus
coutrol voluntary muscular actrvity on the opposite sde of the body (Fig
285) Thefmntala.udmedulporuomu{tbefrmmllobemconcamui
with such functions as psychio activity cerebration attention end judg
ment Injury to or destructian of motor portions results in cantralateral
hermiplegia whereas irmitation will produce Jacksonian convulaons Speech
is mitiated 1n the portion of the frontal lobe above the temporal lobe i
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tho domunant hermsphere, and 1pjury to tins nrea will result in motor
aphata

The panetal lobes which lio behind the frontal lobes and ahead of the
oceipital lobes aro concorned with sensory reception for tho contrnlateral
half of the body The anterior infenor panetal lobo m tho dominant hem
sphero controls visual or rensory epeech Theo ocdpital poles of the bram
contain tho visual centers (Fig 285) Damago to this portion of the bran
results in visual field loss to the oppemte mde Tho temporal lobes 1n the
dominant hemisphere aro related to auditory speech heanng emell and
associated taste A lemon deep in the temporal lobe will involve tho optie
radiations with loss of vimon or visual hallucinations to the opposito
mde The medinl and bazal structures of the bram including the hypo-
thalamus thalanmus and mesencephalon are econcerned with vital fune
tions such as blood pressure respiration metabolism and temperature
regulation

CrLmvicar Srmarprous

Craniocerebral 1njunes in children vary m seventy with the stage of
skull development and the foree Infants are frequently myured by falls
from & bath table high chair bed or the attendant s arms There may
be & penod of unconsciousness lasting from a few seconds to minutes or
hours There may be a luad mterval followed by delayed stupor or un
consctousness frequently indicatmg subdural or extradural bemorrhage
The duration of unconsciousness vanes with the severity of the Injury
Symptoms of pupillary change motor paralyms changing blood pressure,
pulse and respiration are mdicative of sovere cercbral mnjury or hemor
rhage A nmng temperature follows brain stem and hypothalamus injury
Rapidly mereasing neurologic mgns or symptoms should arouse suspicion
of arterial hemorrhage The depth and duration of unconscicusness are of
prognostic value Unconsciousness for days or weeks usually means sery
ous cerebral damage and permanent symptoms bat injury to the tips of
the frontal or temporal lobes may cause prolonged unconsciousness with
ultimate complete recovery Disonentation restlessness and egitated toes-
ing about arc amociated with laceration and hemorrhage of the wferor
surfeces of the frontal and temporal lobes Deep surmenl shock coma and
peralyms are indieative of cerebral lacerution and hemorrhage Extensor
ngdity 1 which the head 18 thrown backward and the arms and legs
ngudly extended with the hands flexed at the wnst and the feet plantar
flexed may take place m severe cerebral Inceration and hemorrhagoe with
probable compresuen of the uneal portions of the temporal lobo an the
brawn stem at the tentonal opening

The depth of unconserousness 15 of immediate prognostic importance
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Fmlure to arouse from the stinulation of orhital pressure, deep muscle
pressure or sphmeter dilation 18 a grave mgn  Response to such stunult by
defenmve or purposeful movements, ar the return of restless movements
are more hopeful mgns

Increasing resprratory rais 15 an indication of severe cersbral damage
with a poor prognoas This 1s frequently associated with & nang tempara
ture and increasng pulse rate The rapid merease 1n pulse and respiratory
rates 18 suggestive of tracerebral hemorrhage and mesencephalic fathire
Budden slowing of respirations or prolonged periods of epnea result from
mesencephalio compression at tho wesure of medullary comproasmon at
the foramen magnum rather than from hemorrhage withm theso strue
tures

An alarmngly low pulss rafe and rsing blood pressure are suggestive
of an extradural or subdural blood clot A slow pulse rate forty to mxty
per munute, may be phymologic for the patient but should bo conmdered
with ather symptoms It warrants claes observation for changing or 1
creamng neurologie egns A rapid pulse following a slow pulse 18 & poor
prognostic sign and indicates medullary falore A sudden slowng of the
pulse occurs 1n masy lemons such as extradural or subdural hematomas
with sudden compresmon effects

Observation of the smze and reaction of the pupils 13 very important for
dingnoms and prognosis Ihlated fixed or small contracted pupils are very
unfavorable findings A unilaterally dilated pupil occurs on the mde of
subdural or extradural hemorrhage but may also occur as a result of m
jury to the optic nerve 1n & fracture of the orbit or sella turcica A normal
pupal which becomes dilated and fixed suggests extradural and subdural
hemorrhiage on the ade of the dilated pupil rarely on the oppoaite ade
Papilledema hemorrhages or choked discs seldom octur early 1 an mjury
unless there 1s a very largo hematoma Ocular paralyms usually occurs
w1th gross hemarthage or severe damage on the mdo of tho paralysms
There may be bleeding or fluid dramnage from the nose, mouth or ears in
basal skull fracture Periphernl faczel paralyms may occur m fractures of
tho petrous bone through the acoustic meatus and may bo assomated with
hearng loss and bleeding ot drmning ear on the same mde Central facial
peralyms 1o association with the paralvas of the arm or leg on the same
side occurs 1n mass lemons on the oppoate mde of the braln

Tt 18 often duficult to dotect a partial or complete paralyns in a deeply
unconsaaus patient Howevor 1o a patient who ean be aroused by exter
nal stimult faihure of movement of one or more extremutics may be sig
nifieant of cerebral inyury or hemorrhago Theso changes are easily do
tected when the patient becomes restless and moves about An extremity
which does not move should be examuned for evidence of fracturo beforo
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it 18 moved by the cxaminer to deteet paralyms A paralyzed arm will fall
flail when 1t is lifted and held above the face or chest whereas a non
paralyzed arm will fall more slowly with greater tone and a shding cffect.
A log that 1 pamnlyzed will flop to the mdo when 1t 15 flexed at the knee and
hip and allowoed to reat in that pomtion A non paralyzed leg will rotate
outward but at the same time 1t will alide to tho extended pomition with
defimte muscle tono

Conrulsions following cerobral trauma may be sgnificant of mtracere
bral or extracerebral hemorrhage, if thero wno history of previous convul
mons Foenl or Jachaonman convulnons which start 1o one extremmty or
muscle must make one think of a localized bematoma or an imitative le
mon which requires operntion

Mepican, TREATAENT

Common #ense is tho best prescription for medical management Injury
of the bram causes intubited or depressed body function Metabolic needs
of the body should be met and natural body functions promoted Ade-
quate airculation s necessary for oxygenation of the brain Unlems he 19 1n
deep coma an mjured child finds a pomtion which allows lum the greatest
comfort and freedom of body funetion Nureing care must provide cleanlt
ness and comfort for the patient even when he 15 semicomntose

The treaiment of shock by lowenng the head giving fluds and stimu
lants 1mproves extracercbral arculation The application of bandages or
poation of the head should not be allowed to obstruct the throat or com
press the carotid arteries A free air way must be mantained to allow ade-
quate oxygen exchange in the lungs Secretions in the threat trachea or
tungs which interfere should be removed by aspiration postural droinage
or tracheotomy es indieated When oxygen 18 neceasary 1t 13 best ad
ministered 1 an oxygen tent Many of the pest traumatio cerebral remd
uals can be avoided by prompt correction of oxvgen need Restramnts
should be used only when sheolutely necessary because even & semy
comatose patient will fight them and 1 #o doing reiso hus blood pressure
inerease us oxygen need and counteract the benefit of other treatment '

The recogmtion and treatment of other njurtes meluding slelotal ond
visceral are important i the treatment of crantocerebral mjunes Often
the splinting of an jured extremity emptying of a distended bladder
removal of & foreign body from a wound or the application of a proper
dresing will quict a restless patient The clothing may bo wrntating and
harmfully stinulating and should be romoved The bed clothes and dia
pc;;l'}l:ﬂdbedmn dry and free of wrinkles

ent reatlestness 1 an indieation of wntracerebral or
bleeding Dunng the firat twenty four hours mild Mmltlﬁnb;mﬁ?:?::
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Fra 287 Sealp laceration and reparr A. Outline of the “B” flap B Careful debride-
ment of the contused skin edgos C. The skull s inspected for & fracture. A dirty »ound
has been converted to & clean one. D Tight closure in layem without drainage fn the
freeh case, [Modified from Bancroft and Pilcher (129) ]

equupment and technic No major surgical procedures could be carmed
out without an electro-surgieal unit suction apparatus Cushing chps,
bone wax cramial burs rongeurs retractors and methods for hemostass

The principles of treatment of open depreased fractures of the skull (Fig
289) are thoea of open fractures elsewhere in the body (Chapter XVI)
A pamnstakmg debridement and repar should be earried out only by one
skilled 1n such surgery Prior to the days of chemotherap) and antibiotics,
the surgieal reparr of a compound depreesed skull fracture was an emer
gency procedure that had to be finshed within the first twelve hours
Prompt reparr 1s stll advisable but surgical wisdom now demands that
the patient be brought to the best porble condittan before surgpeal re-
parr 18 carried out even though twenty four hours may elapso

The frosh realp wound 15 made into a clean wound by removal of con
tarninated and contused tissue (Fig 287) Depressed bono fragments that
ean be Iifted out without difficulty are removed (Fig 288) If there is the
alightest question of contammation thev are discarded One should nover
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Fia 258. Surgical treatment of a depresed akull fracture. A Skin flap with the base
caudad to exposo the fracture. B Din e tiom of the d the bone
fragments and hram damage. C Rtemoval of the depreased fragments. D Removal of
peerotio tmue, foregn bodies, and blood by suction.,
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Fia 89 M B male,age7 0/15/53 Lateral view of an open comminuted depressed
frontal skull fracture.

elevate the depressed fragments blindly \When these fragments cannot
be eamly removed & bur hole 18 placed at the edge of the depression the
depressed area thoroughly encircled with a rongeur end the fragments
Lfted out carefully In this way tearsin the dura and brain can readily
be seen and properly handled When the dura has been penetrated the
bane fragments are gently extructed and the dural rent 18 opened more
widely to allow thorough mspection of the brain Bloeding vessels aro
coagulated and the contused brain 18 debnded by suction and irrgation
The dura 1a closed water tight and the scalp wound sutured 1n anatomio
layers Clean bone may be replaced 1n the cramal defect (Fig 200)

Closed depressed fractures should bo clevated The depresaton 1a always
greater than appears mn roentgenograms The trming depends upon the
patient 8 condition  Depressed fractures scldom require immod:ate surg
cal correction They can be treated as elective proesdures and wait for
ekalled neurcsurgical management

Derby hat or rubber ball akull depression sometimas ocours 1 8 0w
born from forcops pressure or mtrauterne 1mpingement against a bony
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Fia. 200 M. B 10/6/53. Anteropostenior view after debridement elevation of the
{ragroents to the normal contour

prominencs The indentation rarely causes neurolegic disturbance and
usually reduces itsclf spontaneously within ten dnys Gentle pressure
around the borders of the depressed area will often mold the depresmon
back to normal contour If the depression permsts longer than ten days
surgical correction may be necessary The safest method 18 to work
through s bur opening at the edge of the depression A curved elevator 1s
inserted between the depressed bone and the dura and the depressed ares
gently elevated (Fig 201)
Hemorrhage resulting from trauma to the head may be extradural sub

dural subarachnoid or mtracerebral Exfradural bleeding usually occurs
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Fia 291 FElevntion of the ‘derby hat’ depresmsion m & newborn infant. A. The depres-
slon with the overlymg skin inembon. B Trephine bole at the edge of the depression. C
Insection of the curved elevator between the skull and the dur. D Elsvation of the skull
into normal position

m the middle foasa of the akull followmg a tear of tho middle menmgea!
artery by n fracture of the tempornl bone This artemal hemorrhage 1s
visczous 1n 1ts persgtence Unless 1t 18 recognized early and operated upon
promptly 1t results in rapid loas of conaciousness contralatoral paralyms
and death Ono must remove an adequate amount of bone to allow aspim
tian of the hematoma and coagulation chpping or ligation of the offend
ing veasel

Subdural bleeding 14 usually the result of a tear of a vein running from
the cortex to a venous mnus Although the bleeding may bo profusc the
pressure of the brain and hematoma against tho bleeding vesel may stop
the hieeding temporanly or permavently (Fig 292) A large subdural
hematoma producos symptoms promptly Days weeks or months mav
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Fio. 202 D: 1c ey tion of o subdural hematoma. A Compresslon of
the hemmphere with displacement of the ventricles to the oppomto wde. B Crunlotomy for
removal of the hematoma. [tedrmwn from Bancroft and Pilcher (129) ]

pass before further bleeding takes place or before the encapsulated hema
tora draws 1n fhud by osmotic pressuro to enlarge 1t into o compressing
paralynng or imtating lesion Subdural hygroma 18 o collection of cere-
brospmal fhuid that escaped through a tear of the arachnoid mto the sub-
dural space The flud becomes xanthochromic with an mcreaso 1 protemn
becaumo of the stams or amociated bleeding The symptoms of chrome
subdural hy groma or hemorrhage are restlessness rntability vomuting
weight loms convulmona and oceamonal weakneas or paralvins Headaches
are almost invanable and are due to blood vessel or emnus traction by tho
blood clot or hy groma

The diagnoes of subdural hematoma or hy groma may be made by sub
dural puncture 1n the wnfant with patent fontanels Tho collection of
blood ar fhud should be removed eurgically howover rather than by ro
peated aspiration If the fantanels are clored and subdural homorrhage
1s suspected cercbral arteriograms pneumoencephalogram or treplune
exploration may be neceasary for diagnoms When the diagnoma has been
established an osteoplastic craniotomy 18 necessary a8 1n an adult for ro-
moval of the flnd (Fig 202B)
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Subarachnord hemorthage due to 1njury to a cortzenl vessel may remain
1 the subarachnoid space or extend mnto one of the spinal fluid asterns Ir
nitation from the blood or 1ts components may mmulate memngitis

Intracerebral hemorrhage 18 usually diffuse, and rarcly loealized enough
to permut surgical removal. Hemorrhage mto the bran stem produces
gravo disturbances of vital funetions

Sublemporal decompreasion operations are not to be used wdiserimi
oately for the relief of post trumatic increased intracramal pressure and
edema Even 1n the hands of the most akillful neurologio surgeon this
procedure adds trauma to an already wjured bramn Hermation of the
brain takes place at the mito of the decompresmon and produces a noglike
swelling and edemas at the pomt of hermation with additional bramn dam
age

Cramwplasty Defects 1n the akull following loss of bone 1n open or open
depressed skull fractures scldom need covenng i infants or children
Since sutures or fixed attachments to the skull may prevent 1ts normal
growth the matenal used to cover a sknll defeot in a child must not be
attached to the skull When a defeot 18 potentially dangerous enough to
requre protection, a large plastic or tantalum plate to overley the defect
on all mdee can be fixed satisfactonly to the soft tissue to prevent 1s dis-
placement



CHAPTER YVI

Open (Compound) Fraclures

GexERAL PrIncIPLES

Modem transportation produces open fracturea in children which are
sumilar to those of adults The treatment 13 the same with regard to
thorough cleansming and 1mmediate debridement of the wound One who
treats the fracture must evaluate the goft tissue injury and be prepared to
deal with tendon and nerve laceration For discussion of the mubject see
Chapter VI Injunes of the Hand

Internal fixation 18 frequently necessary 1n the immobilization of adult
banes that must be accurately reduced and securely held The rules for
children are different There 18 rarely need for mternal fixation Usually
one can debnde the wound and apply & sumple cast Sheletal traction with
a Kirschner wire meorporated m a cast distal to the wound may be used
if there 18 conmderable comminution or loss of bone substance (Fig 203)
In children the ability to bridge bone defects 18 mdirectly proportional to
the age and nonumion 18 rare Some shortening 18 not only permissible
but demrable The stimulus of the healmg fracture with the addition of
the inflammatory reaction about the healing soft part wound will cause
conmderable overgrowth (Fig 204) Accelerated growth s likely to con
tmus longer if there 15 local nfection

Internal fization 18 justifinble 1n children only when 1t would be me
chanically necessars were 1t a cloeed fracture like one of the lateral
humeral eandyle When used pins should be removed A plate with scrows
is generally bad It 18 Likely to break If left in a child 1t 18 erther mert and
18 completely buned 1n the bone so that 1t 18 very difficult to remove later
or there 15 conmderable reactian with prolonged overgrowth. The bone
‘:zndfflphtamlybeweakanedeumghtomnmtonpatholopumo.

3
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ux dayy after the injury The foot

wes elovated In bed on tractron. Noto
o the bayonet apposition and the

shortening of about 15 mm.

An open fracture 1s a true surgieal emergenocy Mmutes are precsus
The fractured bone should bo sphnted at the mte of the aceident and the
child taken at oneo to a hospital whero definitive treatment can be car
ried out Protruding bone ends should not be pulled back Into the wound
Innocent looking puncture wounds have been responmble for death from
gas gangrene The compound fracture medent to the chuida play is
usually contammatod with dirt which harbors the spores of tetanus and
gns gangrene The coptammation of the wounds of mghway scedents

needs no comment
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Fua 204. G G Anteropostenor view of both legs one year after the preceding roent-
renogram, \okding had slmost eliminated ths loeal deformity which was not evident
clinieally Accelerated growth Imd made up all bat 5 mm. of the shortenung on the right.
ots the lines of grow th at the ends of the tibiae which elearly demonstrate the accelera
tion of grow th, The kamn all occurred In the first five montha No further equallemtion was
anticipated.
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EsxraeNOY TREATMENT

A roentgencgram should be taken through tho splint and the cluld
transferred 1mmediately to the operating room Prepamtion 13 carmed
out with the techmeal precaution observed m s major operatin A pro-
trudmg bone and 15 covered with a sponge and the surrounding ares 1s
cleansed with a detergent or a bland soap and eoprous amounts of sterile
water or salme If hair 18 present the part 1 shaved With sterile glove
technio the wound 1iself 18 then cleansed If the bone end 15 dirty 1t 18
removed with a rongeur No antiseptic 18 used Most of the unfortunate
complications of compound fractures are dus to delay and dirt The rur
geon tnims away contused wound margns and devitalised soft tissue
Compound wounds of children require the exeison of less tissue than thosa
of adults because the recuparative power is greater, but the prompt de-
bndement of a crushed wound 18 important

After changing gloves the surgeon reduces the fracture by traction and
2 minimum of manipulation The wound may be enlarged for inspection
of the bone ends It should be thoroughly cleansed with detergents and
many rmangs of saline after the reduction Exaot timing of the procedure
18 nchoulous but the wound toidet will consume not less than ane-half hour
mn a compheated case

If thero 18 only the tip of & amall splinter of bone protruding through a
mnute clean wound which wes obvicusly produced from the inmde out by
the spicule 1tself 1t 18 suffiment to thoroughly cleanso and/or remove the
protruding tip and pult 1t baek nto pomtion There 18 very httle hkehhood
of contamation of such s wound but m all cases, antibrofics should bo
started immediately After these preliminanes the fracture may be
treated as & clased one

A booster ahot of foxoid or tefanus antiotrin (not gas bacillus) must be
gven The dosage depends on the local conditions and not the ege of the
child In adminsterng enbtoxns one cannot do better than follow the
adwvieo of the Committee for the Study of Immunixation an Prophylaxis
for Tetanus and Gas Gangrene (131) As regards ymmumzation with
tetanus antitoxan Far wounds seen within twenty-four hours after mjary
the usual dose of antitoxin shall be 1,500 umits. For a large wound or
known gross contamunation the prophylactio doss of antitann ghall be
3 000 umits

“For swounda seen later than twenty four hours after mjury tho indi
cated dosage of antitoxin ehould be doubled for each day of elapeed timo
up to a total of 10 000 umts

For wounds not suscephible to adequate surgmical debridement, con
taining resdual devitalired tismie or remaining unhealed there isan obliga
t1an to prolang the period of protection with anhitoan The preferred pro-
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cedure 18 to repent the admmstration of 1500 umts of antitoxdn overy
seven days until tho wound 1s clean or healed An altornatively acceptable
method 18 to admunster a larger doso (up to 100 000 umts) 1nitially with
the expoctation that the larger dose will provide o longer period (up to
three weeks) of pasmve protection The use of tetanus antiotoin should
alwavs be preceded by appropnate and meticulously performed tests for
sensmtivity to hore protemn The tetanus antitoxan must be diluted 1 10 in
raline solution for intracutanecus or ophthalmic testing Only & minute
amount of the dituted matenal should be put mto the eye or the slan The
gkin wheal should be about the eso of the head of a pin lest falso postives
oceur when larger quantities are mjected When both eye and alan tests
are poitive, the danger of anaphy laxis 18 greater than the hazard of teta
nus The facts about serum reactions may be summarized as follows (1)
Negative tests render immediate serum reactions unlihely but fatal ana
phy lactic reactions have occurred after negative alan and eye tests (2)
Negative tests have no pertenency as regards vulnerability to delayed
serum reactions oceurring up to ten days after admimstration of antztoxin
(3) The incidence and seventy of reactions are greatest with intrathecal
and intravenous serom and least with intramuscular serum, (4) Pomtive
skan tests a previous dose of antitoan or known sensttivity to horse pro-
tems render serum therapy dangerous It has not been proven that
desenmtization programs for adminstration of serum are capable of pro-
vidmg antitoxan immumty (5) In the event equine antitoxin 18 contrain
dicated, bovine antitoxin should be used after appropriate akm tests are
shown to be negative (8) Adequate prophylaxis for serum reactions may
be defined as (a) admumstration of 0.3 ml of 1 1000 adrenaline 1n an
oily base immediately prior to the injection of antitoxm (b) antihistarmine
drugs for ten days (7) Adequate treatment for an established serum re-
action is provided with ACTH
If toxoud 18 used the ‘bame or mutial veconatian shauld be achieved
by the use of slowly absorbed alum preapitated taxad Combination of
alum tetanus taxord with extber diphthena toxoid pertussis vacane or
typhoid vaceine 1 not only satisfactory but appears to be desrable
Routine booster doses are best given as alum preapitated toxaid
Wound booster doses of toxoid are best qiven as the mare rapidly absorbed
fhud tovod
Mmrthehpseofmomthmfmmaftarthnhnbmardmuf
m&,ﬁmh ‘;f:eﬂ & delayed or inadequate response to toxod beyond
ve dny period usually required for the recall of antitame anti

Tetanus antitaxin and toxmd should be used at the same time m  4n
dridusls not previously vacemated with toxoid and recerving tetanus
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antitoun active immumzation with tovoid should be started concomut-
antly because the senstining effect of the prophy lactic serum renders sub-
sequent antitoxin therapy harardous and uncertain Toxord should be 1
m! 1n quantity given n 2 separate syringe and &t a reparate mte

In dividuals previousls vacenated wath toxod although the mat-
ter 18 controversual the comeident use of toxord and antitoxm may be
connidered whenever (1) A masmvely contamnated wound and delayed
surgrcal care create the hazard of lihely onret of tetanus prior to the lapsp
of a further four to five davs required for responss to taxoid (2) The lapse
of more than four 1 ears from the tune of the lnst booster dose produces a
mtustion wherein a gmall but defimte group of previously vaecmated pa
tients require zax or more days for response to toxord

In the prophylaxis of gas gangrene antitoxin 15 meffectrve and 18 not
recommended Gas gangrepe tovords show expenmental promuee but
awart clumenl evaluation The most relinble prophylaxia of gas gangrene
18 carly and adequate wound surgery (debndement) with the wound
bemng left open Several davs later when the wound 1s elean 1t may be
clazed by delayed suture

The question of dosure of contaminated wounds 19 ane that requures
conaiderable judgment It 1s wiser to leave fifty wounds open than te close
one with the inelumon of foresgn matenal vhich eauses a senous mfection.
There are so many factors operatng that dogmatio rules cannot be lad
down If the compound wound 18 fresh relatively clean and incised rather
than crushed 1t may well be closed When there is a delay of severnl hours
a large wound with erushing of the soft parts shrould be packed open with
vasehne At most the ends may be closed for & short distance Between
these extremes verious courses may be followed The loose clasure of
many fresh open but clean fractures 1s permismible 1n children

Open fractures of the femur with munimal soft teme damage may be
placed 1 traction hike closed fractures. If there 1 extensive damage 1t 19
better to use a cast combined with skeletal traetion apphed to the crest
of the tibia for more complete immobiliration When soft part healing 18
delaved 1t 13 a good plan to contmue the plaster cast even after the bones
have umted In children there 1s little danger of joint stifiness from pro-
longed tmmobilization  Constant movement near & jont will perpetuate
a readual spot of granulation for weoks

Progvosis

The prognoss for open fractures i children differs from that i adults
1n #everal ways The growth factor contributes greatly to the end result
(Fig 204) A bone which is short may be stimulated to accelernted growth
and be longer than 1ts fellow at the termmation of the growth penod The
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degree of hone dieruption 15 a rough index of tho amount of overgrowth
that will oceur The neamers to the epiphyzenl plate 18 of httle »f any
ngmificance If the fracture or a mibrequent infection involves the ept
phyzeal plate there may be shortening and/or angular deformity

Latc TREATMENT

Sequestrum formation 1s less frequent in children than in adults beeause
of the more rapid revaseulanzation of dovitabized bone Tt is wise to wmit
for eereral months before deciding to remove o plece of dead bone (Fig
200 p 200) Frequently the wound will heal and the dead bone absorb
When there 18 permstent drainagoe about a eequestrum the latter should
be removed if the rurrounding now bone 18 strong enough to support the
extrermty The closed plaster techme with the application of & vaselme
drain 18 desmable 1n much cares Pnimary closure 18 sometimes fensible if
one can be fure of antibiotis covernge

When there 1s a large area of granulation hissue prompt healing may be
obtawed by the ume of eplit thichness graft taken from the same extrermity
or from the oppoaite thigh Healing 18 more rapid than m adults however
and rurpnimngly large defects will heal spontaneously



CHAPTER XVII

Pathologic Fractures

Emnoroer

Pathologio fractures are those which oceur with mimmal trauma be-
cause a bone 13 weahened by some abnormal conditton The deficency of
the bone may be due to local changes or may be a part of & generalired
skeletal diseass ‘Spontaneous fractures’ of apparently normal bones m
children are hmited to fatigue fractures (march fractures) (Fig 295)
They are not actually spantanecus’ but are caused by some wnusual
activity, repeated so many tiunes that the bane fatigues and breaks

True pathologio fractures occur in children from different causes than
m adults Paget s disease senile atrophy and Charcot s disease which
weaken 80 many bones m adults are not found 1 children Metastatio
malignanocy 18 an unusual cause of fracture Excesuvo radntion therapy
causes epiphyseal damage with subsequent deformuty in the growing
ohuld but rarely causes bone necroms and fracture In children, on the
other hand we encounter ital fractures ostec 1mperfecta,
and glipped femoral epiphyses (Chapter VI Injunes of the Femur)
which do not oceur m adults.

Fracrures Dubp 1o LocaL Causes

Local atrophy of bane may be due to prolonged postoperative immobili
mton It s rare in chuldren except in combination with ar mflammatory
process such as tuberculoms or osteomyelis (Fig 206) or a neurclogic
defictt as found m chrome pehomyehitis or spma brfida In such cases,
the prolonged immobilization of a bone which 13 already atrophio leads
to extreme and sometunes disastrous bone atrophy with frequent frae-
tures without actual trauma (Fig 207) Premature closure of the epiph
yzes (132) 1s part of the same process Pathologic fractures associated
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with the atrophie bones of poliomyelitis heal readily Since there is very
Dittle soft tissue mjury, pain is slight and tho fracture may go unrecog
meed Froctures associated with ecnsory as well as motor paralyss (spna
bifida) may be entirely panless They are well treated with traction
Exuberant callus appears 1n unbelievable amounts (Fig 298)

Bengn cyalic bone lesons contnibuto the greatest number of pathologme
fractures mn children (Fig 209A) Bone cysts of the praximsal ends of the
humerus, femur and tibia, less frequently clsewhere o long bones, are
ugually unrecognized until the fracture occurs There 1s very hitle pamn
when the extremity 18 at rest The etrology 18 obscure Simple bone cysts
are usually clarsfied as neoplasms, but they may be anly evidence of m
jury and repair The diagnosis can ususlly be made from the roentgeno-
gram It 18 confirmed by microscome study of the membrane Lming the
cav

Thti treatment of the fracture conmsts of mmobihzation mith traction
or a cast Fracture of the praximal end of the humerus 15 well managed
with a hanging cast Healing 15 prompt Thus fact has led to some con
fumon m the hterature While the fracture heals the cysts rarely disappear
completely and permanently except in the adolescent As a rule the cyst
reforms and a succesmon of fractures results

After the fracture heals the eccepted orthopaedic treatment s erachen
tion of the cyst and packmg of the eavity with bone chips Recurrence
after this treatment 18 not mfrequent even if exaimon 15 carned well be-
yond the ends of the cyst (Fig 209B) It males hitle difference whether
autegenous bone or homogenous bone from the bank be used for packmmg
It 13 doubtful whether the results are better followmg cautery of the
cavity with phenol flushed out by aleohol

Beginning recurrence of the eyst may be effectively treated by radia
tion This 18 safe if the lemon 18 near the center of a long bone Frequently
the lexon 18 near the epiphyseal plate and radiation carnes & conmderable
hazard of growth retardation Roentgen therspy should not be gven
before the diangnoms 1s established by biopsy

Thestudyafmaesofbonemtdunngﬁmenhmgmwthpmodhm
shown that the cysts disappear spontanecusly at puberty This 1 true
whether the oywt has been operated upon or not Proof of this fact may be
obtaned indirectly from a review of cases in any large orthopaedic climc
One rarely 1if ever obtams a history of multiple fractures through the
proxmal end of the humerus due to bone cyst m a child with permstence
gfm:be fmctil;re n the adult patient Pathologic fractures due to mmilar

e cysts in adults start durmg adult Life and are
clildren 8 bono oysta 4 not carry overs from

With the fact 1n mund that bone cysts heal spontanecusly at puberty
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1t 15 logical to treat these pathologic fractures conservatively n older
cluldren who may never have a second fracture Ths 1 particalarly true
of girls. Even though they have a second fractare tha resalt may be more
plenxung than a scar ¥ oung boys would be greatly ncapacitated by mul
tiple fractures and should have an operation to emdicate the cyst and
pack with bone chips The curettement should ba carmied well beyond the
end of the eyat 1n both directions Care must be exercised to avend injuring
an epiphyrenl plate Cautertmtion 13 not necessary Packing with bone
chips hastens restorstion of the strength of the bone Homogenous bone
18 usaful for this purpose

Fibrous dysplasia of bons 18 sometines mmilar 1n appearanes and 19 not
differentiated from mmple cyst 1 most text books Afonastotre fibrous
dysplania usually appears m the roentgenogram as a fusform enlarge-
ment of the bone with uregulanty of denmty (Fig 800) There may be
several amall transhucent areas or there may be one large one In the latter
case the differential disgnoss from bone cyst 1s sometimes difficult Usu
ally the outlmes of the tranalucent area are wregular and 1ll defined Thers
18 & laoy appearance of the margins The bone surrounding the cystio
lemon 18 usually more abnormal than i bone cyst

Fracture through the fibrous lesion 18 frequently unknown to the pa
tient An unexplaned limp or weakness of an arnf may bnng him 1n for
examimnation An mcomplete fracture in the roentgencgram will then call
attention to a lemon If untreated the fracture froquently heals m de
formuity and refracture occars when activity 1s resumed

The differential diagnosis must be made fallowing a biopsy end micro-
scopie exsmination Complete eradication of the oystic areas and packing
with bone chips usually Jeads to prompt healing Deformrty can be eor
rected at s later operation after the diagnoms 1s established frequently m
cambination with the excimon of a recurrent focus (Fig 301)

The preceding two entities should not be confused with amall non
ossifying cortical fibromas (141) which disappear spontaneously mith
growth and do not give rise to pathologic fracture (Fig 225 p 178)

Hemangwma of bone causes a cystic lemon which may fracture (Fig
302) The eyst 15 usually multilocular The operative treatment s much
more difficult than that of mmple bone cyst While the lesion 15 benign
there 18 a strong tendency to recurrence The extreme vasculanty makes
operative removal exceedingly difficult Replacement of blood 13 neces-
wany If a tournuquet 1a not feamble temporary occluson of the mam ar
terinl mipply 13 1mperative

Hemangioma of bone usually reveals :tself ag 2 bony eplargement beforo
the fracturo takes place The roemtgenogram showa the appearance of
manv bubbles which 1s characteristic The first fracture will heal satis-
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factonly but tho leson usually progresses locally Complete resection and
replacement with a bono graft 18 usunlly neceseary and should be done
beforo the kemon becomes too large Thero is no objection to performing
{Ius Tesection at the time of tho frcture In thisat differs from bone cysta
wn wlich 1t 18 expedient to operate for eradication of tho eyst when the
fracture 18 healed

Vultrple hemangiomas of bone offer a problem wiuch is atill nroluble
(Fig 303) They may occur in many bomes mmultancously (Fig 304)
One cannot resect all of the bones The fractures must be treated as they
occur much like those of ostcogenems imperfecta

Aneurysmal bone cysts a rare cause of fracture occur in children and
voung adults usually under twenty Ongmally called gant cell tumors
they aro eccentric swellings of the bone with a thin shell coarse trabecula
tions of the base of the cyst and fine trabeculations 1n the leman itaclf
The epaces are full of blood rather than clear flud Curettage usually
effects a complete cure The prognos:s 18 good and radiation therapy 18
usually not mdiented (133 134)

Congenital fracturc of the tibia (localired neurofibromatoss) A ehuld
may be born with a pseudarthroms of the tibin as a result of localized
neurofibromatoss A mmilar fracture may occur dunng infaney usually et
the mte of an angular deformity of the bome with the apex anterorly
(Fig 305) The circumference of the bane 15 usually diminished at the mte
of the angulation with obliteration of the medulla mo that the bone is
charactenstically small and sclerotic 8mall trunalucent areas may or may
not be present

If the bone 18 not already broken through but angulated with the apex
antenorly an 1ill advised osteotomy or oeteoclams charactenstically ter
minates n a nonumon The prognoms 1n a spontaneous fracture 1s the
same \[aruve hone grafts when thoy remam successful until after puberty
gve n better result than amputation Refracture with permstent pseu
darthrosms 13 common m childhood (135) Amputation 18 to be preferred
to permanent pacudarthroms New hopo 18 offered with the use of Sofisld a
method of eenal section of the affected bone with intramedullar fixation
(Fig 306) (138)

Fatigue fraciures (march fractures) have been discuseed a8 they occur
in the metatarsals in children (Chapter X Injuries of the Foot) As in
adults almost any long bone mught be mvolved but the tibua 18 next n
frequency (Fig 205) Fatigue fracturo of this bane appears followmg sus-
tm%ed emruo: m older boys

w cause s not entirely clear The fracturs may be due to
bending of tho bone wiuch finally fatigues and bmid..u much ur:.p::cttefl
rod will breal with mmilar treatment It may be that fatigue leads to
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vascular spasm and local neerows of bone which predisposes to fracture
under excesarve strain

The diagnoms ahould be suspooted when there 12 a sudden onset of
tenderness and swelling over both the dorsal and volar sirfaces of the
distal end of the second or third metatarsal Pain swallmg, and tender
ness may be present for a week before there 18 any roentgenalogic evidence
of erther fracture or callus The callus may appear before the fracture
line If & roentgenogram 18 taken 1n ten days, the fracture will usually be
evident. Later, masuve callus 18 somewhat suggestave of a sarcoma. Legs
have been sacrificed by amputation because a fatigue fracture was
wrongly diagnosed as a malignant tumor

Fpacrures DUue 170 GENERALIIED ABNORMALITIES

Generalized atrophy of the bones of 2 child may be :diopathie (136)
Bevere nckets which 13 now rarely eeen in enlightened commumities will
cause a mmilar predispomtion to fracture It is analagous to osteomalacta
1 adults

Osteogenesis 1mperfecia 18 a generalivred hypoplasia of the skeleton as-
sociated with multiple apontaneous fractures (Fig 807) The fragilty of
of the bones 18 due to s defect m development rather than the mability
of the patient to asmilate calerum and phosphorus, as shown by the nor
mal metabolism of those elements Key (137) recoguixes three types (1)
QOsteogenests imperfecta asociated with fractures at or soon after birth
without actual trauma (2) Idiopsthic osteopeathyroms i which the
froctures do not occur until after the patient begins to walk These cases
have blie sclarae and the bones are alender and bnttle (3) Hereditary
hypoplams of the mesenchyme 18 like the second except that 1t 18 trans
muttod as & dominant horedrtary factor and the affected mdividuals have
s tendency to develop deafness m early adult Lfe

True osteogeneais mperfecta 18 frequently fatal during the first fow
yoers of bfe If the child survives there 1a a tendency to improvement and
the bony abnormality may clear up at puberty leaving m its wake mul
trple deformities Moderate bowing of the femurs and tibias can bo cor
rected by osteoclams with immobilisation by traction or a cast The
difficulty 1s that the contracted saft parts prevent correchion of extrome
deformities by this meeps Open operation 15 then nocessary Children
with this disease stand shock very poorly and fatahities have been ro-
ported

The chief drawbach to the correction of deformity 18 that the child mil
refracture the same bone agum promptly an being allowed even restricted
activity A most mgemous and effective method of overcoming this dif
ficulty has recently been doveloped by Dr Harold Sofield (Figs 305 300)
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Complete subperiosteal exposuro of the bone and resection from mota
phyms to metaphyms pormuts the scgmental rection of tho bone ke thick
slices of sausage Theso slices aro all strung on an intramedullary nail
the central ones rotated 5o as to roverse the deformity They are replaced
with the mtramedullary nail engnged 1n either motaphyms Healing is
prompt with elimmation of deformty (Fig 309) The mtramedullary nail
18 left 1n mtu to prevent displacoment if further fracturo occurs The inel
dence of fracture 18 groatly diminished by the internal support In some
cases the rod has been replaced when the bone grows too long for 1t (138)

Eosnophilic granuloma and other disorders of the reticuloendothelial
system must be differentiated from osteomyehtis or bone tumors Patho-
logic fracture may be the first indication that the lemon s present (Fig
310) Usaally thero 1s pain swelling and systermuc myolvement including
a low fever and rapid tedimentation rate Involvemont of a mngle verte
bra mav be the causo of some cares of Calvés dissase (Chapter XIIT
Injunes of the Spine)

Infantile scurry 18 charactenzed by several types of pathologic frac
tures The brttle metaphyses may split or be compressed to a cup shape
(139) In the severo cases epiphyseal displacement at the ends of long
bones occurs (Fig 311) All tvpes of pathologie fractures heal rapidly
under appropnate medical treatment with adequate orange juice The
shaft of the bone aligns it=elf with the new pomtion of the epiphyms and
deformity 15 almost unknown The patient s postare 1n bed usuelly cor
rects the alignment. Gross angular distortions should be carrected

-

Fia. 205, March Fracture

R. C,, mnle, age 14. Mareh frae
tare of the prodmal end of the tibia
appearing i the eary days of
basketball season. Swelling and ten-
dernem aver the site of the {racture,
The roentgenogram was taken aboat
ten days after the onset of aymptoms,
Complets recovery with rest. (Cour
tesy of Dr John Pink.)




Fro 297 Spontaneous Frctore

J F female age 12 7/37/53 Extreme bone
atrophy due to neurotrophie disturbance asociated
with apina bifida plus postoperative immobllimtion
folloxmg a hip operation. fractures
throngh the metaphyves of the femur and tibia
ocearred while the patwent walked oa crutches. The
denws ahadows were vory uved for stimulstion of
gronth.

FRACTURES IN CHILDREN

Fia 280 Chronlo Ostenmyelitis

R. Z., male. Pathologioc [racture of the distal end
of the femur through the site of a hemstogenom
osteomyeliti. Immobilimtion fn & plaster cast with
healing. The sequesirum which was viible In the
laternl velw sepamted entirely and then shearbed
without open -operation. Complets bealmg with
antiblotlo treatment but the bone grew too long.
(Courteny of Dr A. C Behmidt)

-
-
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Fia 29S. \eurotrophle Calles

J F 4/6/54. Ths case fllustrated in Figure 297
shoms healing of tho previoas metaphyweal frctures.
With minimal trauma the patlent frctored the
femur completely at a higher Jevel. There was no
pain. Whils on traction the patient moved freely In
bed produeing the tremendous eallus seen in the
roentgenogram. Healing was very prompt as it fre-
quently s in bones which are subject to & neuro-
trophie atrophy

Fia 200 Bons Cyst
A W Q, 4/23/47 male, age 10 Pathologie frac-
ture of the right humerus through a booe eyat. With
& hangmyg cast the fracture healed but the evst did
not disppear The cyst was completely eradwcated
undrn.ckcdr:thbouedﬂpliromtbeﬂlmm
8/23/47 The di iy was Gil 1 mi i

cally 'I‘hecvrtre{orm.ednndmcmdtednplnou
4/2/48 and packed with lups from the bank. B
11/10/48. \ote the grom th of the humerus proumal
to the cyst. Roentgen therapy to the area but eyatis
areas remained untfl the ehild reached matunty
;:::\nyd.happmm This sequence of events s
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Fra 301 M H 5/11/53 After the leman shown
in Figure 300 had hesled an osteotomy was per
formed o corroct the coxa yara. At the same time &
small recurrent cystle area was curetted. Internal
fixation with & blade plate. The hardnare was re-
moved on 2/12/53. This roentgenogram was taken
three months aftee the tast operstion \o lmp o
complamt Hip motions symmetrical Thare was 1
em. of shortening of the right leg

Fra 300 Alonostathe Flrons
Dysplasis

M. H. male age 14 Incomplets
fracture of the prodmal end of the
right femur through s monostotis
fibroas dywplasm. Flve years pre-
vioualy thers had been a motlar
frasture which healed completely but
with tha neck of the femur in varos,
Intermitient mp since, agxmvated
rocently without the patient knowing
abaut the present fraotare. A blopay
was performed, the eratic Jesion
curstted and packed with boos chups.
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Fio 302 Solitary Hemangloma
Male age 8. Solitary hemangtoma of the humerus
with spontaneows {fracturs. There was duffuse bleed-
iog at the time of the blopsy Later tho brachm!
artery wns clamped the tamor resected and replaced
with a graft from the bank. Satwfactory heallng with
good function. (Courtesy of Dr H. C Behumm.)

Fia. 303. Multiple Hemanghoma
A D male age 5, 5/13/54 Pathologe fracture
dtheﬂ;hthummdmmu;hnhmm'ﬂrm
¥ere multiple Jewons and had been innumemble
fractures. They healal readily this ope with a

- AL
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Fra. 304 Alultiple Hamangioma
A and B A romntgenogram of tha case in Figure 803 showing the moitiplity of ledons
including ribs, clavicle seapulas, as well ay humeril.
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Fia 303 Congemtal Pesudarthrosis
J B., male, age 7 10/6/53 Congenital fracture
of the tibis followmg an tnscecemful attempt at
bene graft. The defomuty was chameterwtle, (Coar
teay of Dr Harold Bofield (138) |

Fia 306. Healad Cangenstal Peeudarthrosia
J B, 7/2/5% The sam¢ leg as m Figure 305 after
ressction of the and resrangement
of the metaphysa to bring healthy boos to the lower
third, The defect wan filled with bank bone. Almost

dete healmg Al t was maintained by an
intramedullary rod. This method offers more hope
of permanent curs than some of those previcoaly
tried. {Courtesy of Dr Harold Bofield (138) ]
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- Fie 310 Eosinophilic Granuloma
WL B female, age 14, 2/21/40
2 Eomnophilic gramiloms with & patbo-
X r Togto fracture of the prodmal third of
7 A N the laft humerns. Tho pabent hed
* A — -{ bhad lesions of the left femur ledl
flrum, and seeond lombar veriebra.
The left humerus wns the only booe

to Irmcture.

-

Fra. 311 Infantile SBoxrvy

8 N, 8/21/28. Heelmg scurvy in
an infant. Pathologlo fractars of the
distal metaphyxis of the left femnnr
with doplacement of the epiphysis
The subpericstes] new bone out
lmed the hemntoma, which later
caleified. The shaft realigned itself
with the opiphyss and cventually 1t
wan straight.
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13
treatment by open reduction 118
orushed fingertlp treatment 120 187
etlology 112
fingers metacarpophal

1 joint dulocatl
19

interphalangenl Joint fractures or dlocations
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wuturs with dlk techole fef
thumb metaearpal fracture 116
metacarpophalangeal joint dislocatlon 118
troatment by flxation sling 1£0
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Koochler’s disease 196, 200

Legg-Calvé Perthos divezse 196
Lauensteln pomtion 159

H 107

Isdelung's

tranweondy lar fractures 37 oo slso Hi
dista] end injuries wupracondyiar freo-

tures
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treatment 71 #4
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\erve lesions coedstence with ahoulder folnt

Nose fractures, spllat for 224
trestment 220
Nursemmaid s elbow 58 75

Olecranon fractores 383 7¢
Open fractures granulation tissue treatmeat 210
of tibls and fibala 244
wcquestrum formation treatment 10
treatment by surgery 718
treatment for p1s gangrene *18
treatment {or tetanns 24
treatment In genersl 243
treatment of theene injury and lacerations se
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Ou acetabals 205 208
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Omification time of appesrance of centers 4
Osteochondrosis, 203 206
Osteochondrosls dimecans of femar 14 181
Osteogenests imperfecta 231 #8¢
Osteomyelitis chrole 258

Partite patefla, 171

Patells cublti 58 72

Patella fractures ses Knes injarles
Pathologle fractares, etiology 250

congenital fracture of tibia 253 261
fatigoe fractures, 253 245
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hemangioms of bone 252, 258

Bomunion of both radius and ulns 111

rpmtm 258
Pelvia infucia Os scetabula, 203 208
osteochandrodts 208 fo¢

paration of apophysls of iachlum, 204

»y 03
treatment {n general 204
treatment of fractares by pelvio oling, £05

Phalany fractures ses land injuries and Foot
injuries

Phemister epihyslodests 139

Physlcal therapy for [ractares 8

Tosmdas type fracture 45

Peoudarthroals 233 #91

Pseudoparalysis of arm symptom of elavicular
fractaro 9

Pulled elbow 13 58 74

Tulled shoalder 13

Tiadial narve palsy complication with fracture of
shaft of bumerus 22

Radioulnar joint ankylosis of 70

Nadius epiphyseal contributions to long bone
growth, 108

open [ractures ses Open fractores

Radius—distal third injuries displaced fractores

with displaced fracture of distal third of

ulna &2
piphyseal damage by y 104
epiphyseal dlslocation with fracture of stylotd
of ulna 708
epiphysenl displacement with greenatick frac

tare of distal third of ulns, 103
epiphysenl fractures, 03 103
with fracture dulocation of earpal semilunar
100
frastores treatment by long arm csst, 87
treatment by open reduction &
troatment by skin tractlon &4
treatment in geveral 77 03
with fracturs of distal third of ulna £ 83
greenstick fractures, trentment 78
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[ 4
with greenwtick fracturs of distal third of

ulna, 80
treatment by breaking through fracture 82
refracture 03
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refracture 63 100

treatment by long arm cast 92

treatment by skin traction &4

treatment {n general 70 8
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Radi{us—prodmal end fnjunes dislocation medial
with medisl dislocation of ulna and frac-
ture of lateral condyle of humerus &2
{ractures treatment §3 &8
Monteggia fractures 58 73
radial neck fractare displaced reduction of &5
removal of radial head &7
treatment, 58
with dulocation of elbow and tise injury 70
with displacement and angulation of epd
physeal fragmont ¢
with dieplacement and angulation of radial
head 82
with fracture of olecranon, 78
rudial head orush Injury of 77
refractare 93
sublaxation radiel bead 58 74
Reduetlon technie of 7
Iub time of of centers of osslfieation &

FRACTURES IN CHILDREN

Bpipe infuries cervieal spine complete unilateral
dlslocatlon 207
etiology 207
spontancous disloeation of stias and uxis, 28
subluxation 207
wcuate 208
subluxation with wry peek, £11
treatment by head traction £1#
treatment by Mlnerva facket £10
treatment by Schans collar 218
dorsal spine Calvd’s divense 200 214
compression {ractures £14, £15
otiology 208
fracture 208
idiopathic osteochondral leslon 200 £15
secondary oaseous centers {rreqular develop-
ment 200 115
treatmant by BMllwaukee brace £18
by Minervs jacket 210

Rib fractares 202 803

Round back 200 £1§

Ruesel]l traction treatment of Iractures of fernur
188

congenital
developmental anomaly o! lumbat vertebra,
217

of dylar and subtrech rl di fa] & ols 200
fractures of faraur 187 fractures 200
fractures of lamins of Jumbar vertebrs £17
Becrum time of appearance of center of csmfica spondylolisthesls 210 218
ton, & spondylolysis 10
Bealp wounds 235 £35 ununited apophyns 200
Boapala fractures 11 vertabral eplphysitis, 814 817

Bohansz soller treatment of neck injuries £13

Beurvy infantile csuse of patbologie fractures
285 14

Bequestrum formation 219

fhoulder time of appearance of center of caiff

eatlon, 4

8houlder girdle Injuries s Clavicle frastures
Beapula fracturss Humerus
end injuries Shoulder joint injures

Bpondylolisthesls 210 £/8
Bpondylolyzls, 310
tapeous correctabillty degree of of angular
deformities 3
Sternum, time of apparrines of ceoter of cmdif-
cation ¥
Sternum fractures 02

Talus fractures, 106, 157
214

Bhoulder foint {nfurfes se¢ also humercs proximal
ead infurfes

8kull midsagittal section of head &3
stagws of development 227
Skull injuries ses also Craniocersbral injuries
derby hat deformity 220 238, 240
etlology 227
fractures, depresmed 228
firear TR $35
open % 137
atellate 228
Blipped femoral epiphysis ss Femur—peoxioal
end injuries alippsd femoral epiphysls

Tetanns for o open {2

Thumb injuries ses Hand Injuries

Tihis, epiphyseal contributloos to long bose
growth 104

open fractures, ses Open fruotures
Tibia—distal end injuries, opiphyseal fractures, 152
treatment 184
with greenatiek fractare of fibals, 189
epipbyscal separation, with obllque fracture of
fibuls, 150
groenstick frastures trentment, 184
with greenstlck fractare of fibuls, 1M
Tibls—provimal end lajuries eplphyseal avuldion
mn

epiphyseal [ractore 175
metaphysesl fracture 175



INDLCN

Osgood Behiatter's osteochondrosls of tibial
taberoeity 172, 172
tibial splne avulsion 179
symptoms 173
treatment, 173
Tibia—sbalt fractures, spiral 18 1.
epiral skl or football fracture lth butterfly
{ragment, 181
treatment by long I¢g cast, 188
with fracture of fbals 183 147

270

ul Iddle third f fek TO
troatment by broaking through fraeture £
with greenstick fracture of middle third of
radlus 9t
refracture 3 100
treatment by long arm east £
treatment by skin traction &4
treatment in general 70 @3
wringet inlur!.e- aee Wringer &n!urlel
ul third injuries

disl

“with medial dilocation of radlus and
{racture of lateral condyls of humerus 52
fmtum- u'uhnent Q.

Ulna, epiphysesl contribntons to long hone
growth, 108

open {ractures, se¢ Open fracturen
Ulna—distal third injuries, displaced fractures
with displaced fractore of distal third of
radioe 2t
eplphyeeal fractares 03, 102
fractores, treatment by skin trectlon, &f
treatment by loog arm east, 87
treatment In general 77 93
with fractare of diatal third st ulna & 83
with greenstick fractore at distal third of

mdivs §7
greenstick fractores treatment om breaking
through frastare 2
treatmsnt, 76
with grosnstick fracture of distal third of
radios 80

with radial eplphyweal displacement 163
refractare §3

reverse fracture 7B

ntyloid fractare with distal radial eplphyseal
separation 108

wiingae infuries, ses Wringer Injuries

518

olecranon frastures 58

with fractare of radlal peck 72

patella cubitl 58 7¢

re(racture 93

Ulnar nerve palsy eomplication of lateral condy
lar fractare of humerne 45

] 1 joint dislocath bined with
Istsral condylar fracture of bumerus, 4§

Vertebra, time of appearance of center of ceslff
cation §

Vertebral epiphysltls $18 817

Volkmann's lschemio contrasture complleation
of supracondylar fracture of humerus
n 7

Wringer Injurkes etiology 95
emmination 95
pathologle changes 98
pathologie fracture following 111
treatment 06
Wrist dlalocation, 84
Wrist fractures ses carpus Injuries
Wry peck, $11









