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TRANSLATOR'S PREFACE

This Looh was ongnally published in German as the third volume of Bohler's
comprehensive work on fractures, and 1t deals exclusively with medullary nahing
Because of the widespread interest and urgent demands for an authoritative and de
tatled prescntation 1n the Fglish language of this new method, it was decided to
publish a translation of this third volume as an independent book  The references
to the other two volumes of Bohler s work have been retained m this book, since a
translation of these two volumes revised by Dr Bohler is now in preparation The
extraordinary demand for an early publication on medullary nailing did not permit
of delay by an attempt to first translate and pubhish the first two volumes

Kintscher s medullary nailing represents a new mulestone i the treatment of
fractures  Like previous danng mnovations, it will undergo transition pertods of
now skeptic and now enthustastic reception of widespread use, partly indiscriminate
and improper of amazng results and disappointing fatlures—but eventually 1t seems
certain to be added gratefully by many to therr armamentaria, as a prectous and
potent addition for the treatment of selected cases

Tor a cntical evaluation of the ments and inherent dangers of any new method,
extensive expenience with other procedures 1s a prerequisite Dr Bohler who has
treated tens of thousands of fracture cases dunng the last decades by his own and
other methods and had an opportumty to re-examune the vast majonty of these
up to thirty years later 1s umquely and prefmumently swited for this service
to the profession  He has set forth hus experiences in this book and generously illus-
trated the the reasons for his conclutions and advice It should obviously be heeded

It may scem odd that Dr Bohler has here incorporated detailed descniptions of
procedure even in cases where he does not recommend medullary nailing at present
But there 1s ample reason for thus  No one can say what r8le bacteriostatic drugs
and antibiotics may play in the future development of the procedure, should the
hoped for development eventuate these detailed descriptions will be most welcome

This s not only a textbook but even more & manual to which one who plans to use
this method will frequently refer for practical axd 1n the face of cinical requirement
He will then appreciate the repetition of all important details i each chapter

In the translation I have endeavored faithfully to convey Dr Bohler s emphasis
and menculous attention to details 1n his plam and mdoctnnating style mn easily
readable and dearly understandable langusge choosing English equivalents
for new German medical terms only after careful deliberation The conversion
tables i the back of this bool will probably be found helpful by many
readers
cn::[(;n(:o ;i:i:pg);n}n:;ng fcxpenenc(‘_'. with medullary nahng have occurred due

tions and techm ut:'.l IT Omﬂt;’“ et g ot indications contra indica
vent a rq’elluonqof SUChm - Dpc that thL" bOOL oppears mrlv cnough to pre
experiences 1 the English spealing world, and that 1t

1
:c]’hc;;ltnbute to the furtherance of a proper use of an exceedingly effective
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PREFACE TO THE FIRST ENGLISH EDITION®

Rinntscher’s medullary natling 18 an astomshing and important mnovation in
traumatic surgery  With careful selection of cases and proper technique 1t 18 supe
nor to all previous methods for the treatment of fresh closcd fractures, especially
those of the femur  Compared with our previous experiences, 1t Is amazing to sec a
man with so senous an njury as a femoral fracture walk painlessly two weehs Jater
wth netther cast nor brace and with freely movable joints

Thus 15 possible because this form of osteosynthesis provides real stability, exactly
like that afforded by the three flanged nail of Smith Peterson and Sven Johansson

In order to abtmn a comprehensive survey of the ndications, technique and final
results, I have studied the itcrature to date a8 well as the case histories of more than
600 1njured who were treated with the medullary nai]  Of these, 268 were cared for
at our Acadent Hospital in Vienna, the rest were patents at other institutions or
were seen 1n consultation I have reviewed a total of over 12,000 X ray pictures
several times from vanous standpoints

This study of the iterature and of the 600 case histories as well as many verbal
reports revealed not only good results but an unbehevably large number of compl
cations and failures besudes a considerable number of fatalities These complica
tions arose from the fact that many physiqans, in their first enthusiasm, believed
that medullary nathng may be performed without due regard for the general con
dition and age of the injured or for the fundamental pnnciples of fracture treatment
and of traumatic surgery

The dangers of any osteosynthes:s are infection metal-corrosion damage and
delayed callus formation To these must be added complications ansing from -
correct ndication and defective techmque

With closed medullary nailing infections are very rare  They were observed
more often with open nailing  Under scrupulous asepsis and with the use of pem
allin they can probably be reduced to a minimum

Metal damage was quite frequently noted With the use of V 2 A steel and
espeanlly of Vitallum this comphication can be largely elimmnated Kiintscher’s
statements concerning the callus stimulating effect of the medullary nail had made
the greatest impression upon me becuse none of the many measures heretofore ad
vocated for this purpose has proven of value  Unfortunately I found that the med
ullary nail like any other foreign body, does not stimulate, but inhibits the for
mation of callus and that 1ts presence may, with faulty techmique, even lead to
pscudarthrosts  However since this form of osteosynthesis 1s very stable 1f the indi
“?amt:t:dﬂnd :‘Edm;guc have been correct, especially on the femur and since a patient
ducuon‘:)':’tcnlah?; o mfﬂr:'1 Wlt;“»btlycforc itéle bone 1tself has united the delay n the pro-

Jated the stud fc:IJ cgligible significance  Medullary nailing has greatly stimu
y o us formation and T have therefore devoted a large amount of

Incomorates the substance of the prefaces to the 13t~11th German edltlons 144145
vil
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space to this subject  Fatalities were observed chiefly 1n femoral fractures and were
due mainly to faulty indication and to operation dunng shock.

Most faflures were due to defective technique  Medullary nailing was onginally
represented as a mmple procedure  Frequently, however, it 18 quite difficult I
have therefore endeavored to deseribe 1t 1n minute detail

On the basis of previous expenience T have attempted to sharply define the ind:
cations o order that proper advice may reduce to & mummum the number of fatal
ties senous nfections and other camplications.  For fresh compound fractures of the
lower leg and of the forearm I have forbidden medullary natling within my juns-
diction because of the great number of failures, and I have greatly restncted its use
for fresh compound fractures of the humerus  With the availability of peniallin
the indication for medullary nailing can probably be hberalized I have always
rejected 1t for infected and draming fractures I wish to warn against medullary
naihing 1n children

The aircumstances leading to senous complications are emphasized for every type
of fracture and are repeated m each chapter To obwiate the necessity for long
winded descriptions of the technique, I have generously illustrated the book. Ex
cerpts from over 100 case histories with an average of eight \ ray pictures apiece
serve to follow the course of an entire case, sometimes covering a period of four years.

T wish to thank Professor Pernkopf and Dr Ehmann for therr studies of the
medullery cavities of the long bones and for plaang their findings at my disposal

Dr. LoreNz B6HLER
Vienna, November 1947
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GENERAL PART

OPERATIVE TREATMENT OF FRESH CLOSED FRAGTURES WITH THE
MEDULLARY NAIL OF KUNTSCHER WITHOUT EXPOSURE
OF THE FRACTURE FIELD

When Kfintscher announced hs new method of treating fresh closed fractures
of the long banes with the medullary nad at the 64th Congress of the Deutsche
Gesellschait fiir Chirurgie at Easter 1940, companng 1t with the extra articular
nailing of femoral neck fractures, 1t became ymmediately evident to me that he had
found the operative techmque and the matenal for the treatment of properly selected
shaft fractures of the long bones, a method for which 1 had been waiting a long time
1 the interest of a safer future for the operative treatment of these types of fractures
(see page 1/155™)

1 therefore wnmediately adopted this method and am enthusastic about the
results 1n closed femoral fractures m the muddle third. Also 10 stoctly selected
transverse fractures in the muddle third of other long bones, good results can be
obtaned  Callus formation, however, 18 usually delayed

Kunischer s mellod consists 1n the tnsertion of g long, strong and sistably shaped
steel rod the medullary nasl * through a small incuton distant from the fracture field
tnlo the bone 1n such a wav that the fragments are so firmly uniled unth eack other that
the hmb as 1n nadled hip fractures con usually be lifted smmediately and moved aclrvely
after 1-2 weeks i fa~orable cases even permutling functional use wnthout additional
external support (Figs 108-132)  Afler bony consolidation ilus medullary nail can
casily be remo~ed by means of a minor procedure

Of chief importance 1s the fact that the mtroduction of the medullary nail, distant
from the fracture site without direct exposure of the same mumimizes the danger of
mfection with which present aperative methods have been 5o heavily encumbered.
This has been proven aiready in thousands of cases  Furthermore, 1n properly se-
lected cases the stability of the fracture 1s so great, n contrast to that provided

The figures preceded by I/ end IT/ refer ta the 1st and 2nd volumes respectively of the following
Bohler Technik der hnochenbruchbelandlimg Sth to 11th German edition Maudrich, Vienna, 1937~
1943 and
Bohler Tecnica ded Tratamiento de las Fracturas, Editocial Labor Barcelona 1940 and
Bobler Teanica del Trattamento delle Fratture, Casa Edlenice Villardi Mitano, 1640 and
Buhler Technique du traitement des fractares, Les édinons médicales de France Paris, 194
The figures followed by an E refer to

Bobler ﬁ::}:mLN\ of Fractares, 4th Englah edition, Jobn Wright and Soas, Ltd., Bristal England

1



2 MEDULLARY NAILING OF KUNTSCHER

by wires, plates ard screws and short bolts, that additional external supports
such as plaster of pans casts or tmction are not necessary On the femur, the
fragments can shde along the nail and be pressed agemst each other All i
jurious pulling, sheanng, and pushing strains are ehmmated by the medullary nail
and only favorable pressure comes into action This stimulates the formation of
callus &3 1n hup nailing, whereas with the use of Lane plates 1t 18 frequently delayed
because the screws prevent approximation of the fragments. Furthermore, by
dosed nailing the debris in the fracture field which 1s s0 1mportant for the reconstruc
tion of the bone, does not get lost and the periosteun and the surrounding tasues
do not suffer additional damage and njury
‘The value of clossd medullary naling can be best proven by determuning which
of the usual damages that may follow for instance fractures of the femur can be
avoided by medullary natling
I Loss of life
Rapid deatk from the 1njury proper, for mstance through loss of blood from the
fermoral artery or from other conconutant injuries, also through fat embohsm or
semle marasmus, cannot be prevented. Death from pulmonary embolism or
pneumonia will become much rerer because the patients can move freely immediately
after medullary nailing
Death from infection m compound fractures of the femur will become less common
because the immobilization of the inflamed area 18 much more effective than with
any other treatment  Death from infection following operations on cloaed fractures
with exposure of the fracture field 1s almost completely eimwated by closed nailing
Death through 1nfection ansing from extension wires, puns or calipers, as reported
previously and frequently found lately because many unskilled phymaans have used
skeletal traction 1s generally ehmuated by medullary pathing
II Loasof leg
Loss of the leg because of the seventy of the trauma or because of gangrene due
to the injury or thrombos., of the femoral vessels cannot be prevented (Figs. 824-827)
Loss of the leg due to mfection of fresh compound fractures following operation
with exposure of the fracture field, and to infection ongnating from extensign wires,
pins or calpersis as e rule eliminated by the use of the medullary nail
III Loss of full function of the leg
1 Infectson with sequestration and with sinus formation following compound
fractures and following operation on fresh cosed fractures with exposure of the
fracture field capnot be prevented by medullary nmling  For this reason T usually
reject 1t and have prohibited 1t 1n my jurnisdiction for fresh compound fractures of the
lower leg and of the forearm  Infection following traction by wires pins or calipers,
or following pressure from adhesive plaster traction 1s prevented by the use of the
medullary nail
2 Psendarthrosis can usually but not always be avouded by pamnstaling tech
nique 1o medullary nailing  This 1s very important because an unbehevably large
number of pseudarthroses have lately been produced by excessive skeletal traction
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(Figs. 301-304, 352-356, 697-704 735-742, 754-783, 940-971) If, however, the
techmque used 18 not perfect medullan n:;llmg can even produce & pscudarthross,
espeaally on the lower leg (Figs 430495

3 J[)al postiont of the fragments with shortening, angulation and rotation can be
avoided by proper technique  With defective techmque and indication, 5hortcmrig
up to 3 am (Figs 161-168), angulations up to 20° (Figs. 232-243 and 3%0-~407)
and rotation (Figs. 222-231) may occur

4 Jomnt damage on the tnpured leg, espeaally in the knee jomt, but alson the hip,
the ankle and tar<al joints and toes can be elimnated almost completely by a tech
mcally correct use of the medullary nml  The possibility of early motion 1n the knee
prevents imparrment of movement and mstability of this jomnt, the latter frequently
resulting from marhed shortening or from excesstre conlinuous traction, apphed below
the knee for more than 4 weeks

5 Joint damage on the non injured Iimb and the spine will not develop because
marked shortemng will never occur with proper medullan nailing

6 Aeretnjurtes as frequently observed after operations on closed fractures with
expoeure of the fracture field and espeaally those caused by excessive traction, do not,
as a rule occur mith medullary nailing
7 Vascular disturbances, such as 1schemia  thrombomis and embolsm will be
rare with meduollary nailng Edema and cyznosis will either not occur at all or be
merely transient because the crculation returns to normal very quuchly when early
active motion and weight bearing are possible.

8 Musde afrophy 15 merely transient with proper indication and technique, be-
cause the jonts can be moved extensrvely as early as after 1-2 weeks (Figs. 108-132)
Therefore the loose tissues around muscles tendons and joints do not become ad-
herent and no decalafication occurs.

9 Pressure ulcers and pressure scars from plaster casts, splints or traction can
only occur as exceptions because these additional supports are unnecessary In
favorable cases.

The firm union of the fragments provided by the pafl largely elminates the
dangers wherent 1 long recumbency, general and local damage to the arculation
and the muscles, bone atrophy and hmitation of jomnt motion The penod of
hespitalization and the entire treatment are markedly shortened m switably selected
Cases.

From this compilation 1t 1s evident that the closed medullary nailing of
Kintscher is vastly superior to ail previously known methods for the treat
ment of fresh closed fractures of the femoral shaft in properly selected cases

In old fractures and 1n pscudarthrosis of the femur, the open medullary nathng
15 as a rule to be preferred to all other methods In fresh compound fractures
medullary naiing has proven of value only 1 the femur T have forbidden 1ts use
for fresh compound fractures of the lower leg and of the forearm 1n my junsdiction
and have restncted 1t to a mmmum for cases of the upper arm

I have al
rejected 1t for infected and discharging fractures R
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I welcome medullary nailing especially because 1n recent years more damage than
good has been done by skeletal traction, although the latter can give excellent results
if properly used.

The following queations are always asked concerning medullary naing

1 What 1s the reaction of the bone marrow to the groas destruction?

2 What 15 the reaction of the bone to the large foreign bodv?

3 What 1s the stustion as regards fat embolism?

4 How does callus develop 1 the presence of such a large foreign body?

5 How do the bone marrow and the bone react if infection oceurs?

ad 1 Medullary nathing and bone marrow  Kdintscher in his reports has already
shown that the bone marrow 1o contrast to bone tissue 1tself 18 not a ghly different:
ated thercfore a less susceptible tissue, which regenerates rapidly  Ttus 1s particu
larly evident from the results of Walterhofer and Schramm, who 1n many cases of
permaous anemia completely removed the marrow of long bones (extirpation of
marrow) This procedure was followed by an extraordinarily rapid regeneration
of medullary substance The marrow therefore 1s not of great importance to the
Dfe of the bone It 1s merely a filing for the mechamicelly dead space, 1n juveniles
with a blood forming organ and 1n edults with fat Kintscher has proven by
nurnerous ammal expenments, that bone marrow is not damaged by medullary
pailing  In humans some damage seems to occur occasionally as reported by Raisch
and Slany (see pages 52 53)

ad 2 Medullary nailing and bone As™\. ray pictures show no pathologic changes
take place 1n the bone if truly rust proof matenal 18 used

The damage which can be caused by rusting matenal 1s discussed on page 88
and shown n Figs 264-276

ad 3 Medullary natling and fat embolism  Chpical symptoms of fat embolism
do not as & rule occur as proven in thousands of cases treated by medullary nailing
Kntscher 18 of the opinion that thisis due to the fact that asin Kirschner’s splinter
ing the medullary cavity 1s not put under pressure because the hole through which
the medullary nail 1s introduced 15 consmderably larger than the cross-section of the
nail and because the bone marrow can flow out through the groove of the nail.

Baatz has proven lustologically 1n animal expeniments that slight fat embolisms
do sometmes occur 1 the lungs kidneys and brain but that these are of no climeal
ngnificance.

If, however nahing 15 performed dunpg shock 1t 1s possible that the slight
additional fat embolism supenmposed upon the other damages contributes to the
fatal outcome (sce page 8)

ad 4 Medullary Nading and Collus Formation  According to Kintscher the
medullary nail does not interfere with callus formation He wntes

“One mght ralse the objection that the damage done to the medullary cavity and to the endos-
tium causes considerable disturbance in the healing processes of the fractures having 1n mund the
sad expeniences with the use of pexs of ivony or bone in shaft fractures However the conditions
prevailing with medullary nailing are radically different for vanous reasons
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‘2) The pegs completely fill the medallary cavity so that no biood vessels can reach the calles
and the compacta from the inside in the vicinity of the fractare

“b) The endostiur is destroyed by pressure from the peg Nevertheless the bony pegs
frequently healed In by uniting firmly with the cortex. However, the fracture line is not sctually
brdged by callus because the firmly impacted and healed in bone peg keeps the fragments apart
acting even Lke an Intact fibula in a lock pseudarthrosis of the tibia. The point of the bolt pre
\ents the cxettion of favorable pressure upon the callus  Strenuous use of the fractured himb
then leads to a fatigue fracture of the bony peg.

“With the flanged nail the mtuatfon is entircly different It does not completely plug the
medullary cavity but on the contrary touches the endostium merely 1n three places (mostly in
only 2 places because of slight curves in the shaft)  These places are extremely small because of
the sharp edges  Amv possible pressure damage to the endostium and to the callus will therefore
be exerted only from these small places this 1s of no mechanical significance even if these sharp
edges should cause a complete destructron of the surrounding substance to the extent of 1 mm.
The penosteal callus would never be reached

‘Perrostenl callus 1 the chief factor in the healmg of a fracture but ths callus will be trans-
formed 1nto bone only under favorable mechanical circumstances  Pauwels has proven this
condlusively by calculations hased on fractures of the femoral nech. The author likewise was
sble to prove this expetimentally and by measunng the transmission of stresses through the bone
Bone formation {s enhanced {f the callus is subject to pressure stresses and if pushing and shearning
a3 well as excessree pulling stresses are kept away from it as much as pousible  This refers to the
alternating pressure stresses caused by intermittent muscle action  As mentloned before, this s
the essential pnnciple of the nailing of the neck of the fernur 1t holds true however also for every
other fracture  The firmly impacted 1vory or bone peg prevents pressure upon the callus A
firmly seated flanged nail gradually loosens as mentioned before in connectron with the hip nail
s0 that the fracture surfaces are pressed against each other by musde pull. Therefore from o
meckarscal-biolegical standpornt this method appears the most favorable of all treatment methods for
fractures  On all sxdes of the fracture Ime pressure stresses are in action whereas the nail absorbs
all injunous pushing shearing and bending strains

The assumption that calius formation is stimulated by the medullary
nall has unfortunately not proven correct In carefully reviewing our cases
I found that the medullary nail, like any other foreign body, es a rule inlubits callus
formation. Maatz too 1 his latest report on more than 300 cases of the chmc
m hael found only 5 cases with increased callus formation and these were young
peoplen whom penosteal callus formation usually tends to be marked and extensive
under any method of treatment A. W Tischer found the average duration of
treatment of fractures of the lower leg to be longer in those treated with the medullary
nail than before 1ts use

Kintschers opinion that the fragments are pressed agamnst each other by
muscular pull and weight beaning 1s correct for fractures of the femur On the
humerus the fragments are pulled apart by the weight of the arm, espeaally 10 older
cases (Figs 1064-1073)  On the lower leg the hent medullary nail sometumes pnes
the irag;ncn;:, apart and prevents their approxtmation in the same way as a bone
peg and a fatigue fracture of the nail 1s not uncommon (Fi 52~
463479 1172-1179 1210~1219) In contrast to this I cncof.tnltg:x:efi :é::tu‘i‘%_:j;e
nail only once among almost 300 nailed fractures of the nech of the femur (Figs
1T 1822-1826) I have not seen an extrusion of the bip nail since T gave 1t a new
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shape 1n 1934 (Fig 11/1680) whereas migrating of the medullary neil1s not infrequent
(Figs 232-243,244-251,1127-1134)  In fractures of the lower leg A. W Fischer has
seen a migrating of the medullary nail into the knee-joint.

Marked penosteal appositions after medullary nailing are a sign of a chemical
(corrosion, Figs 264-276) or of 2 mechamcal irntation (Figs. 390-429 and pages
88 128-136) These do not contnbute to & quicker consolidation of the fracture

ad 5 Medullary nasling and wound snfection  The danger of wound infection
1 shght with closed nailing, with opent nailing however, the danger 1s at least as great
as with any other form of osteosynthesis  As a rule 1t becomes even more dangerous,
because the entire medullary cavity 1s exposed. In spite of this, however, the
inflammations sometimes remain mid in character if the sutures at the fracture site
and at the nailing site are quickly opened to relieve the pressure  If this is not done
1 time, extensrve soft tissue suppuration may develop with an occasional fatal
outcome. The inflammation of the bone marrow, however, sometumes remains
lmuted to the fracture site and the mmediate surroundings of the nail and does not
always involve the entire medullary canal  In severe cases, however, typical medul
lary sequestra develop at the fracture ends For more about this see page 155
and Figs 180-526

Thus the dangers of closed medullary nailing appear shght 1n contrast to open
nailing yet m studying the hterature and in reviewing the case histones of more
than 600 cases placed at my disposal by vanous hospitals, I found an unbehev
able number of comphcations These were due to the facts that repeatedly the
indication was too broadly interpreted that an inadequate armamentarium was
used and that erroncous conceptions regarding callus formation and the anatomy
of the medullary cawvity prevaled. Many surgeons assumed that all previously
veld laws governing treatment of fresh and old fractures and of pseudarthrosts
could be disregarded with nailing although the new method has not changed these
laws 1 the least

Iwll try to present the entire problem 1n the light of the experiences to date 1n

order to reduce the number of failures which have occurred through disregard of
several of K@ntscher s directions

Indication for Closed Medullary Nalling

The prerequisites for closed medullary natling are good general condition of the
patient, healthy condition of the skin even 1 areas distant from the fracture site,
and the absence of foa of infection 1n other parts of the body (e.g tonsilhtis)

Femur Under these prerequusites all closed trassverse fraciures of the femoral
shaft 1n the middle third (Figs 108-115) winch 1s the narrowest area (isthmus) of
the medullary canal are espeaially suited for meduliary nailing  Also suitable are
all transverse fractures in the upr r and lower thurd of the femur that are at least 7
cm removed from the tip of the rochanter or from the Lnee jomnt

Also for short or longer oblique fractures within the 1sthmus or above the same the
medullary nal provides sufficient stabiity (Figs 540-547) For good results n
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oblique fractures 1n the lower third it 18 necessary to obtmin very exact apposition
of the fracture surfaces and to firmly anchor the medullary nail decp 1n the cancellous
bone of the distal metaphysis (Figs 416-423)

Fragmenled and commupuled jraciures require additional continuous traction
(Figs 574-581, 618-638, 619-656)

Spural fractures with a long bulterfly fragment are not sutted (Figs. 582-589)

01d fractures of the femier wath d layed callus formation due to excessive traction,
as shown m Figs 301, 302, can somctimes be successfully treated by closed nailing
even months afterward,

Some re fraciures of the femoral shaft are also suitable

Aseptic gunshot fradures of the femur can be nailed after 2-3 weehs when all the
wounds have henled (see pages 212 215)

TPerhaps some fresh gunshot jractures of the femur wnth large wounds which are
left wide open (see page 211) may be suitable

Tibia From a mechanical standpoint, closed transverse fraciures of the middle
third of the lower leg are particularly suited for closed natling (Figs 816-823) They
should be at least 10 cam removed from the upper or lower end of the tibia. Callus
formation, however, 1s as a rule markedlv delayed

Closed oblique fraciures and spiral fractures 1o the middle third are equally suited.
In the lower third the nail should as a rule be used only if the fragments are displaced
laterally by the full width of the shait orif they are dufficult to reduce with continuous
traction With the sphit nail of Maatz 1t may be possible to treat fractures even
closer than 10 an from the distal end of the tibia  The old methods, however,
are better and less dangerous,

OJd transrerse fractures m the middle third which are located somewhat lower than
those shown 1n Figs 241-251 are sometimes suitable

Humerus Trangverse fractures i the muddle third (Figs 1010-1023) are
best sutted for closed medullary naihng  Transverss fractures which are at least
9 an removed from the elbow (Figs. 1064, 1065) or 5 cm from the shoulder
(Figs 1002 1003) are also switable

Sprral fractitres in the middle third (Figs 1001-1005) may be nailed
Tor the humerus, too, the old methods have proven better than medullary
nailing

Forearm  From a mechanical standpoint, markedly displaced fransverse and
oblique fractures of both bones are suitable if they are at least 5~6 cm removed from
the ends of the bones (Figs. 1101-1104 1105-1110)

Fractures of the ulna alone should be at least 3 cm from the proximal end or 6 em
from the distal end

Fractures of the radius alone should be at least 5 an from the proxmal end and
10 e from the distal end. Fractures closer to the distal end (Figs 1117, 1118)
are not suitable for dosed medullary nailing

Expenence bas shown that on the forearm bones callus

formation 18 particularl:
delayed by the use of the medullary nml B Y
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Fractures of the clavicle are not susted for closed medullary nailing

Spontaneous fractures after malignant bone tumors ate very well suted
for dosed medullary nailing

Benlgn bone tumors, e g osteopathis fibrosa cystica localisata, are particularly
suited for closed medullary nathng (Figs 784-791) if they are not located too close
to the end of the bone  Nailing may even effect a cure of the condition.

Tabes is no contra indication if the other requirements are assured.

From this exposition it is evident that closed medullary nafling is suited
chiefly for transverse fractures of the femur in the middle third and for
localized osteltis flbrosa cystica, whereas in other fractures it frequently
entalls more disadvantages than advantages

Contra Indications to Closed Medullary Nalling

Contra indications with regard to the patient Shock, with small, rapd
pulse pale appearance, cvld sweat on the forehead, etc. as frequently seen in patients
with multiple 1njunes, 15 an absolute contra indication agamnst medullary naling
n cases of closed fractures  The duration of the operation frequently accompanied
by 2 cooling of the patient, the jarnng caused by the dnving of the nail the add
tional though shght fat embolism in the lungs or even 1n the bram, have caused &
fatal outcome 1n not & few cases. In the Literature as well as in personal conversa
tions the view 1s frequently expressed that these patients would have died anyway
without medullann naling T do not share this opinion because if it was evident
that the patient was destined to die, there was no urgent necesmity to trest hs
fractured bone with medullary naling The peace of the dying should not be
disturbed by hammer blows  On the other hand when I read 1n the Literature or 1n
case histonies that patients in shock were subjected to a nailing operation lasting
1-2 hours Taminchned to conclude that these patients must have been 1n such good
general condition that they would probably have survived the mnjury had they not
been exposed to this prolonged and, for a patient 1n shock, rather senous operation.
If 1n these cases & pin or wire traction is applied under local anesthesia, the procedure
consumes only 1 minute without mposing an additional burden upon the arculation
and the general condition  the patients can then be successfully treated for shock

Closed medullary nalling must not be carrled out in fresh closed frac
tures in a patient under severe shock as is usually the case In multiple
injuries because it may lead to a fatal outcome

When the shock was only sight the pulse recovers after a few hours agan be
comung slow and full, if the patient has been kept warm and restored properly  Then
15 the time for nailing unless one prefers to wait evep longer

Serious syslemic diseases are not as a rule an indication for medullary naling as
some surgeons insist but rather a contra indication

In the presence of inflammatory condiltons of the respiralory gastro-intestinal
or gemlo-urinary organs closed medullary naing must not be carmed out because
hematogenous infection of the bope marrow may result. Particular attention
must be paid to tonsillitis
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In snfectious condstions of the skin, especially furunculosis, medullary nating must
not be performed because of the danger of metastatic fection

If burns are present, espeaally on the injured limb, nailhng should not be done
(Figs. 169-178 and 649-656)

In the presence of wounds tn oflier parls of the body, medullary nailing should not
be performed until those wounds are completely healed, 1 ¢ about 14 days after the
mury, becausc otherwise late inflammation and metastatic infection may occur
(sce page 151)

In the presence of decp abrastons of the skin aver the fracture site which were not
exased and sutured within the first 6 hours, naiing must not be done because,
espeaally on the shin bone and on the forearm, a possible subsequent necrosis of the
skin may lead to an exposure of the immediately underlying fracture and thus bring
about infection

If marked swelling with bicb formation 18 present, nmling must not be done It 1s
necessary to wait until the swelling has subsided  If tension blebs have formed,
medullary naihng should not be considered

1f varicosties are present on the lower leg, nailing should not be performed.  Stotz
saw a fatal outcome in a case of this kind (see page 152)

Contra indication with regard to the bone  All the following fractures are
not suited for nailing

Femur those less than 7em from the tip of the trochanter or from the knee jont.

Tthia those less than 10 cm from the proumal or distal end

Hurmerus those less than 5 an from the proximal end or less than 9 cm from
the distal end

Foregrm those less than 5 cm from the pronimal or distal end.

Ling (only) those less than 3 am from the proxumal end and less than 6 cm
from the distal end

Radsus (only) those less than 5 cm from the proumal and less than 10 cm from
the distal end.

Sprral fractures with a long butlerfly fragment (Figs. 161-168, 570-573, 582-589)
are not suitable for cdlosed medullary nailing

Some cases of bone diseases, e g Paget's disease, cannot be nailed if the medullary
canal 1s not patent  As a rule, however fractures in Paget’s diseasc are transverse
and therefore particularly swited for medullary nailing

Tabes 18 no contra indication if the other requirements are met.

Contra indications with regard to the physician Only & physician with
sufficent expenence 1n bone surgery 1s entitled to attempt medullary nalling  As1s
evident from numerous reports 1n the literature, this procedure 13 frequently not so
simple as 1t was occasonally represented in the beginning
wm’l'vh\e'r-c:l must be on hand a sufficent selection of medullary nmls furthermore,

y apparatus and the instruments enumerated on pages 22-26 Lfficient
extractors and a steel saw (Figs 70, 71 and 83) are particularly important. The
il:)lrl:“img remarks sometimes found in hstones of cases which sooner or later show

phications are not justifiable, viz The medullary naihing had to be performed
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Fig.3

Fig 1 Frontal section through the femur
Fig. 2. Segittal secthon through the femur
Fig 3 Seven transverse sectloas throagh the fermur
Fig. & AP \ny picture of the femur
Fig S Lateral \ my plcture of the femur

All 5 plctures show that the narrow est region (bthmus) of the medullary canal fs Jocated yost proximal from
the middle of the femmur  In adults it varies from 8-16 mm.  From the lsthmus the meduliary canal rapudly
widens distally praximally more gradually  In the tr scction the isthmus is approximately drew
lar  Between the prommal and middle third it 13 oval In the antenor-posterior dection. The shaft coo
tains only scanty trabecuiae only small coarse trbecules on the wall. In the metephuses the cancellous
bone becomes dense. For the determination of the thickress of the nall, the Isthmus must be messured o0
the \. ray plctures and the kength of the nafl is determined by the length of the bone.  In fractares befow the
rmddle, if the medullary nafl does not reach to the eptphyseal fine, it has no anchorage in the wide medultary
space of the metaplrysls.

although no medullary nail of proper length and thickness was avallable. Or The
naihing had to be performed even though the . ray apparatus failed (the operation
was started with only one apparatus instead of two) Concerning such arcum
stances it must be emphasized that medullary nailing 1s never an emergency pro-
cedure  If the necessary equipment 1s not avaulable nailing must not be performed
Closed fractures In children should not be nmled 1n my opinion because of the
greatly increased danger of acute osteomyelitis in chuldren (see page 151)  Further
more fractures heal very rapidly in childhood ~ For instance, a fracture of the femur

-~
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Fig. 6 Fig 7 Hg 8 Fig 9 Fig 10 Fig. 11
Fige 6 7 Medullary space filied with bedfum according to Ehmann.  This Tlustrates dlearly the places
at the proximal and distal ends of the bone where the nafl will obtam anchorage 1n additioa to that offered

by the lsthmos above the middle of the shaft.
Figs. 8,9 Position of the nail in the medullary canal  Although [t 1s thick it has follo ed the shape of the
boae and Is bowed. Proxtmal from the middke It completely fills the cavity and provides a firm support in
thrs repion. I the distal part, it Lies agaipst the anterior and latera! wall and thus obtains & much better
bold than If it were located in the center (of the cavity ) where the cancellous bone forms & much wider mesh-
work. Io fractures drstal from the middle, & longer nail must be used In ocder to rench the epiphvscal fine.
Figs 10 11 \affing site in the posterfor part of the crest of the greater trochanter  For parposes of
Mustration the nafl was left protruding 4 om. sctually 1t should be inserted to within 2 om. of the booe 30
as not to Interfere with full motuon.

m a child under 10 years will unite firmly 10 3-5 weeks if the weight used for con
tinuous traction was not excessive  Furthermore in those children s fractures which

arc swted for medullary nailing limutation of motion or other permanent dis-
turbances never occur with proper treatment.

The Medullary Cavity of the Long Bones

When I became interested in finding exact data concerming the shape and extent
of the medullary cavity 1ts relation to the cancellous parts of the bone and the
thichness of the wall of the shafts of the long bones I was unable to find 1t 1n the
text books and atlases of anatomy and jount mechanics  In all these works only the
cancellous bone ends and usually only a frontal cut were representcd because such
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Fig. 3

Fig 1 Frontal section through the fanur
Fig 2 Sagittal section through the femur
Flg 3 Scven tramverse sections through the femur
FIg 4 A P\ ray picture of the femur
Fig 5 Lateral \ nay picture of the fenmur

Al 5 pictures show that the narrom est reglon (sthmus) of the medallary canal is bocated just praximal from
the muddle of the femur Inndu.lu:tw:lcsﬁrom&—lﬁnuu. From the isthmus the medallary canal rapldly
wixdens distally prodmall d In the tr section the isthmus b approximately clrca
lar Bet‘cm!hepmdnnllndnddlﬂcmkdlthwﬂhtb:mm-pmducﬂmcﬁm The ahaft con-
tains only scanty trabeculas, only small coarse trabeculac on the wall. In the metaphases the cancellous
boae becomes dense  For the determination of the thickpess of the pafl, the ixthomus must be messured oa
the \ ray phetures and the length of the nail is determined by the length of the bone. In fractures below the
middle, it the medullury nafl does nat reach to the epinhyscal line, it bas na enchorage In the wide medullary
space of the metsphysls.

although no medullary nail of proper length and thickuess was available. Or The
nailing had to be performed even though the \ ray apparatus faled (the operation
was started with only one apparatus instead of two) Concerning such crcum
stances 1t must be emphasized that medullary nailing is never an emergency pro-
cedure  1f the necessary equipment 18 not available pailing must not be performed

Closed fractures tn children should not be nailed 1n my opinton because of the
greatly increased danger of acute osteomyelitis n children (see page 151)  Turther
more {ractures beal very rapudly in cinldhood  For instance, a fracture of the femur
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Fig 17 Fig 18 Fig 19 Fig 20 Fig. 21 Fig 22
Figy. 17, 18 Barium filling of the medullary canal according to Ehmann.  This fllustrates the areas = here
the nail can get a firm anchorage
Figs. 19 20. A nail of sufiident thicknces and length was inserted from prodmal, It penctrates into the
booe {rom the {ront, tonches the posterdor wall at the junction between the proximal and middle thicd w hence
1t is deflected formard. It reaches to the plalnly visibde epdphyscal line and thercfore its point kas a satis-
factory hold in the bone
Flgs. 21 22 Nafling site just medial to the tibial tuberonity  For better [fustration the nall protrudes 3}
cm. sctaally it s driven to within 134 cm. of the bone otherwise it causes pressure against the skin and
may perfomate It.

4 Type of transition of the medullary canal into the spongiosa (whether sudden

or gradual)

5 Thickness of the cortical bone

6 Vanations (sex difierences, age differences, etc)

Thurty series of long bones including femur, tibia clavicle humerus, ulna and
radius were exarmned  In order to obtain such pictures as are taken in the living
for the purpcse of measurements, . ray pictures were first made of the bar bones
in two planes, transversely and at a nght angle to thls. 1or a clearer delineation of
the canal the medullary cawity of all bones was then filled with a banum sulphate
mass and another series of pictures was tahen In the same positions as previously
In this way 1t was possible to deternune to what extent the medullary canal was
partly or completely deveid of spongiosa and where the narrow meshworl. of the
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Fig. 12 Fig 13 Fig 14 Fig 15 Fig. 16
Fig 12. Frontal section through the tibla.
Fig 13 Sagittal section through the tible.
Fig 14. Seven transverse sections through the tibla

Fix. 15 AP X ray picture of the tibia.

Flg 16 Lateral X-my picture of the tibla.
AL 5 plctures show that the almost arenlar sthmus of the medullary canal i located betw een the middle and
the distal third. The dmmeter varies in adults from 8-12 mm. The middle third is compamtively narrow
the prosimal and dstal thirds are very wide. Cancellous bone is scarce In the shaft, showing corrse trabeco-
lae on the walls  Sometumes the cavity s closed transverscly by ope o two partitions at the junction be
tween the middle and distal third, preventing the passage of barlum  In the ends of the bont, the cancellous
trabeculations are demer A nail inserted from proximally will in fractures distad from the middle obtains
strong bold oaly ff 1t reaches to within the epiphyseal lme.  In fractures within the proximal quarter of the
boae, the rail should preferably be inserted from distally It should then reach also to the proximal eps-

physenl llne.  Such fractures, however are not suited for mednllary nahng

questions &s arose from medullary nailing had never been posed before  Therefore
I requested the director of the Anatomucal Tnstitute of the Umivermity of Vienns,
Professor Pernkopf to clanfy these pomnts He entrusted Dr Ehmann with this
time-consumming study which required insight dexterity and permstence and has
evolved the following outhne for the description of bones

1 Width of the medullary cansl

2 Direction of the medullary canal (angles)

3 Length of the medullary cans!
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Fig 17 Fig 18 Fig 19 Fig 20 Fe. 21 Fig 22
Figs. 17 18, Barrum flling of the medullary canal according to Ehmann.  This Mustrates the arcas wbere

the mall can get a firm anchorage
Fig. 19 20 A nafl of sufbickent thickness and kength was Inserted from praximal. It penctrates into the
booe from the front, touches the posterior wall at the junction between the proximal and middle third w bence
it is deflected forward. It reaches to the plalnly visille epiphyseal line and therefore its point has a satis-
factory hold In the bone
Figr. 21 22 Nailing site fust medial to the tiblal tubermity  For better fllustration, the nail protrudes 3}
. actmally it is driven to within 114 em of the bone otherwise it causes pressurc against the skin and
may perforate it.

4 Type of transition of the medullary canal into the spongiosa (whether sudden

or gradual)

5 Thickness of the cortical bone

6 Vanations (sex differences, age differences, ctc.)

Thrty senes of long bones including femur, tibia clavicdle humerus, ulna and
radius were exarmined  In order to obtein such pictures as are taken mn the hving
for the purpcse of measurements \ ray pictures were first made of the bare bones
m two planes, transversely and at o nght angle to this  For a clearer dehneation of
the canal the medullary cavity of all bones was then filled with a barium sulphate
mass and another senies of picturcs was taken in the same positions as previously
In this way 1t was possible to determine to what extent the medullary canal was
partly or completely devoid of spongiosa and where the narrow meshwork. of the
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k. b

Fig. 12 Fig 13 Fig 14 Fig 15 Fig. 16
Flg. 12. Frontal section throogh the tHbia,
Fig. 13 Sagittal section through the tibu.
Fig. 14. Scven transverse sections throogh the tdhia.

Fig 15 A-P X my picture of the tibla.

Fig 16 Lateral X-ray picture of the tihis.
Al 5 phctures show that the almost arcular bthmus of the medullary camal i located betw een the middle and
the distal third.  The chameter vanes in adults from 8-12 mm. The middle third fs comparatively parrow
the provimal and distal thirds are very wide. Cancellous booe Is scarce [n the shaft, show Ing coarse trabecn-
e on the wall.  Sometimes the cavity i closed tramsversely by one or two partitions at the junction be
t» cen the middle and distal third preventing the passage of barfum.  In the ends of the bone, the cancelloas
trabeculstons are demser A il inserted from peoxmmally will In fractures distal from the middle, obtatn &
strong hold ooly 1f 1t reaches to within the eptphyseal Ime. In fractures within the proximal quarter of the
boue, the mail should preferably be fnserted from distally It should then reach atso to the proximel epl

phvseal ine.  Such fractures, however are not saited for medullary nailing.

questions as arose from medullary naihng had never been posed before  Therefore
1 requested the director of the Anatomical Institute of the Unrvermity of Vienna,
Professor Pernkopf to clanfy these ponts. He entrusted Dr Ehmann with thus
time-consuming study which required insight dextenty and permstence and has
evolved the folloming outhne for the desciption of bones

1 Width of the medullary canal

2 Direction of the medullary canal (angles)

3 Length of the medullary canal
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Fig. 29 ¥ig 30 Yig 11 ¥ig 32 ¥ir 33
Tigx. 25, 29 Barjum filling of the medullary canal according to Fhmann.  In addition to the fsthmus the
nafl obtains a firm hold in the areas not filtked by this macs.

Figw 30 31 A nafl of sufiicient length and thickners has been driven from dutally into the bthmus, It
passes through the prodimal third of the canal which ks free of cancellous Lone to the epiphyseal line where
1t obtalns & firm hold. I it does not reach so far proximafly it will move within the eanal and may even
Ureal us in Figs, 476 477
Figs. 32,33 Naflmg site on the dorva) suriace above the fosta olecrani  For better iuatration the nail pro-
trudes 3} cm. from the bore actually It shoukd be driven to withln 1} em., otherwise it would interfere with

motloas of the elbow

the macerated bone becomes over-exposed cven when very soft radiation 15 used
For this reason the cortex appears thinner than it actually 1s

Following the \ ray studies, frontal sections were made through all the bones
After removal of the barium they were photographed (Tigs 1,12 23, 34 45 56)

From the bones of the other mide sagittal cuts were made (Figs 2, 13, 24 35,
46 57)

Of bones which in their external shape (length, thickness and curve) and which
n the X ray pictures (arrangement of the compacta and spongosa, width of the
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Fig 23 Fig. 24 Fig 15 Fig 26 Fig 27

Flg. 23 Frontal sectzon through the humerus.
Flx. 24 Sagittal section through the humnerus.
Flg 25 Seven transverse sechions through the humerus.
Fig. 26 Antero-pasterior X-ray picture of the humerms,
Fig 27 Lateral . ray pcture of the humerns,
All § pictares show that the narrom est, almost clreular ares of the medullary canel is located in the distal
third. In adntts it vanes from 6-9 mm.  From the mthinus the canal widens proximally and the wall of the
bone becomes thinner  The pail obtains rts firmest hold if it 1s insexted through the distal third and IF it
reaches proximally to the epiphvseal line of the head

cancellous bone begins which may offer the nail & firm anchorage beyond that fur
mshed by the 1sthmus of the medullary canal (Figs 6 7 17 18 28, 29, 39 46, 50
51,61 62) Trom these pictures it 18 cleasrly evident how far the medullary nail
must reach if 1t 18 to be used in fractures which calculated from the site of nsertion
of the na:l are located beyond the narrowest point of the bone  The thickness of
the compacta 1s not accurately represented in these X ray pictures because only the
mnper surface of the cortical bone substance 18 sharply outhned aganst the very
opaque banum sulphate mass while the outer outline of the bone 13 indefimte because
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Fig 39 Fig 40 Fig 11 Tig 42 Tig 43 Fig 44
Figx 39 40 Barfum Bliing of the medullary canal according to Khmann
Figr. 41 42 The nail, 3 mm thuck, fills the medullary canal everymhere almost completely and prosides a
firm support in every location if it Is of sufficient length.

Fig 43 41 Nallingmte over the middie of the kecranon  The nall protrudes 2cm from the bone for better
Mustration actually It is dnven to within 1 cm. otherwise It would cause pain at the elbow

medullary canal at varous levels and cspecially the narrowest area (isthmus) of
the medullary canal  The measurements vaned greatly according to sex, constitu
tion age, fize and muscular development

The only factor for the determination of the thichness of the nail 1s the width of
the 1sthmus of the meduliary canal This can be measured quite accurately from
N\ ray pictures.  For the length of the medullary nail 1t was onginally considered
sufficent for it to penetrate 4-8 cm into the fragment on the other side of the frac
ture hine  As chnical expenence and study of the medullary cavity have shown, this
length 15 suffictent for some fractures located between the pomt of insertion of the
nall and the 1sthmus of the medullary canal, but for all others 1t 1s not adequate
For most fractures 1t 18 necessary that the nail reach to the level of the previous

epiphyseal hine which 1n most bones 15 readily visualized in \ ray pictures and on
frontal and sagittal sections
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Fig 4 Fig 35 Fig 36 Fig 37 Fig 38
Fig 31 Sagittal section through the ulna,
Fig 35 Frootal section through the ulns.
Flg 36 Seven transverse sections through the ulna.
Fig 37 Lateral \ ray picture of the ulna.
Fig 38 AT\ my picture of the ulne.

All S pictures show that the medullary canal Is of aps ly equal width throughoat the shalt. Its
dismeter varies in adults from 2-5 mm  1f the nuil is driven through the olecranon, it obtains  firm hold
everynhere.

medullary canal) were most nearly similar to those previously studied a transverse
section was made through each metaphysis another through the muddle and two
each above and below the middle through the shaft at equal distances (Figs. 3, 14,
25, 36 47 58)

Furthermore we drov a medullary nail of proper thickness and length through
one of each of the long hones and took photographs from the front and from the
side (Figs 10 11 21 22 32 33 43 44 54 55 65 66)

Finally \ ray pictures of these bones with the wnserted medullary nail were
taken in both planes (Figs 8 9 19 20 30 31 41 42 52 53 63 64)

From cach hone we thus obtained exact data concerning the distnbution of the
compacta and spongosa the thickness of their walls the width and shape of the
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Fig. 50 Fig 51 Fig 52 Fig 83 Tig. $4 Fig 55

Figs. 50 51 Barnum filling of the medullary cavity according to Chmann
Flgs 52 53 Thenall 3 mm. theck §s Inserted through the dorsal surface of the distal end of the radius and
reaches fnto the proximal thurd  The middle thind of the canal is almost completely filked with the nail
Figs. 54 55 “Nailing site on the dorsal surface of the distal end of the dies. It is located samewhat too far
from the Joint fine. The protruding end rmust be bent upwards, othernise it will work its way into the bone
by its elastheity

For determining the thickness of the medullary nal 1t 1s necessary to consder
the curve 1n the sagittal plane,n addition to the isthmus of thecanal — If this curve
1s deaidedly marked, a thinner nail must be chosen mnce a thick nail will not bend
sufficiently and will therefore become wedged when dnven 1n

In determuming the length of the nail one must hnow that only for fractures
the upper third, will a nail be sufficent which penetrates 4-8 cm beyond the isthmus
For all fractures distal from the muddle the nail must as a rule reach to the epr
physeal line because the spongiosa in the metaphysis especially in its central parts
13 still g0 wide meshed that it wll give sufficient anchorage only in exceptional cases
(Fige 410-413) but usually permit ater angulations  The \ ray pictures wall then
show how the tip of the nail graduelly travels from one sido of the bone to the other
(Figs 238-242 390-405) thus comminuting the spongiosa.



18 MEDULLARY NAILING OF KUNTSCHER

Iy

Fig 45 Fig. 46 Fig 47 Fig 48 Fig 49

Fig 45 Frontal section through the adies.
Fig 46 Sagttal section throogh the adius.
Fig 47 Seven transverse sections through the mdim.
Fig 48 AP X ny view of the radius.
Fig 49 Lateral X ray plcture of the radim.
These $ figures show the narrowest part of the medullary carml Jocated m the mmddle thad. It Is of oval
shape with the greater diameter lylng in the mdio-ulnar direction. The dmmeter of the isthmus varies In
adalts from 2-S mm.  The nail provides the firmest support If it Is fserted from the doosum of thejdistal
end of the bone and dnven to near the bead of the radios.

1
N

On the femur the narrowest region of the medullary canal (isthmus) 1s located
immediately prommel from the middle (Figs 1-9)  The usual diameter 18 from 8-12
mm but may be as wide as 16 mm  In this region the cortex has its greatest thick
ness Proximally the cawvity becomes only shghtly larger toward the mnor
trochanter  After that 1t widens rapidly and 1s filled with a dense net of trabeculae
Distal from the middle the canal widens gradually toward the distal metaphyms.
The distal half of the cavity 1a filled with wide meshed spongiosa trabeculae The
distal end shows a dense spongiosa on the walls which becomes thickest beyond the

epiphyseal hne
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Fig 50 Fig 51 Fig 52 Fig. 3 Mg 84 Fix 55

Figs. 50 51 Barlum filling of the medullary cavity according to Fhmana.

Figs. 52 53 Thenail 3 mm thick i inserted through the doral surface of the distal end of the radius and

reaches into the proximal third  The middle third of the canal is almost completely filled with the pall

Figs 54 55 “alling site on tbe dorsal surface of the distal end of the mdius. It is locxted somem hat too far

from the jont line.  The protruding end must be bent upwards, otherwisc it will work its way into the bone
by W clastlcity

For determining the thickness of the medullary nml 1t js necessary to consider
the curve in the sagittal plane n addition to the isthmus of thecanal  1f thiscurve
15 deadedly marhed a thinner nail must be chosen since a thick nail will not bend
sufficiently and will therefore become wedged when dnven in

In determunung the length of the nml one must know that only for fractures 1n
the upper third, will a nail be sufficient which penetrates 4-8 cm beyond the 1sthmus
For all fractures distal from the middle the nail must as a rule reach to the ept
physeal ine because the spongiosa in the metaphvsis especially 1n 1ts central parts,
18 still 50 wide meshed that 1t will give sufficient anchorage only 1n exceptional cases
(Figs 410-413) but usually permst later angulations  The \ ray mictures will then
show how the tip of the nail gradually travels from one side of the bone to the other
(Figs 238-242 390-405) thus comminuting the spongiosa
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Fig. 56 Fig. 57 Fig. 58 Fig. 59 Fig &0
Fig 56 Frootal section throngh the clavicle.
Fig. 57 Sagittal section through the clavide.
Fig 58 Seven transverse sections through the clavicle.
Fig 59 A P X-my picture of the clavicle,
Fig. 60 Lateral \ ray picture of the clavicle.

Al 5 figures show that In contrust to other long banes, almost the entire medullary canal is filled with strong

trabecutae.  Only at the stermal end can & short medullary canal be made out.  The isthrus bs Jocated In

the middle third. Its dlameter vanes in adults from 3-7 mm. The nall obtains Its frrmest hold if it is in-
serted at the most anterior paint of the acromlal end and driven into the middle of the sterpal third.

On the i1b1a the 1sthmus hes between the mddle and the dustal third (Figs 12-20)
The diameter vanes between 8-12mm  The mddle thuird 18 comparatively narrow
From there the canal gradually expands proximally and distally  The ruddle third
contains only a few trabeculae whereas the walls of the prommal and distal thirds
of the shait are ined with them At the metaphyseal ends the network of trabecula
tions becomes gradually thicker reaching maxmum density beyond the eprphyseal
line At the promimal end thns line 1s located 12-15 mm from the joint line and at
the distal end 8-10 mm from the joint line

The spongiesa in the proximal third of the shaft 1s much stronger on the anterior
than on the posterior wall and therefore gives good anchorage to the nml at the
usual mite of 1ts nsertion

On the Aumerus the isthmus 18 located 1n the distal thurd (Figs 23-31) The
diameter distally from this 1s that of a transverse oval measunng 6-9 mm At the
narrowest pomt there are stnlangly thick trabeculae in the trochlea they again
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Tig 61 Tig 62 Tig 63 Tz o4 Fig 65 Fig 05
Ties. 61 62, Banum fllmg of the medullany cavity accordmg to Fhmann
Fign 63 63 The nall 4 mm. thick has folloned the curve of the bone and shows marked bowing
Fig 65 66 \alfllng site at the apex of the cutve of the bone at the acromia) end.

become more fine meshed  Proamally the medullan canal expands gradually
In the shait arca there are stnhingly few trabeculae  Only at the metaphy seal ends
do the trabeculations again become close and arc, as in all bones densest bevond the
epiphyseal line T or this reason a nail inserted from the distal end must reach up
ward into the epiphyscal linc

On the ulna the 1sthmus is in the middle third but the distal third 1s not much
wider (Figs 3442) The diameter varies between 2-3 mm  In the shaft the tra
beculae are sparse  Only at the metaphyscal ends 1s there 2 dense network of
trabeculations.

On the radius the 1sthmus 1s located at the border between the provimal and
muddle third (Figs 45-53) 1 rom there the canal quickly widens proimally as well
asdistally The diameter varies from 2-5mm  As on the ulna, only the joint ends
are filled with dense spongiosa

On the darrcle the 1sthmus 1s 1n the middle third, the diameter vanes between
3-7mm (Figs 56-61) Toward the ends the medullary canal widens rapidly  The
eatire canal 1s filled with stnkingly coarse spongiosa trabeculae, which 1n mamy
bones fill the greater part of the medullary canal At the sternal end an actual
medullary cavity 1# found 1n comparatively few bones
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Fig 67 Fix 68 Fig. 69
Fig 67 Kuntscher’s medullary nafls for the femur with guide groove, rounded tp and an cye for extrac
tion at the dnving end.  Length 34-54 ro with 2 cm. intervals. Thickness 8 9 and 10 mm. The
length aud thick1ess is marked on an attached metal tag
Fg 68.\Double medullary neils for the t ha  The tps are alightly bent. Length 25-36 cm. with 1.5 am-
intervals, Thickness 6 and 8 mm  Doutle nalls for the hurmerns are 20-28 cm. long and 5-7 mm. thick.
Flg. 69 Medullery nafls forad us « 1aand davicle  Length 8-25 cm., thickness 3 3.5 and 4 mm.

Apparatus and Instruments

Medullary nailing can be performed correctly only if the necessary reduction
apparatus nstruments X\ ray apparatus and medullary nails of vanous sizes and
in sufficent numbcr are available

For medullary aaling the following items are needed

1 Local anesthema (Figs 105 E 1/124 and page 1,99)

2 Good . ray pictures exactly from the front and from the side preferably
15 x 40 am 1n size

3 Reduction apparatus for the femur and lower leg Linsmayer s (Figs 92 93),
Lohler s (Figs 95 96) or Wittmoser s (I'gs 99-103) or other models

+ [teduction apparatus for the humerus Linsmayer s (Fig 94) Bohler s (Fig
97) Wittmoser’s (Figs 99-103) or other models
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Figs 81 82

Fig "0 Above hack saw for cutting off nalls which can neither be driven in further nor extrmcted.
Tlg 71 Kuntscher » extractor with 2 bools.
Tig. 72 Awlwith curved handle for piercing the bone
Flg. 73 Stralght aw! for plerdng the bone
Fig 74 Heavy hammer weighing 300 Gm
Fig. 75 A hardened driving punch with a recem, 2 cm deep
Flg. 76 Curved spring clip after Guttrer for the protection of the skin during the dnving of the nail fate
the tiba.
Fig. 77 Kintacher s handle for holding and driving meduilary nalls,
Fig 78 Hand drll
Fig 79 Kuntacher’s ninch for extracting nalls,
Fig. 80 Meta! ruler for mensuring.
Fig. 81 Guidepln  Length 44-54 cm. thickness 3 3.5 4 and 5 mm,
Fig. 82. Guttner's sturdy slotted handle for the gulde pin  Two sizes are needed.

5 Reduction apparatus for the forcarm ¢ g Béhler’s (Fig 98) or other models
6 Twomobile X\ ray apparatus (T'gs 103, 528 804, 998, 1098)

7 Two fluoroscopic screens (Fig 103)

8 One hand fluoroscope (Figs 104-107)
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Flg. 83 Stbr's extractor hammer
Fig 84 Jorg Bohler's forceps for hokding the books firmly to the nafl during extraction. The jaws are fenss-
trated to accommodate the pomts of the hooks and are large enough to grasp the thickest mil and hook

4\

\

Fig. 84a
Fig. 844 Extractor book and extractor bammer of Kdutacher and Pohl

9 Lead aprons and lead gloves

10 Stenle cases for the \ ray cassettes

11 A rapud developer (page 35)

12 A tnangle rule (Fig 1 57) and an ordinary straight rule of celluloid.

13 Rntscher medullary nais for femur tibia humerus ulna radius and clavicle
1 various lengths and thicknesses (Figs 67-69)

Sharp and blunt guide wires of various lengths and thicknesses with proper
handles (Figs 81 82)

15 Astraight and a curved awl for preraing the bone (Figs 72 73)

16 A hand dnll (Fig 78)

17 Or preferably an electric drill with round burr (Figs. T 103-106)

18 A hammer weighing at least § kg (Fig 74)

19 A dnving punch with a recess (Fig 75) and an ordinary dnving punch

20 A steel saw for saming off medullary nails which can neither be driy en forward
nor extracted (Fig 70)

21 A tool for extracting Kuintscher nails (Fig 71)
22 Or e Stor hammer cxtractor (Fig 83)
23 Ora Pobl nail extractor
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tig &5 Tig 26 iz &

Tig &3 Three Lambotte bone hol Img clamym of defferent sires with Jocking ratchets
Fig 86 Ondinary lone-holding clamys wlth locking ratchet  sdfu table
Iig 8/ Twoordinary non locking ane holding forcepr

|
4

Fig 88 Two strong Luer bone rongeurs.
Fiz 89 Two lHehmann bone elevator.
Tig 90 Two Lambotte penosteal myutories.
ITg 91 Two strang Langenleck sagle pronged bone hooks.

Figs. 8801

24 Torceps for holding the hook to the nail by Jorg Bohler (Iig 84)
25 A metal ruler for determining the length of the gwide wire and of the medul
lary nail (Tig 80)
20 A spring clip for protccting the shan while drving nails (g 76)
For open medullary naihing with exposure of the fracture, the folloming additional
equipment 1s necded
27 Lambotte bone holding forceps of various sizes with locking ratchet (Fig 85)
28 Sunple bone holding forceps (Figs 86 87)
29 Strong Luer rongeurs (Fig 88)
30 Straight chisels and gouges
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Fig. 83 Fig 84
Fig. 83 Star's extractor hanmer
Fig. 84 Jorg Bohler's forceps far bolding the hooks firmly to the nafl dunng extraction. The jaws are fenes-
trated to accommodate the points of the hooks and are large enough to grasp the thickest pafl and hodk.
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Fig 84a
Flg. 84-a. Extractor-hook and extractor hammer of Kointscher and Pohl

9 Lead aprons and lead gloves

10 Stenle cases for the \ ray cassettes

11 A rapid developer (page 35)

12 A tnangle rule (Fig I 57) and an ordinary straight rule of celluloid

13 Rantscher medullary nails for femur tibia humerus, ulna, rads and clasice
1n various lengths and thicknesses (Figs 67-69)

14 Sharp and blunt gwide wires of vanous lengths and thicknesses with proper
handles (Figs 81 82)

15 A straight and a curved awl for prerang the bone (Figs 72 73)

16 A band dnll (Fig 78)

17 Or preferably an clectnc drill with round burr (Figs. I/103-106)

18 A hammer weighing at least § kg (Fig 74)

19 A dnving punch with & recess (Fig 75) and an ordinary dnving punch

20 Asteel san for saning off medullary navls which can netther be dry en forward
nor extracted (Fig 70)

21 A tool for extracting Kuntscher nals (Fig 71)

22 Or a Stér hammer extractor (Fig 83)

23 Or a Pohl nail extractor
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lig 921
Tig. 94 Lan maver s iren traction apparatus for the appr arm with reduction frame attached.

2d 2 The techmque of taking . rav ctures, thar number and arrangement
wdentification and storage has been discuceed on pages [ §9-72

ad 3-5 Linemaver has descnbed his reduction apparatus in Der Chirurg
No 2 1943 as follows

T hav e ueed BOhler s apparatus and modified it In such a way that lateral traction together
with lonmtudinal traction &an be exerted in evers divection The modified apparatus is bult
upon a double-croun-shaper] base of a heavier band iron To this bae at the upper end ore
attached two inclined metal tulres 1nto which the support for the pophitcal space or the penneum
cn be sl for adjustment in height (Fig 92)  For the knce the Z-thaped support of Bohler s
onginal traction apparatus is uted for the penneum a thicker roll 1s emploved  The required
lonmtudinal traction is exerted by means of a strong screw which is attached to the ba<e of the
apparatus and moyes 2 hook-carner adjustable to the nceessary height footward  The hool at
the end of this carrier 18 attached to a leather foot hitch so that the traction of the screw 18 trans
mitted to the leg to be extended (Figs 529 and 805)

A small arnage with a clamp mounted on rollers runs on a pair of ruls attached along the
muddle of the base  The tube of the Slemens portable \ my apparatus is clamped to this car
riage for con enuent fluoroscopy from below upward in any desired position (Figs 92 93 and 805)
In oeder to provide the necessary lateral tractions for exact reduction of femoral and leg fractures
in 2ddition to longitudinal tractlon an attachment was constructed for the stightly changed Bahler
screw traction apparatus It contusts of a frame made of four metal rods connected with each
other which can readily be attached to the base of the apparatus (Fig 93)  Four stec] rods about
58 cmm. long are attached to both sides In the long axis these can be turned and are provided
mth a locking deviee  Around these rods two bandages are slung in opposite directions By
turming these bars and thus winding up and shortening the bandages an exactly controllable
degree of traction and counter traction In the desired direction can be exerted to cither mde as
well as forward and backward  The arrangement of these vods is such that lateral {luoroscops, s
not Interfered with (Fig 80S)

For naling of the lower leg the patient lies on hu back with the knee flexed as on the BShler
traction apparatus (Fig. 804)  For nalng of the femur the patlent s placed on hus side with
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g 92

for longatudmal traction.

Fig 93

Fig 93 Liosmayer's screw tracton apparatus for the Joner leg  The reduction frame is attached to the
traction apperatus, also a sterilisable winch for the extraction of nalls.

31 Hohmann bone-elevators (I'g 89)

32 Lambottc penosteal raspatories (Fig 90)

33 Strong Langenbeck bone hooks (Fig 91)

31 Bone-saws

35 A Demel or Rarschner wire tightener

36 Anarm or leg skeleton

It is irreaponsible to begin a medullary nalling operation without having
these or similar apparatus and instruments available, [

ad | Local ancsthesia 1n fresh fractures has been discussed on page 60 L 1/99,
plexus anesthesia on page 62 L I/101 and spinal anesthesia on page 62 E 1/102
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Tig 97 Ik hber & rcrew tractwn ajparatus for the humers with reduction frame including the 4 motating
doulde tare with mtchet wheel () and pawl sttached

1
Fig 98

Flg 98. Bohler’s screw traction apparatus for the forcarm.  To a telercoping base frame (1) 2 tubes (2)

are attached obliquely at the proximal end a lar wltha 1S cm trough (3) can be placed Into either ane of

these oblique tubes,  The trough bs provided with 2 straps for bolding the upperarm At the dital end, a

screw (4) moves & vertical rod (5) with a univensally adjustable ball-and-socket joint (6)  The ball caries

2 wooden plate (7) with 3 cork wedges attached to it which are placed between the fingers,  The hand [
fastened to the wooden plate with o strap

tached to that for the upper arm that {t permuts use for various upper atm lengths  To the rod for
the upper arm 15 fastencd the extensron mechanbm which again conslats of an oblique upright
attached to a tractrion screwr  Longitudinal traction is excrted by screw traction (Fig 94)

For lateral traction application is again made of the principle of the four rotating bars which
are attached to two frames as wide as the length of the upper atrm  Bandages wrapped around
these are tightened by turning these rods and thus traction and countertraction can be exerted
in any dewired direction (Fig 999)

Boller s reduction apparains  Because 1t was very difficult to have new appare.
tus built due to lack of skilled craftsmen and matenal, T attached the four rotating
bars devised by Linsmaycr to my screw traction apparatus for arm and leg (Figs.
552a—58 L 1, 71-76 and pages 1/79, 80)
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Fig 95

Fig. 95 Bobler's screw traction spparatas with tno sety of Lingmayer’s double Iurs with ratchet wheel and

pawl (1) The long acrew s attached to the foot-piste (2) The wings of the puts are shaped Into two

hand-gripa, sach 10 am. kng (3) to permit exertlon of » sufidently strong poll In femons! fractures or old

fractures. A fock-nut (4) serves 10 fock the screw  The top crom-bar of the ariginal fruse {5) it omitted

for tnsertion of the Linsmaver double bers.  The transverse rest-plece (6} s maed for the support of the knee
in {ractores of the lomer Jeg and of the pertmeusy In fractores of the femue

4 %
|

Fig. 96

Fig 9 Bolders screm traction spparatos set up for fractares of the femmnr  The necomsary length hus been
obtained by elonmating the luse of the frame from its teleacoped position shown above (Fig 93)

the trochanter of the njured leg upward  The neceswary Iength for traction can eastlv be ohtained
by reverymg the obligue ook carrier on the traction screw thus increasiag the ditence hetween
the hook and the perineal support (Fig 529)

For naitng of the humerus an spparatos hes been comstructed which 13 also based on the
Bihier screw traction apparatus for the upper arm  Agmun the original frame arrangement way
abandoned m fsver of & ample double right-angle rod  The rod earrying the forearm i so ut
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ad 7 Lach pur of rotating double tods 1 connected by two vertical rods I
the vertical tubes of the screw traction apparatus for the upper arm are filed open,
the rotating double rods can be placed upon them  They are then used in the <ame
way s on the lower leg or on the femur

1f the rotating double rods are removed  the apparatus can again be used for
the reduction of parn articular fractures of the lower leg and the humerus and for
the apphication of a plister cz.t under continuous traction

Tigure 528 <hows a {racture of the femur, Tig §01 a fractuee of the lower leg and
Fig 998 a fracturc of the humerus reduced and secured in such a wav that the
fragments cannot <hp during the najling

The rods do not interfere with fluoroccopy 1n both planes  For X ray pictures,
the film holder can be placed above over the bandages instead of being held, thus
avoiding exposure of the hands to radintion  Tor the lateral views the film holder
can Ix hung from the rods by means of hooke

1 or fluoroscopic control we are now working on a method of picture transmssion
to permit the operating <urgeon continuous survey of the position of the fragments
and of the natl threughout the operation without expoung himeel{ to \ ray radhation
and without disturbing the stenhits of the operative ficld

The screw traction apparatus for the forearm (11 98) szrves for the reducing of
forcarm fractures  With the ball joint under the hand 1t 1s possible to <ecure the
wnist joint 1 any direction and to pronate and supinate the forcarm  Lateral trac
tion 1s not alwavs poesaible on the forearm because this would press the fragments
aganst the interosscous space and cause an angulation

Wittmoser desenbes lus reduction apparatus in ‘Der Chirurg’, No 2 1943, as
follows

‘The apparatus consists of reduction rings(3) dore-tail slides (9) and shide frame (4) (Fig 99)
By means of the reduction rings (3) forces transverse to the long axis of the fractured hmbare
exerted as needed 1n order to bring the fragments into contact.  Each ring 1s mounted on a shide
track (9) and ean e mosvcd into any position in the long axis of the slide frame (3) (It s best
toapply one ring immediately proximal and the other immediately distal from the fracture)  DBs
means of the kand cranks (5 G) the reduction rings can be moved on the shide track vertically to
thelongaxs  One spindle (5) raices and lowers the nng the other spindle (6) moves it toward or
away from the center of the frame  Therefore cach reduction ring can be moved in every direciton
transiersely to the long axis of the apparatus—elso thercfore of the extremuty  Since the limb
s enarcled a change of position can be obtained in a fow seconds by corresponding turns of the
cranks  The rings are roenigenologically transtucent made of wood and can be opened to permit
convenient placement of the lmb  The range of movement is such that they can pass each other
completely It 1s thus possible to shear off the limb 30 tospeak (Figs 100 101)
lateral daplacement as well as angulation ean be corrected and over-corrected
‘The three elements of construction reducton rings (3) slide tracks (9) with hand-cranks
(5 6) and slide frame (4) together form the rednction apparatusproper  In order to obtarn apposi
tion of the fragments 1t is first necesary to correct the shortening  For this any one of the usual
traction apparatus or fracture tables can he used The above apparatus i therefore merely a
sxpplemental accessorv to one of the commonly used fraction fables
In order to be able to work independently of a traction apparatus & traction attachment was
added to this apparatus  For ths purpose certain parts of the well known Bohler extension

In this way any
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Use of the apparatus for medullary nailing of the lower leg 18 shown 1n Figs.
95, 803 and 804, of fractures of the femur n Figs. 96, 527 and 528, and of fractures of
the humerus 1n Figs 97 and 998

If the apparatus for the lower leg 13 pulled out, 1t can be extended to a length
of 109 cm., whereas a normal leg measures only 75-87 cm on the insde  Whoever
uses my traction apparatus for the leg also needs the following for medullary nailing,
as illustrated 1n Figs. 95, 96 and 685

1 Four rotating double rods with ratchet and pawl (1)

A new traction screw of 45 am length with a foot plate (2)
A wing nut extended into hand grips (3)
A lock nut for locking the traction screw (4)
Two vertical rods instead of the large vertical U-shaped frame (5)
For fractures of the femur, a new shghtly curved cross-piece of 3.5 cm di
ameter (6)
7 For the screw traction apparatus for the upper arm, the four rotating double
rods with ratchet and pawl are also needed (7)
ad 1 With the 4 rotating double rods, lateral displacement can be corrected n
all directions after the shorteming has first been eliminated  Traction and counter
traction as needed can be exerted either in the frontal or in the sagttal
plane  Obhque traction can also be exerted if both ends of one bandage are fastened
to onc and the same double rod mstead of to two different rods  When the fluoro-
scope or N ray picture reveals good position of the fragments, 1t 1s best to use two
more bandages to secure the position 1n the plane vertical to the one 1in which the
other two bandages were applied. If, for instance the first set of bandages has
been used 1n the frontal plane (Figs 528 and 804) this addittonal set of bandages
should be used 1n the sag ttel plane in this way any lateral displacement will be
prevented while the nail 15 being drniven 1n.
ad 2 The 45 an. long traction screw can be used for lower leg fractures as well
as for femur fractures  The foot can be stabilized with the foot plate in such a way
that the leg cannot sway while the nail 18 being dnven ~ Furthermore 1t provides an
effective counter pressure dunng the dnving of the nail so that the fragments do
not separate while the nail 1s hammered into the distal fragment  In order to pre-
vent this longitudinal traction should be released 1n fractures of the femur as soon
as the gmde pin has entered the distal fragment and in fractures of the lower leg
25 soon as the nail has penetrated the distal fragment.
ad 3 The long handles of the wing nut permit the application of considerable
force when everting longitudinal traction

ad 4 With the lock nut the screw spindle as well as the foot plate can be fixed
n apy postion.

ad 5 From the distal U frame of the onginal screw traction apparatus (Figs.
55a-57b E 1/71-75) the cross-piece has been removed 1n order to permit the two ro-
tating double rods to shide over it.

ad 6 The 3.5 cm thich curved cross-piece 1s padded and affords the necessary
counter traction between the legs when longitudinal traction is applied

(= R L]
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Fig 102 Iie 103

Tige 102,103 A rectangular metal frame v attached to the verthcal 1o 16 (10) of figure 7 ot Rumrecony

duning reductron onc scteen can Ie placed adve the ather hung from the exde Figure 103 shoxs alwn the
pemition of the 2\ my tuhes

tron screw with a hand wheel (B) trong tracton @an he exerted on the foot plate (2)  The foot
plate 1 fa tened to the sole of the foot (Figs 530 31 800) or to the forcarm (Fig 1000)

“The traction serew (4) can be used asa pressure serecas well  Therefore In tuming the hand
wheel (8) 1n the eppaaite direction traction can be relea ed and precure canbe exerted

*This detal i« important for avording & separaton of the fragments which has o frequenthy
been noticed in medullany nailings of the lower leg Bohler has empha wed again and agam the
mportance of avmding dia ta w for the healing of fractures and therefore recommended  trong
impaction in nalling of hipe  Although the callus dtimulating effect of the medullary nail! has led
to bndgmg of rather large gap< we believe that we have noticed disturhances aneng from a dias
taus of fragments  From these con ideratione the screw (7) was eon tructed in such a wav that
pressure aan be exerted after the nail penetrates into the distal fragment . With counter pre~cure
from the foot plate it will naw be pocable to drive the nail in further without producing a «epara
tion of the fragments

‘Thn apparatus i« constructed for the reduction of fractures of the femur lower leg and hu
meros (Figs 530 531 £06 and 1000) and buflt strong enough to apply a force of more than 50 kg
m any direction

If & strong traction table 14 not available the traction acces onv as described above 18 at
tached (Fig 99)  The apparatas {s hest placed upon a small (58 X 70 cm ) and low (70 cm ) table
with casters. Thn provides a convenient working level for the operation The table top con
tains o window the size of the frame  In this window the lower \ ray tube can be moved  The
patient 13 placed upon an operating table the foot section lowered and the apparatus 14 put inits
11):;;: Of course the nailing may also be performed by using an ordinary firm table (Figs 102

‘The X rav fubes are so arranged that one tube works from underneath the table the other at
a right angle to it The latter Is placed opposite that side from which the crank handles of the
reduction rings are controlled When working In bright light the progress of the nailing can be
followed wath the hand fluoroscope or with X\ ray pictures [n two planes

! In the meantime it unfortunately developed that the medullary nail does not stimulate the formation
of callus, but retards it.
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Fig. 90

Flg. 99 Wittmeser's reduction apparatus with traction bar attached. (1) Transverve rest-bar for the pert
neum (or for the popliteal space o the sude of the cheat)  (2) Footplate (3) Palr of wooden reduction
rings  (4) Frame with sllde track for moving the reduction-ring assembly in & honsoatal direction (5 6)
Hand cranks for the screws wiuch rane and fower (5) the rings or move them crommise (6) (7} Screw fox
palling oc rushing on the foot. (8) Hand whee!  (9) Dovetall sbde. (10) \ertical rods.

@

Fig 100 Fig 101
Fige 100 101 These figures show how !helnnxlclnbemovcdlplmldchotber

apparatus sutably modified were used (Fig 99) The cross bar (1) which can be adfusted in
height on the vertical rods (10) serves as coanter traction It rests agrinst the permeum for
fractures of the femur against the poplitesl space for fractures of the fower leg or against the
lateral chest wall for fractures of the humerus (Figs 530 531 806and 1000) By means of a trac
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ad 11 Raprd de~clopment* 1 «cveral \ ray pictures are neceseary in hfficult
cnses, the ueual method of developing would require a sarting period of 8-10 minutes
for cach prcture 1 the raprd decloper is ueed the pictures can be in<pected after
2-3minutes We arc ueing 2 methed gven usby the Agfa Company  The formula
15 as follows

Deteloper Solutin 1 Water Sonce.
1 ytocatechol D gramy
Sedium ulfite ent 100 grame
Solution 11 Water, e
“odiwm hy deoxide I0grams
TPota em bromule, eyt Dprams

According to Mt lster, our photographer, the procedure 1« s follows Both
salutions are prepared 1 bolhng water T qual parts of cach arc mixed immediately
before uee sinee the misture can be used for only about 1 hour  After ute it must be
discarded  Developing time 15 about 50 60 ccconds  Tinen and hands must be
protected, therefore the film should be handled with clips ta prevent damage to the
shin  After devclopment, short nnaing 1n clean water  The film s then placed for
2 minutes 1nto a fixing salution

Firer Water 1 liter
Sodium thiosulfate 300 grams
1 otassium mctaly ulfite 0grams

Tor better heeping quabty it 14 advitable to return the pictures to the fiing
solution for another 10 minutes after they have been inepected  This <hould then
be followed by a thorough washing for 2 hours

The pictures may be nspected 1n day hight after one hall minute i the fising

solution this however, causes hypo-spots and yellow fog which greatly impair the
quality of the \ ray pictures

2d 12 In fractures below the middle of the femur or tibia the climination of
angulation before the intreduction of the guide wire 1s very important  In order
to detcrmmne 1t, a cclluloid profractor eule (L1 1 57) 18 necessary

ad 13 Before medullary naihing 1s undertaken 1t must be ascertained whether
medullary narls of proper length and size for this particular case are on hand
The operation should not have to be interrupted becnuse proper size nails were not

*The same remlts as described under this heading can probably be obtaiped with freth commerdial
developery, »1th a pormal developing time of 3 minutes st 68°F (20°C) if used at a higher temperature
(@bmet 77°F 25°C) foc ahout 1 minate uvaing high speed films and good intensifymg screems.  With a slmitar
type of fresh commerdlal fiting sotution at the same elevated temperature the films might be ready for
mepection after 4 minute of fixation and completely fixed In 1 minute. The rinse water and final wash
®ater must be at the samc temperature as the developer and fixer  Sloce the higher temperatures make
the emumon more vulnerable to mechanscal infurles, precantions agalnst rubbing and scratching the films
must be talm ax with the pyrocatechol-sodiam hydraxide technlque  The katter however will most lilely
be found more infurfous to the akin then the commercral developens with which the precautiom as to the
Bands are probably unnecessry {except for workers allergic to certain photographie chermcals)  Experd
meoting along these Lines with commerdially availuble sofutions and beands of film will be necesaary tor
mtislectory results, but the effickency of the screens must also be taken Into coupderation (HT)
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In contrast to this however, workung in a darkened room with fluoroscopic screens has sevenal
advantsges On the vertical rods (10) a smtable frame 18 placed to which 2 fluoroscopic screens
arcattached at right angles to each other  With a diaphragm, the radiation 1s reduced to a narrow
bundle so that the entire direct radiation is absorbed by the lead glass of the fluoroscopic screen
This completely protects the operating surgeon and assistants from direct radiation. Above sll,
however the operator can follow the course of the reduction the penetration of the gmde wire and
of the nail directly on the fluoroscopic screen  Thus the surgeon becomes independent of the
descrption by the fluoroscoping assitant and can perform the operation more quickly and effec
tively

*The switches for the \ ray tubes can be placed on the side of the crank handles (5 6) so that
one person can control the reduction rings as well as the X rav apparatus from one place  One
can soon get used to performing all this in the dark, nsmg lead gloves for protection against sec
ondary rdiation.

“When working 1n a darkened room the surgeon can himself duning operation perform the
reduction by mampulating the crank handles after thev have been covered with sterile towehs.
This makes hum largely independent of expenienced awssstants, a fact which Is of importance
espeaally for smaller hospitals

Advantages of this apparatus

“I By means of the reduction rings and the hand cranks it is possible to reduce the fragments
quickly and very accurately  They are firmly retasned in this position

IL. Reductton is possible 15 erery direction vertical to the long axis,

111 The nng shape of the reduction unit permit 2 rapid change in the direction of the redncing
forces by xppropnate manipulation of the hand cranks wibov  kanging ansting on the apparnatus.

IV The hands of the manipulating physlaan are not exposed to the X rays

%\ my damage to the patient and the physician can be avosded by shortenmy the fluoro-
scopic time by the use of stable fluoroscopic screens with lead glass or by substitatmg control
filras for fluoroscopy

VI The hand cranks (5 6) can be mampulated In the dark with lead gloves. The \ ray
tubes can be activated from the same place.

“VIL After covering the cranks with sterile towels the surgeon can personally correct the post
tion duning the operation and can himself thus observe the progress of the nail on the flnoroscopxc
screen

AT The apparstus (3 4 9) can be placed upen one of the usual traction tables and can be
considered an accessorv to the same for medullary nafling purposes.

‘I\. By comstructing the traction screw as a pressure screw as well, It is possible to nse the
foot plate for counter-pressure to avoid diastass.”

ad 6 Two mobile X ray unus (Figs 103 528, 804 998, 1098) are indispensable.
Without fluoroscopy closed medullary nahng 1s sbsolutely impossible With
only one \ ray apparatus the necessary frequent change of pestion for antero-
postenor and lateral fluoroscopy consumes so much time that the procedure may
under difficult arcumstances become unbearable for the patient.

ad 7 One fluoroscopic screen 1s always essentinl when working in a darkened
room If two are avmilable the operation can be performed more quickly (Fig 103)

ad 8 If the operation 1s performed 1 bnght ght a kand finoroscope (Figs. 104~
107) 1sneeded  The model of Hesnz Braun (Figs 105, 107) has proven particularly
helpful because the fluoroscopist 1s not in the path of the radiation and because 1t 13
counter balanced.

ad 9-10 Lead apron and lead gloves must be used by the fluoroscopist to avord
serious raciation damage 1f medullary nailings are performed frequently
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the shan A recess of 2 am depth will prevent drivang the nail too deep into the
femur

ad 20 The hack saw (Fig 70) <crves for zawing off nails which can neither be
drven forward nor cxtracted

ad 21-23 The exlractors for medullary nails of Kintecher, Stor and Pohl (Figs
71 and 83) serve for the extraction of nails that hav e taken a falwe tourse, that cannot
be daven further or that are to be removed completely

ad 24 The forceps of Jorg Bohler (Fig 81) serves to firmly hold the hook which
frequently shps out of the eve of the nmi dunng extraction

ad 27-35 The use of theee 15 evident from Figs 85-91

iz 106

Fig. 106 Onlinary hand fluoroscope In use
Fig. 10; Operatlon fluorowcope of Hemz Braun in aee

A ray Technique {n Medullary Nailing

Good \ ray pictures are absolutely essential for determimng the indication
for medullary nailing for determining the width of the medullary canal for the
nailing itself and for the subsequent observation  The rules given on pages 1/59-72
for centering the films for the position of the fracture on the film, for the frequency
of control pictures and their labeling should be observed  Whoever 1s not capable
of educating hus personnel accordingly, will for these reasons alone expenence
many failures and 18 1n my opinion not entitled to undertake medullary naiing

. ray pictures of fresh fractures must be made under local anesthesia n order to
be able to position the hmb praperly for the lateral views

For operations which are likely to last some length of time and will require several
\ ray pictures a ropid developer (see page 35) must be used. This shortens the
procedure greatly because the films can be inspected after 2-3 munutes mstead of

10 minutes
Prevention of Radiation Damage in Medullary Naillng

Without proper reduction apparetus (Figs 92-103, 527-531 803-806, 9981000,
1098-1100) the exact reduction and retention of the fisgments dunng medullary
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orr hand nor ghould Iater complications develop because the nail used was either too
thuck or too thin, too short or too long (Figs 194-251)

The medullary nails for the femur and the forearm are strmight (Figs 67, 69)
In those for the femur the guide groove 13 shaped 1n such a2 way that 1t cannot slip
off the guide pins  The nais for the humerus and lower leg are usually double.
Their tips are shightly bent upward because they are introduced 1nto the bone from
the side (Fig 68) The tip is rounded off in all nauls so that they will not injure nerves
or blood vessels in case they sp out through the bone or at the fracture site. In
addition to thus, they are slightly comeal for better dniving and extraction.

ad 14 The grude pan (Fig 81) serves in the femur for threading the fragments.
Espeaally mn fractures below the muddle 1t must not be mtroduced until after all
angulations have been completely corrected, otherwise the medullary nail will
permanently retain the mcorrect posittion  On the tibia and on the humerus the

Fig 104 Fig 105

Fig 104, Ordinary hand fluoroscope. Ths must be held with one hand and must be removed when not in
we (Fig. 106}
Fig 105 Openation fluorescope of Helnz Brann.  Dhring operatmg and reducing, one may look through the
tinted gogxles below without removing the fluoroscope.  The head plece s comterbalanced by & welght be
hind therefore it need not be held, leaving both hands free.  The screen Is attached obhquely so that the
mdiation does not strike the bead and eyes of the operator  Furthermore, the screen can be rotated.

guide pin1s used as & rule only for measunng the size of the medullary canal and for
determining the length of the nal.

Since the resistance met in the bone 18 frequently quite great a strong handle
for the guide pin 1s very important (Fig 82)

ad 15 The aqud (Figs 72 73) serves on the tibia, on the humerus on the ulna and
on the radius for pierang the bone for the msertion of the medullary nail it also
serves for opening the medullary canal m pseudarthross.

ad 16-17 The hand drill (Fig 78) or better an electnc drill (Figs. 87-89 E 1/104-
106) wath round burr serves for dnlling the hard compact bone of the humerus or
the tibia 1f the medullary nail 1s inserted from distally and for opeming the sclerosed
bone ends in cases of pseudarthroms

ad 18 The kamster (Fig 74) must be of the necessary weight so that the medullary
nail, especially on the femur can be driven wth the required force

ad 19 The driming punch (Tig 75) serves for dnving the nailif the end approaches
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Tig 112 b 113 Fig 114 Fig 115
November 2; 1912 April 16, 1943
Fim 112 113 Same as Iim 108111 after 8 wmecks. Jony unim in gond poution.  Good, but not ex
cevave callus formation VI joints enfuredy free. Resumes Rls previous works
Figs. 114 115 Same as Tigs 10%-111 after 6} months immediately after extraction of the nail, ambala
tory under bocal anesthesda. Doddtion excellent.  The fracture fine 1 completely obbiterated.  Uniform
thickening of the bone at the fructure nte
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Figs 116-120

November 27 1942
Figs 116-120 Same a8 Figs 108-115 eight weeks after the sccident. Muscles strong  All foints show
normal range of active motion.  Ten weeks after the fracture he weat through strenuouy tramning withoat
discomfert. Durng & 10-day furlough, the nail was extracted and be was then inducted into the army
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Tig 108 Fig 109 Flg. 110 Fig 111
October 3 1941 October 3, 1942

Fige 108, 109 Transverss (sheared) fracture of the femur betw een nuddle and prommal third, n & 17 year
old roofer who was struck by a truck while riding his bicycle.  The distal fragment is dplaced medially by
fall shaft s thickness and posteriory hy more than twlce the thickness of the shaft,

Fige. 110 111 Same a3 Figs 108 109 immedmtely after medullary pailing under spinal anesthess
After adequate Impaction (see Figs 534-537) the fragments are 1n accurate appostion  Got up on the
4th day without bandage and left the hospital on the 20th day

nailing may be extremely difficult A W Fischer reports of hour long ‘wresthing
matches wth the fragments acd one can frequently hear of such lengthy operations
Frequent and prolonged fluoroscopic exposures particularly endanger the hands of
the fluoroscopic assistant, espeaally if many medullary naihng operations are per
formed The danger for the patient 1s less A W Fischer reported a third
degree burn caused by the \ rays

Protection of the paltent Toavord X\ ray damage to the patient s skin the \ ray
tube must not be brought too close to the skin (see page I1/908) &s a rule rot coser
than 30 am

Protection for the physicians  The fuoroscopic assistant must not work without
lead gloves and lead apron otherwise senious ™\ ray burns will occur  Overly zealous
young phymaans do not want to believe 1n these radiation damages £ common 1n
older roentgenologists and orthopaedic surgeons.

Reduction must never be performed with the hands under the fluoroscope  For
thus reason I prohibited medullary nailing until switable reduction apparatus became
available wath which it was possible to correct lateral displacements and angulations
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1ig 128 Tig 126 g 127 lig 118
November 13 191 December 171941
Tips. 125 126 Same as 1ipe 121-174 After R meck  Gonl callus (ermation laterally and poster exly
but fracture Line atill v ible medially and anterionly asin Figs 139-147 2, 1/218-221  Liwg hyreal Line
shightly decaakificd
Tigs. 127 128, Same as Tige. 120-129 after 3 monthe and 2 wecks after extraction of the nall.  Fracture
line obliterated A trace of the fracture hine still shaw s wathin the callus on the malial ude  Varus anguly
tlon of 5° becauce the nail was removed tonsoon. (e lipe 11724 2 24% ) Ths type of fracture should
not be nafkal

.
Q I e

Fign. 129-132
November 13 1941
Figs 129-132 Same as Figs. 121-128 § weeks after fracture of the tibla. Al jolnts show normal range of
scuve moton.  No muscle atrophy  Resumed his previous work after 8 weeks.  Without nalling the
beating of this case would not have tahen much longer The tamo result could have been obtained in a
safer and simpler way by u plaster cast without nafling
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Fig 121 Fig. 122 Fig 123 Flg 124
September 17 1941 September 17 1941
Flp. 121 122 Shehtly oblique leverage fracture of the tibia below the mrddle in a 15-year-old helper who
was run over by a wagoa. Valgus 5° recurvation 7-8°
Flgv 123 124 Same as Figy 121 and 122 after medullary nafling under local anscsthexia and = shoct
ethyl-chloride analgesie. The nall s too short. The valgus position perslsta,  Rerurvation is corrected.
Becatse of a siomultancous injury to the other leg be did not get up until the 20th day  Left the hospital
on the 24th day without bandage. We no longer nse nalling in this type of fracture.

-
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without touching the fragments Unless the fragments are secured by Iateral
traction straps even 1f they are 10 good position by longitudinal traction, they will
shp off (as we have experienced repeatedly) during the concussion caused by the
hammer blows while dnving the nml and will have to be reduced agam and agamn

For fluoroscopy the operating fluoroscope of Heinz Braun (Figs 105 107) 18 es-
peaally adapted because the user 15 not exposed to direct radiation

Progection of the fluoroscopr. smage  The 1deal goal would be reached 1f we could
project the biplane fluoroscopic 1mages onto a screen on the wall during the reduc
tion, the introduction of the ginde wire and the nailing  This would be particularly
helpfulin teaching  The necessary strong light sources are not yet avaulable for this
purpose. We must be satisfied for the time being with as short fluoroscopic ex
posures as possible (1 to 2 seconds)  With sufficient expenence 1t 1s possible to
gain a satisfactory impression dunng this short period

Determination of the Width and Length of the Medullary Canal

Before the operation 18 undertaken the width of the 1sthmus of the medullary
canal, the exact length of the bone and the conditions of the cancellous structure at
the ends must be known These can be determined by correctly focused X ray
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lig 138 lig 139 Fig 140 Tig 1 Fig 142
November 15 1941 A\pnl & 1912 \March & 1943

Tig 138 Double fracture of the nght 1142 with intermediate fragment of 4 cm kngth an Lelngle fracture
of the fibula  Simultancous o wt Je fracture of the right femur (Lig 133)
Tizy 139 140 Same a4 11g 13R after S months  Gond callus formation on the lateral a pect of bath frac
tures whereas on the medial surface the fracture bne 31Tl shoms Got up without Tandage 4 wecks after
medullary nauhng of the femur and lower ke
Fip. 141 142 Same as Tigs. 138-140 18 monthe after injury and 8 months after extraction of the nail
Both fractures show bony conohdation  Slight yann angulation amd antecunvation

the operation by the use of too thick a nail (Tigs 153-160 and 194-197) orlater if
100 thin or 100 short a nail 18 used, mving insufficient stability  This may cause
angulation (Figs 202-212) rotation (I'igs 222 231), or even re fracture of the bone
at another site (sec page 87)

If the nail 1s toa long 1t may penetrate into the jont either dunng the operation
(Figs 213-221) or later (Iigs 894-901) and cause scrious disturbances

For exact determination of the length of the nail 1n fractures close to a joint,
& guide wire must be used for measunng (Figs. 707 708 811 876 877)

Time for Closed Medullary Nailing

Fresh closed fractures can best be reduced within the first hours, as long as nc
hematoma or no swelling has developed It {s absolutely cssential, however, that
no shock condtion Lie present  Since the operation Is not an emergency 1t may be
delayed for several days 1f no particular swelling develops and no tension blebs form
Otherwise one must wait until the swelling subsides, 1¢ about 8-10 days Dunng
this period a pin or wire traction 1s used for fractures of the femur or lower leg (sec
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Fig 133 Fig 134 Fig 135 Fig 136 Fig 137
November 15 1841 Jancary 3 1942 March 8, 1943

Fig. 133 Double fracture of the nght femur with sn Intermediate plece 20 cm. bong, also double fractare of

the right lower leg (Fig 138) In a 28-year-old physician whose automobile ran out of control and struck &

tree. At firat tiblal traction with 10 Kg and calcaneal traction with3 Kg.  On Nevember 28, padded plas-

ter cast for transportation. On December 3 spmal anesthesis and medultary naihng, first of the kower kex

in a screw traction apparatus (Fig. 803) then of the femur In & screw traction apparatus (Fig 527) Elevation
on Braun leg-frame.

Figs. 134 135 Same as FIg 133 onc month after medullary naifing. Valgus and recurvatin of 5° each at
the proxmal fracture.  Good position of the fragments at the distal fracture. Good callus formation
Gets up without bandage.

Flgs. 136, 137 Same as Fips. 133-135 18 montha after infury and 8 months after removal of the nafl. Both
fractures bealed in good potition  Resumed his full activities as a sargeon 5 months after injury  Inithally
one-third restriction of the ankle joint, all other joints nctively free.  No duscomfort in walking or standing

pictures taken in exactly antero-posterior and lateral directions  If a uniform focus-
film distance of 80 cm 13 used allowance must be made for the enlarged projection
of the bone due to bone film distance and 2 mm must be deducted from the measure-
ments of the femoral cavity on the film from the other bones about 1 mm. The
conditions of the medullary cavities are shown in Figs 1-66 It has been proposed
toplacea medullary nai on the film alongmde the extrermty as the picture 13 taken
This will lead to erroneous conclusions because the nail 18 closer to the film than the
bone Pictures which mught be used for mcasurements could possibly be obtauned
by fasterung the nail perhaps with adhesive plaster to the himb in such a way that
1t occupies the same distance from the film as the bone.

If exact measurements arc omitted difficulties may anse immediately during
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Lir 4 Tz 148 T 109 hie 10 big 181 Fiz 192
Novemter 6 1942 January 0 1913 May 10 1943

Tips 14/ 148 Same ae g 143-146, after S weeks Weounids haalked withmut compliation The angubla
tions were corrreted but a 10° antecurvation was pre Juced from s 1S recurvation Nail markedly hent at
the lael of the fracture The ket was strightoned eraln

Tim 149 1% Same as Jim 147-146 after 4 montin Good alignment in both views  Vigorows callus
formation lateraflly and pmtenarly asin Figs 139-142 F, 1/218-221  Tainless gait.
Fies. 151 152 Same as I 143-136 ¢ manthe alter Injory on the day of extraction of the nall.  Bony
urdon of both bones in good po<ition  Still trace of fracture Iine medially and anteriorly Al founts ac
tively free

become necessary 3f the pinal anesthetic does not work or f the operation becomes
prolonged comphcations which can never be forescen

Positioning for Medullary Nailing Without Exposure of the Fracture Field

Fractures of the femur are placed on the well side with marked flevion of the hip
of the well leg and shght flexion of the hip of the injured leg because in this position
the tip of the greater trochanter 1s best accessible (Migs 527-531)

Fractures of the lower leg are secured 1n recumbent position with nght angle
flexion at the hip and at the knee joint (Figs 803-806)

Humerus fractures are placed upon the screw traction apparatus in mid position
of all joints (Figs 998-1000)

The position for forearm fractures 18 evident from Figs 1098-1100

Reduction of Fragments for Medullary Nailing Without Exposure of the
Fracture Field

By positioning the patient upon the reduction apparatus (Figs 527-531, 803-806,

998-1000 and 1098-1100) the rotatory displacement between the fragments 19



44 MEDULLARY NAILING OF KUNTSCHER

e

1
{ \
t

§
y
}
y 1
v, .
f
/ /

f/&-;j’

m"‘"‘ﬁ

Ps.-
Fig 143 Fig 144 Flg 145 Flg 146
September 30 1942 September 30, 1942
Fig. 143 144 Compound levernge fracture of the right lower leg below the middle In & 40-yrear-old helper
who was struck by a cable drum  Shortening, lateral displ and marked Lath Small wedge

fragment antero-laternally  Wound excisfon and medultary mfling
Fige. 145 146 Same as Figs. 143 144  The nail is somewhat too short.  Shortening and Lateral displace
ment are corrected.  Varus angulation of 10° and recurvation of 15° persist.  We no Jonger nadl this type
of {racture because the operation i very dangerous.

Figs. 684 E 11/1604-1607 and 841 E,11/2374) Humerus and forearm fractures are
immobihized with a surtable sphint.

As long as marked swelling and blister formation prevail or as long as there are
deep abrasions or larger wounds on other parts of the body, the operation must not
be performed because infection might occur

Anesthesla

Fresh closed fractures can usually be treated under the same local anesthesia
which was applied for the taking of the \ ray pictures  Additional local anesthesia
18 needed for the mte where the nail 18 inserted  For the nailing itself a short general
anslgesia 1s sometimes necessary

1f the operation 1s performed after 8-10 days the fracture 1s anesthetized locally
for the positioming and for the reduction  In general however the best procedure
18 to use spinal anesthesia for the leg and plexus anesthesa for the arm (sce pages
1/101, 102)

1f spinal anesthesia 1s used no prelmmnary medication (narcotic) should be
given which mught interfere with a subsequent general anesthesla.  The latter may
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g 14 1S Same as Fipx 143 146, after Sweeks Woand healed without complication The angula

tions were cotrected It & 107 antecunvaton waspt toced from a 1S recunation Nail markedls bent at

the lovd of the fracture The keg was straightened agun

Fig. 149 190 Same as Figs 147 140 after 4 monthy Good alienment in both vems. Vigorous allus
formation faterally and jurten vly asin Diex 139-147 1, 1,218-221  Palnkes git.

Tigs 151 152 Same ne Flige 143 146 7 months afier injun om the day of extraction of the nail.  Bonmy

wnion of both bones fn pe § (eritbon Sl trace of fracture bne madally and antenorly AUl fnts ac

tively free
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become necessany §f the spinal anesthetic does not work or if the aperation becomes
prolenged complications which can nuver e foreseen

Position!ng for Medullary Nailing Without Fxposure of the Fracture Fleld

Fractuires of the femur are placed on the widt side with marked flexton of the up
of the well leg and shght flcxion of the hup of the injured leg because tn this position
the up of the greater trochantcr 1s best acee<sible (Figs 527-531)

Fradures of the lower leg arc secured 1n recumbent positton wath nght angle
flexion at the hip and at the hnee joint (I'igs 803-806)

Ilumerus fractures are placed upon the screw traction apparatus in mid position
of all joints (Figs 998-1000)

The position for forearm fractures 1s evident from I'igs 1098-1100

Reduction of Fragments for Medullary Nailing Without Exposure of the
Fracture Fleld

0 By poutioning the patient upon the reduction apparatus (Tigs 527-531 803-806
8-1000 and 1098-1100), the rotatory displacement between the fragments 1s
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Fig 183 Fig. 154 Fig. 155 Fig. 156

November 6 1941 Novemober 6, 1941

Fips. 153 154, Oblique fracture of tibla and fibula proximal from the middle in & 33-year-old working wormar
from alipping

Fligs. 155 156 Same 23 Flge. 153 154 after medullary naffing under local anestbesa  The nall is too thick
therefors it could not be driven further and had to be cut off with the hack-saw  Valgus 8° recurvation 12°
Thercfore, gaping of the fracture line medially and postenorly W no longer nall fractures of the lower kg,
because the old methods are mmpler and less dangeroas.

chminated By longitudinal traction with the screw lashed to the foot, arm or hand,
the shortening and by lateral traction straps, the lateral displacement 1s corrected

The entire procedure 1s controlled continuously by short repeated fluoroscopic views
using two % ray machines  In fractures distsl from the muddle of the humerus or
of the lower leg final \ ray pictures are taken 1 both plancs in order to ensure that
all angulations have been completely elnunated. In transverse fractures it 1s some

tumes not posmble to correct the lateral displacement i this way ~ The longitudinal
traction must then be removed the fragments angulated to a nght angle aganst

each other as shown 1n Figs I,16-18 (togglng) In this way 1t s frequently pos-
sible to obtain complete apposition

Insertion of the Guide Pin and Driving of the Nail

When the fragments show good apposition and are firmly secured by lateral trac
tion straps a short transverse incision 15 made about 2-3 cm long proximal from
the greater trochanter medial from the tibial tuberosity above the olecranon behind
the olecranon or on the dorsal surface of the distal end of the radius, and the gude
pin 1s nserted again under fluoroscopic control 1n two plancs  As soon as 1t enters
the other fragment 1t 1s pushed toward the opposite end of the bone  In fractures
distal from the middle 1t must reach to within 1 cm of the joint and in fractures of
the humerus at all times to within 1 cm of the jont  Then the required length of
the naul 1s taken from the measurement of the guide pin
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Tig 1% L 148 Iz 149 g 160
Nevemtnr 2 1] \May ¢ 1932
TieL 157 158 Samcas Fapx 153 1% gfter strsghtening the leg and sppleation of & aircular plaster cast
from the anlle to the hip G falignmentant thucns The papang has diagpeared The bendan the
nailat the fracture kevedisp lunhy a1 it le Lefitheh apialalter dmeck Ca w2 removol after Huecks,
T 159 160 Samcanbige 15V 1% after € menth Momy omionan very goc D peation Goosd coneolida
uon Al frnt free Malking endorance still somen hat restacted

As soon as the guide pin 15 10 (aact postion: a swtable nail 1s 1n<erted
\ ray puctures in both planes are then ab<olutely esskntial to determine the lo
cation of the nail and the position of the fragments

Straightening and Impacting of Fragments

Since the medullary nail has 1o be inserted on the tibia on the humerus and on
the radius from one side frequently an angulaton s noted in the \ ray pictures
after the nailing 1s completed, viz a re-curvation on the tbia and an ante-curvation
on the upper arm It 18 usually quite casy to strmghten the bone (I1gs 143-160)
overa padded wooden wedge (I'ig 9521 11 2816) or with 2 Phdps-C ocht osteoclast
(Figs. 91T, 1/108) In Tigs 148 and 158 one can s how the medullary nail has
been bent forward at the fracture stc  Figure 158 shows how the fracture surfaces
which were widely separated posteniorly have comc mto good apposition

On the femur the bending of the medullary nail 1s difficult because it 1 too strong
(Figs 416-423) Usually 1n trying to end the femoral nail one will only crush the
cancellous hone

Impaction of the fragments  1f the fragments arc not 1n apposition after correc
tion of the angulation they must be approuimated into intimate contact by blows
with the palm of the hand upon the sole of the foot upon the knee or upon the flexed

elbow (Iigs 534-537 and 809-813) otherwisc callus formation will be delayed ora
pzeudarthrosis may develop
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Supplementary External or Internal Supports after Medpllare \afling

Trezsverse 20d showt ¢* Gone ractores o 13 o 202 13tnz porecmal o102
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Fig 168 Tig 166 hLig 164 Fir 163

\pril 23 1912 Fetruary 22 1913
Fim. 165 166 Same as Fige 161164 after $ monthe. When shorterung and angulatien developed after
14 dayy, tial traction with 9 hg wasinstituted  This corrected the malpodtion  Traction w3t removed
after 4 wecks wherrupon shortening of 3 cm. and varus of S and antecunation of 20 recurred  Callus
fazy It cannot be determuned whether this represents a gholular callus from defective mmobiluation

or periosteal appoutions due ta tabkes.  Prolatdy hoth contributed.
Figs 16 168 Same as Figs. 161-1(4 after 15 mantln. Good consolidation of the fracture with the same
displacements as on \pril 23 1942 Shortening of 3 em  Limping it Knce 160-/5° &3 before the
actident.  Other joints free Such yural fractures should not be nailed, hut treated with continuous

traction.

prevent angulation (Figs 562-569) Without continuous traction angulation wall
produce a coxa vara even if the nail used was of the rroper thickness and length
(Fig 560) Therefore as a rule no purpose 1s served by nailing such fractures,
Fragmented fractures of the shaft however are emununtly suited for naling (Figs,
574-581 and 649-656) but without additional continuous traction sheletal at first
and later shin traction shortening would occur

In commnuted fractures (as shown in Figs. 618-638) marked shortening can
only ke prevented by additional continuous traction

Supplementery Plaster Cast  In all forearm fractures treated with short nails
# plaster cast from the mterdigital folds to the shoulder (Figs T 913-915) must be
used because these nails do not protect the ulna or the radius agairst rotational
strains  This cast must be apphed and spht immediately after the operation

Fresh humerus fractures with too short & nail (Figs 1012-1015) are placed on an
abduction sphnt

Fractures of the tiba distal from the middle require 1f the nail 18 too thin and
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Fig 169 Fig 170 Fig 171
November 27 1911 \ovember 27 1941

Figr 169 170 Compound comminuted fracture of the left leg In a 36-year-old cleaning woman from explo-
won of a stove and burying by debris.

Figs. 171 172. Same as Flga. 169 170. After wound exciston medullary nailing and application of an un-

padded plaster cust which was split and fenestrated immediately  Good position in both views. Two rub-
ber drains are seen In the lateral view

too short 1n every case an additional walking cast (Tigs 843 E, 11/2414b and 880,
881 L, 11/2650-2651) when they start weight beanng otherwise angulation and
shorteming will develop (Tigs. 202-212) A short plaster cuff (Iigs 205-206) can
never prevent angulation in fractures distal from the ruddle In fractures of the
proxumal third, however (Figs 244-251) a plaster cuff from the hup to the ankle
(Figs. 725-727 E 11/2175-2177) can defimtely prevent angulation  In fractures
below the middle of the tibia 1t 13 advisable to usc a walking cast for mnitial weight
bearing even if the nail 1s well anchored (Figs 836-843) It is best to exclude these
fractures from medullary nailing

After medullary nmihng of pscudarthroses of the lower leg a walking cast reaciung
to the hip must be apphed (Figs 922-975)

After medullary naing of fresh fracturesof the femur a plaster cast 1s only neces-
sary if the nail 13 too short since otherwise angulation will develop (Figs 390-403)

In summanzing 1t 13 evident that supplementary fixation 18 required only 1if
unsuited fractures are nailed or if in fractures suted for nmling an unsuitable nail,
erther too thin or too short 1s used

Positioning of the Injured Limb after Medullary Natling

Femur and leg fraciures gre best placed post-operatively upon e Braun leg frame
The foot 18 suspended with & tnangular sling (Fig II 2641) to prevent external rota
tion In order to recognize rotation (Figs 227-231) quickly 1t 18 necessary that the
leg frame be kept honzontal. This requires a firn bed (fracture toards under
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Fg 13 e 14 Fig 1.8 Tg 146 Fig 1ee Fig 1 8
March4 1942 March 31 1942 October § 1912 March 12 1943
Tig 143 Same as Tige 169-1 2 after 3 monthe  \fier removal of the cast a varus angulation of 15" de
veloped. Tractures with such a short proximal fragment must not be nailed brcause the nall cannot pro-
vide suffiaent #tabdlity and furtbermore Decatse it was bnth compound and comminated.  Without nail
Ing this fracture would rolably have enited in 3 monthe.
Flg. 174 Same as Tig 1,3 after correctian of angulation and the application of another plaster cast. On
the medial arde the arrow points 1o the cut In the plaster cast by means of which the Last 5° of angulation
were corrected.
Tigv. 175 1 6 Samc as Tigs. 169-142, after 10 months.  Unlon in good position
Figx 177 1,8 Same as Ilgs. 169-172 after extraction of the nail 15 months after the accddent  The
greater part of the fracture shows bony caneolidation

mattress Figs. 53 L, I/65 and 70 L, I/91)  In soft beds the frame slants in the tong
as well as the transverse axis of the bed and thus torsion can casily be overlooked
Yor humerus fractures only a shng or tnangle cloth 1s necessary after operation
provided the nail 18 well anchored (I'igs 1002 1003)  If the nail1s too short the arm
18 placed on an abduction sphint
Forearm fractures are clevated on a pillow following operation  Only 1f marhed
swelling occurs need they be placed on an abduction splint for a few days

Functional Treatment after Medullary Nailing

In fractures of the femur the toes and the ankle joint must be exeraised actively
from the first day on  Active movements of the knec and hip must not be started
before one weeh, after the swelling and hematoma have receded  If these joints
are moved from the first day as many authors recommend pain develops the imb
becomes hot and the swelling recedes much more slowly  Even inflammation may
setn It must be emphasized again and again that the hnee joint will never suffer
damage from one weeh s immobilization 1t will, however, suffer from too enrly motion
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In lower leg fractures the toes must be exerased actively throughout the full
range of motfon from the first day on the ankle joint, hnee and hip should not be
actively exerased before one weeh has elapsed

In humerws fractures the wnst and forcarm must be exeraised actively through
the full range from the first day on, the elbow joint and shoulder after one week

In forearm fractures the fingers and the shoulder must be actively exercised from
the first day on the wnist and elbow joint after one weeh

General Symptoms following Medullary Nalling

Feer  Dunng the first week after nailing a slight nse of temperature to 37.5-
38°C 13 common  Such temperature elevations are, however frequently found 1n
the wale of fractures without medullary nailing

Sedimentation rale of the red blood cells  Dr Emulic Maver at the suggestion of
Dr Giittner examined the sedimentation rate in 53 cases before operation, after
operation and dunng the entire heahing period until the removal of the nal  The
rate always increased after nailing but not more than with other treatment methods
and usually returned to normal values within one week  After removal of the nail a
marked increase in the edimentation rate follows tn fernur fractures & lesser increase
in other fractures (Fig 179)

Eosinophilia and reduclion of kemoglobin content followsng medullary nailing
Rasch reports the case of a 22 year-old female who developed an cosinophilia of
9 per cent following medullary nailing of a pseudarthroms of the femur this dis-
appeared gradually but not until after the removal of the nail mx months later
Otherwise the differential bleod count showed no pathologic values, 1n particular
no shuft to the left. Such changes have so far been observed only in children, not
i adults

In the case of Rausch, the hemoglobin before operation was 85 per cent, from the
third week on the value sank to 45 per cent making blood transfusion of 200 c.c.
necessary  After a few days the hemoglobin rose to 75 per cent but receded agam
to 50 per cent within 14 days, requiring another transfusion. Such transfusons
were performed altogether five times whenever the value fell to about 50 per cent.
The total volume of blood transfused was 1250 cc  After the removal of the nail
the hemoglobin values did not decline and remamed normal

Krenslehner reports bnefly about a casc who developed marked pallor after
medullary nailing 1t disappeared after removal of the nml A blood picture was
not obtaned

Slany made continuous blood picture studies 1 15 patients with medullary
nailing and found stnking changes 1n the reticulocyte counts He informed me of
hus results before he pubhished them 1n the Arch f orth & Unfallschirurme Vol
43 1944  About 3-5 reticulocytes per 1000 red blood cells in the blood stream are
considered normal values  In blood dyscrasias they may nse to 500 After frac
tures the reticulocyte count 1s usually increased to 12-20 after medullary nathng to
24-48, returning te normal & few days after removal of the nail.
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2 Op = helore medullar nafling P Op = after malullany nafling & NI = hefore extraction of the nail
7 N1 = alter extraction of the nail T d Tt} = dday of diccharge
Average blood sedimentation rate carves ss of tained by Dr Lamlie Maver in Q cases of medullary nail
ing (10 of the femur 24 of the tilwa 7 of the bumerus and 12 of the forearm) The highest peal after
mailing and after extractsan of the nail ks seen in fractures of the femar the lowest peak after removal

ol the nail s faund in forearm fracturce  Tibia and humerus show alout equal valuey  On the aserage
the sedimentation rate is fncreated § times after nailmg and 2 times after extracton

Slany aleo found a rather considerable decrease in the red blood cells and the
hemoglobin content  These changes improted even hefore the removal of the nail
although 1n contrast 10 Raech he u<ed no blood transfusions

Slany summanzes his results as follons

“1 The hematopoetic svstem reacts to medullary nailing with a marked increase of retic
ulocytes which penists as long as the nail remains 1n sytu

2 After removal of the nail the reticulocvte values return to normal in & ver short time

3 The larger the bond and the younger the individual, the more :immature white blood cell.
(mvelocytes and young, farme) eppenc i the blood following medullary nailing 1n voung patients
th may occur repeatedly even after the first few days

1 Any fracture leads to a tetnporary increase of
an increase in reticulocvtes

5 An increase in cotinophiles os
& varying degree 1o adults as well and

6 A considerable number of indy
reduction 1n the number of red llood
sume & dangerous degree  This an
if the pail remams in situ

T After removal of the nail an increase in red blood cells and of the hemoglobln 18 almost
alwavys the rule

young, or immature white blood cells and to

Teported by others in children occurs rimost regularly to
drappears as in children after removal of the nail,
viduals react 1o meduliary naihing with a more or Jess marked
corpuscles and of the bemoglobir, which may at times as
cmun recedes spontaneously to & considerable degree even
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In lower leg fractures the toes must be excrased actively throughout the full
range of motion from the first day on, the ankle jomt, knee and hip should not be
actively exerased before one weeh has clapsed

In humerus fractures the wnst and forearm must be exercised actively through
the full range from the first day on, the clbow joint and shoulder after one weck.

In forearm fractures the fingers and the shoulder must be actively exercised from
the first day on, the wnist and elbow joint after one week

General Symptoms following Medullary Nalling

Ferer Dunng the first weel. after nailing a shght nse of temperature to 37 5~
38°C 13 common  Such temperature clevations are however, frequently found
the weke of fractures without medullary naihng

Sedumentation rale of the red blood cells  Dr Emilie Mayer at the suggestion of
Dr Glittner examined the sedimentation rate in 53 cases before operation, after
operatton, and duning the entire healing period until the removal of the nal  The
rate always increased after nailing but not more than with other treatment methods
and usually returned to normal values within one weeh  After removal of the naila
marked increase i the sedimentation rate follows in femur fractures, a lesser increase
n other fractures (Fig 179)

Eossnophilia and reduction of hemoglobin content following medullary nailing
Rassch reports the case of a 22 year-old female who developed an eosmnophiha of
9 per cent following medullary nalling of a pscudarthrosis of the femur this dis-
appeared gradually but not until after the removal of the nail six months later
Otherwmse the differential blood count showed no pathologic values 1n particular
no shuft to the left. Such changes have 5o far been observed only 1n chuldren, not
i adults.

In the case of Raisch, the hernoglobin before operation was 85 per cent, from the
third werk on the value sank to 45 per cent, making blood transfusion of 200 cc.
necessary  After a few days the hemoglobin rose to 75 per cent but receded agamn
to 50 per cent within 14 days, requinng another transfusion Such transfusions
were performed altogether five times whenever the value fell to about 50 per cent.
The total volume of blood transfused was 1250 c.c  After the removal of the nail
the hemoglobin values did not decline and remained normal

Krenslehner reports briefly about a case who developed marked pallor after
medullary nailing 1t disappeared after removal of the nail A blood picture was
not obtained

Slany made continuous blood picture studies in 15 patients with medullary
nailing and found stnking changes in the reticulocyte counts He informed me of
his results before he published them in the Arch f orth & Unfallschirurgie Vol
43 1944  About 3-5 reticulocytes per 1000 red blood cells 1n the blood stream are
conmdered normal values. In blood dyscrasias they may nse to 500  After frac
tures the reticulocyte count 1s usually increased to 12-20 after medullary nailing to
24-48, returming to normal a few days after removal of the nail.
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broken nails and cormaon damage will be dhiecovered smmediately and remedial
meacures can be instituted in time . This prevents the patients from getting into
the hands of others who may treat them for pans which mas develop with vanous
jrradiations and fnjections as hae been done in cases of aseptic necrosia of the femoral
fead and i cascs in which the Tup nail penctrated nto the acctabulum

Tig 180 1f the nail cannat e pal
patal through the skin before re
moval the wire net of Jechhe fspeed
talocalize It for the operation

Remorvnl of the Medullary Nail

The medullary nail must remain in situ until the fracture has coneohdated n
bony umon  This can only be determined by \ ray pictures in two planes  The<e
must be studied carefully because the presence of the nail obscures the picture to a
certain extent so that a persistent non union of a part of the fracture line as fre-
quently seen in the tibia (Iigs 450, 4531) may beoverlooked  Since the callus forma
tion 1s nesther hastened nor enhanced by the medullary nail, but rather, frequently
delayed and stunted as compared with other methods one must be on guard against
premature removal of the nail otherwice latc angulation or pseudarthrosis (Figs -H2-
467) may develop It 1s best to wait 6-7 months. If the nal 18 removed as early
as 8-10 weeks after insertion, as was frequently recommended before, great diffi
culties are met because 1t still mts very tightly

After 6 months the nail 15 somewhat looscr and can then casily be extracted
In most cases we perform this under local anesthesin We usually hospitalize the
patient for a few days becausc occasionally we have noticed the development of
bematoma and inflammation 1f the removal was donc on an ambulant patient

1f the nail cannot be palpated under the shin because 1t was mserted too deeply
80 X ray picture 1s taken, utihzing the wire net of Jeschke (Fig 180) for locahzing
the nail thus avoiding a large exploratory incision

Instruments for the remoral of the medullary natd  Since 1t 1s At times very difficult
to remove & nail the tools for the removal must be strong The apparatus of
Runtscher (Fig 71) Stor (Fig 83) and Pohl are adequate The hook which 1s
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Medullary Nailing and Tuberculosis

1 had occasion to observe two cases of compound fractures of the leg in whom
immediate medullary nailing was followed by a not too severe infection of the frac
ture In one case two additional operative procedures were necessary, in the other
the symptoms subsided without further interference They were bedfast for
several months  After one to one and a half years, both developed open pulmonary
tuberculosts  Probably this was a mere coincidence I mention it, however, be-
cause T have seen more than one thousand gunshot frhctures of the leg, mth mcom
parably more severe infections and much longer bed rest, in none of whom as far as I
remember tuberculosis developed dunng the treatment  This complication there
fore, 13 extremely rare with other methods of treatment

In a 42 year-old rather weak man & malumited fracture was treated by open
naling  Infection developed and after threc months there was still thin seropuru
lent dranage from the naihing site A cold abscess developed over the sternum but
the drawnage from the nailing site was bacterfologically negative for tuberculosis

This case should not have been treated with medullary nailing because he wasin
poor general condition and over 40 years old

Post operative Observation and Nall Protocol

After operation many unforeseen inadents may occur such as angulation or
shorteming (Figs 161-178,202-212) rotation (Figs. 222-231), mugration of the nail
(Figs 234251 and 1130), fracture of the nafl (Figs 252-263, 430~+$1, 468178 and
1176 1194, 1216), damage from corromon (Figs 198, 199 and 273-276), excessive
callus formation (Figs. 390-423) and delayed callus formation (Figs 430-159), seques-
trum formation 1n infections (Figs. 490-526) and other complications. For these
reasons the patient must be under continuous post-operative observation until the
fracture has healed and the nail has been removed It would be wonderful if after
nailing and closing of the shin, we could dismuss the patient from our mind until he
presents humself on some occasion, for the removal of the nail

For a reliable and accurate follow up of the patient even after discharge we keep
speaal records for all fractures  Also for those fractures treated with the medullary
nail we keep a speaal file arranged by the vanous bones and containing all important
data Name, age occupation mechamsm of injury concormitant mnjunes and
discases date of injury date of nalling sketch of \ ray pictures duration of hos-
pitalization duration of ambulatory treatment and date of removal of the nml
Space 1s provided for notes about the tinal result at the conclusion of the treatment
position of fragments condition of muscles and conditions of jomnts. Patients who
are not under active treatment but still carry the nail must report once a month if
complications may be expected, otherwise every two months, for accurate antero-
postenior and lateral X ray control pictures the findings of which are entered in the
records  We use similar special records for vertebral fractures (see page 1/238) In
this way any developing complication such as angulatron shortening rotation,
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they must drive the nul home under all arcumetances Thivie particularly teue of
open nuhing if dosed naihing has not been successful (sce page 57) - And yet there
1« nothing smphcr than o intcrrupt the opcrabion and neert a Stemmann pin ot
Karechner ware for trachon

In natching medullany nalings one «ometimcs gete the impres<ion that a gam
battle 15 1 progress i which the opponent must under all circumstances be
avercome or in which the rol en hone must under all condition« be provided with 2
medullan nal T never noticerd a similar attitude in other operations

OPFRATIVF TREATMENT OF FRACTURLS WITH TIIF MFDULLARY
NAI 01 RONTSCHFR THROUGH F\POSURF OF THF
FRACTURE TIFID

The outrtanding advantage of the dlosed medullary nading of Kiintecher consists
i the fact that the danger of infection which is the chief dicadvantage of other
aperative procedurce 1s reduced to a mimimum because the medullary naal 15 intro-
duced far from the fracture and without direet evposure of the fracture field  In
open medullary narling, however, the fracture must be eapoced widels and the danger
of infection 15 therefore as great ax wath previous methods (see pages S2-85L)  If
mfection docs set in the coneequences are rometimes wore  because the entire
medullan canal was apened and beeause an osteomy clitis may develop  With the
old methods only a Jocahzed ostatis was the rule  Open nailing should therefore be
undertahen only upon strctest indication and after carcful consideration whetherits
advantages defimitely outwegh its dangers

Theorctically, open medullary natling comes into conaideration under the fol
lowing arcumstances

1 In fresh closed fractures m wiich appostion of the fragments cannot be

obtained 1n any other way
In fresh compound fractures
In fresh gunshot fractures
Ininfected and drasning fracturcs
In old fractures
In mal umited fractures
In pecudarthrosis
For shortening of the well femur
For honc shortening 1n ncrve defects
Tor hone shortening 1n blood vessel defects
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Open Medullary Nalling of Fresh Closed Fractures

Some surgeons supgest caposure of the fracture 1n fresh closed fractures if all
efforts at closed reduction of the fragments are unsuccessful e g because of inter
boution of muscles (A W 1ischer) or if difficulties anse during the dnwving of the
nail (Hart and others)  Severe infections have frequently followed this procedure
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placed mto the eye of the nail, has an annoying tendency to slip out dunng the
hammenng the cdamp devised by Jorg Béhler (Fig 84) has proven very effective

How to Proceed if a Nail Can Neither Be Driven in Further nor Removed

If too thich & medullary nail has been used, espeaally on the femur, 1t may
become stuck and extremely difficult to remove requinng hours of effort and great
force  Since T have heard of many fatalities following such an incident I recommend
that the pulse and blood pressure be carefully cheched when this happens. If the
procedure 18 prolonged and hammer blows upon the bone are repeated frequently
ather when driving the nail or when removing 1t one will find as a rule that the
pulse rate increases up to 160 or higher and the blood pressure falls  Whenever the
pulse does not return to at lenst 120 beats per minute, the operation must
Immediately be Interrupted, otherwise the patient may fail to respond to all
cardiac and vascular medication and even blood transfusion  One must never forget
that he 1s not working on a dead piece of matenal, but on a living human bewng
Sometimes one gets the mmpression that all partiapants are completely unaware of
this fact Not only 1s the surgeon under extreme tension, but the anesthetist 1s
apt to watch the operation rather than the pulse and respiration  In addition the
onlookers offer advice and new instruments  1f no hack saw (Fig 70)1s available,
the protruding part of the medullary pail 13 wrapped 1n a sterile towel continuous
traction with a Stewnmann pin or & Ksrschner wire 1s applied, the patient is quickly
put to bed and heat applied because usually he is quite cool from excessive perspira
tion espeially 1f he had not been dressed warmly as described on page 169 In the
meantime a swtable saw or effective extractor can be secured. One must wait,
however, until the patient has completely recovered and the pulse again becomes
full and slow  If this does not occur during the first 24 hours one may wait until
the next day, when esther a shortening or the removal of the nail will not endanger
the patient. If a nail 18 sawed off, that part of 1t which remans m the bone can
easily be removed without danger after a few months because it usually loosens
spontaneously dunng this penod

If while removing or driving a medullary nail the patient s general condition
begins tofail the operation must be snterrupled at once  Cases have been reported 10
which fruitless efforts at reduction consumed 2-3 hours or more and were followed
by the death of the patent  Such occurrences are frequently heard of but rarely

reported 1n the literature  In the case hustories which were available to me, death
was listed 10 most cases as being due to fof emboltsm  The prolonged anesthesia, the
cooling of the patient and the vigorous procedure may alone cause the fatal outcome.
Sometimes patients were operated upon who were 1n poor general condifion  In
one case for instance endocarditis was found at autopsy One must not overlook
the fact that medullary naihng 1s no emergency procedure and that 1t may, 10
contrast to many other operations be mnterrupted at any tume without damage to
the patient whereas its continuation may endanger Life

It 1s strange that some surgeons believe that once they have started the operation
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ther must drve the nal home under all arcumstances  This 1w particularly true of
open nailing of closed nuling hias not been successful (see page 57) And yet there
is nothing simpler than to interrupt the operation and neert a Stemmann pin or
Rarschner ware for teachon

In watching medullary nulings one =ometimes gets the impression that a gnm
battle 15 1 progress i wlich the opponent must under all arcumstances be
overcome, o 1n which the broken bane must under all conditions lic provided with a
medullany nail 1 never noticed a mmilar attitude in other operations

OPERATIVF TREATMENT Ol FRACTURES WITH THE MFDULLARY
NAIL OF KRUNTSCHFR TIIROUGH FAPOSURE OF THE
FRACTURF FIFLD

The outstanding advantage of the closed medullary nasling of Kintscher consists
n the fact that the danger of infection which 18 the chidf disadvantage of other
operative procedures 1< reduced to a mimmum beeause the medullary nail s intro-
duced far from the fracture and without direct exposure of the fracture field In
open medullary narling however, the fracture must be expo<ed widely and the danger
of infection is therefore as great as with previous methods (<ce pages 82-85L)  If
mfection does <ct 1, the conccquences arc <omctimes worse, because the entire
medullan canal was opened and because an ostcomyelitis may develop  With the
old methods only a localized osteitis was the rule  Open nailing should therefore be
undertahen only upon strictest indication and after careful consideration whetherats
advantages defimtely outweigh its dangers

Theoretically, open medullary nailing comes 1nto consideration under the fol
lowing arcumstances

1 In fresh closed fractures 1 which apposition of the fragments cannot be

obtained 1n any other way
In fresh compound fractures
In fresh gunshot fractures
In infected and dramning fractures
In old fractures
In mal umted fractures
In pscudarthrosis
For shortening of the well femur
For bone shortenung 1n nerve defects
For bone-shortening in blood vessel defects
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Open Medullary Nailing of Fresh Closed Fractures

Some surgeons suggest exposure of the fracture i fresh closed fractures if all
efforts at dosed reduction of the fragments are unsuccessiul ¢ g because of inter
position of muscles (4 W Tischer) or if difficulties anse duning the driving of the
nail (Hart and others)  Severe infections have frequently followed this procedure
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This 13 understandable 1f one connders the difficulties which sometimes anse from
attempts at obtanng a perfect reduction They have been pictured to me dras-
tically by vanous people  If after hours of effort (A W Fischer writes of hour long
“wrestling matches”) it has not been possible to obtain good reduction, usually due
to lack of adequate reducing apparatus, the shin and other tissues are severely
damaged and therefore must not be exposed. It 1s then necessary to apply pin or
wire traction, until the patient and the tissues at the fracture site have completely
recovered from the acaident as well as from the reduction maneuvers.  Enthusiasm
for medullary nailing must not lead one to insist upon 1t, and one must never forget
that the old methods of treatment, properly used, can accomplish much good, and
under such circumstances serve the purpose even better If satisfactory position
cannot be obtained under continuous traction, which will be the exception, one may
(after complete subsidence of the swelhng and of the other sympfoms, ie, after
about 2 weehs or better, cven later) perform an open nailing 1if another attempt at
closed nailing with the help of satisfactory reduction apparatus should be unsuccess-
ful Interposition of muscle tissue 1s 1n my expenence, (scc page 96) no cause for
operative treatment with conscquent exposure of the fracture because in spite of this
mterposition, callus formation will be satisfactory, provided the fragments are not
distracted excessively This is proven by Figs. 307-316 from which it 1s also
evident that even marked lateral displacement does not prevent callus formation
1f no distraction of the {ragments exists (see page 107)  1f, however, a lengthening
is produced as shown 1n Figs. 305, 306 it is not the interposed muscles which cause
non union but the separation of the fragments in the longitudinal axis

In fresh closed fractures open medullary nailing should not be performed
because the risk of infection Is very great Open nailing 15 no cmergency
procedure  Thercfore the operative exposure of the fragments should under all
arcumstances be delayed until the swelling has subsided and the skin returned to
normal showing no remnants of tenmon bhsters or abrasions  Furthermore all the
contra indications enumerated on pages 8-10 for closed naihng hold equally for
open nailing

Open Medullary Nailing of Fresh Compound Fractures

With cvery compound fracture the danger of nfection 1s great because the
fracture field 1s exposed by the acadent itself Infection can 1n many cases be
prevented by (1) a thorough exason of the wounds within the first 6-8 hours
(2) wsertion of a drawn after closing the wound without tension as discussed mn
detail on pages I 106-130 and (3) uninterrupted immobilization. The question
now 18 to determuine whether medullary nailing increases the danger of infection or
dimymushes 1t I was formerly opposed to the usual methods of internal fixation 1n
compound fractures because they require broad exposure of the fragments in
addition, they were usually inadequate and therefore did not fulfill the requirement
of complete uninterrupted immobilization as shown n I'igs. 136 E 1/195 420 421 E
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Fig 181 Intmduction of the guide pin through the thstal end of the proximal fragment in compound {rac
tores and in octeotomy 1t is puthed through the freater trachanter until it bulges the skin which Is then
inched over it In & 3 cm dong transverse incl fon - The pin Is then pushed out further

Tig. 182, The rmeduflan nafl §s placed over the gulde pin and driven in (from the oimnal draming
of hintscher)

1/1037-1042 and 11 2094-2105 and 11 2138 These two disadvantages do not
prevail in medullary naling  The nail can be Introduced without further exposure
of the fragments and in properly selected cases provides a firm permanent fixation
as proven by Tigs 608-617, 618-638, 641-648 and 657-670 In the commnuted
fracture of the femur shown 1n Figs 618638, the medullary nail offered particular
advantages. Without 1ts usc 1t probably would not have been possible to obtain
nearly as satisfactary a result

Even with early, thorough debrnidement  compound fractures of the lower leg and
of the forearm are subject to infection because those bones are located closely under
the skin whuch 1s frequently severely damaged by the trauma. If a shghtly dis-
placed fragment presses against such shan, 1t may become necrotic, the bone becomes
exposed and infection may set in.  We were hoping that this danger could be reduced
with the medullary nail ~ Unfortunately, however this has not been the case for the
most common type of compound fractures namely those of the lower leg

An accurate opmion about the value of any treatment method can only be formed
by companing a consecutsre sertes of cages which have been under observation for at
least 1-3 years with another comparable senes

From the middle of 1641 to the muddle of 1944 we treated 18 compound fractures
of the femur, 47 compound fractures of the lower leg, 6 compound fractures of the
bumerus and 6 compound fractures of the forearm with medullary nailing at our
Accident Hospital in Viepna. I'or companson we used our 306 compound fractures
of the long bones of the years 1926-1934 which Thalt had analyzed most meticu
lously in every respect and from which the duration of consolidation, the duration of
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treatment, the anatomical and functional end results and all possible incidents are
evident

Of the 18 compound fraciures of the femur, 17 healed without wound complication
In one case a localized infection developed after 6 days and later a small sequestrum

scparated  This was probably caused by the fact that contrary to our standing
orders the muscles were pulled together with several catgut sutures Healing oc
curred with no shortening and full function  Since infection occurred in 1 out of 18
cases, the result 1n this respect is not as good as 1n our previous series of 23 compound
fractures of the femur which all healed without wound complications, as reported by
Chalt nhisbook  Nevertheless we will continue to treat compound fractures of the
femur 1n the future with the medullary nail hecause this constitutes a great smplifi
cation of the care and because no additional continuous trmaction or plaster cast 13
needed except in communuted fractures (Figs 618 638) Fven m long spiral frac
tures with a long third spiral fragment (Figs 570-573) no additional plaster cast or
continuous traction 1s required 1f the fragments arc wired together with 2 or 3 loops
of wire Callus formation 1s delayed, but this 1s msignificant because the nail
provides such a firm support that the patients can work cven before the bone has
consolidated firmly (Figs 618-638)

The indications and contra indications for apen nailing of fresh compound
fractures of the femur are enumerated on pages 164166  If acute infection should
set m the wound and the naling site must immeduately be exposed widely The
final result may be entirely satisfactory nevertheless, as shown in Figs 490-503

With the use of penictilin the results might possibly be improved further

Of 6 compound fractures of the humerus, all healed without wound complications
The results are 10 this respect equally as good as those obtained in our 24 cases
reported by Ehalt  Because of the danger of osteomyelitis I will, however, in the
future, not use open medullary nailing except occasionally

Of our 46 compound fractures of both leg bostes only 36 healed without serous
wound compheations 1n 10 (21 7%) severe infection developed Ehalt? reported
in s book that 1 7 (6.2%) of our 117 compound leg fractures serous infection
developed and 1 2 (6 7%) of 29 1solated fractures of the tibia. It is evadent, there-
fore, that infections arc three tines as frequent following the use of the medullary
nal Bemdes this any mfection in nailed cases 13 much more senous than 1 others
because the inflammation involves not only the soft tissues and the fracture ends,
but may mvolve the entire medullary canal.

Osteomyelitis never developed 1n the previous senes, but only a local osteitss,
limited to the fracture ste  Now we found sequestra not only at the fracture ends
but also m the medullary cawvity as shown in the cases of Figs. 219 and 864873
Of the other cases we do not know whether they developed such scquestra later

Suppuratsve arthrsti. 1m knee and ankle joint never occurred before 1f the jont
itself was not mvolved pnmarily  Of the 46 nailed cases, two developed purulent

3 Emalt Die offepen Briche der langen Robrenknochen. Vienna Afandrich, 1938,
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arthntis of the ankle jomt (Iigs 213-221 and 894-901) and onc a scropurulent
inflammation of the knee joint (Iige 864 %73)

Permanent stuses never re<ulted before  In <ome of the nailed cases they per
ssted for 2-3 years and we do not know whether they will close or when

Pseudarthroses were previously never observed in aseplic cases whereas they occur
not nfrequentls now, as shown in Figs 430-341, 442-459

The duration of treatment 1 now much Jonger than before the use of the medullary
nail even n aseptic cases (1igs 442-459)

Because of the frequent occurrence of severe infections I have greatly restncted
the ue of the medullany nail in compound leg fractures since the end of 1941 (sce
page 277)  Therceupon the results were better in 1942, only to became worse agan
m 1943 when the indication was relaxed  The younger physiaans accepted the
occasional complications wathout misgivings because they were not acquainted from
their own expenence with the results of previous methods and because the desire
to perform as many nailings as possible was very pronounced  Spectacular results
were frequently ascnbed merely to the new method cg Tligs 856-863 and 874~
883 et the good results in casc 856-863 must be ascnbed to unusually fortunate
arcumstances because such ning shaped fragments are usually completely seques-
trated by medullany nathing  That formerly without medullary nailing we obtaned
full restoration much more quickly 1s shown 1n Tigs 1/160-169 and 11/2512-2541
and the numerous illustrations 1n Lhalt’s book

In 1943 an osteomychtis developed suddenly 1n one case 6 months after aseptic
healing (Iige 884-893) and 1n another 10 weeks later (Iigs. 910-915)  Whena com
piation of all cascs revealed that the duration of treatment was longer than before,
even 1n cases which healed aseptically, I prohibited open medullary nathng of fresh
fractures of the leg bones n my junsdiction because in my experience 1t only shows
disadvantages and no advantages

In order to check whether my directives which the younger physicians were un
willing to understand were justified I had the results compiled from five other hos-
pitals covenng a total of 56 fresh compound fractures of both leg bones treated with
the medullary nail  Their results were even worse than ours  An additional com
plication was that in cases in which amputation became necessary 1t was frequently
very difficult to remove the nail It was interesting however that most surgeons
were quite satistied with their results, before thus study was made they were lacking
1n overall insght into this matter

In our 117 compound leg fractures Ehalt found serious wound complications 1n
629 1n addition to 8 7% wnfections which required no incisions, further dry necrosis
of the shin in 15 895 which separated without elevation of temperature and which
dud not matenally delay the healing time  If in these cases with skin lesions and

low grade inflammations a nail had been present in the underlying medullary cavity

the inflammation would have spread into the medullary canel and possibly to thé
postenor aspect of the bone where a progressive abscess may form. Ths explains
shy senous infections are much more common 1n nailed cases than m others
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Of the 6 compound forearm fraciures, one case had to be amputated on the next
day because both arteries had been severed, 4 cases healed without wound complica
tions (Figs 1117-1126 and 1127-1134) In the case of Figa. 11171126 a pseudar
throms developed later In one case (Figs 1136-1145) a creeping infection caused
the formation of such large massive sequestra as I have never seen without nailing
The case of Figs. 1/149-159 had o sumlar injury  His result was very good without
using the nail. I therefore no longer permt the use of the medullary nail in fresh
compound fractures of the forearm

Open Medullary Nalling of Fresh Gunshot Fractures

In 1943 (Der Chururg, No 1, 1943) I suggested the nailing of fresh gunshod
fractures of the femur Thus I performed twice at the battle front (Figs 657670 and
671-683) and once at home in a man with a fracture similar to Figs. 618, 619 The
latter healed without wound complications.

Open nailmg of fresh gunshot fractures of the femur may be performed at the
front only if the requirements grven on page 209 are fulfilled This is probably not
often the case

In my three cases the wounds were closed with sutures after insertion of drains.
The nail insertion was left open  Asa rule the wound should be left unde open The

case described on page 201 shows that the nail may heal in without sinus formation.
The pictures shown 1n Figs. 490-503 prove that 1n spite of marked local infection,
the adyomning medullary canal may not be mnvolved in the inflammatory process.
Whether the method 1s swtable for extennive use at the front must be decided after
further observations Under the protection of pemalln the indication for ths
operatrve procedure can probably be broadened

Considenng the unfavorable average results which I have observed from medul
lary naling of fresh compound fractures of the lower leg and forearm, I do not consder
this method advisable in gunshot fractures I saw several gunshot fractures of the
lower leg which had been so treated by other surgeons The results were not good

The same apphes to gunshof fractures of the humerus, mnce immobilization of these
fractures with splints and plaster casts 1s much simpler and less dangerous.

Open Medullary Nailing of Infected and Draining Fractures

I have never been able to deade 1n favor of nailing infected or draining fractures
although Ehrhch, Habler and Kiintscher reported individual successful cases
Nailing 18 tempting 1n nfected fractures wmith marked lateral displacement and
draning pseudarthroses which are likely to take months or years for healing

Femur fractures  Open medullary nmbng of infected fractures of the femur
seems permussible  The gunshot fracture described on page 205 lustrates that 1t
may be done without causing appreaable harm I recaived however, many reports
of fatahties following open nailing of infected fractures such as one concerning &
man who had a small mnus on the outer side of the femur without temperature rise
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for weveral weeks  After the operation an extensive phlegmonous infection <ct in
wth purlent arthnts of the hip to which the man succumbed  Such cases are
rarch pubhshed, hence only favorable results arc found in the hiterature

1rom mv espenences with open nmihing of fresh componnd fractures of the leg
bones 1 do not believe that it can he recommended far infected fractures

1 had an opportumty to <cc o number of humerus and forearm fractures which
were naled by others 1 a stage of suppuration and drainage, some in connection
with removal of <equestra The results were unfavorable in most cascs

1f mfected and drmiming fractures are natled 1t 1s essential to leave the wounds
over the fracture wide open and that the wound through which the nail 1s inserted
not be dlosed wath sutures, otherwisce abscesses and progressive cellulitis may develop,
espeaaily in the gluteal region

Success in individual cases or in a small scries of cases cannot form the basis for
recommending generally a procedure which 1n atself 1s dangerous A decision as to
the advisabiity of this procedure will be possible only after a carcful study of a
continnons series of at least 50-100 cases will have been made, covening a penod of at
least 1-2 ycars, accompanied by \ ray pictures, tabulations and casc historics
similar to the hooks of I'halt,* hrmer,* and Bohler Jeschhe® or the publications of
Blechschmied® and Bghler ™8

Open Medullary Naliling of Old Fractures

Old fractures in which the callus formation has been delayed by excesmive traction
and 1n which considerable angulation and shorteming are present are particularly
suited for open medullary naihing  The shorteming must be eliminated before
operation by continuous traction on the femur if the shortening 18 more than 4 am,
on the lower leg if 1t 1s more than 2 cm and on the humerus if 1t 1s more than 3 cm,
or, the bone must be shortened duning the operation since otherwise serious complica-
tions may result (sec page 239 and Figs 767-770)

Femur fractures, espeaially those of the middle and proximal third are swited for
open medullary naiing  If angulation with good callus formation and without
shortening 18 present in the distal third as n Figs 693, 694, 1t 18 much simpler and
less dangerous to strmghten the bone by means of the osteoclast of Phelps Gocht
(Figs. 934 E, TI/2746) or of Schultze (Figs 11/2129,2130) and to apply a plaster cast
Thus case would probably have shown firm union 1n 5-6 weeks
1”&‘}}:1! Die offenen Briche der langen Rohrenknochen und fhre Rehandlung. Vienna, AMaudnch,

“Eromer Dle verletzte Hand. Vienna, Maudrch 1938 and 1945

* Bohier Jeschke Do operative Behandlung der Schenkelhabsbruche und Schenkelb bpsendarthrosen
Vienm, Maudrich, 1938

* Blechachmied Beh

dk gebaisse der Ol briche. Arch. klin, Chir., {87 No. 1 1936,
. lgg?bhla Behandlungsergebrume der Oberschenkelbrche  Arch. [ orth. 1w Unfall-Chir.,, 35 No.

* Bohler Dre Uranche der Myotitis omsificans nach ETlb Fortachris
strahlen, 53 No. 6 1936 ol tte der Rbntgen
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On the lower leg and kumerus, only fractures in the middle third are switable  The
mdication for operation must be considered very carefully, especially on the lower
leg If, for mnstance, in the case pictured in Figs 515-526 with delayed callus
formation merely an osteotomy of the fibula had been done and the angulation
eliminated by manipulation 1t probably would have shown firm umon within §-10
weeks whereas, after medullary naihng large medullary sequestra formed and the
fracture has not yet healed firmly

On the forearm such operations should never be performed  The bones, after
having been straightened, can be retained 1n a plaster cast wathout danger of 1n
fection,

Since the operation 1s never urgent 1t should only be performed when the general
condition 1s good and if all basic requirements hsted on pages 6-10 for closed
medullary nailing are fulfilled

Open Medullary Nailing of Mal united Fractures

If in femur or lower leg fractures a shortening of more than 3 cm and angulations
or torsions of more than 15° remain, the patient usually hmps, and later as a rule,
sometimes even after 10-20 years disturbances in the knee joint and occasionally 1n
the hip and ankle joint develop Tor these reasons the displacements should be
eluminated if the general and local conditions permit.  Since the operation 1s never
urgent, all contra indications enumerated on pages 8~11 should be taken nto con
uderation  Before the operation an exact blood picture should be obtmned
Patients 1n whom the red cell count or the hemoglobin content 1s reduced from
previous loss of blood or through a long convalescence must be excluded from the
operation  Espeaally operation on the femur must be tahen very senously Asa
rule only patients under 40 years should be operated upon. A blood donor should
be 1n readiness

Shortening of more than 4 em on the femur or more than 2 e on the lower leg
and more than 3 cm on the humerus must erther be corrected by continuous traction
or by bone shortening before one proceeds with medullary naing  In the literature
and 1n re-exarminations one repeatedly meets cases in which the neglect of these rules
has led to wound mfection, since the forcible attempts to elmmnate the shortening
duning the operation cause a tearing of the soft tissues and mnce the operation 18
protracted by the difficulties met 1n trving to overcome the obstacles.

T have been advised of a comparatively great number of cases i which such
operations were followed by death either on the operating table or after a few hours,
due to arculatory failure or later from infechion. If the outcome 13 not a8 unfavor
able, the forceful teaning of muscles leads to marked restrichion of motion later

In mal uruted fractures such unfortunate results can be avoided by sevenng the
bones 1n the open wound and by lengthemng through gentle skeletal traction
further by nailing but not until the shorteming has been corrected and the wound has
healed, or by shortening the bone as shown 1n Figs 754-760 In pscudarthroms
and fractures not yet consolidated 1t 15 sufficient to break up under short anaes-
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thesia the fibrous unton over a wedge or with the Phelps Gocht osteoclast and to
apple <hcletal traction ax shown in Hige 771-779 and 922 931 In fractures which
had been infected, this smple mancuver will reveal whether a tendency toa flare up
of the nfection custs 1f none occurs at this time, probabls none will follow medullary
nathng if performed onc week later  If these rules are not followed, the most «crious
consequences mav occur as n Figs 767-770 When after a few davs the <horten
1ng 1s chminated  the apposition of the fragments and the nsertion of the medullary
nail wll offer no particular ifficulties

Following nfected fractures naling must not be performed within 6 months in
cases of ight infection, and 1n caees of <cvere infection not carlier than 1 year after
dosure of all smuces  With the use of pemalfin these waiting penods can i all
probabilty be reduced conuderabls  If large <cars attached to the bone and
extensive muscle destruction exist and 1f the hnee jont will probably not become
mobilized such major eperations <hould not be performed

In «ummanzng onc must statc again that medullary nathing n fresh closed
fractures and 1n old fractures as well asin p<cudarthrosis 15 no urgent measure and
should therefore not be performed just out of enthusiasm for the new method
without due regard for the local and general condition of the patient

Open medullary nailing has the great advantage that 1 properly <clected cases
of femoral fractures in the rmiddle and proximal third, no additional plaster cast 1s
needed whereas this 1s essential if only wire, plates and screws or bone grafts are
used In the case pictured 1n Tigs 705, 706 simple osteotomy followed by plaster
cast or continuous traction would have been simpler

Before nailing, the fragments must be put in exact apposition  If angulations are
present, wedges must be removed for their correction It 1s not suffictent to cut the
bone transversely because a gap will then develop on one side when the bone 1s
strughtened a gap which cannot be bridged by the callus  This may lead to a frac
ture of the medullary nail (Figs 252-263) These acadents happen only because
of the erroneous belef that the medullary nail has a callus-stimulating effect
Fractures of the tibia  the humerus and forearm should be severed obliquely and the
proper wedges removed smrmilar to Tigs I11/2570-2575  If an obhque ostcotomy 18
performed 1n these cases, & wire suture 1s usually sufficient and medullary nailing
need only oceasionally be considered  If a hone 1s cut transversely 1n the muddle
of the shaft the callus formation 18 always extraordinarily slow  For fractures near

the jomnts transverse osteotomy without medullary nailing 1s very suitable (Figs
11/2576-2581)

Open Medullary Nalling of Pseudarthroses

In pseudarthrons of the femoral nech no matter what the age of the fracture or of
the patient bony union can be obtained 1f the fragments are reduced without ex
posure and freshening of the fracture surfaces and firmly united with a three-flan
nail and proper weight-bearing instituted (Figs 644a and 654b E 11/1818-1870)
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On the lower leg and humerus, only fractures in the middle third are smtable  The
indication for operation must be conmderced very carefully, espeaally on the Jower
leg If, for mstance, in the case pictured 1 Figs. 515-526 with delayed callus
formation, merely an osteotomy of the fibula had been done and the angulation
ehmnated by mamipulation, 1t probably would have shown firm umion wthin 8-10
weeks, whereas after medullary naihng large medullary sequestra formed and the
fracture has not yet healed firmly

On the forearm, such operations should never be performed The bones after
having been straightened, can be retamned 1n a plaster cast without danger of in
fection,

Since the operation 1s never urgent 1t should only be performed when the general
condition 18 good and if all bamc requrements Lsted on pages 6-10 for closed
medullary nailing are fulfilled

Open Medullary Nailing of Mal united Fractures

If 1n femur or lower leg fractures a shortenmg of more than 3 cm and angulations
or torsions of more than 15° remain, the patient usually himps and later as a rule,
sometimes even after 10-20 years, disturbances in the knee joint and occasionally in
the hip and ankle joint develop For these reasons the displacements should be
ehminated if the general and local conditions permit  Since the operation 1s never
urgent all contra ndications enumerated on pages §~11 should be taken mnto con
mderation  Before the operation, an exact blood picture should be obtmned.
Patients 1n whom the red cell count or the hemoglobin content 13 reduced from
previous loss of blood or through a long convalescence, must be excluded from the
operation  Espeaally operation on the femur must be taken very senously Asa
rule only patients under 40 years should be operated upon. A blood donor should
be in readiness

Shortemng of more than 4 em on the femur or more than 2 caan on the lower leg
and more than 3 cm on the humerus must exther be corrected by continuous traction
or by bone shortening before one proceeds with medullary naiing  In the hterature
and 1n re-examinations one repeatedly meets cases in which the neglect of these rules
bhas led to wound infection snce the forable attempts to ehminate the shortening
during the operation cause a teanng of the soft tissues and since the operation 18
protracted by the difficulties met 1n trving to overcome the obstacles

I have been advised of a comparatively great number of cases in which such
operations were followed by death, erther on the operating table or after a few hours,
due to arculatory failure or later from wnfection If the outcome 1s not as unfavor
able the forceful tearng of muscles leads to marked restriction of motion later

In mal united fractures such unfortunate results can be avoided by severng the
bones 1n the open wound and by lengtheming through gentle skeletal tracton
further by naihing but not until the shortening has been corrected and the wound has
healed or by shorteming the bone as shown 1n Figs 754-760 In pseudarthrosis
and fractures not yet consohdated 1t 1s sufficent to break up under short anaes-



OPIN MPDUTTARY NATEINC TN MAT UNTON AND NN UNION 67

!

4
L4
”
] I
AN 1
»
;
)
i B
| N
-y, 3
i y
%
Fig 186 Fig 18, Fig 188 Fig 189
September 9 1941 O-tober 17 1942

Figs. 186, 187 In the anteropostenor vicw the gubde jin and meduollary pail are apparently in correct
posltian.  The lateral view shoxs that the gulde wire and medullary nall have Jeft the greater trochanter
beeause they were Inaerted withaut previous reduction and without lateral fluoroscopy
Figs 188 152  After open osteotomy a nail was driven in without coapting the fragments and holding
them firmly with a Lambotte clamp and without inserting the gulde pin fint,  Therefore, the mall came to
lie superfictally in the anterior portions of the bone and & valgus position and re-urvation developed. The
nall was ako too short  Treated dscukere

but on the contrary certamn disadvantages The cases of Figs 940-943 and 944
951, would have healed just as quickly with a mere arcumferential wire suture with
out the nmil The fracture of I'igs 952-959 would have united much sooner with
bone-grafts and Figs 960971 give the impression that the medullary nail delayed
callus formation  The uze of the medullary nail 1n defect pseudarthrosis (Figs
972-975) 1s completely erroneous Lven if the medullary nml would stimulate
callus formation, 1t could hardly be assumed that 1t would bridge such gaps  Medul
lary nailing should be used very cautiously in pseudarthrosis of the #2bsa because if
infection sets i large medullary sequestra will separate (Figs 511-526)  Figures
860-867 E, 11/2582-2609 show that with the old methods we obtamed better results
in & shorter time and with less sk Tor this reason I have discontinued the use of
the medullary nail for the treatment of pseudarthrosis of the tibia.

For pseudarthromns of the hwmerus medullary nalhing offers no particular ad
ventages. The case of Figs 468-479 would have healed just as quiclly using
obhque or Z-shaped freshening of the fractures and two transverse wire sutures as
1t did following the last operation employing a long and thick medullary nail and two
longtudinal wire sutures  The case of Figs 1064-1073 would probably have healed
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Fig 183 Fig 184 Flg. 185
Fig 183 The guide pin deviates medially
Fig. 184, The guide pin In the right location.
Fig 185 The gude pin was introduced without previous reduction.  Treated dsckere.

as I have proven long ago (Béhler, W kI W No 44 and 49, 1934, No 1 and 7,
1935 Zbl f Chir No 3 and 30, 1936, und Bshler Jeschke “Operative Behandlung
der Schenkelhalsbriiche und Schenhelhalspseudarthrosen”, Maudnch, Vienna,
1938) Among the reported cases was a pseudarthrosis of 22 years standmg (Figs.
11/1866-1869) Thus surpnsing result 1s only possble because we are dealing with
cancellous bone

In pseudarthrosis of the scaphord of the wrast treated with a wire I have frequently
seen fadure (Figs. 491 E 1/1228) due to lack of post-operative functional strain upon
the fracture

In pseudarthross of a sheft bony union will only occur if the sclerosed fracture
ends are exposed and thoroughly freshened Furthermore the fresheming on the
tibis, humerus and forearm should be done obhquely or Z-shaped, because 1n trans-
verse fresherung callus formation 1s extremely slow or may never occur

For pseudarthrous of the femwr medullary nailing represents a great simplifica
tion because the operation 1s finished after freshening the fragments and after the
nsertion of the nail whereas formerly a bone grait had to be transplanted to prevent
shortening a procedure which was time-consuming and techmeally not simple
A graft never provided nearly so much stability as the medullary nafl furnishes
(Figs 735-747) For & pscudarthroms of the promsmal amd muddle third (Figs.
748-753, 754-760) the medullary nal provides sufficient stability for those distal
to the middle portion (Figs. 771-779) a supplementary wire suture or plaster cast
must be used.

In pseudarthrosis of the lower leg I have seen no defimte advantages from nailing
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Fig. 150 Fig 191 Fig. 192 Fig 193
Angost 21 1941 January 25 1943 December 1 1941 Januany 12 1942
Fig. 190 The nail was inserted distal from the greater trochanter and split the bone (Observation of Spren
goll, Z { Chir No 7 1942)

Fig. 191 The nail has been inserted through the lateral part of the greater trochanter splitting off & sliver
of booe.  Below It fs the original spiral {racture,

Tig 192. Break of the guide pin. The polnt has not yet reached the fracture  Another thinper gmde
pin has been Introduced over it
Flg. 193 Seme as Fig 192 after § weeks. The nafl nas inserted over the thin guide pln It did not
reach the fracture, The fragment from the broken gulde pin was driven past the fracture and prevents
kteral displacemnent,  Corroslon effect at the broken surface of the guide pin  Good callus formation an
the Inner side of the fracture (Observation of Sprengell, Zbl f Chir No 22 1942)

Thus type of bone shortuning may as a rule be performed only in young people
up to the age of 25 or at the most 30 years who are otherwise 1n good general health.
I have not seen any wound disturbances in such cases todate Lately, however I
recesved the case history of & 20-year-old female patient 1 good general health who
suffered from a 6 cm congemital shortenmng of the left femur  The nght leg was
shortened by 6 cm.  Iigh temperature developed on the same day  After removal
of the suture a hematoma was cvacuated and the temperature fell. Fourteen days
later the temperature rose again and gradually assumed a septic curve  The patient

died after 3 months of septicenua, apparently ansing from the bone marrow since
0o other abscesses were found
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quickly followming Z-shaped fresheming with two transverse wire sutures In
Figs 1082-1087, the two transverse wire sutures would have been sufficlent and 1n
Tigs. 1074-1081 oblique freshening and wire suture would have been much simpler
In Figs. 1088-1097 a large bone graft without medullary nailing as shown 1n Figs.
196-203 E, 1/279-286 would probably have brought about umon in & short time

In pseudarthross of the forearm the medullary nail may become dangerous as
shown mn Figs. 1166-1171, 1186-1197 and 1222-1227 With a step-shaped freshen
ng (Figs 182-185E 422-428 E 1/265-268, 1/1044-1050, 1/105{-1058) or bone
grafting (Figs 186-191 E, 1/269-274, 1/1059-1062, 1/1228-1233 and 1/1234-1241)
much better results can be obtained with greater safety

Since 1t developed that the medullary nail has no callus-stimulating effect, 1t 1s of
value only for pseudarthroms of the femur

Open Medullary Nailing for Shortening of the Well Femur

If one leg 18 shorter as a result of & fracturc or from some other cause the patient
limps and m the course of years joint damages may develop on the well leg and on
the spinal column  With marked shorteming which cannot be overcome by & hit
on the shoes, the hip, knee, and ankle joint of the non 1njured leg may suffer  The
Lnee jomnt may become loose on the medinl mde valgus deformity and even a flail
joint may develop causing such marked mnstability that walking becomes impossible
without a brace The faulty weight-bearing causes the development of flat foot.
Frequently arch supports have to be prescribed.  The necessary tilting of the pelvis
causes a scoliotic curvature of the spine with late arthrosis of the vertebral jomnts.

Differences 1n length between the two legs can be ehminated operatively either
by lengtheming the short leg or by shortening the longer leg Where shortening
as well as angulation and rotation are found following & closed or ngn 1nfected com
pound fracture of the femur osteotomy at the old fracture mte will permit the
correction of all deformities by continuous tractton  After this has been accomp-
lshed 2 medullary nail may occasionally be used. If severe infection has preceded
and 1if the bone and the soft tissues are marledly changed, the injured leg may be
straightened but as a rule 1t may not be lengthened since the lengthening may cause
a flare up of the infechon. For these cases the best and simplest method 18 to
shorten the well leg ~ After the bone has been shortened by the removal of a section
of proper length from the narrowest part, the two fragmenta are united by a medul
lary nail (Figs. 705-722) and the patient can get up after 3 weeks mithout additonal
support. The muscles shorten to the nght suze in the course of a few months (Figs-
723-734)  If the bone 1s cut transversely callus formation is very alow (Figs. 717-
722) The use of the leg 13 not hindered because the medullary nail gives sufficent
stability  In order to hasten callus formation it 1s sometimes preferable to cut the
femur obliquely which has the advantage that the fragments cannot rotate agmnst
each other
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Fig. 190 Fig 191 Fig 192 Fiz 193
Arnrust 21 1941 January 25 1943 December 1 1941 Januany 12, 1942
Fig. 10 Tbe nail was inverted dretal from the greater trochanter and split the bone (Observation of Spren
gell, Zh! f Chir No 7 192
Fig. 191 The rafl has been in<crted through the lateral part of the greater trochanter splitting off a sliver
of bore  Below It s the original sparal fractare.

Fig. 192. Break of the guide pin. The point has not yet reached the fracture  \nother thinner gurde
pin has been introduced over it
Fig. 193 Same a3 Fig 192, after S weeks.  The nall was inserted over the thin gmde pin It did not
teach the fractare  The fragment from the broken gulde pmn was driven past the fracture and prevents
hiteral displacement  Corromion effect at the broken surface of the guide pn Good callus formation on
the inner sde of the fractare (Obsenation of Sprengedl, Zhl, f Clur Mo 12, 1942)

This type of bone shorteming may as a rule be performed only 1n young people
up to the age of 25 or at the most 30 years who are otherwise in good general health.
I have not seen any wound disturbances 1 such cases todate  Lately however I
received the case history of a 20 year-old female patient 1n good general health who
suffered from a2 6 an congemtal shortemng of the left femur  The night leg was
shortened by 6 cm  High temperature developed on the same day  After removal
of the suture & hematoma was evacuated and the temperature fell  Fourteen days
later the temperature rose agan and gradually assumed a septic curve  The patient

died after 3 months of septicermua apparently ansing from the bone marrow since
no other ahscesses were found
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Fg 154 Fig 195 Fig 196 Fig 197
Febeuary 17 1941 \pril 3 1941
Flga. 194 195  The use of too thick a nall caused the distal fragment to be pushed awwy from the praximal
fragment and a gap of 15 mm was prodoced.  These \. ray pictures were taken 4 weeks after fracture and
malling Begnning callus formation
Flgs. 196 197 Samcas Figs. 14 195 dt:rlno!.bﬂ'ﬁ'ccb. In mpite of the separation of the fmgments,

caflus formed because the fra were § d dly by the nail and because they are
well nourished by the smTomnding muscle cuff

Open Medullary Nalllng following Bone Shortening for Nerve Defects Due
to Gunshot Wounds

Nerve suture 15 successful only 1f the healthy nerve endings can be approximated
without tension after removal of afl scar tissue  If this 18 not possible by flenon
of the joints, the bones may be adequately shortened and provided with a medullary
nal.

Open Medullary Nalling following Bone Shortening for Vascular Defects
Due to Gunshot Wounds

If after an operation for aneurysm a vascular defect 15 present, suture of the
blood vessel 1s sometimes possible by adequate flexion of the jownts Otherwse
ligation or a graiting of a section of the saphenous vein must be performed Instead
of this the bone may be shortened and provided with a medullary nail whuch 18
simpler and less dangercus than the transplantation of a piece of veln  The opera
tion probably -hould be considered only for involvement of the femur
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Fig 200 Fig 201
July 11841 Febwary 14 1943
Figs. 198,199 Same as Figs 193 195 after 4] monthy.  The greater part of the gap is filled with calhus.
An area of bone alsomtion at the tip of the nall indicates corroson.  On the medial side of the tip of the
nall, petiosteal appositions have developed in response to Irritation from the corrosive process.
Fips 200 201 Same as Figs 194 195 after 2 years, and 1} years after cxtraction of the nail. Bony
consolidation  Some thickening of the bone at the site of corrosion (Observation of Ehrlich, ZW. f Chir
No 30 1941)

Indicatona and Contra indications for Open Medullary Nalling

Kintscher (Zbl { Chuir No 25 p 1139, 1941) considers surgical exposure of the
fracture site the worst of all treatments. Open nailing however 1s possible only 1f
the fracture 1s exposed Because this method, in contrast to closed medullary
nailing, carnes the nsk of infection, and because the medullary nail unfortunately
does not stimulate callus formation but occasiopally even delays 1t the indication
for this operation must be strictly imited  If 1t were possible to increase the callus
formation at will and thus speed the healing by umng a certain metal for the nail, one
could put up with oceasional nfection

1f all ndications and contra indications for closed medullary nailing (see pages
6-11) are taken into account open medullary nmhng comes mnto conmderation
chiefly for fractures of the femur only exceptionally for other fractures

In the fesmur the medullary nal will give sufficent stability, without additional
external support 1n swtably selected cases (for indications see page 164)  Open

medullary nailing 1s swited for fresh compound fractures, mal united fractures and
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Fig. 202 Fig. 203 Fig 204 Fig 205 Flg. 206
November 23 1941 Nov 23 1941 December 20, 1941

Figs. 202 203 Compound kverage fracture of the right kg between muddie and distal third in a 16-year-old
office-girl who was knocked down Ly an sutomobile. The wound mas excised and the skin clased after
fasertion of & drain
Fig 204 SumeasFig 203 To immobilize the fragments for medullary nailing, & »ire was driven throagh
the os calels and & cast was apphed to the leg In the screw traction apparatus, contrary to the usual practee
and the nail was inserted  The nafl emerged In front of the dutal fmgment. The nail was then retracted
and re-inserted withoat & plester cast.

Figs. 205 206 Same as Figs 202 203 after 4 weecha, The nafl is too short and too thin, Therefore 2
circular cast was applied to just above the ankle faint, but this cast is abso too short.  For immobilization
of the frngments, & regutar walking cast incorporating the ankle jont Is required.

pscudarthross  Furthermore 1t may be conardered for bone shorterung on the well
leg for equalization and for bone-shertening on the injured leg for the repair of
gun-shot defects of vessels and nerves  In fresh gunshot fractures of the femur the
mdication for operation must be considered very carefully  The results in infected
and discharping fractures have not yet been determined

We formerly excluded fresh closed femoral fractures from medullary nailing, now
we perform it occasionally under the protection of perucillin

On the lower leg fresh closed fractures should be excluded from medullary
nailing because of the danger of infection. I have prohibited the use of this method
1n fresh compound fractures in my jurisdiction because I have seen such detrimental
results (see page 277) In fresb gunshot fractures of the lower leg the results are
not likely to be better Infected and discharging leg fractures should likewise be
rejected  In old leg fractures I have seen no advantage from medullary naﬂfng
Usuelly open or closed severance of the fibula produces quicker results and 1s less
dangerous. Shortenming of the well lower leg for equalizing with & shortened njured
leg or shortening of the injured leg for gunshot defects of nerves and blood vessels
will, for all practical purposes hardly ever have to be considered

On the lower leg open medullary nailing 19 indicated only 1n mal united fractures
of the mddle third (Figs. 932-939)
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Fig 207 Tig 208 Fig 2 g 210 Fig 211 Fig 212
January 31 1942 \farch 11 1942 March 13 1942 Sept. 16 1942 March 17 1943
Fig. 207 Samcas Tig 205 after Gwmeele,  In guteof the medullary nall and the short cast a slight varus
angulation of 5-6 developed
Tie. 0%, Same 2« Tig 20% after another 6 wecke. The varus angulation now i 12-13°  Increased
Joose fmtatron calles on the medial de  Fracture line open throughont  The nafl migrated upwards
ty lem.
Tig. 209 Same as Tig 203 after strughtening the leg with a Pheips-Gocht osteoclast.  Angulation cor
rected  Fracture line gapes on the medial side.  Walling cast for 6 weeks.

Fig 210 Same as Fig 209 after 6 months. The tibda ks straight the greater part of the fracture Jine s
still visitle.  Nevertheless, the nail was removed

Tig. 211 212, Same as Figs 202 203 16 months after injury 12 months after refracture, and 6 months

after removal of the nall - Bony consolidation A slight varus angulation and recurvation of 5-8° recirred

because the nail was removed toosoan  This fracture should not have been nafled, because it was compound
and because the dmstal fragment was too short.

On the humerns I have never seen an il effect from open medullary nailing of
fresh compound fractures. If inflammation sets i, however, the consequences are
much less harmful when no medullary nail 1s used I saw no advantages from
medullary nailing in pscudarthrous of the humerus For fresh closed fractures
open medullary nailing should be rejected because of the danger of infection

On the forearm open medullary nailing should not be used at any stage

Open nailing may occasionally be effective in pseudartlirosss of the clamcle, but not
for fresh closed fractures of this bone

After a repeated careful study of my own cases as well as of published cases, and
after companson with other methods, I make the following statement

Open medullary nailing is suited only for fractures of the femur (fresh
compound old fractures, mal united fractures and pseudarthrosis)
Fresh closed fractures should be excluded

In all other fractures open medullary nalling entails on the average more
dlsadvantages (danger of Infectlon osteomyelitia delayed callus formation)
than advantages and Is therefore as a rule, not suited for thess fractures
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Fig. 213 Fig 214 Fig 215 Fig 216
December 9 1941 December 9 1941
Flgn 213 214 Compound fracture of the ldt Icg with marked displacement In a 47 year-old mason who
‘was rim over by an bile. The protruded 8 em. from the wound and was badly

sofled with street dirt and hay Immtdhl.ewwndadﬂm medullary nailing and skin suture after inser
tion of 2 drains.  Puosterior plaster splint.

Figs. 215 216 The nail {s too long  Its tip peotrudes [nto the Jolnt.

COMPLICATIONS OF MEDULLARY NAILING

The number of untoward inadents, which may occur with medullary nailing,
1s unbehevably great and reports about new incidents are received continuously
One must be famuliar with them 1n order to be able to avaid them

The worst complication 1s death It has followed medullary nailing with com
parative frequency The causes were

1 Operating during shock (see contra indications on pages 8 and 56)

2 Use of toothick a nail. Because 1t was frequently impossible to dnve such
nails further 1n or to extract them the nml was hammered back and forth for an
hour or more until shock was produced

3 Neglect to have a dopor ready for blood transfusion in old femoral fractures
or i pseudarthrosis.

4 Infection. This frequently followed maccurate indication and preparation
and defective techmque

The vast majonty of non fatal complications arose from neglect to messure
accurately the width of the medullary canal and the length of the bone before operat
ing Therefore nails which were erther too thick or too thin, too long or too short,
were used  Other causes of comphications are lack of the necessary instruments and
apparatus, and maccurate reduction before the intreduction of the guide pin and the
dnving of the nail. In addition there are the dusturbances due to defective matenal.
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Tig 21 Fig 1R Tig 219 Tig 220 Fig 221
March 31 1942 June 28 1942 \pril 15 194
Fim 21 218 Same as Tums 213 21€ after 4 monthe. Ten days after injury an infection developed
which gpread into the junt.  The nail protrudes 14 mm. into the anlle jolnt.
Fig. 219 \fter removal of the nafl  Beshies the contral medullary sequestrum at the distal end of the
proximal fragment, another central sequestrum can be reen 4 cm. above the fracture fine
Fims 220 221 Same as Tige 213 214 after 22 months. Bony unfon with recurvation of 12 Bon)
anlylons of the anlle ont. Walks with a cane.  Compound fractures as closc to the ankle jomnt as thes
must ot be nalled.

Wrong Position of the Gulde Pin and the Medullary Nail

The gwde pin must be nserted into the femur through the postenor part of the
ndge of the greater trochanter in the direction of the medullary canal — If it 1s nserted
at a different mite or in a dufferent direction, 1t will leave the bone (Figs. 183, 186, 187)
In order to determine the exact position of the guide pin 1ts position must be cheched
by fluoroscopy 1n two planes dunngitsnsertion  If only antero-posterior fluoroscopy
1s used as 1n Fig 186, the guide pin may leave the bone as shown m Fig 187

In fractures distal to the middle angulations must be eliminated before the guide
wite 1s inserted, otherwise the nail will permanently retain mal-position (Figs 185,
188 189 390-397, 767-770)

Wrong insertion of the gude wire can be prevented by contmuous biplane
fluoroscopy

Faulty msertion of the nail can be prevented by not serting the guide wire until
exact reduction of the fragments has been obtained

Splitting of the Bone by the Medullary Nail

This has been reported by Sprengell (Fig 190) It can only occur if the guide
wire 1s nserted on the outside of the greater trochanter and if the nail 1s thus not
driven into the medullary cavity from above but from the mde We had a mmilar
expenence with our 49th case of femoral nailing (Fig 191)
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Fig. 222 Fig 223 Fig 24 Fig 125
Felroary 18 1942 February 18 1942
Figs. 222-22% Fracture of the Jeft femar and lower kg, 4 months after Infury and rocdullacy palling.
Saffered by & $8-year-old bread-delivery man who was koocked down by a horse  Both nafls are too
short and too thin. Therefore cloudy callus formed.  Fracture line still open on both bones, becamse
of defective immobitization  Since the nafl was too short and too thin the knee joint rotated outsard
between the fractures of the femur and the lower leg (see Fig. 227)

If the medullary nail 18 too thick, fine crachs will be produced wn the bone, as
Kintscher has already shown, but no actusl sphitting will occur  Tragments which
break off the fracture stump dunng naiing are probably due to incomplete fracture
lines which were hardly visible on the first . rav picture (Figs 944-951) If the
bone shows a considerable degree of bending, a fragment may break off on the convex
mde of the proximal fragment (Fig 483) Rieder has published a picture of this
type

Breaking of the Guide Pin

Brealung of the guide pin has to date been reported only once  Sprengell con
suders this inadent due to a defect 1n the matenal.  He introduced another thinner
guide wire alongside the 9 em piece that remained of the previous wire (Fig 192)
and inserted the medullary nail over this  The nail propelled the broken-off piece
of the first gwide wre past the fracture line without the nail itself reaching the
fracture site (Fig 193" The broken picce of the first guide wire prevented a lateral
displacement of the tragments To prevent angulation s hip spics was applied
After 5 weeks callus ormation on the medial mde was evident as well as corrosion
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Tig 226 Tig 22« INg 228 Fig 219
June 10 1942

Decemtxr 2 194t
Yig. 226. Same as Figs, 222-225 6 wecksalter injury
Figs. 227-229 The outward rtation of the knee joint is plainly vislble when the feet are held paralld.
When the hnce and hip are fexed the left lower leg deviates inward
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Fig 130 Fig 231
Fig 230 Photograph of a transverse fracture of the Jower |
eg treated esewhers with too short 2 nail
drscharged after 3 weeks. During the subsequent weeks, the foot turned Inward 45° and the fm&.;rt:
anlted in this positron A transverse osteotomy was dooe, agaln & nail was inserted, and both fragments

were united with a loogstudinal  ire loop as in Fige. 360-971 to prevent a new rotation.
Fig. 231 With both feet parllel, the pateils points laterally
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Fig 222 Fig 223 Fig. 224 Fig. 225
February 18, 1942 February 18, 1942
Figs. 222-225 Fracture of the kit femur and bower kg, 4 moaths alter Infury and medullary nailiag.
Suffered by a 58-year-old bread-dehvery man who was knocked down by & horse.  Both pails are too
whort and too thin, Therefore cloudy callus formed. Fracture line stil open on both bones, becasse
of defective immobilization  Since the nall was too short and too thin the knee Jount rotated outward
between the fractnres of the fernur and the kower leg (sce Fig. 227)

If the medullary nail is too thick, fine crachs will be produced 1n the bone, a3
Ktntscher has already shown but no actual splitung will occur ~ Fragments which
break. off the fracture stump during nmling are probably due to incomplete fracture
lines which were hardly viuble on the first X ray picture (Figs $44-951) 1Ii the
bane shows a consderable degree of bending, a fragment may breal off on the conver
mde of the pronmal fragment (Fig 483) Rueder has published a picture of this
type

Breaking of the Guide Pin

Breaking of the guide pin has to date been reported only once  Sprengell con
mders this inadent due to & defect in the matenal  He mntroduced another thinner
guide wire alongsmide the 9 cm prece that rerained of the previous wire (Fig 192)
and serted the medullary nail over this  The nail propelled the broken-off prece
of the first gnde wire past the fracture line without the nail itself reaching the
fracture mte (Fig 193) The broken piece of the first guide wire prevented a lateral
displacement of the fragments To prevent angulation a hup spica was appled.
After 5 weeks, callus formation on the medial side was evident as well as corrosion
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Tig. 238 hig 240 Lig 240 hie 201 Fig 202 Fig 243
O-toler 30 1942 November 2§ 1912 March 17 1943

Figs. 238 239 Same a Vige 236 23, after temmal of the fint medallary nail and after ineertion of a
Jonger ane  The tip of the nail is 12 mm remaved frm the outer surface of the bone (arrow)
Figt. 240 241 Same a« Fige 23% 239 4 weeks after the 2nd nailing  Caflus fncreased  Tae nail did
not migrate upmarde  1ts tip has aptiroached the lateral wall to within 2 mm. (arrow )

Figy 242, 243 Same as Figs 232-241 after temmal of the nail  Firm union Where the tip of the
rail touched the wall of the bone & cavity @n Ix tcen and the wall of the bone 15 thebened (arrow)  Vans
of 15 recurvation of 10

furthermore desirable to produce guide pins of more umform thichness and not to
produce them in such o vanety of lengths

The Medullary Nail Slips off 2 Gulde Pin Which Is Too Thin

Stotz described and illustrated o case in which the guide pin was well located
in the distal fragment  Because 1t was too thin, however, the medullary nail shpped

off 1t and penctrated through the fracture onto the postenor surface of the distal
fragment

Complications Due to Nails Which Are Too Thich

If the wndth of the medullary canal at its narrowest site and the curve of the bone
are not measured accurately (see page 40) and 1f a nml 18 used which 18 too thick,
1t will be very difficult or even impossible to drive it to a sufficient depth  Buteven
the removal of 1t 15 sometimes very difficult or impossible 1f eflicient instruments are
not available A W Fischer Teports a case with a far protruding nm!l admitted from
ano'g:}:l lzhos;ntal For such inadents a hack saw (Fig 70) must always be on hand.
o al nmrepuhrjt:l? a casen which a separation of the fragments was caused by the

w Was too thick.  In spite of early weight beanng the fragments
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Fig 232 Fg 233 Fig 24 Fig 233 Fig. 236 Fig 237
August 12, 1542 \ugust 28 1942 October 26, 1942
Flga 232 233 Psendarthrosts of the left femur developed disew bere In a 67 year-old woman from excesmive
continuous traction which was used for 7 montha  Marked decalarfication.
Figs. 234 235 Same as Flgs 232,233 after transverse freshening of both fragments and medullary nafling
dsechers. The nall s too short,
Fige. 236 237 Samec as Figs. 234 235 after 2 montbs. The woman was given 2 plaster cast from the
ankle to the hip 14 days after the operation.  Since the nail was too short, it had no bold in the decaldfied
boae, therefore the play of the f; in walking caused it to migrate upwards in spite of the plaster cast.

on the fracture surface of the gmde pin ~ The bone united 1n good posttion  The
medullary nail was removed from above in the usual manner after six months. In
order to remove the broken piece of guide wire, the bone was exposed and opened
through a lateral inamon.

Jamming of Too Thin a Guide Pin In the Guide Groove
of the Medullary Nail

In our 59th femur fracture a thin gwde pin was used and over this 2 10 mm
medullary nail was dnven  After 1t had penetrated about 15 ecm 1t was not possible
to drrve 1t further The attempt to remove the gumde wire which 1s usually very
easy was equally unsuccessful  With great difficulty we succeeded in removing the
medullary nail together with the gude pin -~ It was then evident that the wire which
was too thin bad through mterposition of cancellous bone been partly forced out
from the guide groove of the medullary nail and thus become jammed This made
1t impossible to dnve the medullary nail further {nto the bone

Such wadents can be avoided if the gude wire and nail are tested every time
before the operation It would be mmpler yet if the gude groove were made
#0 narrow that even a thin gwde wire could not leave the groove It would be
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Fig. 248 Iig 219 Fig 250 Fig 251

December 6 1941 Decembrer 10, 1M1 ugust 26 1942

Fig. 248 Same as Fig 24 after 22 days. The nail migrated 17 mm towards the Lace, because in
walking without the cast it was able to move in the bone

Fig 249 Same as Flg 248 after dnving the pail in farther  The head of the nail is now 47 mm. lower

than [n Fig 248 and has disappeared indde the bone. Was agin discharged without supplementary
plaster cast.

Yigm. 250 251 Same as Tigs 244-249 after 8 months, and 3 months aflter removal of the mafl.  Bony

comolidation  Good alignment in latersl view  Varws of 10° in A P view becawse the lack of & supple

mentary cast permutted the bone to bend.  \evertheless no complaints at the present time ATl jolnts

actively free  Later jolned the mountain troops without local discomflort. Since the proximal frag

ment was 3o short, it did not provide suffident anchorage for the nafl It would have been simpler and

Letter to perform an osteotomy of the filula to straighten the tibla and to apply a plaster cast without a
medallary nafl.

place where 1t should give the nail its main anchorage  Any winch pulling 1n the
long axis of the bone must be bult very strongly Since a force up to 300 Kg 13
necessary for the extraction of freshly inserted medullary nails the winch must not
rest against the bone but must be attached to the reduction apparatus  Since the
wires will always break when great forces are used a steel rod must be inserted trans

versely through the eye  To this rod a suffiaently strong wire eable or chain can be
fastened  Since nails can rather casily be loosened by the concussion from blows 1t
serves the purpose much better to use one of the three types of hammer extractors
instead of & winch  Even an ordinary nail ean be removed with a pair of phers only
by prying and bending

Complications Due to Nalls Which Are Too Short and Too Thin

In the beginming the opimon prevauled that penetration of the nail by 5-8 cm.
into the distal fragment was sufficient  This 13 true only if the fracture 1s located
pronimal to the 1sthmus of the medullary canal otherwise 1t 18 too short and does not
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Fig 244 Flg. 245 Fig 246 Fig 247

November 13 1941 November 14 1941
Flg, 244 245 A 3months-old compound transverse fracture of the tbla between proximml and middle
third with valgus and recurvation of 7* each in a 17 year-old stodent, from & motorcycie accident.  SHght
callus formation. Treated dsewkers with excrsion and plaster cast for 14 wecks.
Figp. 246, 247 Seme as Figa. 244 245 alter closed medullary mailing  Angulations corrected In both
planes.  Got up without a plaster cast alter 8 days.

never approvimated  The gap of 15 mm was bridged by bone 1n the course of 5
months although the tip of the nail showed cvidence of corroson (Figs. 194-201)
The final result was very good

Difficulties with Extraction of the Medullary Nail during the Operation

If a naul 18 too thick and cannot be driven in further, or 1f it becomes jammed 11

2 curved bone an extremely dramatic stuation may anse 1n which the nal cannot
be removed at all or only with the greatest difficulty, after hours of strenuous efforts.
Briicke A W Fischer Hart, Scanzomt Schneider and others have reported such
nadents and I have had oral reports from many other sources

To avoid such distressing ncidents the mize of the medullary canal must be meas-
ured accurately before operation  For the eventuahty that the nml may become
impacted suiteble tools must be on hand for the extraction such as the extractor of
Kitntscher (Fig 71) Stdr (Fig 83) and Pohl 1n connection with the clamp of J8rg
Bohler (Fig 84) If even with these tools it 1s imposaible to extract the nail, 1t must
be sawed off wath a hack saw (Fig 70) which must always be 1n readiness

The winch (Fig 79) 13 not suitable for the extraction of impacted nals  Only
Joose nails can be removed with 1t and these can casily be pulled out with an extractor
hammer Many authors have reported that the wires used with the winch brohe
repeatedly, even if doubled and tripled  Furthermore the base of the winch digs
\tself into the bone next to the medullary nail and destroys the bone 1n the very
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Fig 252 Fig. 283 Fig. 234 Fig 255
October 12 1941 October 18 1941

Flgs 252 253 A 1} year-old femoral fractare bealed with varus of 20° antecurvation of 15 outward
rotation of 20° and shoctening of 3 an In & 25-year-old tencher injured In & colhsion while riding in the
wrde-car of & motorcycle  Treated dserkers by wire traction with 14 Kg for 12 weeks then with a
hip splca for 6 weeks
Flga 254 255 Same as Figs. 252 253 after severdng the bone with a Giglt saw and after nalling without
removal of a wedge.  The fracture gapes oo the medial side.  Got up after 2 weeks.

Fig. 256 Samc as Figy 254 255 The booe bowed and the nail is also bent prodmual from the [macture
Line, where {t ahows a crack in its lateral flenge.  Walked well until 2 days before.
Flx 257 \ ray picture of the extracted nall shows an almost complete tear
Figs. 258 259 Same as Fig 156, after extraction of the broken nail and Insertion of a new one.  The
angulations are corrected.
Figs 260 26! Samc as Figy 258 259 6 weels after Insertion of the new nall. The grester part of the
fractire Hine Is bndged by callus.
Figa 262, 263 Same as Figs 258 259 6 months after removal of the nail, and one year after the second
operation  The bone healed with good ali Fracture Gdated. Al jounts free, no discomfort.

give sufficent immobilization  Because the width of the medullary canal and the
condittons of the spongiosa were little known before nails which were too short had
frequently been used as 13 evident from the \ ray pictures published 1o the liters
ture A great number of complications were due to this circumstance viz angula
tion and shorterung (Figs. 161-178 202-211 390-397) rotation (Figs 222-231),
mgration of the nal (Figs 232-251 and 1130) marked periosteal apposition (Figs.
390-397) and re fracture of the bone below the onginal fracture (see page 87)

All these sequelae can be avoided if nails of sufficient length and thickness are
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used which are firmly anchored in the spongiosa of the metaphvsis as shown m
Figs 416-423, 478 693-696, 709, 710, 807-827, 874-883, 922-931 and 941-951
For this purpose the length and width of the medullary canal must be measured ac
curately (see page 40) If 1t becomes evident that a nail 1s too short, 1t should be
exchanged early for one of sufficient length before trouble occurs.

Complications Due to Nalls Which Are Too Long

ails which are too long and penetrate mto the jomt always cause more serous
disturbances than nails which are too short. If the course 18 aseptic, the jornt must
not be moved before the nail 1s removed, otherwise the cartilage will be damaged
If, however infection sets in, the consequences are very serious because the 1n
flammation creeps along the nadl mto the joint, leading to purulent arthntis with
prolonged convalescence and ankyloss of the jomnt as shown n Figs 213-221 In
fection of the jomts, however, may even lead to loss of the imb or loss of Ife.

All these compheations can be avoided if the required length of the nail 1s deter
mined accurately before 1t 18 inserted and if after insertion of the nml, X ray pctures
focused over the joint are talen immediately m both planes.  If these show that the
nail has penetrated too far it must immediately be retracted accordingly

Rotation of the Fragments

Kiintscher was of the opimon that after medullary nathng the fragments cannot
rotate agunst each other A W Fischer however, reported a femur in which
marked inward rotation developed this was corrected by a transverse osteotomy
after the nal was extracted. Another nail was then re inserted.

Rotation of the fragments s actually not an uncommon occurrence. It 1s usually
due to nails which are too short. In this respect the case illustrated i Figs 222-229
with a fracture of the femur as well as of the lower leg on the same lmb (both frac
tures at about the middle of the bones) 1s of particular interest.  Since both nails
were too short as well as too thin for these exceptionally wide medullary canals the
knee with the adjoimng fragments of the femur and the leg rotated outward whereas
the foot retawned 1ts proper position 1n relation to the up jomt.

If only the fernur or only the lower leg 15 broken, the foot with the distal fragment
turns outward or inward (Fig 230)

This complication can be avoided if the conditions of the medullary canal are
studied carefully before the operation and if a nail of sufficient length and thickness
s used  If open natling 1s used rotation can be avoirded by additional arcular or
longitudinal winng (Figs. 709 710 940-951) In osteotomies, rotation can be pre-
vented by dividing the bone obliquely instead of transversely

\Migration of the Medullary Nafl

Kiintscher was of he opimon that the medullary nail 15 anchored so firmly that,
n contrast to the up nail 1t never mugrates. In the meantime however seversl
cases of mgration of the nail have been reported by A W Fischer Rieder and
others. Ths mmadent occurred more frequently 1n old cases than in fresh ones
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(Fig 208) A W Ticher desrnbed a cace in which the nul migrated into the Lnee
jont below the patella without causing any further disturbances after 1ts removal
In eveny case the nl was too <hort and additional immolnhzation was inadequate
or completely lacking  In Fige 232-243, <howing a pecudarthows of the femur,
both fragments were fre<hened transversely elsewhere  The medullary nail was too
<hort and had no firm anchorage in the decalatiecd bone  The supplementary plaster
auff was entireh 1nadequate in this large siz¢ femur The medullary nul migrated
proumally 1nto the viamty of the fracture  Tor euch cases a nail must be ued
which reaches clo<e to the joint and a supplementary wire suture must be used as in
Figs. 709-712, or a hip spica must be apphed as in Tigs 771-783  The second
medullarny nail m Tigs 238-241 1< agan too short  Because a hip spica had been
applied, the nail did not migrate but considerable angulation developed

In the 17 vear-old patient of Iigs 244-251, with an old transverse fracturc of the
tibia 1n the proximal third, of 3 months duration, with angulation and delayed callus
formation, the nail migrated because no supplementary plaster cuff was used  \fter
the nail was dnven decper into the bone 1t dicappeared within the bone and did not
mugrate any more. However, the part of the nail in the prouimal fragment was too
short to prevent n Jater angulation

In Tig 1103 the supplementany plaster cast was removed too soon
\ligration of the nal can be prevented if nals of sufficient length and thickness

are used and 1if 1n all fractures located outside the 1sthmus of the medullary canal,
espeaally these with decalafied bones o supplementary wire suture 1s used or a
plaster cast apphed and left in place until the fracture shows firm bony umion
Sometimes the nail migrates into the bone (Figs 1038-1053), which may cause great
difficulty 1nits removal  In Figs 217 218, the nail mugrated 1nto the anlle joint.

Fracture of the Medullary Nail

Fractures of the nail have been observed on the femur (Tigs. 252-263) lower leg
(Figs, 430-441), humerus (Figs 468-479) and on the forearm (Figs 1172-1179
1186-1197 1210-1221) Ths occurred invanably mn old fractures or pseudarthroses
n whuch a defective operative techmque caused delay in, or lack of, callus formation
Since no supplementary plaster cast was used or because 1t was removed too early,
motions at the fracture caused a continuous angulatory stramn upon the medullary
nail which finally led to 1ts fatigue fracture  The nml fracture reported by A. W
Fischer occurred also 1n a case of osteotomy

In the femur fracture of Fig 256 with fracture of the nail Dr Engel proceeded
mn the following manner after straightening the leg with a Phelps-Gocht osteoclast
(Figs. 934 E T1/2746) and reducing the fracture in an apparatus (Fig 528) the onginal
site of insertion of the nail was exposed through a small inaision A guide pin the
point of which was shaped hke a crochet hook was re inserted 1nto the gude groove
of the nail  As s00n as the fluoroscope showed that the pin had penetrated beyond
the tip of the nml 1t was turned 180° so that the hook on the end of the gude wire
caught hold of the end of the nail  In this way both fragments of the medull
nail were extracted without exposing the fracture aite o
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Flg. 264 Fig. 265 Fig. 266 Flg. 267
October 5 1943 November 3 1943
Figy 264 265 Tnnnﬂufnﬂmo!hulh!mrmbonuinlbed}su]mhdﬂthhmﬂlﬂqﬂxxwmk
angulation, rotation and sbortening, in & 26-year-old chaufleur infured in an bl

Figy. 266, 267 Same as Flgs. 264 265 lmmevﬂndylftnmmcﬂulhrymmn;whkh‘upcdamcdl
weeks after the accident with nickel-plated steel wires of 2 mm. thickness. Begunning callus formation at
both fractures, becausc the fregments nere overlapping.  Treated dserhere

This 1s the same operative plan as had been camed out for the fractured hip
nail of Figs. IT/1818-1829 and pages 1I/945-948 with the difference that 1n these
cases the conditions were much smpler A new guide pin was then inserted into the
old nail hole and over it a new nail was dnvenin  As shown in Figs 258-263 bony
union developed rapidly m very good position with full functional recovery

In the other 4 cases the fracture was exposed to freshen the ends  On that oc
casion the fragments of the nail were removed.

Fracture of the nail can be avoided 1n osteotomies if the fragments are put 1o
exact apposition, and 1n pseudarthrosis if the ends are freshened 1 order to avoid
delay 1n callus formation the necessary supplementary support must not be removed
too early

Radial Paralysis Caused by the Medullary Nail
Paralysis due to medullary nahing was unknown until Hart reported that, of 4
nailed fractures of the humerus, 2 developed radial paralyms following operation

In one case the nerve was impaled by a large fragment which broke off dunng the
operation  In the second case the reduction was very difficult and required sharp
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Fig. 268 Fig. 269
Jaouary 14 1944

Fig 272
Figs. 268, 269 Same as Figs 266, 267 after 10 wecks. Large areas of decalcification within both bones
and extenmuve periosteal eppositions, due to corroslon  Complains of drawing pains in the arm
Figpy 270 271 Same as Fig 266, 267 Immediately alter removal of the wires and 1S weeks after thear
imertion.  Both bones showr bony union in good position.  The cavitathon has decreased slightly the pen
osteal appositions increased.  Three months later there was no rotation The other joints were almost free
Fig 272. Both wires show extensive corroson.

angulation of the fragments Four weeks later the nerve was exposed and found
lying in scar tissue adjoiming the fracture  After neurolysms the paralyms disap-
peared 1n hoth cases

Further observations about the occurrence of paralysis have not been reported
to date

Refracture of the Bone with the Nall in Situ
Slany reported to me the following case A 38-year—old farmer was Lnocl.ed down
by & cow on March 31 1943 He suffered an oblique fracture of the nght femur
distal to the middle portion  Next day he was hospitahzed and nasled immediately
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Fig. 273 Fig 274 Fig 275 Fig. 276

Fig 273 Ares of absarpbon In the metaphysis camsed by comrosion where the tp of the nall shown in
Fig 274 was located.
Fig. 274. Corroded medultary nail of Fig 273
Fig. 275 Extensive corrosion effect on the medixl side of the femoral shaft and considerable absorption
along the entire nall track.
Fig 276 Corroded nall of Flg 275  Flgs. 273276 are Sprengell s observations (Zbl { Chir No. 7 1942)

Great force was needed to msert the nail because the cavity was somewhat too narrow
for the 10 mm nail The position of the fragments was excellent. From the
proximal fragment a piece 5 cm long broke off the antero medial surface, also
postenorly a wedge with & 2 cm base. The medullary nail was too short. It
reached to within 9 cm of the jomnt.  After 14 days the patient got up and was dis-
charged from the hospital with a knee motion of 180-90°  After 6 weels he was
able to walk with a cane  On June 15 (the 11th weck) he shpped and fell  There

upon he had such severe pain 1n the thigh that he had to stay in bed for a few days.
The \ ray pictures showed an oblique fracture on the medial side of the distal frag

ment without displacement. Since the nail was too short 1t could not prevent &
torsion fracture 1n the distal fragment However the force was not strong enough
to produce a displacement.

Corrosion Damage Caused by the Medullary Nail

Sprengell was the first to descnibe and publish pictures of corrosion damage to
the bone (Figs. 273-282)  Thus occurs if the matenal used 18 not definitely corrosion
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Fig. 277 Fig 278 Figs. 279282
Figs. 2+ 278 Fracture of the femur with nafl and longitodinal wire suture  The entire boue is covered
with periosteal appositions.
Fige 279-282. Photographs of the nail of Figs 277 278 with 2 extensive arcas of corroslon.  The \ ray
pictures do not show these corroded arcas because of overlapplng profections.

proof  Itscffect was also observed by A W Tischer, Rieder Stér and others The
best matenal 18 austemtic chrome nickel steel with 18 per cent chromum and 8
per cent mchel  The V 2 A-steel of Krupp 1s an example of this type of metal If
the mickel content 1s too low as in the martensitic steels rusting and corrosion occur
quiclly (Figs. 273-282 and I1/1802-1806) I'or further details about this see pages
I1/898 899 and Stér, Der Chirurg’, No 11, 1943 The rust destroys the sur-
rounding bone tissue and the bone may break 1n this region if the nail 1s not removed
m time  On the outsde of the bone surrounding the rust-damaged area, periosteal
apposttions can alwavs be noted which reinforce externally the internally weakened
structure of the bone (Figs 198 199) 1In some cases however pseudarthrosms
develops  In the presence of corrosion patients usually complan of “drawing”
pans especially dunng the nught (pages 11/938 939)  Sometimes sinuses develop
from the presence of rust With nailed hups one can frequently observe that the
granuloma caused by the rust weakens the femoral head to such an extent that 1t
collapses (igs I1/1780 1801 and 11/1839-1841) Thus proves that the damage to
the bone ussue 18 caused merely by chemucal and not by mechameal processes and
that 1t can be prevented by the use of proper matenal  Systemic demage caused by

large quantities of embedded V 2 A-steel 1n the body 1s desenibed on pages 52 53
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THE CALLUS PROBLEM

The fundamental laws of fracture treatment are

1 Reduction

2 Retention of the well reduced fragments in good position until they are firmly

united.

3 Exerase

The general and local impairment of the motor apparatus and of the arculation
caused by the injury as well as by the immobilization will be less, the quicher bony
umion occurs, 1¢, the faster the callus forms and consolidates It 1s thercfore
extremely desirable to find some means of speeding the formation of callus and thus
shortening the penod of immobilization  All chemucal, physical or biological means
for this purpose recommended to date have proven entirely neffective I therefore
received with great enthusiasm hintscher’s announcement that his nail does not
only immovably retain the fragments but also produces 2 marked stimulation of the
callus formation  Unfortunately he was in error

Because many misconceptions about the formation of callus and its disturbances
prevail, I will try to rectify these and will devote to the purpose a special chapter
with meny illustrations

Essentials of Reduction and Retentlon

There are 5 types of displacernents viz

1 Angulation (dislocatio ad axim)

2 Rotation or torson of the fragments against each other (dislocatio ad

penphenam)

3 Lateral displacement (dislocatio ad latus)

4 Longitudinal displacement with shortening (dislocatio ad longitudinem cum

ahbreviatione or contractione)

5 Longitudinal displacement with lengthening (dislocatio ad longitudinem cum

clongatione or distractione)

The latter displacement was unknown except 1n fractures of the patella and of
the olecranon and of avulsed fractures of higamentary and muscle attachments be
cause 1t hardly ever occurs in shaft fractures as a result of the acadent.  Since the
mtroduction of skeletal traction, however 1t has become of paramount mmportance.
In shait fractures distraction 1s, s a rule not due to the acadent, but to the treat
ment. It 1s the most dangerous and gravest of all displacements because the frag
ments frequently will not umte if they are kept separated for many weeks or months.
That separated fragments will not unite was known to Hippocrales from the fracture
of the patella. If the gap between the fragments 1s only munor bony umon may
occur but only after a long time

In the treatment of fractures the goal was always to prevent undesmable
sequelae  Next to lack of bony umon the eequela mentioned first was shortemng
then angulation rotation decalafication of the bones atrophy of the muscles,
Iomitation of motion and painfulness of adjoining or further removed jownts and
prolonged swelling
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Shortering angulation and rotation are sequelac of fractures only, the other
sequelae may follow other injuries as well - The displacement of fragments can be
removed permanently by timely reduction and suitable retention Reduction must
be carned out with a plan  Angulation and rotation arc corrected first  In trans-
verse frctures the lateral displacement can only be corrected after the shortening
has first been climnated by traction and counter traction causing a shight distrac
tion, otherwise the jagged fracture surfaces cannot he moved upon cach other (Figs
531 535) As soon as the fragments arc in position, longitudinal traction must
be decreased until the fracture surfaces touch cach other  After medullary nathing
they must be impacted (Tigs 536-539) Therefore distraction of the fragments
must only be produced temporanly for the purpose of reduction A fter lateral dis
Placement has been correcied, any lengthening must iymedately be eliminated

The correction of lateral displacements is very important in joint fractures and in
para articular fractures  This is, as a rule, not difficult and with proper immobilhiza
tion redisplacement 18 not very likely  In shaft fractures however, 1t 15 sometimes
difficult to correct the lateral displacement which has a marked tendency to recur
Many gee 10\ ray pictures mercly the lateral displacement and make every effort
to eiminatc 1t Thus 1s the reason why so many closed fractures are treated opera
tively  Others apply lateral traction or pressure pads and frequently overlook the
fact that at the same time they maintain a separation of the fragments by continuous
traction transfixion or e plaster spica  Thus means that they corrected angulation,
rotation, shorterung and lateral displacement but at the same time produced another
displacernent, the most dangerous one, viz a distraction of the fragments Ve, o
lateral displacement, even by full shaft s thickness 1s entirely snsignificant cosmelically
as well as funclionally 1n shafl fractures provided no angulations, no rolatron and no
appreciable shoriemng are present ab the same time as shown mn Figs 1/196-203,
1/206-215 and 11/2016-2026 Dlistraction (lengdthening) is the most danger-
ous of all displacements It muat be corrected immediately after reduc

tlon and during the period of retentlon it must be avolded under all
clrcumstancea

Callus Formation without Medullary Nailing

Callus 15 developed by the bone in response to a simulus which 13 strong enough
tobreak thebone A fracture 1s therefore the prerequisite for callus formation  All
tissues in the region of the fracture area are involved, viz the bone marrow, the
bone stself the persosteum and the surrounding tendons and Ligamentary attach
ments as well as the muscles  The bematoma muxed with the fat of the bone mar-
row and the small bone splinters acts as the shmulus as well as the reconstruction
matenial  The most smportant requirement 1s good general and local circulation
The severance of nerves has no influence upon callus formation nerve stimulation
however can markedly impair 1t Even psychic influences and therr .
the arculation must not be underestimated (see
Joy increases the rate of the pulse

The process of callus formation varies greatly in various bones and vanous sec

effect upon
pages 1/20 and 11/1520 11/1536)
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tions of one and the same bone with the patient’s age and with his general cond:
tion, and with vanous nutntional and chmatic arcumstances, but 1t always follows
a rule Young people form callus more quckly than older people. Bones
which are surrounded by a thick cuff of muscles and are therefore well nounshed
produce callus quickly, 1n intra articular fractures, e g those of the nech of the
femur or of the scaphoid of the wrist 1t 1s formed slowly and sparsely Speaal
fentures of the callus formation 1n metacarpal and metatarsal fractures have been
pownted out on pages 1/725 and I1/1473  One must be acquainted with these ar
cumstances 80 as to avoid superfluous or even injurious measures

Absorption at the fracture stumps  After any fracture a marked hyperema
of the fracture area develops and lively anabolic and catabolic processes take place.
Both fracture stumps become necrotic, as can be proven histologically, for a distance
of 1-2 mm on the neck of the femur sometimes up to 2 ecm  As a rule, the thicker
the bone, the more of 1t will be absorbed F homig has devoted speaial studies to
these processes This dead tissue 1s dissolved and absorbed and acts biologically
as a stmulus upon 1ts surroundings  From a mechamecal standpomnt, however this
process s of the greatest importance because even 1n fractures without displacement
1t produces a gap between the fragments which must later again be filled The
development of this gap can best be followed n fracures of the carpal scaphoid
The fracture line may onginally be so faint that 1t can hardly be distingished on the
first \ ray pictures (Fig 1,1253)  After 10-14 days the absorption along the frac
ture surfaces has progressed sufficiently to be planly recogmzed by a widenng of
the fracture ime  If this fractured bone 18 then immobihzed properly, the gap 1s
usually filled by bone 1n about 6 weeks  If it 18 not immobilized, the absorption con
tinues and a traumatic cavity develops as shown 1n Figs 487 48§ E, 1/249, 1/1264,
11269 and 1 1270 If even then no immobilization 18 instituted, both fracture
surfaces become sclerosed and & pseudarthross develops (Figs 493, 494 E, 1/1273
1/1274) and sometimes a necrosis of ope or of both fragments occurs (Figs. 495
496 E 171275 1 1276)

In shaft fractures the absorption transformation and reformation of bone follows
an entirely different pattern  Thus can best be studied by observing the healing of
fissured fractures of the second and third melatarsals  In these fractures the fracture
Line 18 bikewse at first so faint that 1t can barely be seen with a magmfyng glass
(Figs 1024 E II 2991)  After 2-3 weeks the Line becomes wider and more plaunly
vimble If these fractures are ;mmobilized by & walking cast they umte 1n 6 weeks
by the formation of a comparatrvely shght penosteal callus which surrounds both
fragments like a vise while the fracture ine mn the bone 1s still dishnctly visble
(Fig 1I 2993) These fractures are frequently not recognized and are therefore
not immobilized  Some omut immobilization intentionally in order to apply massage
and passive motton  Under these arcumstances, an extenmve penosteal umtative
callus will develop (Figs 1026 E I 2996) which will not recede before $-1 year
(Figs 1027E,1I 2997)  The foot then remains swollen and painful for many months
gs an mndication of disturbed arculation  The healing process 1s therefore much
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different 1n these cases from the healing of the carpal scaphoid, because the meta
tarsal bones have a strong periosteum and are surrounded on all sides cxcept on
the dorsum by well vasculanzed muscles  The scaphoid, however, 18 more than
half covered by cartilage and no muscles cover the periosteum

In fractures of the shaft of the ulna alone with dislocation of the proximal end of
the radws, the fracture cnds also undergo absomption  Since the ulna 13 thicker
than the sccond metacarpal bone, the abeorbed arcais larger  With good reduction
and pericct apposition of the fragments, & gap of 34 mm_ develops after 34 weeks
since the fragments cannot approuimate each other if the dislocation of the ntact
radsus has been reduced (Figs 1/864-867)  In thus {racture, usually strong periosteal
callus develops on both fracture stumps which, however, is frequently not able to
brdge the gap cven with adequate immobilization for 8-12 weeks, so that pseud
arthroms develops (Figs 1/868-871) 1f in this type of fracture dislocation the
radius 13 not reduced or1f it redislocates asin Tig 1/875, the fragments can appron
mate each other and bony umon will take place if the fragments are properly 1m
mobilized for a sufficent length of time, that 18, 8-12 weeks I, however, the frac
ture 15 not unmobilized and massage and passive motion are apphed mstead, a
pseudarthrosis will develop on the ulna even if the dislocation of the radius persists
(Figs. 1172-1179, 1186-1197)

If both forearm bones are brohen and well reduced and 1if they are immobilized
long enough, 1 e, 10- 12 weels, the radius usually develops bony union first It then
acts as a prop to the ulna and 1t may take 2-3 years until this fracture consolidates
through a stage of psecudarthroms (Figs 1/916-926, 1/962-973)

For an wsolaled {ranserse fracture of the radius, the conditions after reduction
are much more favorable because the distal fragment can approximate the proxmmal
fragment by a subluxation m the distal radio-ulnar jomnt (Figs 407-110, 411414 E,
1/1002-1009, 1/1010-1015, 1/1016-1023, 1/1024-1027 1/1028-1030)

If the appromumation of the fragments 13 prevented by an mcorrectly apphed
double wire transfixation cast (Figs 395400 E, 1/936-941) or by a Lane plate follow
ing transverse freshening of the fragments, callus will not form (Tigs 1/1051-1054)
This same patient, however, developed bony union following Z-shaped freshening
and arcumferential wire suture (Figs. 1/1055-1058) The cause of non union 1 this
case lay not 1n the bone or in the patient but in the method of immobilization

Aslong as the belief prevailed that the medullary nail stimulates callus formation,
even {resh transverse fractures and pseudarthroms of the forearm bones were treated
withit  Since the nail for the radius 13 always curved, it prevents an approximation
of the fragments as absorption takes place and therefore, even with ths method,
pseudarthrons developed frequently (Figs. 1117-1126 1204-1209, 1210-1221)

In fransverse fractures of the itbia alone the area of absorption at the fracturc
ends 1s proportionately wider than on the ulna, the gap should therefore become
wider However the fragments can approxumate, similar to those of the radius by
shght central subluxation n the lower tibio-fibuler joint  The fracture hn:: 1s
usually still plainly visible after three months and the periosteal appositions at the



Fig. 183 Fig 284 Fig. 285 Fig. 286
March 13 19H Alarch 13 194

Figs. 283 281 A 16-day-old fracture of the right femur at the middle of the shaft with shorténing of § cm.
1 a 26-year-ok man, from a motor<cycle accldent en Febriary 26, 1944, Was pronided with a plaster
cast after 2 days. Extensrve doudy callus formation 16 days after the accldent.

Flgs 285, 286 A 30-da)-oMd fracture of the left lower beg above the mrddle with shortenng of 4 cm. Abo
fracture of the fibula above the middle and below the bead, m a 29-year-old rman, from an atrplane cush
on Febroary 14 1941 Was peovided with & padded cast 2 days after Injury  Good callus formation 28
days sfter the acddent.

fracture ends bave not yet achieved contact (Figs IT,2472-2475)  After 6 months
one may often gain the impression that a pseudarthrosis 1s developing (Figs. 11/2476
2477) The callus has become stronger but the fracture line continues through 1t
and the ends appear sclerosed  As a rule however, full consolidation occurs after
one year (Figa. IT 2478 2479) If however, the intact fibula which holds the tinal
fragments apart 1s osteotomized early the fragments can approximate each other
as ahsorption takes place and they will then frequently umte firmly 1 10 weeks,
since the development of callus 1s not interfered with by gaping (Figs. I1,2480-2485)

Transverse fradures of the femur show bony umon 1n 8-10 weeks and fransrerse
Jractures of the humerus umte firmly 1n 4-6 weeks after reduction without distraction
Healing 18 more rapid if the fragments are not 1n perfect apposition, but displaced
laterally by at least one half of the thickness of the shait (Figs 1/733 734) Umon
occurs promptly too if the fragments overlap with a shortening of at least a few
milluneters.

That a shght hiatus between the fragments 1s suffictent to delay callus formation
by many months is evident 1n fractures of the fingers (Figs. 1,1477-1486 1/1447-
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Fig. 28+ Fig 288 Fig. 289 Fig 290
Aprit 1 1944 March 20 1943
Flgs. 287 288. A 17-day -old compound fracture of the left humerus with paralysis of the madial nerve, with-
out mfection, with shortenlng of 4 cm., (n s 30-year-old man, {rom & nfle shot on March 13 18H  Was
povided tramediately with o, Desault bandsge. Pronounced calles formation 17 days after the acodent.
Fige. 289 290 A G-menths-old Infected gumhot fracture of the humerus shown durng application of &
Plaster cast, in & 22 year-old man from shell-fragment on September 14 1942 Vvas treated for 10 weeks
with wirc tractlon through the olecranon with & weight of S Kg  Crown sequestra at both fracture ends.
No caltus formatlon.

1451), of the toes (Figs 11/3008-3012), or m avulsion fractures of the Sth metatarsal
(Fig 11/3016)

Oblique fradures develop umion rapidly with very httle visible penosteal callus
formation even if the fragments had been exposed operatively and umted with large
metal foresgnbodies, provided accurate apposition and good retention was obtamned
(Figs 922-931, 940-943 944-951) In transverse fractures of the tibia, however,
the large foreign body delays callus formaton even if the fragments are 1n perfect
apposition and even if the locling action of the fibula 13 completely ehmmated by
osteotomy or even by resection of a large segment (Figs 952-959, 960-971)  From
this we must draw the lesson that in operative procedures the fresherung of the
fragments must never be done transversely but always obliquely or Z-shaped

In obhque fractures with no contact between the fragments and with shortening
prevented as in fracture dislocations of the forearm near the elbow (Figs 381-382 E,
I/872 873) only famnt callus develops. Complete consolidation of the ulna tahes
many months (Fig 1 874) Inspimlfractures with a shght shortemng of 35 mm



96 MEDULLARY NAILING OF KUNTSCHER

e g ,of the lower leg, healing 1s rapid (Figs 11/2394-2401, 11/2402-2409)  Callus 13
then mather faint, yet fit for weight bearing  If immobilization was not interrupted,
penosteal callus can barely be discerned

In spirel fractures 1o any third of the femur, bony union with hardly any pen
osteal apposifion develops within 8-10 wechs even 1if the fragments are displaced

laterally by full thickness of the shaft (Figs. 11/1984-1986, IT/2016-2021) Tt 1s
therefore not necessary to correct a displacement by full thichness of the shaft under
all arcumstances, because healing takes place as & rule just as quickly as with perfect
apposition (Figs. I1,1987-1990) prowvided no distraction exists.

It 1s again and again apparent that even 1n oblique fractures no callus forms f
the bone 1s lengthened by excesstre traction even if only by a fen millimeters, al
though the fracture surfaces are still in apposition for a stretch of 5-10 cm  wathout
appreaiable lateral displacement If traction 1s then reduced, a shortenung will
occur 1n lower leg fractures which may yet be followed by bony union (Figs 11/2390-
2392) provided the fibula has not yet umted In transverse fractures in which a
large atus was produced by excessire traction, urion usually does not occur

Rapid callus formation unth shortening and overnding of the fragments  Callus
forms more quiclly and abundantly the greater the shortening, 1f the fragments
were immobilized completely and continuously without ever having been separated
by excessive pull.  Thisis most clearly evident from the \ ray pictures of two femur
fractures (Figs. 283 284 291 292) onelowerleg fracture (Figs 285, 286) and one hu
merus fracture (Figs 287, 288), which distinctly show cloudy callus formation in the
3rdordthweek  These patientshad moreover, undergone & strenuous transport for
over 1000 kilommeters  The same observations can be made, however, i patients 1n
good general condition under favorable external arcumstances (Fig 373) It s
of particular interest that with shortening and good 1mmobilization, callus forms
rapudly even if displacement by full shaft thickness or even by double shaft thick
ness persists as shown n Figs 1/196-203 and Figs 307-316  The patient of Figs
307-316 18 of particular interest because callus formation was only famnt on the sde
with the lesser shortening but marked on the side with the greater shortemng

Influence of muscle interposition upon callus formadon If shortenng
ensts muscle mterposibon 18 &s & rule of no sigmficance If however, the frag
ments are separated longitudinally callus formation stops (Figs 305 306) not be
cause of 1nterposition of muscle tissue but because of the longitudinal separation of
the fragments.

If the fragments overlap and are 1n contact (Figs. 291 292), callus forms around
both fragments  If the fragments are not 1n contact callus forms in fractures of the
mddle of the femur at the distal fragment growing proumally whereas no callus
whatever appears on the proxmmal fragment which also never becomes sclerotic
(Figs 299 300 and 307-311)  In such fractures the medullary canal of the proumal
fragment 1s stll open after years. Extenuve scleross of both fragments develops
only 1n contact pseudarthross (Figs. I 234-236 952-959)

As soon as the fragments are reduced and immobilized, e g with a medullary
nail, callus forms chiefly on the medial and posterior arcumference (Figs. 293 294)
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Fig. 91 Fig 292 Fig 293 Fig 4

March § 1942 June 1 1942
Flgs 291 292. Leversge fracture of the left femur in a 23-year-old blacksmith who was run over  Provaded
tmmediately with & plaster cast  \fter 5 weeks following the acodent there was g shortening of 4 an,
varm and recunvation of 20° each, extensive and strong callus all around the fracture which is still soczewhat

sprngy It was exposed and provided with a meduflan nail.
Figs. 293 794 Same as Flgs 291 292 12 weeks after operation  The pail is too short therefore, the
fracture healed with varus and antecurvation of 10° esch, Strong callus formation on the medsal and

posteior side,

but not because these are the concave sides, but because the muscles are attached
to them Callus formation in the tibi illustrates this best here the callus forms
pot on the concave medial and antenor aspect but chuefly on the lateral and pos-
tenior side along the interosseous membrane (Figs. 816-823)

Since bone absorpton of 1-3 mm occurs in all fractures, 1t is one of the
chief objectlves of fracture treatment to obtain a shortening of 1-10 mm ,
in order to prevent n diastasis between the fragments which would cause a
delay in callus formation as well as aerious circulatory disturbances and
thelr sequelae

Excessive Callus Formatlon without Medullary Nailing

This occurs under vanous arcumstances for mstance, if well vasculanzed frag
ments 1n good apposition are continuously subjected to shight angulatory stresses,
such as the famnt fissure fractures of the 2nd and 3rd metatarsals (Figs 1026, 1027 E,
I 2996 2997) frctures of the distal balf of the femur (Figs. 396~407) or of t_hc
humerus (Figs 1010-1063) which were treated with the medullary nail  Such callus
1s loose and abundant but for & long time unfit for functional use and also painful
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Fig. 295 Fig. 296 Fig 297 Fig 198
Figp. 295-298. Specimen and \ ray pictures of an infected fracture of the femur proximal to the knee joint,
Extensive, irregular partly scaly periosteal appositions which gave the callus & fursy appearsnce In the
. ray plctures, as in Figs. 324 and 675-6/8,

Excessive callus formation 15 also seen 1 fractures close to jomts surrounded by
short fibred muscles which only bridge one joint, as at the proxumal end of the femur
and at the distal end of the humerus 1f the fractures are not properly immobilized
whereas with goed reduction and immobilization, callus of normal size develops also
in these fractures. In lateral fractures of the femoral neck which are not well im
mobilized lurunant callus formation ansing from the distal fragment, and pseud
arthrosts developing on the promimal fragment, may be found mmultaneously

Excessive callus formation with extenstve periosteal appositions 1s most fre
quently found 1n compound fractures especally 1n gunshot fractures, in case infec
tion sets 1o This constitutes a tremendous stimulus if the fragments are not
separated  The bone then shows thick, “fish scale like apposmtions (Figs. 295, 297
and 671-678)  In spite of the abundant callus these bones are for a long time not
firm enough for functional use

If the fragments overlap and are angulated callus will develop in fractures of
the muddle third of the femur only on the distal fragment, wheress the proxumal
fragment protrudes into the surrounding tissues without the shghtest evidence of
callus formation  As a rule the medullary cavity of this fragment does not become
operculated by sclerosed bone as in pseudarthrosis but remans open (Figs. 299,
300 307-311) because there 13 no counter-pressure as in contact pseudarthrosis,
1n which both ends are operculated (Figs I 234-236 and 952-959)

The Sequelae of Excessive Continuous Traction

With sphints and plaster casts 1t was formerly not possible to prevent shortening
in many fractures espeaally those of the femur It was therefore the goal of all
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Fig. 299 Flg. 300
Fip. 299 300 Spedmen and \ 1y macture of an Infected fracture of the femur healed with maried an-
gulation. In fractures with soch pronounced angulations, the callos usually develops from the proximal
end of the distal fragment, w herens po callus forms at the end of the p 1 0 that the medulk
caml remains open, as in Figs 313-316

Y

surgeons to find some way to prevent shortening by continuous traction  Shings or
cuffs fastened above the hnee or ankle were tried repeatedly mithout success, because
the required puil caused unbenrable pressure and serious damage Not until ad
heave plaster was introduced was 1t possible to exert sufficent traction  But the
application of adhesive traction was difficult, bhisters dermatitis and pressure sores
developed frequently Therefore the method of applymng traction directly to the
bone by means of pins, calipers or wires was greeted with enthusiasm  Thus skeletal
traction 1s capable of outstanding achievements when used properly, and any
shortening can be overcome with 1t It entails however the danger of nfection
(see pages 11/838-847), end again we always see cases n which lack of proper
supervision led to senous infection and even death These complications can
easily be avoided 1if the pins or wires are carefully watched and removed immed:
atcly upon the appearance of nflammatory reactions However, complications
caused by excesaive traction are much more common because this feads fo separa
tton of the fragments, sertous circulatory disturbances delayed callus SJormation or
non unton wasting of muscles, decalasfication of bones and limitation of yoint more
ment  QOccasonally even paralysis may occur (Figs 322-333)
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Fig. 298
Fign. 295-298 Specimen and \ ray pletures of an Infected fracture of the femur proximal to the Lnee joint.
Extensive irregular partly scaly penosteal appositioms which gave the callus & fuzsy appearance in the
. ) prctares, as in Flgw 324 and 675-678.

Excessive callus formation 1s also seen 1 fractures close to jomnts surrounded by
short fibred muscles which only bndge one joint, as at the proximal end of the femur
and at the distal end of the humerus, 1f the fractures are not properly immobilized
whereas with good reduction and immobilization, callus of normal size develops also
n these fractures  In lateral fractures of the femoral neck which are not well 1m-
mobilized lururiant callus formation arising from the distal fragment, and pseud
arthromis developing on the prormmal iragment, may be found simultaneously

Exceasrve callus formation with extensrve pertosteal appostions is most fre
quently found 1n compound fractures especially in gunshot fractures, 1n case wfec
tion sets in This conshtutes 2 tremendous stumulus if the fragments are not

ted  The bone then shows thuick  ‘fish scale lile appositions (Figs. 295 297
and 671-678)  In spite of the abundant callus these bones are for a long time not
firm enough for functional use

If the fragments overlap and are angulated callus will develop in fractures of
the middle third of the femur only on the distal fragment whereas the pronmal
fragment protrudes 1nto the surrounding tissues without the abightest evidence of
callus formation  As a rule the medullary eavity of this fragment does not become
operculated by sclerosed bone as in pseudarthrosis but remams open (Figs. 299
300 307-311) because there 1s no counter pressure as 1n contact pseudarthross,
1n which both ends are operculated (Fygs. I 234-236 and 952-959)

The Sequelae of Excessive Continuous Traction

With splmts and plaster casts 1t was formerly not posable to prevent shortenng
1n many fractures, especially those of the femur It was therefore the goal of all
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Fig 305

May 28, 1930
Fig. 305 Fractare of the left femur with marked dastass of the fragments, probably due to excesuve
traction 18 months after the accident.
Fig 306 Sketch to Fig 305 drwn during operation Masmve interposition of musde thsae.
(») Proximal fragment (b) Distal fragment (c) Interposed muscles. Both pictures are taken from the
book of Frits Kinfg, “Operative Behandlang der Knochenbréiche.

and cellular exudation, a sproutmg of capillaries to an Increase in connective tissne and eventually
to formation of granulation tissue. Decreasing persstatic hyperemua leads gradually to healing m
which vanous degrees of vasomotor stimulation cause certam defimite tmsue fonmation, The
hughest degree of permstatic hvperemia causes formation of granulation tissue, 2 medum degree
causes an increase m fibrous elements with simultaneous redaction of the already formed cellular
elements, the connectrve tisue cells and capllianes  Further reduction transforms for example
m a fracture the fibrous tmsue into cartilage and eventually mto bone. The speafiaty of the
mother trssues plays a deterouning role 1n these processes

“Any mjury will heal the soomer the quicker the conditon of stass due to manmum stima
lation of the arculatory termuals or a high degree of penstatic hyperemm 15 reduced to normal.
The course of these stages s the sole determinmg factor 1n the healng process ”

Lexer demonstrated the fracture hyperemia in over nding fragments It would
be most instructive 1f smilar injected speamens were produced from fractures i
which the fragments had been continuously distracted.

Excesuve traction does not permit the stmulus {6 subnide Circulation 1s there
fore poor throughout the fracture area regenerative power 18 poor, hence the trans-
formation of connective tissue into cartilage and bone does not take place

The consequences are

Delayed calius formation frequently leading to

Formation of eburnated mechanicilly infertor callus bridges and therefore
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Fig 301 Fig 302 Flg. 303 Flg 304
May 14 1942 Angust 13 1942 October 31 1942
Figr. 301 302 Fractare of the left femur under continuous traction fn a 21 year-old musician 165 cm. tall,
welghmg 62 Kg Inyured on Afarch 23 1942 Wlre traction was applied to the femur dsrmbers 2 days
after the accident with a welght of 10 Kg. The fragments have separated by 10 mm.  Although 7 weeks
had elapsed since the acadent, no trace of caltus was formed because of the excesive traction.
Fig 303 Same as Fig 301 alter another 3 months. Traction was removed 4 monthe after the sccldent.
This was follon ed by angulation and ehortening  Senall callus clouds at both fragments.
Fig 304 Same as Figs 301 and 303 7 months alter the accldent. Becausc of the angulation and short
enmg another wire traction with 7 Ky was applied dleewchere. Angukﬁoulnd:ho-r(mlngum'med. Only
alight cafluy formatlon. Fracture entirely loose. Th: and dullary nafling which
was followed by comperatively rapid bony umson.

It 13 surprising to notice again and again that a slight separation of the fragments
10 the long axis by only a few muillimeters, 1s usually suffiaent to delay the formation
of callus as shown 1n Fig 376 or to prevent 1t completely as in Fig 301, whereas
lateral displacement with shortening does not usually interfere with callus forma
tion (Figs 307-311) This 1s probably due to an imtation of the vascular nerves
by the abnormal tension leading to vasospasm, es propounded by Ricker Victor
Schifer clearly explained Ricker s investigations as follows

The stimulation of the vascular nerves causes a reflex closare of the artenoles and by the
dilatation of the capfilanes and smallest vems a stoppage of the circulation occurs in the second
rone (see page 1/107) of the wound ares which mcludes the fracture  Tissue affected by con
tinuons stass 1 without nourmhment and therefore becomes necrotic.  In the area sarrounding
the wound 1.6 the third zone the stimulation of the nerves mless. The smallest arteries are here
not completely closed but merely contracted to & very narrow lumen whereas the capillaries and
small veins are markedly enlarged as in stams  For this reason the blood supply to the ares,
although 1t appears markedly hyperemic, 15 actually less, because the blood flow s much slower
smce 1t passes through contracted arteries into dilated capillares and venules—much the samcas s
stream which slows down when it enters & wider bed.  Ricker calls this conditson of the arcalatory
termmals a permtatic hyperemua because 1t precedes or follows as a rule the maximum degree of
vasomotor stimulstion, viz. stasn. Thn marked degres of peristatic hyperemua leads to serous
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A true phvsican will wugh all circumstances in every individual case and plan
his treatment accordingly  In fresh closed fractures the aim must be to heepshort
emng and angulation to a minimum, and to stnctly aveid the slightest distractton
A fracture healed wath angulation should, however, not be corrected 1n patients over
10 years of age because the nsk 1s too great Particular caution must be excrcised
1n infected fractures, because refracture and strong traction usually lead to a flare up
of the infection and marhed suppuration  The ensuing scquestration of small frag
ments which were already in the process of umting will increase as the gap between
the fragments 1s widened (Figs 289, 290)  Muscles are frequently destroyed by
tubular abscesses  The {mcture heals very slowly ifatall  The limb must be kept
1n a plaster cast for many months, and the joints stiffen It can cven happen that
the flare up of the nfection 1s so severe that the member must be amputated, or
that the patient dies  Under such arcumstances it 1s much preferable to forego an
attempt to correct the shortening and thus to preserve life and mb and to restore
comparatively good function 1n & fairly short penod of tme  If a ferur heals with
a final shortening of more than 4 em, the leg can be cqualized safely in younger
patients by shortening the well femur using & medullary nal (Figs 705-734)

The number of patients who of late were senously damaged by excessive sheletal
traction far outnumbers those who were damaged by operative procedures with ex
posure of the fracture site. I therefore welcome the treatment of dosed femoral
shaft fractures with Kilntscher’s medullary nail because these cases thus escape the
dangers of improper continuous traction

Since wire traction is now used extensively and frequently quite injudiciously,
the overall results of fracture treatment have not improved since 1ts introducton,

but have become worse and the healing time now tales as many months as 1t for
merly took weels

Delayed Union and Non unlon through Excessive Continuoua Traction

In order to avoid the damages resulting from excessive traction it 1s necessary
to determune accurately the strength of the required pull for each individual case

Determination of the Weight for Skeletal Traction  The problem of the treatment
of a fracture is not solved by merely applying some kind of weight or by pulling as
hard as possible  On the contrary traction must be adjusted very accurately for
cach individual case and the effect of 1t must be checked roentgenologically and wth
& tape measure not more than 2-3 days later, in order to increase or decrease the
weight as required  One must hnow that & shortening of 1-2 cm 1s, a3 o rule en
tirely irrelevant, whereas a lengthening of 0.5-1 am will alwavs unduly prolong
the treatment and frequently cause serious transient or permanent damage  If too
httle weight 15 used the shortening will not disappear and if too much weight is
used the fragments will separate (Figs. 11/1603 I11/1976 11/2159-2164 and 322
357)  Both conditions cause pain o the beginning

The amount of traction required is determined by the development of the muscles
which can be estimated by wmspection and palpation snd from the body weight
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Refracture or

Pseudarthrosis

I operated upon hundreds of pseudarthroses Most of those of the femur and
lower leg were due to excessive continuous traction (Figs. I1/2159-2164, I1/2506—
2605, 735-783 and 940-971) I have repeatedly pownted out these complications
(sce pages I1/106% and I1/1286 and 1n meny other places)

If traction 13 extraordinanly excesuve and 1s maintained for a long penod as in
case 4 (Figs 322-333), case 5 (Figs. 334-343), case 6 (Figs. 344-351), case 7 (Figs. 352~
357) and In Figs 358-365, 366-372 and in Figs II/2390, 2391, not only will local
disturbances ensue but severe vasomotor complications 1n the entire hmb as well.
The consequences are

Cyanosis and coldness of the limb

Tendency o swellings

Marked muscle atrophy  Espeaally the small intninmic muscles of the foot waste

rapidly and shorten, causing claw contracture of the toes.

Contracture of ligaments, caumng stiffness of joints

Rapid decalesfication of the bones This causes pains in the hmb and 13 fol-

lowed by

Shrinkage of the skin, and glossiness of the skin

Shrinking of the affected hand or foot, even sn adulls

The symptom complex 1s that which follows a light degree of acute ischerma.

Very strong traction 1s sometimes followed by paralyss of the peroneal or scatic
nerve,

In compound fraciures excesmve traction, by adding further injury to the tissues,
causes, n addition to the arculatory disturbances

marked snflammaiory reactions

abscesses and

sequiestration of bone splinters which were already in the stage of healmgin  Not

uncommonly

crown sequestra on both fracture ends appear (Figs 289 290)

For these reasons continuous traction must be used with particuler caution 1n
old compound fractures or in 1nfected fractures.

I know a surgeon whose first thought 1n all gunshot fractures was the ehmination
of shorterung and angulation irrespective of the general condition of the patient or
of the wound mtuation. He achieved his purpose 1n many cases. In some he ob-
tained a lengthemng However the excesmve traction frequently caused marked
inflammation It frequently took 8-12 months occasionally even longer to achieve
bony union whereas without excesuive traction, union sufficent for functional use
would have taken place in that many weeks The extraordinarily prolonged 1m
mobihzation caused marked restnction of motion 1n all joints, the muscles were
weakened and the walling ability was permanently greatly impaired. The result
was therefore, much worse than in those cases which healed with some shortening

and angulation.
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R 312 Fig. 313 Fig 314 Fig. 315 Fig 316
July 31 1942 Augestd 1942 Auguat10 1942 \ngwt17 1912 Sept 15 1942
Flg. 312. Leversge fracture of the left femur distal from the middke ina plaster cast, 17 days after Injury
In a 19 year-old man injured en July 14 1942 Simultancous dislocation of the lddt up with paralyms of
the scratic nerve and fracture of the right femur (Fig 307) Becausc the posterior dislocatson at the hip

Jomt had mot been recogmzed and was not reduced, the proxmal fragment Is adducted and the distal frag
ment 1 atyplcally deplaced laterally and abducted by more than twice the width of the shaft. Shortening
1an
Fig. 313 Same 13 Fig 312, 5 days after the application of wire traction with 7 Kg., as on the right side.
A lengthenmg of 0.5 cm was produced.  Indistinct callus cloud arlddng from the distal fragment but much
Jess than on the right sde (Fig 308) Treated elsewhere.
Fig 314 Samcas Fig 313 after 6 days, or 28 days alter the scadent.  In contrast to the dght sde (Fig
309) callus formation did not increase.  Lengthening of 0.5 cm.  Since this was not recognized  the waghts
were increased from 7 to 9 Kg

Fig. 315 Same a3 Fig 314 after 7 days, or 35 days after the acodent.  The lateral doplacement bas
diminished. A lkengthening of 1.5 cm. developed.  In contrast to the nght side (Fig 310) callus formation
has not Increased.

Fig 316 Sameas Fig 315 after 28 days, and 25 dayw after medullary naifing or 63 days after the accident
penosten] callos has farmed.

For closed fractures of the lower leg, positioned as in Fig 11/2374 a traction of 3
Kg 15, as 2 rule sufficent. In infected fractures the weight must occasionally
be reduced to 2 Kg oreven 1 Kg T have always used these weight proportions, as
evident frommy treatise  Uber cine Eanhertsbehandlung der Unterschenlelbrilche”,
M m W No 3 1918 In old fractures of the lower leg, traction m some cases may
have to be increased to 10-15 Kg for a few days (Figs 922-931)

For fractures of the humerus skeletal traction 1s necessary only 1n exceptional
cases (see page 1/456)  No more than 1 5-2 hg must ever be used, and 1 Kg 15
frequently sufficent

In forearm fractures, sheletal traction will as a rule, only cause damage
In order to be able to count the weights at a glance we never attach more than
Shg toonerod  If less than 10 heg arc used, e g, 8 he one rod will hold 5 Kg
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Fig. 307 Fig 309 Fig 310 Fig. 311
July 31 1942 August 4, 1942 August 10 1942 Aagmt 17 1942 Scptember 15 1942

Flg 307 Fracture of the nght femur above the middle in plaster cast, 17 days after the accldent m a 19-
year-okd young man, height 182 cm. weight 72 Kg  both of »hose thighs were rm over by an antomehfle
on July 14 1942 At the same trme he suffered a fracture of the Left femur (Fig. 312) and o dislocation of
the left hip with paralyxs of the sciatrc nerve  The distal f shows typlcal add and medial
displacement by 1} times the width of the shaft. Shortemung, 4 cm.
Fig 308 Same as Fig 307 5 days after the apphscatlon of wire traction with 7 Kg.  Angulation and
lateral displacement slightly incressed. Shortening, 3 cm. Distinct allus clouds Trested dswmsere
Fig. 309 Samc as Fig 308 after 6 days, 28 days after the actdent.  Angulation corrected, shortening
3an. Traction weight incressed from 7 to 12 Kg.
Fig 310 Same as Fig 309 after 7 days, or 35 days after the acadent.  In spite of the heavy traction
the shortenmg remains onchanged. There is again & varus angulation. JMarked increase of aalim for
matlod.

Fig. 311 Same as Fig 310 after 28 davs, or 63 days after the accldent. In spite of continuom truction

of 12 Kg. the ahortening of 3 em remalned unchanged.  Strilangly marked caltus formation anmag only

frem the prommal end of the dmtal fragment, whereas the pronmal fragment shows no trace of callns

formation as in Figs 299 and 300 Varus angolation of 10*  Fractore dinically firm. Later osteotory
and mednllary nalling

Expenence teaches us that m fresh closed fractures of the femur 1n patients with
average muscular development the weight required for traction 1s as a rule, one

seventh of the body weight if the leg 1s pomtioned as pictured 1n Figs II/1604-1606
on a Braun leg frame with the foot of the bed elevated  Thus 1n a patient weighing
70 Kg the traction should amount to 10 Kg  If traction 18 applied above the knee
joint, no more than one-eighth of the body weight must be applied thus only 9 Kg
m 2 patient weighing 70 Kg under the afore mentioned conditions  In old patients
with weal muscles and 1n compound fractures at the most one tenth of the body
weight should be used (Figs 11/2159-2164)  As soon as an infection occurs at the
mte of the fracture even this amount of traction 1s too great and should be reduced
to 6 or even 3 Kg 1n a patient weighing 70 Kg (Figs. 322-351)  In old dosed frac

tures of the fermur with marked shortemng a traction of 15-20 Kg 1s sometimes
necessary, but always for a few days only (Figs I1/1866-1869)
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302) When the traction was removed 4 months after the accident, angulation and shortening had
recurred (Fig 303)  Although the frapments were now in a position favorable to callus formation
similar to Figs 291 292 nome devcloped  Figure 304 thows that even 7 months later callus
formatron was vers 1oant

In this case the excess of 2 kg was sufficient to distract the fragments by 10
mm 1 rom the case history and the numerous X ray pictures it 1s evident that all
cfforts were directed merely against the latern! displacement shown in the lateral
\ ray picture (Fig 302)  Vanousinadequate measures were tahen  The separation
of the fragments was not noted  Many do not realize that & Jateral displacement by
the full thickness of the shaft is entircly irrclevant for future function if no
angulation and only & shight shortening cxists (Figs. 1/196-215), but that any length
ening causes severe damage  Of particular interest 15 T'ig 303 which shows that,
1n spite of a shorterung which had existed for 4 weeks, mmilar to Fig 291, no callus
formed because the capaaty of the tissues to form callus had been lost by 4 months
of overstretching A repeated apphication of continuous traction proved unsuccess-
ful for the same reason (Iig 304) That local disturbances at the fracture site only,
and not a general condition, prevented callus formation, 1s evident from the fact
that prompt umon occurred after the fragments were freshened and the medullary
nail used  Some surgeons who do not believe 1n the detrimental influence of exces-
mve traction have objected that callus formation failed to occur because the
excessive traction was apphed as early as the second day and not on the 10-12th
day asin thosc midgets in which Bier performed a bone lengtheung  The impor
tant difference, however, Jies 1n the fact that Bier’s operation was performed on
young people with maintamned epiphyses.

Case2 A 19-year-old male patient weaghing 72 Kg. and with a helght of 182 em. was strack
by an antomobile on July 14 1942. He suffered transvense fractures of both frmora and & pos-
terlor superior dislocation of the left hip with paralysts of the left sclatic nerve  He was given
hmp spica indudmg both legs without previous reduction of the fractures or of the dslotion which
had been overlooked (Figs 307 and 312) and in this cast he was transported for 800 Km On July
31 1¢ aiter 17 days the plaster cast was removed and & wire extension was applied to each tibml
tuberoatty with 7Kg each. The ™ rays 5 days later showed that a shortening of 3 an. perusted on
the nght mde, whereas on the left side a lengthening of 0.5 an. bad been produced. On the
night sde one can see dotmet cloady callus, on the left side anly slight evidence of callus (Fige.
308 and 313)  Aftey another 6 davs the callus formation was marked on the right side on the
left however it bad pot mcreased (Fige. 309 and 314) The traction was then Increased on
the nght slde by 5 Kg and on the left side by 2Kg  Seven days later the shortenmg remained
15 o deviopad Al he reet Gopboss o s o SR

on. e It ent had
trace of caltus formation (Fig 315) there vas only x sght

This case demonstrates that excessive traction delays callus formation. Both of
the patient s femora were broken and displaced 1n approximately the same way at
aboutthemddie of theshaft. Both were treated with & plaster cast for 17 days and
then recerved wire extension with 7Kg to the tibial tuberosity  Since an unrecog-
ruzed dislocation existed in the left lup the distance from the pelvis to the Lnee was
Scm shorter than on the nght side and the muscles therefore relaxed  The same trac
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and the other 3 Kg ,—not 4 Kg oneach A weight of 6 Kg will not be placed on a
single rod but distributed between 2, one carrying 5 Kg and the other 1 Kg (Fig
11/1606)

For any given patient weights of the same size should be used and not weights
of vanous sizes suchas1 hg,2Kg, 2.5 Kg or 3 Kg etc., because 1t consumes too
much time to compute the weight, and thus this 15 often omitted.  For convenience
m changing the weights, these are not fastened to strings but are shd on rods since
untymng them from strings would take too much time If a change of weights 13
merely ordered and not carned out on the spot, one will teo frequently find on the
next round, that the order has not been carmed out.

That the mze of the weights bas not received the deserved attention 1s evident
from Kirschner'’s followng deseniption

“It 1 fmportant that the physicran be able 10 see with one single glance the full amount of the
weghts. The cammeonly used sand bags do not fulfill this requirement. Often the sand bags
leak and thewr weght therefore 18 unknown  Still less ornamental are sand-filled buckets, old
preserve cans or gasoline cans frequently used by ambalant patients as ash trays and waste paper
baskets. In general one may find all kimds of objects used as weights for tracthon from tools
wiuch ought to be used for some more fitting purpose to valuable parts of fracture tables bases of
demantled floor Iamps and even rusty sron preces of junk. I an inquiry 15 made as to the total
weght of such metal collections the experts mvolved mmedntely start figunng studrously and
obtam quite 2 vanety of results.

Waeghts for continuous traction should be used with careful dosage, like a poison
ous medication  Or companson may be made to the use of table salt. If food has
not been sufficcently seasoned, more salt can be added, 2 meal once over salted 15
ureparably spoiled

Not only the distnbution of the weights but even the wire extension atself, 15
often not apphed adequately as i1s evident from the remarks of Kirschner

It must unfortunately be saxd that the right applicatron and adjustment of s wire extension
fs rather rare and 1t 13 hardly an exaggeration to state that among 100 wire extensions less than 10
are applied m such & manner as to ensure best results.

“The deplorable lack of expert akill 1n this most moportant procedure in the treatment of
fractures dunng war or peace v predommantly due to the fact that many surgeons have neith r
the mchination nor the interest for mechanical problems and because only few physicrans can or
vant to delve deeply into the mechanical laws of wire extemsion and theireffects.  Furthermore,
many physicians leave the subsequent supervision of cases to attendants and nurses shifting any
responsibility for mustakes quite naturally upon the shoulders of ther help

After describing adjustable splints Kmschner continues  But even the posscaston of the best
splints 15 valueless f they are adjusted badly and wsed wrongly Thn 1 frequently the aue, in
fact, almost regularly ”

What damage may be caused by excessive continuous traction 1s best illustrated
by the following case histories

Coss ! A 21 yrar-old man of medrum bulld 165 cm. m height and werghing 62 Kg  suffered
2 dosed fracture of the left femur 1n an automobile acadent A wire extension was applied to the
femur with & weight of t0Kg ™\ may pictures after 7 weeks thowed o trace of callus (Figs 301
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Iig 31,
November 11941
g 3 lmcture of the left femur 12 cm
proximal from the knee with tviueal angula
tion and thortening in & 3&year-old miller
helght 163 cm. woght 65 hg, who nas run
overIn a trock

Fig 318

Novemlber 22 1941
Tig 318 Same as Fig 31/ after 3 mecks,
Wire traction with 12 Kg was applied dse
where  The fracture has been pulied up to
the angle of the leg frame and a sand hag is
Iving beneath the fmcture.  The hnee joint
is mited consuderally from the horizontal
part of the frame this is a sgn that the
palley for the traction cord Is placed too high

asin Fig 11/1998 b,

Fig 319
December 10 194t
Fir 319 Same as Fig 317 after 6 wecks
The sand-bag has been placed more distally
The angulation remalns the same because
the tractlon s wtill applied too steeply

Fig. 320
December 29 1941
Fig 320 Same as Fig 317 after 8 weels
The cxcemlve traction has pulled the frac
ture far beyond the angle of the Jeg frame.
The angulation has mcreased becauwse the
traction pulley fs still too high.

Fig 321
Januany 10 1992

Fig 321 Samec as Fig 317 after 10 weeks
In spite of excesuve traction callus bas
formed The fracture healed with a re
carvation of 25°  Soch angulations duap-
pesr immeduately if the pulley for the trac
ton is Jowered in the beginnlng of the
treatment, as in Figs. 673F 11/1998a oc if
the fracture ute is raised, as in Fig I1/2009
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ton of 7 Kg which was not sufficent to ehminate the shortening on the nght mde, pro-
duced a lengtheming of 0 5 am on the left  In order to correct the shortening, weight
was mncreased by 5 Kg on the nght sde  Also on the left side 2 Kg were added,
probably because the existence of a shight separation had not been recognized. On
the 3ith day after the injury 1t was evident that even the weight of 12 Kg was n
sufficient to reduce the shorterung on the night side (Fig 307), because 1n spite of the
lateral displacement by double the thichness of the shaft, callus had formed and had
become so strong that the fracture was climcally firm, 1n the same penod of tume as
that i Figs 291 292 On the left side, however callus formation was almost non
existent because of the distraction

One might infer that on the left side the paralywus of the saatic nerve mught have
interfered with callus formation  That this 1s not the case 15 evident 1n Fig 316
showing distinct callus formation 25 days after freshening and medullary nailing

Subsequently the left hip was reduced by open procedure and the nght femur
was treated with a medullary nail for the elrmunation of shortening and angulation
Both femora umted 1n 1deal pomtion  The left lup became stff

Figures 307-311 are fundamentally important because they show that, m spite
of lateral displacement by double the thickness of the shaft which must have been
accompanied by marked interposition of soft tissues extensmve callus will form
rapidly if & shortemng exists and if the fragments are well immobilized, as they were
m this case for 17 days by a double hip spica. This proves that even a massive
mterpostion of muscles does not mterfere with callus formation, much less cause
pscudarthroms  With this type of displacement callus usually forms from the
proximal end of the distal fragment whereas the pronmal fragment forms no callus
at all (Figs 299 300)

Figures 312-316 show that even a lengthening of 0 5 cm delays callus formation,
espeaially 1f the fragments are also displaced laterally  Callus formation stopped
here although 1t had already started during the 17 days of immobilization in & plaster
cast as shown m Fig 313  The contention that too early excessive traction delays
callus formation as in Figs 301-304 13 not supported by this case because, following
Bier 1t was not applied until the 17th day

Most interesting 1s the influence of excesive traction 1n long spiral fractures of
the tibia  Even though the fragments are facing each other for a length of 6-10 cm.
with shght lateral displacement callus formation 13 marledly delayed where a
lengthenng had existed (Figs I1/2390 2391) and even pseudarthrosis may develop

Case 3 A 38-yrar-old man neghmg 65 Kg and 162 cm. 1n height suffercd & transverse frac
ture of the left femur with typial angulation and shortening (Fig 317) Ho was placed on a Braun
leg frame and wire traction was applied to the tibul taberosity with 12 Kg - The excomive tractron
caused s lengthening of the leg but because of madequate position and faulty direction of the
traction the angulatson had not been elmunated (Figs 318-321)

From over 20 \ ray pictures accompanying the case record 1t 1s evident that
repeated attempts were made to correct the angulation  They did not succeed be-
cause the direction of the traction was too lugh as shown in Fig 11/1998b  Because
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Fig 330
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AMay 5 1943
Fin 33{1;33 Same as Flgs 322330 3 years after Injun Shortening 14 an. Toes stiffened in
ity ‘mm:lr‘glmlndkmll}ﬁmednmmgkdlw Dorsum of foot swollen Jower leg
o e mf‘:;lnﬂnultd fractares are not dutracted, they manlly unite and can bear
womally toen oL mmdmhnmd:rmd(hcnm.dc-mdjmnulrenotdlnngtd. Occa
nee folnt regaios notmal motron. No parnlyss of the scaatic nerve develops.
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Flg. 322 Fig 323 Flg. 324 Fig. 325 Fig. 326
Jume 18 1940 July 3 1940 August 13 1940 December 9 1941

Fig 322 Gunthot fracture of the right femur with a commnuted area of 13 e, in a 27 year-old man from
nfle shot on Jane 10, 1940 After 2 days, wire traction with 6 Kg was applled. Treated dsaokers  Ao-
ton of toes free
Fig. 323 Same as Fig 322 alter 15days. Tractlon was increased to 10-15Kg.  This cansed a sepamation
of the fragments, {nllammation and abscess formation as in Figs. 34-341
Fig. 324 Same as Fig 322 after 8 wecks. Several splinters have sequestruted. The fragments are
widely scparated.  The toes cannat be moved.

Figs. 325 326 Same as Fig 322 after 1§ years. Continuous traction was removed after 6 weeks, then
hip spica for 8 months.  Shortening, 10 an. Varus and antecurvation of 20° each. A thin cbumnated
bridge of bone connects the frugments.

Fige. 327 328. Same us Figs. 325 326, after 6 months. Slipped 4 months curfler and beoke the thin
inelastic bridge of bone, Agnin hip spica for 4 months and brace for 6 months.

Figs. 329 330 Same as Fig 322 after 3 years. Again bony unfon. Shoctening 14 cm. Varos anguls-
tion 30° antecurvation 25° The bridge betw cen the 2 maln fragments is stronger than on December 9 1941

a large fragment maintained contact between the postenor edge of the proximal
fragment and the antenor edge of the distal fragment, because a large fragment lay
in front of the fracture and because the fracture had occurred 1n a place where
delayed callus formation and pseudarthrosis are very rare even under detnmental
mnfluences callus formed rapidly 1n spite of the excessive traction but healing
occurred 1n mal poxition (Figs. 693 654)

Case 4 A 27 year-old strong man 175 cm. tall, 71 Kg in weight suffered & comminated
motfna:ureofthenghtfcmmon]une 18 1940 (Fig 322) The shortenung was3 cm. After
2 days wire extenson with 6 Kg was applied to the tibnl tuberosity  After 5 days traction was
inereased to 10 Kg., and after another 7 dayy, to 15 Kg  This was followed by inflammation with
hlghtunpcmturcxmdnbscmfomnom The fragments (Fig 323) had veparsted In the third
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Fig. 338 Fig 339

Janumary 13 1943 March 30 1943
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Fig 312

June 22 1943

Fig 342 343 Same as Figs 334-34] 13 months after Injury and 1 month after removal of the last hip
:}m Thek{thguSmlnn(crthmthewcjld;htleg, It Is swollen and shows & blulsh discoloration
fcuudmkk}olnlcmeha]“me. Knee 180-175 agumt 180-40° on the nght flde  Such comminuted
Tmﬂ:nm ﬁmlndﬁtmhcu-azhtho—lomiﬂhn are not subjected to excemive traction.
remaing normal and the motion Iy gencnally only slightly impaired  General condition

good. Hehurrplmdhnmcviou.wughto{&}iz
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Fig 334 Fg 335 Fig 336 Fig. 137
Jane 10 142 Jone 18 1042 July 8 1942 October 27 19042

Fig. 334 Gunshot fracture of the femur in a 24-year-old man height 165 cm., weight 83 Kg  Com-
minuted ares [Sem  Dustence from the tip of the minor trochanter to the tip of the moat distal fragment,
165cm. '\ ray picture taken In the cast 30 days after mjury  Shortening after removal of the cast, 1 cm.

Fig 335 Same, 8 days after the application of wire traction with 6 Kg. The fragments are widely separated
becauwse the welght of 6 Kg was too much in this case. At the most, 5 Kg should havo been used. Dis-
tance from the tip of the minor trochanter to the lower fragment 19.5 cm., Le. a Lewgthening of 2 cm. beyoad
the normal.  On June 13 high fever as in Fig 323  Treated elsrwhere,
Fig 336 Seme as Fig 335 aiter 20 dayn.  Although the traction of 6 Kg. was not Increased, the frag-
ments contmued to scparate becase the muscles had been further wrakened by the inflammation and
abscess formation.  Dntance from the tip of the minor trochanter to the lowermost fragment 245 cm
There is thus & Jexgthesing of 7 cm

Fig 337 Same as Fig 334 after 4§ months, and 3 neeks after reductlon of the welght from 6 to 5 Kg
Lenmgthening is now 6 cn. a8 compared with 7 cm_on July 8  Beginning calles formton.

Fig 338 Sameas Figy 334 335 after 7 months, and 2 moaths after the application of hlp spica.  Lewgih-
exixgi33 Sem  Caflusformaton Increased  Fracture still very boase, therefore new hip splca applied.
Fig- 339 Same a3 Figs 334 and 335 after 9 months. Lewgthening 3.5 cm. Callm formation furtber
wmcreased  Fractore still somewhat springy therefors new hip spica.

Figps 340, 341 Same as Figs 334 and 335 siter 12 months, and 14 davs after removal of the last cast.
Lenptheming 3 cm Bonoy unbon  In the lateral view o gap is stlll yalble. The bridges of callus are
churmated  Good alignment.  Such fractares are as a rule, firm and fit for welght-berring in 6-10 weeks,
il excemlye traction i avoided

wreek he was unable to dorsi-flex the toes or the foot and a few days later cven plantar flemon was
Jost. After 4 weels the werght was reduced to 8 hg and it was not removed until 6 months later
when 2 hip spica wes applied for 8 montha (Figs 329 330) After 20 months he slipped and re
fractured the femur (Flgs 327 328)  Agaimn a plaster cast was used for 4 months and & brace for

6 months.
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Fig H8 Fig 39 Flg 350 Fig 351
Janaan 4 194 March 12 1945 January 4 1944
Flg. 8. Samc as Figs 344-347 19 months after fnfury  The treatment consmsted of wire tractfon for
7 months, hip spica for S months, then orthopaedic brace  The broken leg fs 3 cm. shorter and much
weaker than the left one.  Motion of the knee joint 170-150°
Fige. 349 350 Same as Figs, 3H-347 14 months after freshening of the fi dollary nafling and
imphintation of & 15 cm. masshve tibal graft which was fastened with 3 drcumferential wire sutures.  Bony
union of the graft. Patient can walk without a cane
Fig. 351 Same as Figs. 348-350 The right foot has become sborter and narrower than the left. If
continuoos traction with 34 Kg. had been used In this patient, the fracture would probably have united
and become fit to bear welght within 10-12 weeks and the knet joint would show good motion

In contrast to closed fractures excessive traction in open fractures will cause not
only a separation of the fragments but as a rule also an increased inflammation and
vwith 1t separation of numerous sequestra  The result 18 then a shortened bone with
2 thin bnidge of callus which 18 eburnated and inelastic because 1t contans no can
cellous bone and therefore refractures casily  One can say that the final shortemng
and deformity 15 as a rule n direct proportion to the excess of traction used  Such
cases can be scen frequently whereas pseudarthromis produced 1 the same way 13
comparatively rare, as shown n Figs 344-351 735-783 and 9140-971

Case 5 A 21-year-old male patient, weighing 53 Kg and 165 cm. tall, suffered a comminuted
gunshot fracture of the left femur on May 11 1942 He receaved a plaster spica for 2 long transpor
tation.  After removal of the spia thirty days later a shortening of one cm. existed.  Wire trac
uon was applied to the tihml tuberosnty with » weight of 6 Kg  Three days later inflammation
with pam and high temperature necesutated inamon.  Although the weight was not increased a

marked lengthenmg of the leg resulted.  Five months later a plaster cast was
removed after seven months. P 7pled wihich was

In this case, a weight of only 6 hg not merely corrected the shortening but
even produced after eight days, a lengtherung of 2 cm (Fig 335) The fragments
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Fig 34 Fig M5

August 28, 1942 December 21 1942 January 4, 1943
Fig 344 Gunthot fracture of the rght femur In the upper third In & 21 year-old man, helght 165 am.,
welght 48 Kg oo June 12, 1942 Conditian a3 seen 1 day after application of wire traction with 10 Kg
weight.  The main fragments have sepurated  There {s & kngthening of 3 cm.  Treated dsrwhee.
Fig. 345 Same as Fig 344 after 4 months still under continuous traction of 8 K. The main fragments
separated still further  There Is o lengthening of 7 cm
Flgw 346 347 Same as Fig 344 after 16 months There [s a shortening of 3 an  The fmgments did
not unite (pseadarthrosts) The 2 proogs of the distal frugments are cburnated.

Flg. 37

Because this was a compound fracture, the excessrve traction not only caused
separation of the fragments but also led to a flare up of the nflammation with forma
tion of abscesses and sequestration of numerous small bone splinters, and to paralysis
of the saatic nerve (Fig 324) Therefore a large gap remained between the man
fragments when the traction was dumunished. The proxmal fragment shows a
longitudinal fracture line which had become wider 1t also shows marled pertosteal
eppositions  Traction for 6 months and a lip spica for 8 months led to bony umon
after a total of 14 months with shortening of 10 cm and considerable angulation A
year and a half after the injury the bridge of bone between the mamn fragments was
still thin, eburnated and consequently wnelastic (Figs 325 326) Therefore 1t broke
when the patient alipped in the 20th month (Figs. 327 328)  Further immobilization
for another 12 months resulted again 1n bony union, with & shortening of 14 an and
mcreased angulatory deformuty (Figs 329, 330) The bndge of callus became
stronger because the shortening had become greater  The muscles are wasted and
the jomts stiff (Figs. 331-333) The bone outside the fracture area 18 markedly
decalafied The saatic paralyms receded dunng the 4th year

This unfortunsate result of three years of treatment and all the complications
which brought this about must be ascribed chiefly to excessrve continuous traction
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Fig 356 Fig 357

June 15 191 June 15 191

Fig. 35, 35¢ Same es Fig 355 after 16 months. The left foot Is narromer and shorter than the nght
shows blush discoloration and b very painful Thus a dystrophic condition of all tissues of the entire
foot developed, not only a decalafication.  The toes are sn chaw position.

almost stiff (Fig 342) Such a lengthenung of 3 cm has a much more unfavorable
effect than a shortening because the lengthened leg carnes more burden and because
the lengthening cannot be compensated for by tilting the pelvis nor by a shght flexion
of the knee joint of the longer leg since thus joint 1s shff

If 1n this case the first plaster cast had been left on or replaced immediately by a
new one, or if traction had not been excessive, a flare up of the inflammation would
most ikely not have occurred certamly not a separation of the iragments The
fracture would probably have united 1n 6 or, at the latest,in 10 weels and the severe
arculatory disturbances, the decalafication, the wasting of the muscles, and the
stiffiness of the joints would not have developed

Case 6 A 21 vear-old male patient, helght 165 am., weight 48 ky, suffered o communuted
gunshot fracture of the nght femur  After three days, wire traction with 10 Kg was applied to
the tibial tuberosity elsewkere  This was reduced to 8 Kg after 3 weeks and was continued for 8
months  Thereafter plaster spica for another 4 months. Later a brace was worn

In this nfected comminuted fracture the weight used constituted one fifth and
later one sixth of the body weight and not one tenth, 1n other words twice the per
mussible maximum weight consequently, a lengthening of 3 cm developed at first,
later one of 7 an  After removal of the continuous traction the man fragments
approximated resulting in a shorteung of 3 em  Since the fragments 1n contrast
to Case 5 (ligs 331-341) were mithout contact for eight months, a pscudarthrosis
developed (Figs. 348-349)  The dystrophy of the entire leg was evident not only
from the marked weakness of the muscles and marhed restrction of joint movements,
but also from the fact that the entire foot became narrower and shorter (Fig 351)



116 MEDULLARY NAILING OF KUNTSCHER

Fig. 352 Fig 353 Fig. 354 Fig 355
August 22, 1942 \ovember 18, 1042 February 22 1943
Flg 352. Trarsverse fracture of the Jeft tibia xnd double transverte fracture of the fibule, in & 32 year-old
man who was run over  Treated dsewbere with wire traction of 10-15 Kg. for 10 weeks.

Figs. 353 354 Same as Fig 332 after 3 manths. The fragments of the tibis aro separated 15 mm.
Aerked decaddfication especially at the epiphyses) Ime. No trace of callus formation. Toes almost
immobile in claw position and both ankk and subastragalar joint show only a few degrees of mo-
tlon Marked musclo atrophy left femur 39 cm against 46 cm on the right femur left lower leg 29 cm.
agalnst 35 cm. on the rght leg
Tig 355 Same as Flg 354 -y picture of the ankle joint after 6 months, Extraordinarily marked,
mottled decakeification of all tarsal booes and of the epiphyseal line of the tibla.

show considerable separation although the weight amounted to only 6 Kg 1t was
too much for this man who was greatly debilitated from war service  Therefore,
inflammation abscess formation and a further weakemng of the muscles ensued
Although the weight was not increased a lengthening of the leg by 7 cm developed
after another 3 weeks (Tig 336) The fragments are widely separated  Although
new X rays were taken n both planes every two weeks, no one noticed the dis-
traction  The reports about the pictures refer only to the satisfactory alignment.
It was not untyl four months later that the weight was reduced to 5 kg whereupon
the shortenung receded from 7 to6 am (Fig 337) During the 7months immobiliza
tion 1n a plaster cast the separation receded to 3 cm (Figs. 338-341)  If long frag
ments are present which do not sequestrate alengthemung once produced frequently
cannot be elimmnated again  If the weight 1s then reduced too much angulations
usually occur

In the above case bony uruon wath 3 cm lengthening occurred after one year
mn spite of the separation of the fragments, because the long distal fragments were
separated hike the prongs of a fork and the proximal fragment lay between them
The alignment 13 good  As seen 1n the lateral view the bridges of callus are still
thin (Fig 341) The leg 15 not only lengthened but also very thich and blwsh the
toe and ankle joints were lmited to one half their normal range and the knee was
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Fig 362 Fig 363 Flg 36t Fig 368
JMay 3 1943 January 11 1944

Flgs. 362, 363 Seme as Fipz 358 359 after 9 months. Both main {ragments of the tibia are united an-
terdorly by & narrow cbumnated bndge of bone behind it 1s & large cavity In the hateral view posterior

angulation of 3° A sequestrum Is located between the fragments of the fibaka,
Flgs 364 365 Same as Figs 358 359 after 17 months, and 4 weeks after removal of the anterdor bone
hﬂgelndnhﬂ@h;d&ﬁhﬂhlopem!npﬁnﬂmdonn[tbedﬂdlnmu Good alignment in

both views.  Fracture united In January, 1945 1 e, 2§ years after Injury

After fresheming the fragments and medullary nailing, bony umion occurred,
proving that no systemuc deficiency was present.
In fractures of the lower leg pseudarthross 1s 2 much more common sequela of

excessive traction than in fractures of the femur (Figs. 922-931, 910 943, 941-951,
952-959, 960-971)

Disturbance of Callus Formation through Single and Double Skeletal
Transfixion Casts

Some fractures of the lower leg and of the forearm espeaally 1solated fractures
of the mdial shaft, show a marked tendency to angulation and shortemng This
can be avoided by drilling one or two wires through the fragments the metacarpal
bones or the os calas and incorporating them 1into a plaster cast (Figs 395404
827-837 E, 1/936-045 1I/2434-2419) 1In using this method one must watch closely
to sec that the fragments are not separated before the cast 18 applied, because with
this method the fragments are retamned 1 an ‘iron grip’ and cannot approumate
Ii this procedure, which 1f properly used can give excellent results, 15 applied to a
gaping fracture as in Figs 358 359 serious damage 15 done It 18 perfect nonsense
to use double transfixion or continuous traction 1n 1solated fractures of the tibwa
after extensive removal of fragments or 1n pseudarthrosis, as shown 1n Figs 972-975

Hip spica transfixion has been recommended for fractures of the femoral shait
The damage from this 18 generally not so serious, because as a rule only one wire 13
used through the tibial tuberosity and because the pelvis can shide down 1nto the
plaster cast thus the fragments can approximate
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Fig, 358 Fig. 39 Fig. 360 Fig 361
Angust 11 1942 November 2 1942

Figs. 358, 359 Communuted fracture of the right lower leg 5 weeks after Infury under continuous tractboo

with 6 Kg.  The main fragments are scparated 2 cm The ankle joint s widened.  In 2 30-year-old man,

Infured by an explosrve bullet on Jaly 8, 1942 A double wire transfixlon cast was applied In this position

(Fige I1/2441-2443) and left for 6 weeks. Then the cast was removed becauss of suppuration aromnd
the wirer  Treated dsewhere.

Fige 360 361 Same as Figs. 358, 359 after 3 months. The fragments approximated after removal of
the transfirion cast  Marked decakafication of the ankle joint.

In fractures of the femur excessive traction most often leads paradoxcally to
conmdernble shortemng and angulation, as in Figs. 322-333 Lengtherung as m
Figs 334-343 and pseudarthroses (Figs. 344-351 and 232-243, 301-304, 735-783)
arc less common  The greatest impression was made upon me by a patient with 2
gunshot fracture of both fermur bones In a plaster spica he did well for 3 weehs.
Then excesmve trachion was applied on both sdes. This was followed by severe
infection necessitating amputation of the left leg whereas the nght leg was saved
with a pscudarthrous and paralysis of the sciatic nerve

Refraciures are not uncommon. They are frequently ascribed to nutritional
defiaences due to war to vitamin deficences or to gland defiaences, and the
patients are given corresponding medication  If the X ray pictures of such cases
are studied one will usually find that excesave traction had been used and that an
meffectual eburnated callus had formed (Figs. 327 328)

Case 7 A 32 year-old male patient was run over and suffered a transverse fractare of the
tibia m the Jower third and a double fracture of the fibula (Fig 352) He was treated with wire
traction through the heel for 10 weeks namg 10 Kg at first later 15 Kg A plaster cast was then
applied for 6 months. End result—pseodarthrosis.

Because excessive traction was used the fragments of the tibla were separated by
15mm and callus did not form also marked decalafication of the entire foot and of
the epiphyseal hine of the tima developed (Figs 353-355) The toes were fixed In
claw position The ankle joint and the sub-astragalar joint were stiff and the muscles
wasted  The foot was blue cold and moust.
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Fig 3n2

January 9 1945

Figs. 3¢9 370 Seme as Flg 3066, after 14 months, The thin eburnated callns broke In the cast doring
exercises with the horizontal pulley

Figs 3/1 372 Same as Fig 366 after 17 months, and 3 months after lmplantation of & masdve tibial graft

Tig.33 Fig. 3,4 Fig 375

Aprl 4 194 Aprt4 194

Fig. 376
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n; 367 Fig 368
:\uguﬁ-} 1943 October 13 1943 March 6 194

Fig 366 Gunshot fracture of the right humerms with marked comminytson in & 28-year-old man f{rom dfle-
shot on July 28 1943  Small wounds which hesled in 14 days. Dmtance of the man fragents, 24 mm.
Elrexhere 3. aboulder spaca was applied noder tractlon,

Fig 367 Same as Fig 366 after 10 mecks The main fragments are separated 36 mm.  SHight exftes
formation therefore another shoulder sprca was applied
Fig. 368 Same as Fig 366, after 7 months. Dustance of mam fragments 47 mm. therefore another
shoulder speca was applied dsaokere,

Figs. 373 374 A 6mecds-old levernge fructure of the right humerns with lateral displacement by balf the
shaft s thickness and shortetung of 2 cm,, in a 76-yearoid farmer who fell on bis hand, Treated witha
Desanlt bundage. Good callus (ormation after 21 days  Fracture dinleally almost firm theredore, the
bandage nas removed.  Active exerauses started on borironts] pulley  After 6 weeks, the motion of the
fmger, land eibom and rotavon of the formarm are acthvely free.  Shoulder can be moved math the belp of
the other arm through almost the full range.
Figs. 375 376 1 13-mecs-ud hugh oblique fracture of the nght hamerus with lengthenlng of 3 mm., m &
36-year-old housen ife from & fall on the street.  Treated elrewbere for 12 weeks with a shoukder speca which
was appiied under strong tractlon  The fragments are separated by 3 mm  The fracturs surfaces are
operculated.  Finger motion free Wrist joint and forearm rotatfon one-half restricted. Elhow 75-130°
The arm can be rabeed laternlly only 80° at the shoulder Muscles weak

In & chest-shoulder arm spica a wire through the olecranon 1s unnecessary be
cause the cast alone prevents the approuimation of the fragments.
Delay of Callus Formation by the Thoraco Brachlal Spica
The majonty of the gunshot fractures of the humerus I reported 1n 1918* united
firmly in 4-6 weehs. They were usually treated with an sabduction splnt, with or
» Bobler Bbtedd fur Knoch briche und Gel nabean'ier Front. Zeitsch
§ ortbop Chirarghe, 38 1918
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Fig. 380 Fig 381
Fig 380 Same as Fig 379 seen from the front The hand Is supnated. If It heals In this position 1t
Wil be good only for Legging
Fig 381 Perforating gunshot injury of the wrist Joint with negligible Infection. W as placed on an abduc
tion spfint made of Cramer wire hadders which was poody fastened to the chest.  Wire traction through 2nd
to 4th metacarpal and through the olecranan.  Screw tractlon fs applied to both traction bows.  With this
arrangement the patient was transported more than 1000 Km  Becanse the wrist jolnt was distracted and
therefore painful, the fingers could not be moved swelled and became stifi A simple dorsal plaster splint
which leaves the fingers entirely free, us in Figs 429432 E, 1/1069-1072, Is the best treatment for this
type of Infury

tion 15 marled restnction of motion of the entire arm A new feature of this
treatment 1s & stubbom abduction contracture of the shoulder which was unknown
before

The companson of two fractures of the upper third of the humerus which I saw
on the same day 1s particularly instructive as to the damage ansing from a chest
shoulder spica which had been applied under excesuve traction  One was a 76-year
old farmer who brohe his humerus by o fall He was treated for three weels with
2 Desault bandage 1n which he moved the fingers and rotated the forearm  Upon
removal of the bandage the X ray pictures showed 2 shortening of 2 cm , antecurva
tion of 15° and good callus formation  The fructure was clinically so firm that 1t
was possible to raise the arm without pan I gave hum a shing and started him on
active exercises on a honzontal pulley, as described on page I/429  Three weeks
later there was normal active motion of the fingers, wnist, forearm and elbow, and
with the help of the other hand he was able to move the shoulder through almost
the full range  There was no sweling anywhere  The \. ray pictures showed that
the)angulatmn had disappeared and that the callus had increased (Figs 373 and
374

The other patient 1n contrast was a 36-year-old woman, otherwise healthy, who
showed marked restriction of motion swelling and pain m her arm  She had suf
fered a fractured humerus 13 weeks before (Figs 375 376) The arm had been
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Fly. 377 Fig. 378 Fig. 379
Fig 317 Gunshot fmcture of the ulua with banjo splint.
Fig. 3/8. Guosbot {ractare of the rdius wath bano splint.
Fig. 379 Gumbot injury of the wrist joint. The forearm b supioated. In all 3 cases, the wriat joint fs

slightly fiexed and the hak ) joints are byper ded. The elbox s not sufficdently fiexed
.ndl)xu-ppﬂtdgeohhccutptmanponthenﬁxlm With soch an arrangement the fingers are
bound to stuffen

without adbesive plaster trachon Fingers wnst and forearm were exerased
actively from the first day 1n every case and i those fractures which were not too
close to the clbow thu jomnt also was exercused (Figs. 319 350 E 1/589, 590 and
1 741-746) In thus way the fragments were never pulled apart but rather sub-
jected to shmulating intermittent pressure by wigorous exerases During the
recent war I found that 1 many places humerus fractures took 6 to 12 months
for union and that pscudarthroses end refractures occurred frequently  The . 2y
pictures often showed 2 wide separation of the fragments as in Figs 366 367
Upon i estigation 1 found that many had been treated with continuous wire trac
tion through the olecranon for many weeks or even months with 5-6 Kg or even 10
Kg and that a chest shoulder arm gpica bad then been applied because the fracture
did not unite under trachon (Figs 289 290) In most cases a spica was apphed under
strong manipulative traction without previous continuous traction  One surgeon
used 7 Kg for thus procedure  Contrary to treatment on an abduction sphint with
or without adhesve traction the fragments once separated cannot approximate 10
a plaster cast because they are immovably fired between the chest and the forearm
flexed at the nght angle (Fig I 734 a-d)  If the fragments are kept separated for
several weehs as in Figs 366 367 approximation 1s very dufficult and & thin ebur~
nated callus develops (Figs 368 369) with frequent refractures (Fig 369) as in frac
tures of the femur (Figs. 325-330) A sequels of the unduly prolonged immobihza
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At the present time so many cffective methods are at the disposal of traumatic
surgery that i the majonty of fractures and other injurics, complctc_ or flmoﬂt
complete restoration can be obtained as proven by Figs 114-133 E, 708-721 E,
1/125-192, 1/297-323 and innumerable others  Of course, parts of organs or hmbs
which have been destroyed or removed by an acadent cannot be replaced

\fethods at our disposal nowadays are not only effective but, lihe all effective
measures, are dangerous as well 1f not applied at the nght time, m the nght way, and
atthenghtplace  Imentionthe plastercastasanexample  Ifin fresh fractureswith
marked displacement 1t 15 applied without padding before swelling has developed
andf 1t 1s not sphit, 1t can cause the most serious arculatory disturbances and even
gangrene By sphtting it immediately this danger can be svoided

Dhrect sheletal traction 18 the most effective method for treating the majonty
of femoral fractures and many leg fractures, 1f 1t 1s applied to the nght location
and not too much pull 1s exerted  If applied to the wrong place, 1t may lead to
suppuration of joints and to other senous inflammations and more than a few
patients have thereby lost a leg or even hfe  Too much traction delays callus
formation or prevents it and may even lead to dystrophy of the entire hmb

Kirschner s remarks (see page 106) illustrate how rarely the effective, but at the
same tune dangerous, wire traction 1s used correctly According to hus statement
lexs than 109 of the wire extensions were apphed petfectly, because many surgeons
have nesther a feeling nor a fondness for mechanical problems and mnce only few
physicians are able or want to visualize the physical Jaws of skeletal traction and 1ts
effect. Even the best splints and frames #re used, 1n his opinion, frequently, 1f not
most of the time, wrongly and are adjusted poorly I myself have had appron
mately the same experience.

At the present time the situation 19 such that most physcians know that wire
extension 18 & very effective method. From this they deduce that 1t 1 suffiaent
to use skeletal traction 1n a fracture as quiclly as possible, at any place, to pull on 1t
with any weight for any length of time without inquinng where, what and how
long

Many do not even know how much weight they use (sce page 106) Neither
do they know that sleletal traction 1s switable only for fractures of the femur for
many leg fractures and for os calas fractures and that for most other fractures 1t 1s
generally detmmental, e g , 1n fracturea of metatarsaly toes humerus, forearm hand
and fingers.

For many fractures and for many fracture dislocations, double wire transfinon
with & plaster cast 15 the best method, but only after exact reduction has been
obtamed and df the fragments are not distracted.  dlany, however believe that all
that 1s necessary 15 to insert wires somewhere for any hind of wjury and to buld a
complicated contraption as shown in Fig 381 aiter which they pay no more
attention to the patient apparently being quite unaware that they have exposed hum
to serious dangers.

At present mans are of the opimon that all physicians are capable of treating
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reduced elsewhere three times and a chest shoulder spica apphed which she wore
for 12 weeks  The \ ray pictures show, espeaially in the lateral view, that shorten
ing lateral displacement and angulation had been completely eliminated, but that
a lengthening of 3 mm existed  The fracture was firm, but there was no periosteal
callus and the fracture stumps were operculated

These two cases demonstrate like an experiment, that callus formation 1s greatly
delayed even by a very shght lengthening of the bone, whereas with shortening 1t 1
rapid even n the aged  Still more striking 1s the differcnce 1n motility, strength and
arculation It must further be emphasized that the woman was suffering pan,
whereas the old man was not

Disturbance of Callus Formatlon through the Banjo Splint

This method (Figs. 377-389) 1s very popular and attracts great attention every
where I have scen only senous disturbances from 1t. Immobilization 1s made
quate, therefore the patients have pain and the inflammation does not subside.
The wnst drops mnto alight volar flexion and the metacarpo-phalangeal jomts move
into shight hyperextension and stiffen in this position  Callus formation 1s defective
or absent  Because of the unfavorable position, not only the injured fingers but
also the others lose their function  No after-care of any hind can remobilize such
fingers  This method must therefore be completely elsmnated because sis use will
cripple any hand even if 1t suffered only a comparatreely light snyury

Prevention of Damage from Distraction

Since the damages caused by excessve continuous traction by transfimon by the
shoulder spica and by the banjo splint are quite serious as shown n Figs 301-
389 and many others the question anses whether these methods should not be
restricted or completely dscarded

For this reason 1t 1s important that surgeons finally realize that distraction
actually causes damage Further they must leamn to recognize 1t. And finally
they must have the necessary knowledge and skill to avoid excessive traction 1n all
its forms and the damages arsing from 1t by a proper choice of method and 1ts
application

ot until then can one expect that defimitely detrimental methods such as the
banjo splint will be eradicated that effective methods will actually be used to obtam
2 cure and that the senseless administration of glandular preparations of vitamuns,
calaum sulfa preparations blood injections iradiation massage etc will be
omitted since the simplest and only correct method consists in removing one or more
kilograms of weight from the continuous traction

It must be emphastsed again and again that following ecery fraciure an absorpiron
of one or more millsmeters of bone takes place at the fracturs stumps and thal the most
imporiant {ask 15 {0 achleve a corresponding shortening in order {o prevent o
separatron of the fragments vtk all s deleterious effects
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Fig. 388

Fig 389

Figa. 388,389 Comminuted gunshot fractares of the Ist to 4th metacarpal bones, proxumal from the hends.

The fragments of the 2nd to 4th are widely separated by wire traction. The head of the 20d metacarpal

shows volar displacement by twice the thickness of the shaft. This prevents union of the fragments, The
remuning tendoos and joints become uscless and the hand has permanently lost its grip

fractures and acadents and should do so and they are offended if they are told
that this generalization 1s incorrect  Poor results are usually blamed on the seventy
of the inmjury A companson of Figs 1/313, 314 wmith Figs 1/315-321 proves,
however, where the responsibility hes

Sooner or later 1t will come about that effective methods which can be dangerous,
1f improperly used will not be entrusted indiseriminately to anyone that those few
physiaans adapted for this type of work—not too many are needed—will be selected
for the treatment of acadent cases and will be ngorously trained for years in speaal
teaching institutions that special stations for the treatment of the inyured will be
created and that a speaal organization will see to 1t that the njured are brought to
these places as soon as possible as I have outhined on pages 11/1521-1531
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Fig 382 Fig. 383 Flg. 384 Fig 385
Figa. 382-385 Banjo splint with wire traction through the tips of all fingers in an Infury to the 4th and Sth
fmgers.  The wire pulled out of the thumb  The wrist joint is In slight flexion and the metacarpo-phalan-
gral Jounts are hyp dad.  With this vot only the Injured fingers but also the well caes
become permanently stff and thus the entire hand becomes uselen.

Fig 38 Fig. 387
Flgu 326 357 End resalt of 2 gunshot injury of the wrist with slight Involvernent of the bore and but sligat
Infectlon which bad been treated for 8 weeks with a banjo sphnt, in a 21 year-old man, 11 months after
injury The wrist stiffened in sight volar fienon and promation. This canses & hyperextension at the
metacarpo-phalangesl yints of the fingers.  The hand cannat be closed to e fist.  No baprovement wax ob-
tained by 9 months of aiter-troatment.  If an unpadded dorml plaster splint had been applied, as in Figs-
479137 E, 1/1069-1071, tho wist jomt would have stuffened in » desitable posstion or might bave retatned
P.mlmﬂm'tbeﬁnm‘ouldhmrummedkcd\movlhlelndt.betrutmmlmuldhvebu:nmdndcd

after 3~ months with a good functional result.
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Flg. 389

Figs. 388, 389 Comminuted gunshot fractures of the 13t to 4th metacarpal bones, proximal from the heads.

The fragments of the 2nd to 4th are widely scparated by wire traction. The heed of the 2nd metacarpal

thows volar dsphicement by twice the thickness of the shaft.  This prevents union of the fragments.  The
remaining tendons and joints become useless and the band has permanently Jost its grip

fractures and acadents and should do so and they are offended 1if they are told
that this generalization 18 incorrect  Poor results are usually blamed on the seventy
of the mjury A companson of Figs 1/313 314 with Figs I1/315-321 proves,
however, where the responsibility lies

Sooner or later 1t will come about that effective methods which can be dangerous,
1f improperly used will not be entrusted indiscnminately to anyone that those few
physicians adapted for this type of work—not too many are needed—sill be selected
for the treatment of accident cases and will be ngorously traned for years in special
teaching institutions  that special stations for the treatment of the ijured will be
created and that a special organization will see to 1t that the mjured are brought to
these places as soon as possible as I have outlined on pages 1T 1521-1531
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Fig 390 Fig 391 Fig. 302 Fig 303 Fig 394 Fig 395
June 15 1942 July 25 1842 \ugust 27 1942

Figs. 390, 391 Fracture of the right femur provided with & medullary nafl in a 22 yeur-old blacksmith who
wasrun over The nail is too short.  There s a valgus of 6-7° and a recurvation of 10*  Treated dseu b,

Flgs. 392,393 Same #s Figs. 390, 391 after 6 wecks. A large furzy globular callus has formed 21 in Fipn.
1026 E, I1/2996  The recurvation and valgus angulstions have incremsed.  Around the tip of the nail an
aren of absorption can be seen in the A-P view  The imritative callus and the absorption around the tip of
the nail are due to masage and panive motion which w eve started u fesr days after the pafling  This cavsed
motion of the distal fragment around the short nall, the tip of which ground the cancellons bone.
Fige 394 395 Same a3 Figa. 390 and 391 after 10 necks. The globular callus Is ncreased.  Valgus and
recurvation now amount to 15° each,

Apparent Stimulation of Callus Formation by the Medullary Nail

Quite some time ago I made the following statement (sce page 2 E, 1/5) ‘I¢ss
particularly desirable to find some means of hastening the formalion of callus sn order
to permit a shortemng of the period of fixatson and thus lo decrease the complicalions
artsing from prolonged smmobilization  To date we have unfortunately no such
means at our disposal. Whatever has been recommended thus far (see page 1/
167) has proven ineffechve  Callus formation can only be mutiated by a fracture
itself or 1f 1t becomes sluggish by & new fracture of the bone (therapeutic refracture
Beck s dnlling Kirschners splitting or Brandes sawing)

Just as in nailed fractures of the femoral nech 1t makes no difference 1 nailed
shaft fractures which need no supplementary external support like that in Figs. 108
132 whether the callus formation 1s somewhat slower or faster hecausc the nail
provides a fully adequate substitute prop for the broken bone thus chminating
external props such as casts splints or traction with their ill effects upon motion and
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Fig 3% Fig 397 Flg. 398 Flg. 399
\ugust 27 1942 May § 1943

Figs. 396 397 Same as Figs 394 and 395 immediately after removal of the medullary nall.  The fracture
line Is still phainly visible In the large globalar calles.
Figs. 398 399 Same as Figs. 396 and 397 after 8 months. Bony consolidation of the fracture. The val-
gus position and recurvation msy lead to a hyperextension of the knee asin Figs 640 and 641 and after
some years the {aulty weight besring may cause an arthrosls of the knee folnt.

arculation  Since many cases which needed an additional external support have
been treated with medullary nailing Kiintscher’s report that the medullary nail, m
additton to providing an outstanding mecharucal support, also produced an extra-
ordinary stimulation of the callus formation was received enthusiastically This
opinion he supported with apparently convincing \ ray pictures  In hus first report
he wrote Expeniments on five dogs showed no interference with callus formation,
but on the contrary an increase of the same”” Later he wrote of “‘consderable
masses of callus and extraordinarily rapid and extraordinanly strong callus forma-
tion and A W Tischer mentions an “almost tumor ke callus formation ”
In his treatise on - Callus without Fracture ’ Kiintscher states

‘Of all methods medullary nafling provades by iar the most favorable conditions for calluy
formation. The nail protects the caltus from ail injunous pulling pushing and shearing straing
and permits only the cxertion of stimulating pressure. Thus we see, 23 proven by experience in
over %0 cases always extraordinarily marked callus formatiom, although they showed only narrow
{racture lines in which we ordinarily ses only slight callus. (By the very nature of medullary
nafling the reductson 1 exact to the millmeter ) Furthermore, the other parts of the mechanieal
umt formed by the bones mruscles and jomnts, suffer no damage because motion 1 posaible 1m
mediately after the najling since the nail by itself replaces the mechanwcal stability lost by the
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Flg. 400 Fg. 401 Fig. 402 Fig 403
Juoe 5 1942 July 13 1942
Figs. 400 401 Leveruge fracture of the right femur distal from the middke, provided with a medullary mall
in 1 60-year-old farmer who was struck by a tree trunk,
Fipe. 402, 403 Same as Figs. 400 and 401 after 38 dayx A loose globalar callus has formed berause the
patient started weight beanng early and the mil moved in the decaldfied bone.

fracture. The damage, therefore 15 confined to the bone The arculation of the injared limb and
of the cntire body i ot impaired  All these circumstances however are not sufficlent to explaln
the formation of such extensive masses of callos as are frequently seen wmith this method. Rather
1n studvmg the \ ry plctures we gain the mmpression that the najl lying in the medullary cavity
cxerts a marked stimulus  In fractures of the middle of the femur for instance callus can be
noted as far up as the lesser trochanter  This frequently produces the picture of so-called ‘penios-
teal appomtrons  (Seefig 1 Zbl f Chir No 19 page 859 1941)

These X ray pictures of Kiintscher show a nailed transverse fracture of the
femur between the muddle and proumal third 1n a young individual 1in whom the
epiphy®is at the femoral neck 18 still visible  The nail 18 too short and too thm and
does not completely fill the medullary space Therefore shight motion occurred
with functional use This can be recogmized from the fact thet the nall bed 13
widened around the tip as 1n Fig 405 These motions permutted by a short and
thun nail led to the formation of a globular callus as in Figs 390407 This callus
1s particularly large and fuzzy because the patient was young  That a well-set nail
does not produce excesmive callus 1s shown in Figs 608-617

Kiintscher further states that a complete filling of the medullary cawity with wires
or pins of V 2 A-steel or of glass does not cause the slightest roentgenclogical changes
unless they are impacted into the cavity so tightly that they exert a continuous
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Fig 404 Fig. 405 Fig 406 Fig 407
Avgust 15 1942 Jume 2, 1943
Figs, 404 405 Same as Figs 400 and 401 after 10 weeks. The pglobular callus bas incrensed 1n dze,  The
fracture Dne Is still visible. An area of absorption surrounded by & wall of fncrensed depmty has formed
around the tip of the nall  The tip, which was at first Iying along the anterior wall, 18 now close to the pos-
terlor wall of the bone. This caused & recurvation of 10° and & valgus of 5*  Tho nail penetrated deeper
into the bone.
Figs. 406 407 Same as Figs 400 and 401 after one year Bony consolidetion of the fractare.

pressure by the strain upon the elastiaty of the medullary canal.  When he removed
the V 2 A wires and the glass rods from the medullary cavity one year later and
replaced them with a galvamzed yron wire, marked penosteal apposition occurred
n & short ime, the same occurred after the introduction of curved steel springs
Concerming this he writes

Not bone absorption or a bendmg of the entire bone developed as expected, but the bone forta
fied jtsclf against these forces by the formation of & arcumferential callus and remamed entirely
strafght, The increase was such that jts weight was doubled.  Since the mechameal strength of &
tube other factors remamning the same is dependent upon fts outside diameter (distance from
circumference to mechanical axls) this process would represent 2 marked incresse 1n the mechanical
strength  Actually however this is the case only to a hmited extent because the added bonems
at first much softer and the onginal compacta fs partly absorbed. This new bone is so soft that
it can be cut with & knife.

“With an elastic medullary nafl or stmpler yet with an imtating wire we possess the means
to produce huge masses of callug as 10 no other way  This stimulus, 10 to speal., arouses the bone
from 1ts quiescence and stunulates unheard-of cell praliferstion  The method appears simple and
without danger smce the bone 18 not exposed to any extent but as In medullary naling a metal
rod b introdeced mto the medullary cavity percutanesusly  Tho method seems entirely sxfe and

in 0o experiment dd cattus formation fafl to occor
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Fig 403 Fig. 409 Fig 410 Fig. 411
Jarch 23 1942 May 3 12
Figs. 108,409 Transverse fracture of the right femur ina 17 year-old workman who was ceught between an
electne hand trick and & wall.  Osteopolkily  Wire tractson for 10 dayy, then medallary rafllng.
Flgs. 410 411 Samc as Figs 408 and 409 6 weeks after medullary nafling and 10 duys after the institn-
thon of Smednh masage.  Abandant cloudy callus which was not visible before the institation of the Swedhh
massage.

Like Kiintscher Ehrlich A. W Fischer, Heim Sprengell and others, I too
believed that in some cases I noticed increased callus formation from the medullary
nail. However upon systematically examuning complete senies of X ray pictures
of appronmately 500 cases I found that this 13 not at all the case but that, on the
contrary the nail delays callus formation under certain arcumstances, This finding
constitutes the greatest disappomtment that I have experenced as a phymaan, be
cause I had set the mghest hopes upon the callus-stimulating effect of the medullary
pail Rmsch and Schnerder arrved at similar conclusions  In the meantume a re-
port of \aatz from the chnic 1n Kiel appeared to the effect that among 300 cases
he found increased callus formation only five times 1 young people only

Kintscher himself states that the fine metals such as the non-corromve V2 A
steel or glass rods cause no penosteal apposition and that vigorously growing abun
dant caflus develops only with the use of base metals the callus forming the more
abundantly the lower the posiion of the metal on the scale of clements. This 1s
the chemical effect of salts of metals If iron 1s used for example the omidation
causes rustng and this rust damages all surrounding tissues Excessve callus
may also be caused by excessive pressure as demonstrated by the expennments with
carved metal sprmg leaves  One can further observe that penosteal appostions
develop wherever the medullary nail plows through declafied bone (Fig 1191)
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Fig 412 Fig 413 Fig 414 Fig 415
July 1 1942 February 10 1943

Figs. 412 413 Same as Figs. 410 and 411 after 8 weeks. Lurunant callos formation. Cakafications in
the musclet. Decaldfication of the bones. Knee motion 180-130°

Figs. 414 415 Same as Figs 408 and 409 after 11 months. A valgus angulation of 10° because the mall

wras already removed after 3 months, Normal cakdum content of the bones. Bony consolidation. Bome

thickened. Motlon of the knee only 180~130° against 180—40° on the left, other joints free. At s follow-ap
examination after 2 years, the motlon thowed no improvement.

Since Kfintscher uses pure V 2 A-steel for his medullary nails and since they are
straight and not curved they can exert neither a chemical nor a mechanical irmtation
upon the bone as outlined above, provided they set tightly  On the lower leg such
periosteal appositions arc seen sometimes, because the nail 1s curved  For this
reason the abundant callus formation as ilustrated by Kintscher and Ehrhch 1n
thar \ ray pictures was at first inexplicable If however, these pictures and
many other \ ray pictures showing marhed pertosteal callus formation are studied
carefully one will notice that usually strikingly short nails had been used  Around
the tip of the nail one can notice a cavity with a wall of dense bone  This 1s a sign
that the medullary nail moved 1nside the bone and that this motion destroyed the
surrounding trabeculac by a gnnding cffect (Figs 392-396, 403405 436441, 450
451 and 472-475) In the case with abundant callus formation pictured 1n Tigs
392-396 a mechanical stimulus was provided by the fact that the lower fragment
could bend against the prouumal fragment, because the nail was much too short  In
the case illustrated by Adintscher the nail 1s also too short and too thin  In his
\ ray picture after removal of the nail one can see that the nail bed espeaally at
the tip 1s much larger than the diameter of the nail which proves that the nail moved
back and forth inmde the bone  In Tigs 400405, a comparatively long medullary
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Fig 416 Fig 417 Fig 418 Fig 419
October 27 1942 October 27 1942

Figs. 416, 417 Fracture of the left {femmur 10 cm. above the knee jolnt with marked angulation, lateral dis-
Dlacerment and shortening in & 63-year-ald coachman who was kdcked by & horse.

Figs. 418, 419 Same as Figs 416 and 417 after medullary nalfing  There 18 & recarvation of 10-17°

nail has been used. However since the patient was about 60 years old the bone
was decalafied and the trabeculae formed a wide mesh therefore the tip of the nail
traveled as seen by companng Figs 401 403 and 405 from the antenor to the
postenor wall  The route traveled by this nail 18 clearly indicated m the \ ray
pictures by & dense zone below the tip of the nail — Therefore the pail mn this case
could not elnmate 1njurious angulatory forces and did not permit the exertion of
only favorable axial pressure

Jorg Bohler compared this abundant callus formation very appropnately with the
globular callus which develops following fine crack fractures of the second and third
metatarsal bones. In these the fracture surfaces are in accurate apposstion  Dunng
walking a shght angulation of the distal fragment occurs with every step This
continuous mechamcal stimulus in which the fracture 13 exposed to a tensile strain
on the plantar surface and to pressure on the dorsal surface causes excesave callus
formation (Figs. 1026 1027 E 112996 2997) In addition to this however all the
soft tissues are imtated and such feet remain swollen and paimnful for many months.
If the imtation from the continuous angulation of the fragments 1s ehminated by a
walking east soon after wnjury no globular callus will form but the ususal absorption
of the fracture surfaces and a widening of the fracture ine will take place Thus
fine fissures are plawnly vimble after a few weeks. These fracture lines are still clearly
evident after 6 weeks yet the fracture 1s firmly umted and weight beanng 1s possible
without pamn after removal of the cast (Figs. 1024 1025 E IT 2994 2995)

In fissured fractures of the carpal scaphoid likewise an absorption of the fracture
surfaces takes place which makes the fracture more plainly visible (seepages I 633
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Fig 420 Fig 421 Fig 422 Fig 423
December 30 1942 February 7 194
Fign. 420 421 Same as Fiy 416419 after 9 weeks. Marked periosteal Irritation callun.  Severu! for
cible attepts succeeded In correcting the recurvation with a Schultze osteoclast (Flgs. I1/2129 2130 and
933 E, T1/2745) and with a Phelps-Gocht (Fig 934 E, T1/2746) but this cxmsed additional damage to the
muscles which had been torn by the odginal marked displacement.
Figs. 422,423 Same as Flgn. 416119 10 months after removal of the medullary nail and 15 months after
the Infur;  Knee 170-80° against 170-65° on the right.  Other joints actively free.

634) In this case, however, ormussion of immobilization does not cause increased
callus formation but a pseudarthrosis, because the periosteum 18 not covered by
muscles  For the same reason periosteal appositions occur only rarely on the tibia
as shown m Figs. 448 and 450 1n which pseudarthrosis developed later (Fig 455)
In fractures of the humerus which 1s surrounded by a thick muscular cuff, excesave
callus formation 1s not uncommon as shown 1n Figs. 1010-1031

That the chemucal effect of corroding medullary nails causes periosteal apposition
is shown by the cases of Ehrhich (Figs 198, 199), Sprengell (Figs 273-276) and Figs
264272

Figure 198 shows periosteal appositions on the medial mde at the level of the tip
of the nail and Fig 199 shows an area of absorption of the cortex on the lateral
side of the tip of the nail as a aign of corrosion damage  As Chrlich communcated
tome after its removal thus nail showed a corroded tip similar to the nail of Sprengell
(Fig 274) In bothof Sprengell s cases, shight penosteal appositions can be noted 1n
the region of the corromons.  The absorption of the cortex however, 1n the region
of the corrosions, 1s much more pronounced  In the second case of Sprengell & sinus
developed later at the site of the corroston. T have also seen this 1 other cases with
corrosion damage  Most patients with rust damage have ‘drawing’ pamns and
cannot bear weight on the leg very well nor can they use the arm very much as long
as the corroded nail remans  For this reason the intentional use of corroding ma
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tenal or of irntating wires must be omitted  The damages which may result from
these have been known to us for a long time from neiled hup fractures (Figs. 1[/1782-
1806)

Imtative callus can also be produced by other mechamical means as shown in the
two following cases.

In Figs 410-413 the epphcation of Swedish massage with forceful kneading
and tapotement of the muscles caused penosteal callus formation and decalafieation
of the bones. There 1s no indication that the nail which was too short had moved
in the bone as in Figs. 392405 In spite of the youth of the patient (17 years),
this imntative treatment led to a permanent and marked restnection of the motion
at the knee joint, although the fracture was only sightly displeced and rather far
removed from the knee.

In Figs. 416-423 marked perosteal appoutions developed because the musdes
were torn by the marked displacement of the fragments and because they were
further damaged by the repeated forable attempts to bend the bone  Furthermore
this casc scems to show & particular predisposition to increased bone formation as
seen by the marked callus cap (Figs. 424—427) The medullary nail did not move
because 1t had been dnven sufficently deep into the bone  Although the man was
63 years old, only a mummum restniction of motion mn the knee jant developed,
because no further injunous influences were added after the attempts at bending the
nail in the first few days,

Irritatrve callus 13 a pathologic lissue and even after 10 weeks or laler one can
see that the fracture line penetrates through the periosteal appositions like a begrrning
psendarthrons (Figs. 394-396 and 404, 405) Any hmb with an wntative callus 13
strikingly sensitive and sometimes it shows a local sweling A W Fischer reported
that 1 a case with an almost tumor like callus marked secondary angulation of the
femur occurred 8 weeks after the nail had been removed

Summary A medullary nail made of V 2 A steel does not stimulate callus by 1ts
mere presence 1n the medullary canal  If 1t 18 too short or too thin 1t cannot prevent
mjurious pulling, sheanng and pushing stramns and therefore an 1mtative callus 18
produced sumilar to the globular callus in crack fractures of the second and third
metatarsals, Since penosteal imtative callus 1s infenor and soft and does not con
tribute to a mapid firm union of the fracture but, on the contrary delaysit, one must
try to prevent its formation by the use of sufficently long and sufficently thick
medullary nails and one must not try to produce 1t artificially by the use of corrosive
matenal.

The Callus Cap

Sometimes a peculiar formation can be noted around the head of the medullary
nal which Kiintscher called a callus cap (Figs. 424429) He clmms that it 18
produced by droplets of fat marrow running along the groove of the nail into the sub-
cutaneous tissue causing bone formation upon contact with the fibrous tissues.

The callus cap 1s comparatively rare I have seen 1t only 1n a few fractures of the
femur and once I found a shght ndication of 1t 1n a humerus, but never 1n & lower
leg or forearm fracture, although dunng any medullary nailing a conuderable amount
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of marrow can be scen oozing through the groove of the nail - Thercfore this spilling
of marrow docs not scem to be the cause  Perhaps it 1s caused by a constitutional
pecubianty asn Tigs 416126, or perhaps some muscle tissue 1s crushed between
the head of the naul and the dnving punch, and bone forms in this crushed muscle
tissuc mmilar to myositis ossificans following dislocations of the elbow The histo-
Jogic findings on pages 137-138 speal. for this interpretation in that striated muscle
fibres were found between the 1slands of cancellous bone  The fact that a callus
cap never develops on the leg, ulna or radius scems to prove this opinion, because
in these locations there are no muscles, yet bone marrow 1s always spilled in these
places too

The following histologic findings of the callus cap shown 1n Figs 424-429 are
tahen from the thesis of Dr Lmilic Mayer

Fig. 424 Fig. 423 Fig. 426
Figr. 424 425 Umnsually large callus cap of Figs. 422, 423 removed from tbe medullary nafl and placed
upoa it.  Natural size,
Flg. 426. X-ray pktave of Fig 425 reduced.

The histologic examination (carned out 1n the Institute for Pathol6gy in Vienna,
Director Professor Dr Chuan) revealed

“A structure shaped approximately like the head of & h frm 1n cy shout
45 X 4 X 2.5 em. in mze, showmg dense fibrous tissue on the oater side and & cone-shaped prom-
inence (a) m one area of the surface 10 X 15 X 7 mm, in sze. A cut through the middle of the
promunence and the entire structure shows & round cavitv (b) approxmmately at the center about
1.5 cm, in dumeter with an opening of 15 X 10 mm. (¢) on the opposite side. The inner surface
of this cavity i hined wth a soft whriish red tressue (d) in concentric Iayers with s maximum thick
ness of 5 mm. Tha 1s surrounded by tessue of bony consistency (¢) The wall oppoaite the
optrang i3 only 1 mm. thick for an ares of 1 am.  An overall section shows the avity lined mth
fibnnous masses and with scattered lencocytes. This fibrous tissue Is surronnded by cancellows
bane tissue with partly fibrons marrow, partly fat marow The trabeculas next to the cavity
show an approximately eoncentnic armangement around the cavity wide osteoblastic seams and
contaln fibrows marrow Toward the periphery of the structure cancelloax bone was found with
fi:muhﬂylmngcduabecuhe of varymg size, showing many old cement lines with predomnantly

t marrow, and fn one place striated muscle fibres between the cancellows remnants. Th
armangement of these trabeculac shows no definite relation to the cavity ’I‘h:ym:mmdedu:
th:cumdcbyﬁhmmmﬁnuewhnhgmduaﬂymaguiutobund]udmtcdmmdamth t
sharp line of divinon., Atth:mmncemthemvmymmthn:db&me,mcmlnmnhh;d::f.
cartilage are found which are in a stage of ossification. Inflammatory processes
caly in the form of scattered lymph cell infiltratiom. v 47¢ represeated
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Fig 427 Fig 428
Fig. 427 Saw-cut through the callus cap of Figs. 424426

Flg. 428, X-ray picture of & callus eap from the article by A W Fischer and Masts (Arch. f klin. Chr
203 No. 4, 1943)

Fig 429
Flg. 429 Microscopic sechon throagh the callms aap of Figy 424127

“This histological picture mdicates that a partly cartilaginous partly bony callns formed
around the end of the nail whereas the old irregular trabeculae described above and located most
superficalhy appesr to be denved from pre-existing bone

If the nail protrudes more than 3cm from the greater trochanter one may some
times see & callus ring instead of a callus cap (Figs. 167 198) Sometimes a bursa
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forms around the end of the nafl ke that over the head of the bip nail  This bursa is
the larger, the further the nml protrudes. Somctimes 1t 18 filled with nice bodies
(Tig 692) Occasionally one may find calrium deposits 1n the wall of the bursa.

Inhibition of Calius Formation by the Medullary Nail

The cxpectation that a medullary nail of non corrosive matenal accelerates and
cven intensifies callus formation has unfortunately not been fulfilled  On the con
trary, & carcful follow up of many cases has revealed that coltus formation 18 some
times delayed or even completely stopped by the medullary nail on the tibia and on
the forearm bones as shown by Figs 430-459  For this reason, dunng our first
year of the use of the medullary nail the average duration of treatment of fractures
of the leg was twice as long as before  The same observation was made by A W
Fischer, Roisch and Schneder

In the compound fracture of the lower leg shown in Figs. 430-441 the cause
of non union was a seres of techmcal mistakes  Instead of ehminating the shght
lateral displacement of Figs 430 and 431, the fragments of the tibia were separated
by 10 mm and shghtly angulated (Tigs 432, 433) In other words a dislocatzo ad
Tongiudinem cum distractione was produced, 1€ that dangerous displacement which
prevents or completely stops callus formation (see pages 106-118)  Because of the
valgus postion the gap in the fibula was much smaller than in the tibia. It there
fore soon filled with bone, whereas on the tihia a pscudarthrosis developed (Figs
434 435) Not only the fibula but also the medullary nail had a locking effect upon
the fragments of the tibia  The continuous strain upon 1t finally led to a fatigue
fracture of the nal When the fragments of the broken nail were removed, the
fibule which was too long was osteotomized obliquely but was not shortened In
antiapation of the callus-stimulating effect of the naml, the fracture surfaces of the
tibia were not freshened. Agsin too short a nail was chosen (Tigs 436, 437)
Therefore the fragments had play However, no irntative callus formed as on the
femur (Fig 392-407) but en abscess developed after 4 months.  The motions of the
nail 1 the medullary cavity destroyed the cancellous bone (Figs 438-441) When
the double locking action of the fibula and the medullary nail were ehminated 17
months later by a resection of & 2 cm piece of the fibula and by removal of the
medullary nei, bony union of the tibia followed 4 months later (Figs 440, 441)

Still more nteresting 1s the course of the compound leg fracture shown 1n Tigs
442-159  The reduction was excellent but the nail was toe short and too thin
(Figs 444 445) Because of large wounds the patient remained in bed 1n a supple
mentary plaster cast for 7 weeks to prevent disturbing the wound  The pomition of
the fragments was still very good but there was no trace of callus formation because
the medullary nail 1n spite of 1ts shortness, had prevented an approamation of the
fragments (Fig 446 447)  The patient was permitted to get about without aplaster
cast under the assumption that the fracture was after all this time fit to bear weight.
Ten weehs later one can see peniosteal callus appositions on the medial side, 1n the
lateral view the fracture hine has become distinctly vasible (Iigs. 448 449) <\ ray
pictures taken 7 months after the injury were somewhat mdistinct and appeared to
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Fig. 430 Fix. 431 Fig. 432 Fig. 433 Fig 44 Flg. 435
Scptember 8, 1941 September 8, 1941 Alay 11 1942
Figh. 430, 431 Compound transveise fracture of the kit lomer leg In a 21 year-old workman who was
caunght In an elevatar
Figs. 432 133 Same a3 Fipy 430 and 431 after wound cxcrsion and medollary nalling.  The fragments
are paping 10 mm. From the proximal fragment 2 wedge was broken off on the latera! side. The mail s
tarkedly bent.  The distal fragment 13 angulated laterally V) ound healed without disturbance.
Figs. 434 435 Samc as Figs. 430133 after 8 months. Slnce the fragments were not Impacted the fibula
bealed with a lengthening and o pecudarthrosts developed o the tibia.  The afl shows a fine crack.

indicate an obliteration of the fracture  On closer nspection however one can see
an area of absorption around the tip of the nail, a sign that 1t moved 1o the bone (Figs.
450 451) Under the assumption that the fracture was firmly united the nail was
removed  Four weeks later a distinct pseudarthrosis gap conld be seen n the lateral
view (Fig 453) and after another 6 weehs the gap had widened m the antemor
portions (Fig 455)  An osteotomy of the fibula was performed and another medual

lary nail was inserted of sufficent length and thickness Thereupon callus formed
rapudly (Figs. 456 457) and 16 months after the injury the fracture was finally firmly
umted (Figs. 458 459)

These two cases show that the medullary nail does not simulate callus formation
by 1ts mere presence in the medullary canal.  Ifitis too short or too thm as in Figs
430-159 only shight imtative callus will form on the tibia (Figs. 448-450) and
contrast to the femur (I1gs. 392-107) and to the humerus (Figs 1010-1031) this
slight callus cannot prevent a pseudarthrosis

To avoid such senous disturbances 1n fractures of the tibia the nail used must be
sufficrently long and thick and the fragments must be immediately 1mpacted prop-
erly It nohicesble after a few weeks that callus formation 18 inadequate the
fibula must be osteotornuzed early to prevent its locking effect.
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Fig. 436 Fig. 43/ Fig 438 Fig 439 Fig 410 Fig. H1
June 10 1942 November 22, 1942 June 17 143
Fige 436, 437 Same a3 Figy 430433 \lter 9 months, the fracture of the tibua was exposed. Both
peces of the nail were removed and & pew nail was [nserted.  Again 1t s too short.  Good alignment.
Figs. 438 439 Same as Figy. 430-433 5 months after maertion of the new mil and 2 months after oate
otomy of the fibula In the upper third.  An abscess developed at the {racture site.  The tibu shows varus
angulation and antecurvation of 10® each. The nail destroyed the distal part of the medullary cavity
Marked decalafication.
Figs. H0 41 Same as Flgs 430433 after 21 months, After 17 months, 2 2 cm. prece was resected from
the fibula and the nail was extracted. This was followed by bony unlon with varus angultion of 17°
Marked decaldfication.  The cavity in the tibla m which the nail moved is still plainly visible,

Figures 460467 show o senous leverage fracture of the forearm mn which the
radius was nailed 4 weeks after the njury  Since callus formation was marked on
both bones (Figs. 462 463) the supplementary plaster cast was removed one month

after the naling Due to increased use, a pseudarthrosis of the ulna developed
(Figs 161—467)

Callus Formation in Medullary Nalling of Pseudarthroses

Medullary naibing of pseudarthroses was followed by many failures because some
surgeons beheved that the mere presence of the nail in the medullary cavity was
sufficent to stimulate callus formation without freshening of the fracture stumps.
This 1s unfortunately not the case as shown in Figs 468179 972-983, 1172-1179,
1186-1197 1204-1221

Sunilar to the use of the three flanged nail 1n pseudarthrosis of the nech of the
femur the medullary nal constitutes a great progress in the treatment of pseudar
throsis of the shaft of the femur because 1t enables us, wmith proper technique, to
unite the fragments immovably which 15 1mpossible wath any other method. How
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Fig 442 Fig. 443 Flg 444 Fig. 45 Flg 436 Flg 447
December § 1941 December § 1941 January 21 1942
Figs. 412 413, Compound fracture of the right lower bog with marked disphacernent in 8 33-year-old work
Toxn wbo was strirck by & beavy Joad ax it was being lomered by a crsne. The badiy solted bone protreded
6 e thongh 1 14 om. Jong woumnd,
Figs, 444, 445 Same xs Figs 442 and 443 after exchrion of the wound, inserilon of the mall xod skin sutnre
The two rubber drans are plelnly viadble,
Fig. 446, 43/ Same aa Flgr, 42445 after T weeke Tound heakd witbont disturbance. The freg
ments are in exceilent apposition.  No callus can be setn.  Hax not walked yet.
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ever, there are great differences between these two tvpes of pseudarthrons. If &
non umon of the neck of the femur 15 properly reduced by suitable trachion and
nward rotation without exposure of the fracture and without freshening of the
fracture suriaces and if the fragments are then usuted by & nail, bony union usually
occurseven if the fracture 1sof many years standing asshown in Figs 844a-845bE,
11/1818-1870  Thus 18 possible only because we are dealing with cancellous bone.

If a nail 18 used In & shaft pseudarthross without also freshening the fracture
stumps absolutely no callus will form as shown in Figs. 470-473 When both
frapments were freshened superfiaally after 3 months and united with 2 supple-
mentary wire sutures (Figs 474 475} no callus formed because the freshening was
msufficent and because the nal was too short and too thin  In spite of the nat
and the wire sutures, motion between the fragments was posuble as shown by the
large cavity around the tip of the nar (Figa. 474, 475) and by the fracture of the nail
(Figs 476 477) Wheress, in a fresh fracture constant motions and not the presence
of the medullary nad cause extensve penosteal appomtions as i Figs 392-397,
1010-1023 and 1024-1031 this does not happen with pseudarthroses In these,
the fragments will not unste unless they are thoroughly freshened by & transverse or
oblique saw-cut ead firmly umted bv a nail of sufficient length and thickness with
additional longitudinal wire sutures {Figs. 478 479) A critieal review of nailed
paeudarthroses of the ting, humerus and forearm reveals that the nail offers no
advantages over other methods but occasonally presents dmadvantages. We
therefore do not use the nal for these bones.,
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Fig 418 Fig 49 Fig 49 Fig 45t Fig 452 Fig. 453
April 3 1942 June 26 1942 July 24 1942
Figy 448, 449 Same as Flgs. $42-145 after 17 weeks. In the A P view perniosteal Irritation callus can te
scen in the lateral view a widened fracture Jine.

Figr. 450 451  Same a3 Figs $H12-H3 alter 7 months.  The perlosteal irritation caltus has increased
The lateral view is somenhat blurred and the fracture line therefore Indistinct  The nail was removed
under the assumption that the fracture was firm.

Figx 452,453 Same as Figs 450 and 451 4 wecks alter removal of the medullary nall.  The lateral view

sbows a wide pacudarthrosls Hne

Fig 454 Fig 455 Fig 456 Fig. 457 Fig. 458 Fig 459
September 9 1942 February 15 1943 March 25 1943
Figs. 454 455 Same as Figs +H2-445 after 9 months. In the A P view the fracture appears firm. The
lateral view shows, bowever that the gap of the pscudarthrosts has widened,
Figs. 436,457 Same as Figs 454 and 455 4 months after umertlon of another longer and thcker mednk
lary nml  The pscudarthrosis begins to obhiterate,
Figs. 458 459 Seme a3 Figs 412-445 immediately after removal of the naul and 16 months after Infury
Bony unton with varus angutation of 10°  If 2 circumferentual wire sutures had been used 1n this fractare a3
m‘nﬂtm-m instead of a medullary nal this man could also have left the hospltal after 4 weeks with s
walking cast and the fracture in all probabuity would have bealed firmly fn 10 weeks instend of in 16 months.
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W,
Fig. +2 Fig. 43 Fig. 444 Fig. 415 Fig. 446 Flg. 47
December 5, 141 December § 1941 January 21 1942
Fips. 442, 443 Compound fracture of the right Jow er leg with marked displacement in a S3-year-old work
man who nas struck by a heavy Joad as it was being lowcred by a crane,  The badly solled bone protreded
6 cm. through a 14 e Jong wound.

Figs. 444 15 Same as Figs 442 and 413 after excision of the w ound, insertion of the nail and skin sutore
The two rubber drains are planly visible.

Flgs. 416, 447 Same a3 Figs 442-HS after 7 wecks. Wound besled without distarbance. The inmg
ments are in excellent apposition.  No callus can be seen.  Has not walked yet.

ever, there are great differences between these two types of pseudarthroms. If &
pon umon of the neck of the femur 18 properly reduced by swutable traction and
wward rotation without exposure of the fracture and without fresheung of the
fracture surfaces and if the fragments are then united by a nail bony umion usuaily
occurseven if the {racture 18 of many years’ standing asshown m Figs 844a-845bE,
11/1818-1870  Thus 1s possible only because we are dealing with cancellous bone.

If 2 pail 1s used 1n a shaft pseudarthroms wthout also freshening the fracture
stumps absolutely no callus will form as shown in Figs. 470473 When both
fragments were freshened superficially after 3 months and umited with 2 supple-
mentary wire sutures (Figs 474 475) no callus formed because the freshening was
msufficent and because the nail was too short and too thin  In spite of the nai
and the wire sutures motion between the fragments was possible as shown by the
large cavity around the tip of the nail (Figs. 474 475) and by the fracture of the nail
(Figs. 476 477) Whereas, in a fresh fracture constant motions and not the presence
of the medullary nail cause extenuve periosteal appositions as in Figs 392-397,
1010-1023 and 1024-1031 this does not happen with pseudarthroses In these
the fragments will not unite unless they are thoroughly freshened by a transverse or
obhque san-cut and firmly umited by a nail of sufficent length and thickness with
additional longitudinal wire sutures (Figs 478 479) A cntical review of nafled
pe.eudnrthmsa of the tibia, humerus and forearm reveals that the nail offers no
advantages over other methods but occasonally presents disadvantages We
therefore do not use the nail for these bones
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Flg. 464 Fig 165 Fig. 466 Fig. 467
Julv 1 1942 Nay 11 1944
Figa. 461 465 Same a3 Figs 162 and 463 after 5 wecks. The callus at the ulns has become absorbed
H wsin Figs. I/864-871 and 1/966-971  The calcium content of the ends of the bones has improved.
Figr. 466, 467 Same as Figs 460 and 461 alter 2, months and 1 year after removal of the nail At the
ulna u definite pscudarthrows developed  Caloum content of the bones Is normal otherwise.  Good
function.

burfed This danger 1s the bugaboo with the old operative treatment of fresh
closed fractures with exposure of the fracture field It has frequently been followed
by loss of fe loss of mb or loss of function (see pages 82-85E) It 1s to the
outstanding credit of Kilntscher to have shown that by means of his medullary
nail which 1s mserted through a small inasion far from the fracture site the frag
ments can be jomned soldly with amazng firmness without exposing the fracture
field. All these circumstances greatly reduce the danger of mfection and only
comparatively few cases of serous wound infection have been reported with this
method, and were due as a rule only to errors in indication and techmque

Local inflammation at the nailing site  Occasionally local inflammation occurs
at the site of nsertion  A. W Fischer reports 1t in six out of 67 femur fractures and
n one of 73 leg fractures We have observed 1t twice m 38 closed femur fractures
and three times 1m 67 closed leg fractures The inflammation and suppuration
usually disappear in a short tune after the removal of the sutures or as a rule
rapudly after the removal of the nail 45 Jong as any wnflammation 1s emdent at the
sile of wnsertion one must be very careful with ambulation and wesght-bearing, otherwnse
the tnfection may creep along the medullary nail 1nto the medullary cavity
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Fig 460 Fig. 461 Flg. 462 Flg. 463
February 20, 1942 May 27 1942

Flgv 460 461 Leverage fracture of both bones of the nght forearm with & § am. wedge fragmant on the
ulnt 1n 8 37 year-old foreman whose arm was caught In & mackine

Flgs. 462, 463 Samc a3 Figs, 460 and 461 after 3 moaths, and 2 months after medullary nafling, and 1
month after removal of the cast.  The nafl dis well.  Afarked callus on both bones towards the [aterosseons
space  Marked decaldficntion of the erds of the ulna afd mdins.  Begins to work.

It 1s entirely erroneous to expect callus produchion from the nai when used 1o
defect pseudarthroses, assuming that the gap will be filled  Yet I found a number of
such unsuccessful attempts (Figs 972-983 and 1172-1179) In no case had the
shightest callus ever formed and usually the nail broke If skin conditions are
favorable such gaps can be bndged only with bone grafts or, if bad scars are present,
by the implantation of the fibula into the tibia as shown in Figs I1/2606-2609

Even 1if an osteotorny 13 performed the fragments must be accurately coapted by
the removal of sufficiently large wedges of bone with saw or chusel  If the bone1s
merely sawed transversely asin Figs 252-255 the nail may break (Figs 256 257)
If a new nail 18 not nserted 1n time (Figs 258-261) a pseudarthrosis may develop

INFECTION AFTER MEDULLARY NAILING
Infection following Closed Nalling
Hiabler reported 1 5% imnfections 1n closed nmlings and 119 nfections 1n open
nailings

The crucia! problem in the operative treatment of fractures is the danger
of Infectlon and not the question of what type or size of forelgn body Is being
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Fig 164 Fig 465 Fig 466 Fig 167
July 1 1942 May 11 1944
Figs. 464 465 Same as Tlgs 462 and 463 after § weeks. The callos at the ulaa has become absorbed
K a3 in Figs. 1/864-871 and 1/966-971  The calddum content of the ends of the bones has improved.
Flgs 466 467 Same as Figs 460 and 461 after 27 months, and 1 year after removal of the nall. At the
ulna 2 definite pseudaribrons developed  Caldum content of the bones is normal, othermse  Good
function.
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buried This danger 15 the bugaboo with the old operative treatment of fresh
closed fractures with exposure of the fracture ficld It has frequently been followed
by loss of lfe, loss of limb or loss of function (sce pages 82-85E) It 1s to the
ocutstanding credit of Kilntscher to have shown that by means of his medullary
nail which 1s inserted through a small incson far from the fracture site the frag
ments can be jomned solidly with amazing firmness without exposing the fracture
field. All these arcumstances greatly reduce the danger of infection and only
comparatively few cases of serous wound mnfection have been reported with this
method, and were due, as a rule only to errors in indication and techmque

Local snflammation at the natmg site Occasonally local inflammation occurs
atthe site of nsertion  A. W Fischer reports it 1n six out of 67 femur fractures and
1 one of 73 leg fractures  We have observed 1t twice i 38 closed femur fractures
and three times 1 67 closed leg fractures The inflammation and suppuration
usually disappear 1n & short time after the removal of the sutures or as a rule
rapdly after the removal of the nail 15 long as any snflammation ss endent at the
sute of tnsertion one must be very careful wnth ambulation and weight-bearing, otherunse
the snfection may creep along the medullary nail snto the medullary cavity
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Fig 468 Fig 469 Flg 470 Flg. 471 Fig. 472 Fig 473
Januany 7 1942 Junuary 9 1942 April 1 1942
Fip. 468 469 A 1 year old oblique pscudarthrous of the right humerus in & 44-year-old fovester nho was

injured by a fall in rocky terrain.  Treated elsewhere with an airplane splint and excesmve continuoos
traction.

Figs. 470 471 Same as Figs 468 and 469 alter open medullery nailing. Relylng upen the calhu-stimn
lating eflect of tbe medullary nail the operculated ends were not freshened.  The nafl Is too thin and too
short. A drun was inserted postero-laterall) Becmuse of the apparent stability of the fracture after
nailing no cast was appied.
Figr. 472 473 Seme as Figs 468471 after 3 months. No trace of callus formation can be seen. Large
cavity around the tip of the nail which moved back and forth betw een the walls of the bore w{th mations of
the arm and ground the trabeculae to bits.

Local infection af fracture sste  In a closed comminuted fracture of the femur
(Figs. 649-656) infection of the fracture developed because the nail was mserted
through a skin defect following a third degree burn. The mustake in this case was
that the nail was inserted twenty four hours later when the shin was already infected
and that the shin inamon was closed  The fracture was exposed after three weeks
by two incmons. Several sequestra separated from the third fragment Bony
union with good alignment and 1 em shortening ensued  If the nailing had been
performed on the first day and if the wound had not been closed tightly the course
would probably bave been more favorable Yet the nail greatly faciitated the
nummng care of the extensive burns  As a rule however nailing must be omutted
1n cases of burns because the course s rarely as favorable as 1n this case

Chrontc osteomyelstis  Serious permanent damage was found in the following
patient.
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Fig 44 Flg 475 Fig 476 Fig 477 Fig 478 Fig. 479
April 3 1942 NMarch 5 1943 June 6, 1943
Fip. 474 475 Same as Figs 472 and 473 after the second operation in which the fracture stumps were
expoaxd and freabened without removing the nall  The opercala were d. Both f nere
united additonally with 2 circumferentlal wire loops. A shoulder spice wus applied for 3 months.
Figs. 446,44+ Same a3 Figs 474 and 475 after 11 months. Following the removal of the cast, the patient
could use the arm well but 6 months later be felt a snap in the arm following a vigorous motion and there
was aguin abnormal motion at the onginal fracture site.  The nail broke.
Fip. 478,479 Three months after the third operation. The fracture was again expased, both pieces of the
oail and the 2 wires were removed.  Both fmctare stumps were fraabened transversely in the healthy area.
A double nafl, thicker and sufficlently long was then inserted which reached Into the head of the humerny
Two addinomal longitudinal wire satures were applied and & shoulder splca for 12 weeks. Bony amon. If
mdmﬂ&.thefntture-tumpshadbcmfmhmcdl—nhnpedorohhqudyun]munry7 1942 and united
nchwh—emm:n,lndllhwld.nq:icn:pplkdlmtudofnm:dulhrymﬂ the pscudarthrosts woold
probably have healed In 3 instend of In 17 months.

Case A 20-year-old female suffered a leverage fracture of the left femur on Sept 16 1941
(Figs 480 481) and u contused laceration 5x15cm om the inner posterior surface below the knee
Debridement of wound suture and Stelnmann pin traction through the tibal tuberosity followed.
The wound healed without disturbance On Oct 4 i.e. after mneteen days, medullary nailing
w3 performed without a reducing apparatus requimg hours of ‘wrestling '\ ray pictures
(Figs 482 483) show that fragments 44 and 55 mm. long brokeoff the antenor surface of the proxi
ol and distal fragments A splinter of cortex, 35 x 16 x 4 mm. was driven by the nail into the
metaphves ahead of the tip  On Oct 10 slight temperature elevation to 37 5°C and on Oct 23
up to 38 7°C was recorded  Fluctuating area behind the greater trochanter was noted Two
inctons were mado and & dram inserted for dramage of the pus whereupon the temperature sub-
sided  On Oct. 31 agam temperature mses to 39.3°C  Faucture not tender Wound at the
knee healed without reactin  Up to Nov 18 recurrent temperature rises to 39°C  Marked
r"f‘;lmt dncharge which gradually subsided and mpudly disappesred after removal of the nail
o Feb 2 1942 The patient was discharged on April 3 1942 with healed wounds and knee-
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Fig. 468 Fig. 469 Flg 470 Fig. 471 Fig 472 Fig. 473
Jumeary 7 1942 Junaary 9 1942 Apill1 1942

Figs 468 469 A 1jear old oblique pseudarthrosis of the right humerus, in a $4year-old forester who was
injured by a fall in rocky terrain Treated esavkere with an airplane gpfint and excessive continooos
traction.

Figs. 470 471 Same as Figs 468 and 469 after open medullary nafling  Relying upon the callus-stinm
lating effect of the medullary nall tbe operculated ends were not freahiened.  The nail i 100 thin and too
short. A drain was {nserted postero-faterall, Because of the apparent stability of the fracture after
naihng po cast wis apphed.
Figs 472 473 Same as Fin 468471 after 3 mouthe. No trace of callus formation can be seen.  Large
cavity around the tip of the nefl nhich moved back and forth between the walls of the bone with motions of
the arm and ground the trabeculac to bits.

Local snfectton at fracture stte In a closed comminuted fracture of the femur
(Figs 649-656) infection of the fracture developed because the nail was nserted
through a skin defect following & third degree burn.  The mustake 1n this case was
that the nail was inserted twenty four hours later when the skin was already infected,
and that the skin inaxon was dosed  The fracture was exposed after three weeks
by two maxons Several sequestra separated from the third fragment. Bony
uon with good alignment and 1 cm shortening ensued  If the nathing had been
performed on the first day and if the wound had not been closed tightly the course
would probably have been more favorable Yet the nail greatly facihitated the
nursing care of the extenmve burns  As a rule however nailing must be omtted
1n cases of burns because the course 18 rarely as favorable as in this case

Chronic osleomyelstis Serious permanent damage was found in the following

patient
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Fig. 484 Tlg 485 Fig. 486 Fig 187 Fig 188 Tig 487
February 2 1942 June 5 1943 Junc 10 194
Figr. 484 485 Same as Figs 480 and 481 immedlately after removal of the nail and 4 months after nail
Ing. The fracture shows bony union without shortening and with 10* recorvation.  The ealaum content
markedly reduced In the reghon of the knee joint. ‘The mplinter of cortical hone which the nail had drven
into the metaphvals, s plainly <isible
Figs. 486, 487 Same as Figs. 480485 21 months after Injury  The cortical splinter in the metaphvis B
stlll distinctle ducernible  Decakification  Extensive penosteal apposition over the entlre femur espe

cially on the medial and anterdos aspect of the dustal quarter of the femur dee to an inflammatory flare-op in
the medutiary canal,

Fige. 488, 489 Same as Figs 480183 after 33 months. The entire femur is sclerosed as in chronic
ostcomyelitls

purulent discharge It stopped after the removal of the nail and the wound closed
\ ray pictures (Figs 484, 485) show no sign of inflammation 1n the form of penosteal
appositions or of sequestra  One year after removal of the nail and after the wound
had healed o post partum inflammation developed which was interpreted as a
thrombophlebitis It must be connected with the previous suppuration  Durnng
its course the old focus of infection i the bone flared up espeaally around the
splinter of cortex which had been displaced into the metaphysis  Extensive pen
asteal appositions developed 1n the region of the metaphyms (Figs 486 487), aleoan
effuston 1n the knee jount and a sinus formed  Dunng the subsequent months the
course and symptons of the disease were the same a3 in a chronie genwine osteomyelitis
with penosteal appositions, abscesses sequestra and scleroamng of the bone

This senies of symptoms developed because the medullary canal was blocked at
the fracture site and at the nailing mte when the mflammation flared up To avod
such late complications naihing should be performed only i an adequate reduction
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Fig 480 Fig. 481 Fig. 482 Fig 483

September 16 1941 Novernber 8, 1941
Figs. 480 481 Leverage fracture of the [eft frmnrhdo‘rlb:nmdlchnw—}m-old)wtbnhomumd
by & heavy rock and suffered also & 15 cm. Jong and S cm. wide transverse wound postero-medially below the
knee  Tibinl pin tractlon. W ound healed without disturbance,
Figs. 482 483 Same a3 Figy 480 and 48! 5 weeks after the medullary mailing performed deavbore. On
the anterlor surface of Loth {ragments, scveral allvers broke off 44 mm. mnd 45 mm long. Between the
knee jolnt and the tp of the nafl there is a bone splinter 35 x 16 x 4 mm. In size, Recurvation of 10°

motion from 180-75  The muscles were still much weaker than on the well leg  She was then
up and around wthout discomfort On March 22 1943 {e. one year after the closure of the
wounds in the trochanter region, a post-partum phlebitis developed with which she was bed ndden
for threc months  Then a sus developed on the inner side of the left femorsl condyle, drscharging
terous secretion The knee was slightly swallen and hmted from 160-105°  \ ray picturs
(Figs 480 487) showed extensive periosteal appositians over the entire femur especully on the
medial and antenor surface sbove the knee jomt. In August, 1943 temperature rises recurred.
The thrgh was swollen, reddened and tender at the fracture site. A fluctuating area on the inner
and outer sxde was incsed  The bone was surrounded by pus  In thedepth roughened bone could
be palpated. InNovember 1943 agam marked swellmg and fever  \-ray pictures showed marked
merease of periosteal appositsons along the entire femur and several periosteal and central seques-
tra between the middle of the femur and the knee jont. These were removed openatively On
June 10 194 two sinuses were still dranmng  The entire fermur bone 1 sclerossd as after an
acute genuime osteomvelitns (Figs 488 489) Knee motwon 160-130°

In this case reduction and nailing performed elsewhere consumed nearly four
hours Dunng this long peniod asepsis was probably disturbed The infection
which took a more serous course than ususl was at first apparently confined to the
nailing ste and the surrounding area. It probably spread later to the enture
medullary canal as indicated by the perastent nse in temperature end the marked
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large as & medullary nal may lead to senous disturbances cven after 3 weeks of
imtial well being, even 1f the fracture had not been exposed and if the nailing was
done through only a small wound  In retrospect, onc must say that the use of the
nail in this case was not indicated  In the future we will not nail fractures which
show blebs as an indication of scnous arculatory mterference  Since this fracture
was axteen days old, a walking cast could have been applied one week later without
operation and the patient would have been able to walk about  After the naiing
he was hept recumbent for fear of redisplacement 1n spite of the nail  When fever
developed on the 20th post-operative day, 1t would have been sufficent to remove
the sutures at the nailing site, exposure of the fracture and the removal of the nail
would not have been necessary  The angulation of 12° could have occurred even 1t
the nal had remained 1in situ, as evident from the \ ray pictures of A W Tischer,
Stotz and our own expenences Even considenng all thesc arcumstances I must
say that I never had scen such serious complications before  In more than 2,000
closed leg fractures which I treated without operation, such comphcations never
occurred  In our 146 fresh compound leg fractures reported by Ehalt, we have
never noticed the spread of the infection to the medullary cavity or to the femur

Since we are never safeguarded aganst such comphcations following medullary
pailing, the indication for this operation must be made very cautiously The
contra indications enumerated on pages 8-10 must be carefully observed If
marked swelling with bhster formation 18 present, medullary pailing should be
onutted

Falal infections bave been reported to date only by A W Fischer, Ehalt,
Krenslehner and Stotz The case reported by A. W Fischer had a severe com
pression fracture of the twelith dorsal vertebra, a penetrating wound of the night
knee jont extensive hematomas on both thighs and a closed fracture of the left
lower leg  The leg was nailed six days later when 1t appeared that the Lnee jomnt
wounds were healing without complications. The naihng was performed without
difficulty ~ After 4 davs septic temperature nses developed and m the following
days the nght knee joint had to be opened widely because of suppuration. At the
same time 1t was apparent that the hematomas on the thighs and also the fracture
of the left lower leg were infected The same staphylococcus was cultivated from
all the infected areas. The man died after a few days

From this observation one must conclude that nailing must not be carried out
unti] larger wounds on other parts of the body are already completely healed, because
the commotion which necessarily accompames the reduction and nailing of the
fracture 15 so detnimental to fresh wounds that they are apt to become infected

Krenslehner nailed a transverse fracture of the femur i a five year-old boy on
the tenth day because lateral displacement persisted  On the next day there was
thh fever and on the following day the child died with symptoms of acute osteomy
ehtig.
leg "Iv'l;:;ﬂ:: of Chalt concerns a 63-year-old man who suffered a fracture of the lower

was struch by & falling tree trunk. The next day upon admission the
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apparatus 18 avalable so that the reduction can be performed 1n a short ttme and
asepais will not be disturbed by numerous attempts at reduction dunng the operation
The observation that a true osteomyehtis may develop one year after dosure of
the wounds 18 of fundamental importance because 1n some cases 1t may, as m
genuine acute osteomyehtis, recur 1n the same way, after years or decades For
this reason I beheve that one should be very careful in using the medullary nail in
mfected fractures because germs are thereby spread into the medullary canal. As
a rule, the inflammation 18 not very marked 1n the beginming because the medullary
canal 1s not under pressure as long as the fracture and nailing site are still open
After the fracture 18 hesled and the nail has been removed, the medullary canal 1s
again closed and under certamn arcumstances a cold, over-exertion, tonsillitis or
other mflammatory diseases a mmilar inflammetory process in the bone may be
precipitated as 1n this case It will not be posable for many years or decades to
determine the percentage of cases 1n which such late complications anse I am,
however, of the opmion that these dangers should be seriously weighed  For this
very reason I have always rejected the medullary nailling of infected fractures.
Ampuiation  In our 67 closed leg fractures, local nflammation at the nailing
site developed three times these subuded 1n a short time without further disturbances
after removal of the sutures. In the 67th case a severe phlegmonous infection

developed requiring amputation of the leg

Case A 5%-year-old man suffered a short spiral fracture of the tibm on Jan 24 1944 between
the mddle and the lower third wth rotation angulatian shorteming and lateral drsplacement by
full thickness of the shaft as well as & fracture of the fibula 6 cm abovo the tip of the outer mak-
leolus  Pin traction was applied to the os calcrs at first wath 3 Kg., later mth 4 Kg  Dueto the
marked original displacement marked swelling and large termon hlebs developed Smce the
lateral drsplacement could not be campletely corrected, a closed medullary nailmg was performed
on Feb 8 19441 ¢, sixteen davs after the myury deayshmthctunpuﬁu:emm”m
Then he was afebrile and withont pam up to Feb 26 On Feb 27 le. twenty days after the
nafling a high fever and severe pam developed without apparent cause even though he had not
been out of bed  The nafling site was swollen and red.  After removal of the sutures pus do-
charged. The fracture aite was somewhat tender  When the temperuture did not sabsude, T had
the fluctuatmg ares over the fracture mesed on Feb 29 Only blood with fat droplets was
found but nopus A plaster cast was applied and the nail was removed. Temperature subsded
to below 37°C and remained normal until March 22 although suppuration from the nailing
wte continaed. Then sudden e of temperature to 39°C and pain over the fracture of the fib-
ula  An abscess had formed in thi region which was ready to break through and much pus was
cvacuated through a stab memwon.  This was agam followed by an afebrile pertod. On April
18 suppuretion from the nailmg site and from both wounds was only shght. On April 24 the
leg was straightened becauss & varus angulation of 12° had developed. Thereupon the temper
ture again rose to 39°C wmth marked swelling of the entire lowerleg  On April 29 an extensive
cellulits was messed  Neverthelems septic temperatures continued numerous sloughs of necrotic
tendon and fasca separuted and the Infection spread to the femur requiring forther incstons on
May 10 Thereupon temperature fluctuations between 37.5-38°C  Since the patient was
Bmuydd:d]juwdbythepmlang:dmppummnmdllncct.helq;hu.dbecom:mdmthmugh
the Joss of large areas of tendons and fascn and becanse the bone was surrounded by pus  the kg
was ampatated through the thigh on May 20 Thereafter a gradusl recovery was made.

This case history shows that the introduction and burying of a foreign body &8
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macrophages and many cells contaming coarse plgment indicating transformation of the marrow
fnto scar tiseue  \o phlegmonous inflammation of the medullary cavity was evident

Stotz states “Naling 19 responsible for the development of the celluhtis around
the knee, whether 1t spread from infection of the ulcer at the fracture site or from
infection at the nailing site, although 1t was obviously an unfortunate chain of
compheating circumstances n & patient wth lowered resistance  The infection of
the colon was undoubtedly o metastatic process from septicemia ™

This unfortunate result must lead to the conclusion that m fractures of the lower
leg with vancose changes n the skin the medullary nail should never be used (sce
page 9)

Int summart tng, one must say that the danger of infection 1s always lurhing even
with clowed medullany nailing but that 1t can be greatly reduced by stnict observance
of the contra mdications (scc pages 8-10) The fatal outcome tn the above
cases was due exclusively to errors n the indication, in techmique or in the after-
treatment  It1s evadent from these cases that all patients with shin pathology such
as burns, severe contustons over the fracture, wounds in other parts of the body,
marked swelling tension blebs and scarred shin must be excluded from medullary
nailmg  Also chuldren’s fractures must not be nailed since in them fractures which
would be suitable for medullary naihing heal well and rapidly without operation

Infection following Open Medullary Nailing

Hibler reported infection 1n 119, of cases following open medullary nailing
while only 1.5%, had infections following closed nailing

hantscher s open medullary nailing exposes the patient to the same danger of
wfection as any other open osteosynthesis with exposure of the fracture field  Infec
tion, however, 18 very apt to become more dangerous with this than with any other
method because the entire medullary cawvity 1s exposed and might therefore become
mvolved 1n the infection, whereas with other methods the inflammation of the bone
marrow s confined to the fracture stumps The indications for open medullary
nailing must therefore be made very carefully and must be very limited (see page
57) In the first edition of this book I wrote that the danger of infection has
decreased shightly because the operation usually takes less time than with other
methods and because immobilization 18 much more sohd ~ But these two advantages
which are not always present are more than outweighed by the nsk of a progressive
infection 1n the entire medullary cavity

I further wrote  If infection develops following medullary nailing, the course
18 the same as 1n any mfected compound fracture and entirely different from that of
genume acute osteomvyehtis  Unfortunately however I have since had new
cypenences which showed that occasonally the same symptoms may develop as in
genuine osteomyelitis (see page 147 and Figs 480-189) I was particularly shocled
by the obscrvation that cven after many weeks and months following an imtial
uncomplhcated course an acute ostcomyelitis may develop suddenly 1n the mudst of
excellent health (see pages 272-276 and Tigs B84-893 and 910-915)
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skin showed bluish discoloration and marked tension Naling was performed 1n
spite of this  On the sixth day fluctuation was present over the nailing smte
Upon removal of the sutures pure thick blood discharged. The temperature was
normal  On the 11th day the swelling of the leg had submded consuderably The
operative wound showed no reaction  An Unna bandage and a cast were applied
and he started walking on crutches  Pain, swelling and fever developed four days
later  After another 5 days a large abscess over the fracture site wasmnased.
Three weeks later the entire lower leg was suppurating  Because of hus poor general
condition, the leg was amputated Later a metastatic infection developed 1n the
nght ankle joint and an empyema of the pleural cavity Death from septicerma
occurred 5 months later

In this case the fatal infection might have been due to the fact that he was not
nailed until the second day when there was already marked swellng  This caused 2
hematoma at the nailing site which had to be opened later From there the in
fechion mught have spread because he was permutted to get up too soon although

the nailing smte was still open
From this we must condude that najling should not be performed 1f marked

swelling 18 present and that ambulation should not be started until the wound 13
completely healed
The following impressive observation was published by Stotz

Case  F k. a 6+year-old man, had a fractore of the leg between the middle and distal third.
The tibm was broken transversely wmith a | cm. fregment on the medial srde At first wire exten
sion was used through the heel rednction and plaster cast. Indscations for operation Age car
diae msufficiency with asthma and chronic bronclutss bilateral malleolar fracture on the same leg,
as well as mstability of the fracture.  Nme days after the mjury mmngwthmﬂampa‘fol'mtd
easily (Aug 10 1941) A sugar-tong plaster splmt was apphied and the wound healed withoat
complications  Four weeks after nailing inflammatory redness and swelling developed at the
nailing site but dsappeared in a short time.  Five weeks after nailing the patsent was ambulant
with a sugar tong molded splint which was still necessary at this time because of the bi malleolar
fracture at the ankle, angulation of the tibu and outward rotation of the foot Soon thereafter
an ulcer developed over the fracture site withm an area of vancosities (bactenological findings
Hemolytic dapkylococcus) through this ulcer a sequestrum of 1 cm. separated (Nov 17 1941)
A few days later a small abscess formed at the nailing site which healed rapsdly after incison On
December 24 1941 Le 11 weeks after nailmg he was descharged with an Unna boot, able to walk
sansfactorily  Smce the wound on the lower leg showed no tendency to heal, ho was again m
sttutonalized later  On the day followmng curettage of the wound, the temperaturoroseand & cdd
lulitss developed arcund the nailing site Through a broad memion a large amonnt of pus ¥1s
ranoved  The nail which was surrounded by pus was removed at the same time (Feb 3 19M42)
Thereafter he developed an empyema of the knee joint (bacternologieal findings Hemolviic sirsp-
tococci) and & pen-articular cellulits developed which spread 1n spite of wide incmons  Sabse-
quently tranment fleus developed aggravating the general conditron which was already poor from
the extensive suppuration  On March 6 1942 he died

Pest mortem examination Small ulcer over the lower half of the nght lower leg on the medml
side purulent cellulits surrounding the hnee joint and severe purulent sloughing inflammation of
the lower colon. The medullary cavity of the tibm was filled with a graysh red and graysh whute
tissae. Hastologic indimgs. The bone marrow of the tibia was transformed almost completely
into cellular granalaton tisue and young coanective tissue, within which were 2 large numberof
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1{ 1nfection occurs 1n a compound fracture, the bone marrow 1s smvolved 1n the
process usually only for a few muillimeters therefore only small superfical scquestra
form (g 514) whichare the greater the farther the penosteum has been destroyed
The inflammation doe< not spread through the medullary cavity because it has been
opened by the fracture and therefore no pressure can develop  Large sequestra form
only 1f the bone contans long fissures  Consequently, only a local osteitls
develops in compound fractures and not an ostecomyelitis if no medullary
nail has been used

1f inflammation <cts in after medullary nailing, 1t also 1nvolves the bone marrow
Thus an osteomyclitis develops 1n contrmst to the local osteitis which follows the
nfection of a fracture which has not been natled  In the beginning, however, this
process takes a different course from the genumne acute ostcomyehtis because the
cavity 1s wide open at the fracture stte and because an additional opening was made
at the nuling site  For this reason the pressure dees not assume, 1n the beginning
such a dangerous proportion as in the common acute ostecomyehtis and the inflamma
tion takes therefore a less dangerous course 1f the wound 18 immediately opened
The medullary nail, by 1ts shape, acts like a draining tube  The inflammation n
the medullary cavity 1s usually confined to the surroundings of the medullary nail
and does not involve the entire marrow as in a phlegmonous inflammation of acute
dosed osteomyelitis The only exception which I have scen to date 1s the case
discussed on pages 147-150 1n which a process developed which was indistinguishable
from acute ostcomyelitis snce a nes inflammation developed one year after closure
of the wound when bony union between the fragments had again converted the
medullary cawity into a closed space

The wnflammation of the 3oft Lissues tahes the same course 1n acute osteomy ehitus,
n compound fractures and in medullary naling  If the pressure 18 not released 1n
time by removal of the sutures or by adequate incisions, the inflammation progresses
tlong loose tissue spaces (see pages I/141-146 and Figs 120-122 E, 1/182-181)

The processes occurring sn the bones 1 virulent wound inflammations are pictured
in Figs 490-526 and 1140-1143, and the low grade processes mn Figs 213-221,
619-656 671-678 856-863 861-873 and 894-901 Sequestra of the tibia, of the
szt pictured in Figs 511-513 and 519-522 have been observed only after medul
lary nailing of pseudarthrosis in which the periosteum had been stripped for some
distance never after medullary nailing of fresh compound fractures  Since there
is no pressure imside the bone with medullary nailing as long as the fracture has not
umted penosteal appositions extending over the entire bone as in common osteo-
mychts do not occur  Such extensuve appositions can appear only from a flare up
after the fracture has healed as shown i Figs. 481489 1 have noticed the sepa
‘::':l:u‘l’[ Thm"‘ sequestra only after nmhing of forearm fractures (Figs 1140-1143)

mfcﬂtdcfracc::;q::?m do not resemble crown sequestra as they occur in non nailed
curetted  These fon-nL: amputation stumps from which the marrow has not been
of the cortex They | nng or part of a ning and conmst chiefly of the outer layers

¢y lorm a more or less flat funnel shaped stump (Tigs 509 510)
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If an mflammation develops, we must distinginsh between an nfection of the
bone marrow, of the bone, and of the soft tissues. The essential feature of any
inflammation 1s tension  As soon as this tension 1s relieved either by incision or by
spontaneous opeming, the symptoms, pain, swelling, redness and beat disappear
This can best be observed in a subcutanecous abscess of the tip of the finger The
throbbing pain due to the pressure within the tissues causing slecpless nights dis-
appears immediately upon incision of the nflamed arca and thorough removal of the
dead tissue under good anesthesa, using a tourmiquet If the finger 1s then 1m
mobilized on a properly bent wire splint and 1f the bandage 15 not removed for 10-14
deys one will find the incison healed and completely epithehalized 1 most cases
The germs disappear spontaneously without the use of a chermucal agent, serum or of
irradiation (see pages I,/140, 1,/752)

1f the pressure 15 not released 1n time, the pain will cause serious local disturbances
of the arculation 1n the minute vessels within the inflamed area under pressure  If
the blood does not arculate, the tissues die rapidly and f the involved area 18 too
large to be removed one must wart until it separates spontaneously The suppura
tion will last until this process of sloughing 18 completed and 1f pus retention causes
renewed pressure, the patient 8 temperature will again nse

Acute osteomyehitis 15 the classc example of extreme pressure because the
nflammation of the marrow takes place in a completely closed and absolutely un
yelding cavity within the bone  Because of the ngidity of the wall, extreme degrees
of pressure develop within a few hours The pan 18 excrucating and a stasis de
velops 1n the blood vessels of the marrow Because of the lack of arculation, the
bone marrow and large parts of the bone become necrotic and are then sequestrated
by an extremely prolonged disease process unless they are removed mmediately
Necrosis of the affected part of the bone occurs within a few hours so that sertous
damage results even 1f the pressure 1s released on the second day of the disease by
dnllog or fenestration  The tremendous irntation stimulates the periosteum to
marhed activity and a large mvolucrum forms smee usually young people are af
fected. In an adult if a localized ostertis develops in the wale of a compound frac
ture or if an ostcomyelitis develops after medullary nailing, the penosteal
appositions are much less marked because the penosteum 1s thinner and does not
react as vigorously

That serious damage may result from pressure even without pnmary infection
can be seen 1n mechanical obstruction of the intestines or the bladder  The pressure
stmulates centripetal nerve endings and this 1s felt as severe pain.  Pam 1n tura
causes arculatory disturbances leading to necroses i the wall of the intestines or

the bladder To this 1s added the tovic effect of the bactena and of the products of
decomposition

Another example of extreme pressure 1s gas gangrene marked by severe 1schemic

pan local interference with the arculation with corresponding discoloration of the
skin and toxemia  The arculatory disturbance 1s caused partly by mechamcal
pressure, partly by vascular spasms which arc probably caused by toxms.
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Fig. 34 Fig 495 Fig 496 Fig. 497
August 26, 1942 November 2 1942
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May 30, 1944
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Fig. 493

July 7 1942 July 7 1942
Figs. 490, 491 Compound leverage fracture of the right femur with marked lateral displacement, shortening
and angulation In & 16-year-old gltl who fell oat of a cherry tres onto & pile of manure. Admitted 12 houss
later  The praxima! fragment protruded 8 e, through the w ound, was denuded of perlostenm and salled
with manure Observation of Ebalt.
Figr 492 493 Same as Fips 490 and 491  After painstaking excision of the muscles and debeklement of
the bone under Jocal anesthesla a medullary nafl was imerted and the wounds were drained with a thk
rubber tube  Tetanus antitoxin bat no gas scrum was sdministered.  Sulfathiarole was dusted
into the wound. TPlaced on & Brann leg frame.

Fige. 494, 495 Same as Flgs, 490493 after 7 weeks. A violent mflammation ensued which quickly sab-
sided after removal of the satures.  The dtal end of the pronmal fragment developed & massdve sequestrom
in the lower part and & roedullary sequestrum in the upper part.  Fuxry periosteal callus formation a3 in
Fips. 205-298.
Flgs. 496 497 Same as Figs 490193 after 13 weeks. The mvolcrnm has become stronger on the
medial and posteror aspects.

Figs. 198 499 Same a3 Figy 496 and 497 4 months after infury and 4 days after removal of the medaliary
nail and the sequestra The cavity b cdean. The bone has bent alightly becauso the Involucrum was still
w00 weak. Varus angolation of 10°
Figs. 500, 501 Same as Figy. 490493 after 11 months. The wounds closed 5 weeks after removal of the
nail and the sequestra. The booe has become strong Al jaints are freely movable. No shortening
Varm engulation of 10*

Figs. 502, 503 Same a3 Figs 500 and 501 after 1 year and 2 yearsafter the njury  The booo defect has
completely filled. No dlscomiort at any time,

Sequestra following medullary naihng however are located insmide the bone and are
cone shaped, 1 to 4 cm 1n height. In contrast to crown scquestra, they conmst
chiefly or entirely of those parts of the cortex which adjomn the medullary cavity
(Figs. 219, 511-513) If the perosteum has been strpped for some distance by the
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Flgs. $11-513
Tige 811-513 Twopureh medullary sequestra follawing Infection in a nailed tibla, showing no [nvoly ement

of the cortex {scc Figs. 519-322)

diaeth L.v»IJJ' ‘ b“jdu&

Flg. 514
Fig. 514 Sequestra from Inlected gunshot fractures of the lower kg From broadly exposed fracture ends,
only small filigree Like superficial pieces of the cortex separate asa ruke  Large sequestra as pictured on the
right are wedge fragments or fmgments which had alreads been loosened by the trauma.

and postenior sides (Figs. 494497 and X ray picture of A. W Fischer and Rexch)
which become so strong after removal of a scquestrum that the bone unites with
neghgible shorteming Do observations are available as to whether a similar favor
able course may take place 1n adults after the separation of such a large sequestrum
In adults the periosteal appomtions following massive sequestra are not sufficent
to rebuild the bone because the periosteum 1s not endowed with such regenerative
power (Figs. 1136-1151)

On the tibla penosteal appositions are comparatively shght and a large gap
develops m the bone which can be bndged only by shortening the leg through an
osteotomy of the fibula. Fortunately such gaps are rarely as large as those shown
n Figs 523-524 No expenences are available on the reaction of the tibia 1n
Juveniles 1n this respect.

Irom the foregoing 1t 13 evident that the inflammation after medullary nailing
does not always take as mild & course as had often been reported previously,
but may become very malignant and lead to loss of b or life  Since we never
know whether an imtially favorable case may develop & late ostcomyelitis after
months (Tigs. 884-893) or ycars (as i the case descnbed on pages 147-150 and
lustrated 1n Figs 480-489) we must be particularly eautious 1n determng the
indications for open medullary nailing

We have secen complications 1n the wake of infected nailed fractures such as were
cntirely unknown with any other methods  Such bone destruction as shown m Figs
490-526 864-873 and 1136-1151 1s scen only 1n the wake of medullary nailing

A. W Fischer and Reich have published three cases of infection following medu!
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Figs. 504-508

Figy. 504-508. Photographs of the combdned masmve and medullary sequestrum of Figy 434~497 which

was removed on November 2, 142 Postero-laterally the full thickness of the bone sequestrated towards
the tip only the parts adfrining the oredullary canal

Figa. 509 510
Figs. 09 510 Typhcal crown sequestra from an infected amputation stamp of the femur It ks evident that
only the external cortical perts of the bane have seperated and not the parts adjoining the medallary cavity

acadent or by an operation part of the external layer of the hone may become
necrotic a8 well (Figs 504-508)  Such large medullary sequestra as shown n Figs
490-526 are much less common than smaller ones which comprnise only the mner
layers of the bone (Figs 219 869) In rare cases one can find several small central
sequestra (Figs. 219 869) at some distance from 2 typical medullary sequestrum.
These pecubarly formed sequestra at the fracture ends come about by mechameal
destruction of the bone marrow and by further absorption of the surrounding trasues
through the wflammation. The sequestrum m the proximal fragment 13 usually
much larger than in the distal fragment because the marrow 1s first destroyed by the
gde pin and later pushed out as the medullary nail 1s dnven in~ The marrow of
the distal fragment suffers much less damage  If the marrow 1s destroyed at the
fracture site mechamcally as well as by inflammation the blood vesscls 1n 1t are
destroyed and thercfore the inner layers of the bony tube must become necrotic and
must be ehminated  If an additional destruction of the periosteum causes lack of
blood supply from the outside large sequestra form as shown i Figs 504-508
1 call these pecubar cone-shaped sequestra because of their genesis and their loca
tion, medullary sequesire

1In juvenile {femors marked pertosteal appestions develop chiefly on the {nner
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Fig 52 Fig. 522 Fig 513 Fig 524 Fig 52§ Fig. 526
May 4 1943 June 12, 143 August 16, 1943 January 4, 1945
Fige. $21 522, Same as Figy 515-518, after removal of the nall. The remalning walls of the bone are
atlll thin
Fig 523 Samcas Fig 521 6 wecks alter removal of the sequestrum (Figs. 511-513) There fs still a wide
£2p between the bones.

Fig. 524. Same a3 Fig 521 8 weeks after the sevond osteotom) of the fibula. The gap between the tibial
{ragments begins to close.
Figs 525 526. Same as Fig 523 20 months after removal of the medullary sequestra, and 1 month after
tbe thrrd osteotomy of the fibula. A Lndge is begmping to form over tho gap  Large callus clouds on the
anterdor surface of the tibla. The calcrum content has increased.  If in this patient merely an osteotamy
of the fibula had been performed on \ovember 24, 1942, and the tibia straightened without exposing the
{ragments, It woald probably have united firmly in good postion in 6-8 weeks. A plaster cast wonld have
been needed after the operation for only 2 months instesd of for 2 years, the joints would not have stiffened
and the leg would pot be 3 em. shorter

seen with more or less diffuse perivascular small-cell infiltratsons smell hemorrhages and marked
hyperemia  Adjoming thus is a wide zone of entirely normal cortical bone and penosteum without
ngns of ostertss or periostitis  No extension of the inflammation through the Havernan canals
and no abscesses were found
‘The leg fracture showed the follomng
After removal of all soft tissues the specimen showed nothing unusual macrescopieally except
for the fracture site described later  The penosteal tube was smoothly attached to the tibia with
no evidence of elevations or abscesses
The fracture 1s bndged merely by fibrous tmsue.  In cutting this wmith a kmife the tissue
cunches which 13 cvidently due to calaficd areas or remnants of bone. A longitudinal saw cut
through the entire bone showed the condition of the cortex and of the cancellous regions (ankle)
above and below the fracture to be entirely normal to cxternal inspection  Thus section shows
planly that the cortex 11 Imed on the inside by an obviously dense fibrous tissue of 3 to S mm 1n
thickness  Conttguous to this we found rather soft marrow above as well as below the fracture
which was obviously suppurating in the center where the nail had lain.  These condit ons pre
vaided cqually all over
“On transs erse sectsons a central carity still 2mm in diameter was plainly not ceable through
the entire length of the bone marrow At the fracture stumps the marrow is Iacking and mter
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Fig 515 Fig. 516 Fig. 517 Fig. 518 Fig. 519 Fig. 520
November 24 1942 November 24 1942 Febroary 24 1943

Figs. 515 516. A S-months-old fractere of the left tibia with delayed callus (ormation fn a 28-year-old
woodsman who fell off a motor-cycle. W as first pven a padded cast for 2 wecks, then wire traction through
the o3 calchs with 7 Kg for 15 days. The fragments were distracted 8 mm. Another cast was appled.
The callus clond (s visible medially  The titua fs Joose
Figs. 517 318. Same as Figs. 515 and 516.  \fter oblique of the Sbula, tr
of the tibla and medullary naifing, periormed slsrhere. The f gaped medially and aatedorly
Fige 519 520 Same as Figs. 515-518, after 3 months. High fever Immediately after operation, xhich
subsded m & few days after removal of the satures A large medullary sequestrum s separnting from the
proximal {ragment, & small mednllary sequestrum from the distal fmgment (Figs 511-513)

PR

lary naiing  Their pictures of sequestra are entirely smnilar to those of Figs 490~
526 In one femur and in one leg, amputation was necessary  They examuned the
speamens thus obtamed macroscopically and microscopically reporting as follows

“In the femur fracture the followng areas were examined mrcroscopreally
1 Parts of the original fracture site with marrow and nail bed
“2 Transverse section of the femur above the fracture.
“The speamens were decakafied and stained with H E aecording to van Gieson and with
Sodan
At the site of the onginal fracture (nail bed) fibnn and a small seam of non-epecific inflam-
matory granulation tssue were found sharply set off aganst narrow and wde-meshed hyperemxc
medullary trsue with penvascular round-cell mfiltratron.  In the reticulum, the cels of which
had a large ol bodv and small mtensely stained nuclel were large cells, evidently fat-stormg
histiocytes  Adjonmg was a zonce of freshly formed bone trabeculte with distinct osteoblastic
seams. The medullary tissue shows edema, marked hyperemu relatively many scattered round
cell elements and large histrocytes  Polynudear elements were few 1n number
“On the cross rection of the femur above the fracture a narrow strip consmtmg of blood and
masses of fibrin mxed with mflammatory cells can be seen in the nafl bed  The structure of the
marrow s lost  Adjoinmg thes but fairdy sharphy delineated is seen 2 non speafic mammatory
granulation tissue with penipherally increasing connective trsue orgruztion.  This again merges
mto loose granulation tssue  Finallv narron and wide meshed medullary tessue {fat 1slands) arc
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Treatment of Infections following Medullary Nalling

1f infection occurs following closed medullany nailing redness, swelling and pain
usually appear first at the naihing site later sometimes at the fracture site Sinee
pressure 13 the es<ential feature of all inflammation, it must be rebieved  In dlosed
medullary natling this is best done by removing the sutures at the nailing site
Blood mixed with fat droplets under pressure wall then discharge from the wound
The temperature will then drop, the pain subside and the wound closes  Sometimes
pus forms locally but ordinanly this soon disappears A spread of the infection as
described on page 150 will as a rule follow only errors 1n indication and techmque

After opent medullary nailing the inflammation usually takes a more scnous course
and the sutures at the «ite of injury must be removed as well, and sometimes 1na
sions for the drminage of the pus have to be made  The nail must not be removed
because 1t 1s the best means of immobilization and therefore, after decompression,
the best means for combating the inflammation  In femur fractures it must remain
in situ until the penosteal bndges of callus are strong enough to prevent subsequent
angulation (Figs 498 499) Scquestra are removed together with the nail  On
the lower leg the nail should remain about two months until the sequestra have
become detached  If union 1s not firm, a cast s applicd  Under no condition should
traction be used because this would increase the gap between the fragments  If the
hiatus on the tibra 18 wide (Figs 523,524) the fibula must be osteotomized 1n time so
that the fragments can approumate

Frequently the unhealthy condition of the skin does not permit the use of bone
grafts for brdgmng the defect If the inflammation should progress in spite of ex-
tensve masions, tmely amputation must not be omitted
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mediate fibrous tissue s interspersed.  Macroscopically 1t cannot be decrded whether any ossifica
tion has taken place. It s striung that the entire cortex presents an absolutely normal mpres-
sion to mspection except the ares {nvolved in the fracture, The cancellous bone in the ankle
reg.on shows likewnse no abrormalities and no sequestra.  Fine trabecular structure is seen every
where, no increesed porosity or sequestration.

The conditions of the soft tisues do not require further comment for the parpose of this di

CUISYIn
‘Microscopic examination Thys was applied to the fracture and to several levels at aboat 10

cm dustance from the fracturc upwards all in transverss sections  The specimens were treated
as sbove

“Mucroscoplc findIngs at the fracture site  In the central portions of the bone marrow the normal
medullary tissue was replaced by a tmsue containing predominantly round-cell and some polyna-
clear inflammatory elements also masses of fibrn and numerous thin walled vessels partly dilated
and gorged with blood. Thus picture | iled in areas i diately adfoming the nail. It
striking that in these areas the inflammatory elements condensated to pus foci of only small nize
This tissue, which represents grapulation tissue contaming numerous inflammatory elements,
merges into a typical granulation tisue contamning numerous fat-storing histiocytes mose 50 a3
one approaches the periphery of the medullary cavity

‘Thus rather loose granulation tissue in turn merges 1nto & connective thwue area becommg
denser and denser and contuining mflammatory elements in the form of perivascalar predomh
nantly round-cell mfiltrations  Here the vessels are thick walled. Quantitatively the fnflamma
tory infiltration decrenses distinctly  The picture s that of inflamed central medullary portions
being swrounded by a connective tisue sheath of penipherally increasmg density 1n which large
hyalme areas are present, On the outer surface of thr sheath fresh bone formation, representing
myelogenous callus can be seen m rather even distribation up to the fracture site. The newly
formed bone trabeculne show normal structure. This represents endosteal medullary callus and
intermedury callus  Adjolning this zone of ossification Lies the cortex of the tibla with a perfectly
normal structure and po pathologic changes whatsoever In the Immediate proximity of the frac
ture, the Haversian canals ere dilated and coatain a fine meshed framework with fibnn and bieod
vessels in additron to round-cell elements in perivascular arrangement. In some dilated Haversan
canals more or Jeas dutinct new bone formatron Is evident

“Sharply offset against this cortical rone m a wide rone of perlostesl bone appositsons which
in turn is covered by dense connective tissue, This represents periosteal callus.

“Microscopic findinga at a distance from the fracture The transverse section shows essenthlly
the same picture with the except on of the absence of periosteal new bone formation and & mare
distmet cutline of the varnous structural strata. The most centrally located aress of the marrow
are converted mto inflammatory granulation tusue which becomes looser toward the periphery and
merges mto a denss connective tisne sheath in which the inflammatory cellulsr elements dmminish
more and more  On the outssde of thes sheath thero 13 endostenl new bone formation with welk
formed trabeculae even at this distance from the fracture. Adjamning ths there is again the wide
cortlcal zone and the periosteum both showing nothing worthy of note.

“In summary we find a picture of suppuration of the central parts of the bone marrow lmted
to the former nail bed  Even wittun the periphersl medullary areas & demarcation of the inflam
maton by & sheath of dense fibrous nssue took place. Only in the fracture area does the marmow
still show consderable inflammatory infiltration. No abscesses proper were found anywhere and
in no way dxd the picture indicate a phlegmonous nflammatron with total dhintegration of the
bone marrow  Cortex and periosteum are not involved in the mflammation. Lively new booe
formation in the form of perfosteal appositions is found 1n the fracture area.  Hero also absorpton
occurred but production predominated  Intermediary and medullary eallus had formed The
latter formed also at & distance from the fracture at the periphery of the marrow
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Flg 527
Fig 582¢ Thigh secured in screw tracton apparatus for nafling  Patient In lateral recumbency on well side
slight!y flexed formard to make the greater trochanter more accemible  The well beg Is acutely flexed at the
bip In fracturcs close to the knee joint the knee Is also flexed to & right mngle and the calf fastened to tbe
foot plate, A wire through the femur may be used for traction.  The nalling site i marked with a cross.
The thigh is secured medually and laterally by loops attached to the cromsbars.  Two additional straps can
be used for secunng the thigh in an antero-posterior plane. A strong easlly regulated tractlon can be

cxerted by the windlas prinaple.
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Fig. 528

Fig. 528 Posltion as In Fig 527 The fragments are secured in antero-posterior direction by straps at
tached to the rotating double bars of Linsmayer  The two \ ray tubes are in posstion for fluoroscopy or
radiography  In fractures close to the knee joint the knee is flexed to a nght angle.

may be fatal If the patient 13 1n & poor general condition only & pip or wire ex
tension may be used (scc page 8)

Contra indications unth regard lo the bone All fractures less than 7 cm
removed from the tip of the trochanter or from the Lneejoint are not sutted for
nailing neither are some spiral fractures with a long butterfly fragment (Figs 161-

168 582-587) nor fractures in bone diseases if the medullary canal 1s blocked, as n
some cascs of Paget s discase

Tabes 15 no contra indication



SPECIAL PART

FRACTURES OF THE FEMUR
Closed Medullary Nailing of Femoral Fractures

General prerequses with regard o the patient  Medullary nailing must not be
carned out unless the patient 1s 1n good general condition  Therefore the heart,
lungs, kidneys, reflexes, the mobilty of the joints and the sensation must be ex
amned carefully The skin must be in good condition and must show no mjury or
inflammation even in other parts of the body removed from the fracture. No
flammatory processes should enst 1n other organs (e g, tonsilhitis)

Local prerequisites with regard to the patient  All closed lransverse fracinres
the middle third of the femur (Figs. 108-115) 1¢,1n the region of the 1sthmus of the
medullary canal, are particularly swted for nailing However, all transverse
fractures i the proxmal and distal third of the femur are also surted if they are at
least 7 cm removed from the tip of the trochanter or from the kneejamt  In short
or even1n longer oblique fractures in the region of the 1sthmus or above the nail grves
satisfactory fixation (Figs 540-547) In oblique fractures in the lower thuird, very
accurate apposition of the fragments and deep anchorage of the natl in the cancellous
bone of the distal diaphyms are essential for success (Figs 416-123)

Fragmented and commsnuled froctures require supplementary continuous traction
(Figs 574-581, 618-638, 649-656)

Spiral fractures witk a long butterfly fragment are not suted (Figs. 582-589)

Old fractures of the femur which formed no callus because of excesuve traction
as n Figs 301 302 can be successfully treated by closed nailing, even after the
lapsc of months.

Some refractures of the femur are suited to nailing

Aseptic gunshot fractures of the femur can be treated with closed nailing after 2
to 3 weeks 1f all the wounds are healed (see page 212)

Perhaps fresh gunshot fractures of the femur with large wounds could be naled
if the wounds are left wide open (see psge 208) and secondary closure performed
later

Contra sndications with regard to the paitent If the general condition is poor
(weak, rapid pulse pale appearance cold sweat) medullary nailing must not be
performed under eny arcumstances, because 1t 15 not an urgent operation. If
the patlent 1s in profound shock as Is frequently the case in muitiple in
juries, medullary nalling must absolutely be omitted because the result

161
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Fig. 531

Flg. 531 Same oblique view from behind and below illustrates the action of the reducing ringy.  In frac
tures close to the knee, the knee folnt is flexed to e right angie.

penetrate into the knee joint and cause serious damage  Thus far, most complica
tions have ansen from the use of nails that were too short (Figs 161-168, 222-229,
234-243 390-399 100407 582-589, 641-616 671-678) The most serious com
plications however follow the use of a nail that 1s too thick, because 1t becomes
jammed 1n the medullary canal and then can neither be dnven n further nor ex

tracted (pages 56 79) The width of the canal 1s measured on the \ ray pictures
The 1sthmus 1s located shightly above the middle (Figs 1-9) In adults 1t vanes
between 8 to 12 mm  but may run as high as 16 mm  If the \ ray pictures have
been taken with a {ocus-tilm distance of 80 cm 1 to 2 mm must be deducted from
the width indicated by the . my pictures  If the bone shows a marhed curve, the
nest thimnner nml must be used. If too thick a nail 1s selected difficulties will be
cncountered duning the operation because 1t cannot he dnvenin far enough (Figs
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Fig. 529

Fig 529 Fermur fracture secured In the reduction apparatos of Linsmayer  In fractores dose to the koee
Joiot the knce ks bent to a right angle,

Requirements on the part of the surgeon  He must be expenenced in bone surgery
and must have the apparatus and instruments listed on pages 22-26 at hus disposal.
Local anesthesia and \ ray techmque  Satisfactory X may pictures of sufficent
size and taken 1n both planes are an absolute prerequsmite for medullary nailing
They can be taken only if the fracture is first anesthetized Jocally (see page 1/99)
For a satisfactory survey and exact measurements of the medullary canal and 1n
order to avoid a possible overlooking of additionalinjunies the X ray pictures should
be at least 40 cm. long  If the fracture 1s distal from the muddle, pictures of the
proxunal half must also be made to visualize possible changes i this section of the
bone and 1ts curve
Time of operation  1f the general condition 15 satisfactory, the operation may
be performed on the first day  The fragments can best be reduced dunng the first
hours before the hematama and the swelling become large.  If the operation cannot,
for some reason, be performed within the first few hours 1t may be performed within
the next few days provided the swelling 1s only shight otherwise, one must wait until
the swelling has subsided completely 1., one weel or longer  If wounds are present
on the fractured leg or on other parts of the body and the operation cannot be per
formed immediately one must wait untyl these wounds have entirely healed, 1
two to three weeks othermse they may break open become inflamed, and cause 2
metastatic infection of the nailed fracture
Determination of the length «ndth and curve of the medullary canal ~ After the
X ray pictures have been completed and after the ime has been set for the opera
tion the length of the sound femur 1s measured 1n lateral recumbency with the hip
and knee joints flexed at & nght angle from the tip of the trochanter to the knee
jount This measurement determunes the length of the nail required.  If 1t 15 per
mutted to protrude 2 cm. beyond the tip of the trochanter 1t will reach distally mto
the regron of the epiphyseal hine (Figs 695 696) Only 1n fractures above the mddle
may 1t be somewhat shorter It must however not be too long for then 1t will
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Fig 530

Fig. 531

Fig 531 Same, oblique view from behind and below illustrates the action of the reduciag nings.  In frac
tares close to the kmee, the knee Jorat is fleged to & right angle,

penetrate mnto the knee jomnt and cause serious damage  Thus far, most complica
tions have ansen from the use of nads that were too short (Figs 161-168, 222-229,
231-243, 390-399 400307 582-589 611-646 671-678) The most senous com
plications however follow the use of a nail that 1s too thick, because it becomes
jammed i the medullary capal and then can neither be driven 1n further nor ex
tracted (pages 56 79) The width of the canalis measured on the N ray pictures
The 1sthmus 1s located shghtly above the nuddle (Figs 1-9) In adults 1t vanes
between 8 to 12 mm , but may run as high as 16 mm  If the \ ray pictures have
been taken with a focus-film distance of 80 cm , 1 to 2 mm must be deducted from
the width mndicated by the \ ray pictures  If the bone shows a marhed curve, the
next thinner nail must be used I too thick & nail 1s selected dufficulties will be
encountered dunng the operation because 1t cannot be drivenan far enough (Figs.
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Fle. 53 »d
Fig. 531 . Transverso fracture of the femur at 1he middle with varus angulstion latern! displecement snd
shortening, placed under longltudmal traction (Flgs. 527-531)
Tlg. 531 b. After correction of the angnistion and the shortening the lateral displacement ks corrected by
tracton sirsps (Figs. 527-529) oc by the wooden rings (Flg 330}
Fig 531 c Alter exact repoktion the greater trochanter i pierced with the awl (Fig. 73) through & 2 em.
o wawon § cm. wbove the trochanter
Fig 531 4. The gulde pun by means of the handle (Figs 81 82) b inserted through the hole made by the sl

194-197)  If 1t 18 too thin and too short angulation (Figs. 400-407) and rotation
(Figs. 222-229) may develop later or a new fracture of the bone may even occur
(sce page B7)
The snstruments and apporatus listed on pages 22-26 must be 1n readiness
Personned  The staff necessary incdludes an asmstant to supervise the condition
of the patient (appearance pulse) and the anesthesin a fluoroscopist s scrub nurse,
and en X ray techmaan
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Fg. 531 e-h
Fig. 831 & If the \-ray plctures show good position of the gulde pin, the medullary nail (Fig. 67) is dnven in
over it
Fig. 531 { When the head of the nail comes near the skin Inclmon the guide pin is pulled out.
Fig. 531 ¢ For the furtber drving of the medallary rafl, the punch with & 2 an. bore (Fig. 75) Is used

Fig 531 k. After the nail has been driven in far enough, Le. until it protrudes oaly 2 e beyond the
trochanter the fragments are impacted.

Anesthesss  If the nailing 1s done 1mmediately the local anesthesia given for
the \ ray pictures 1s sufficcent  For the ntroduction of the guide pmn, the tro-
chanter region 1s mfiltrated and for the drving of the nail, 2 short general anesthesia
can be given if nccessary  If the general condition 1s good, spinal anesthesia 15
very well suited  If spinal anesthesia 1s used no parcotic preliminary medication
should be gmven, for this may cause a dangerous drop 1n blood pressure, if the spmal
ancsthesta should fail and a general anesthesla thus become necessary, or if the
procedure becomes prolonged which can never be foreseen

Protection against heat loss durng the operation For this we provide the patient
espeaially 1f the procedure 1s prolonged with a wool jacket and with a warm long
stoching and trouser for the sound leg, as well as for the lower leg of the mjured side
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Fig 532 Fig 533 Fig 534 Fig. 535
October 3 1942 October 3 1942

Figy 532, 533 Tranverss sheared fracture of the femmr between middle and upper third In a 17 yearcld
roofer who was knocked off his bicydle by a truck. The distal fragment Is displaced medially by the full
width of the shalt end postenorly by more then twice the thickness of the shaft.

Flga 534 535 Same as Flgs. 532 and 533 after correction of shortening by traction and of the lateral
displacemnents by transverse premmre and pull in Wittmoser's apparatos.  The shadom s of the wooden rings
are vidble Lengthening of 7 mm.

Application of the fool hitch  The foot 1s padded and the foot lutch apphed
(Figs 527-331)

Position of the patient on the reduction apparalus  Lateral recumbency as recom
mended by Kilntscher has proven to be the most advantageous postion The
patient lies on the well mde mith marked flexion of the well hip and slight flexion of
the mjured leg  In this posttion the tip of the greater trochanter becomes most
readily accessible (Figs 527-531) The fractured leg with the knec extended 1s
placed upon the reduction apparatus and the foot 15 fastened to the footplate 1n
such a way that 1t cannot rotate  In fractures of the cistal third of the femur, we
have lately flexed the knee to a nght angle and fastened the leg below the knee to the
footplate or used wire traction through the femur

Settsng up the \ ray mackines The ongmal \ ray pictures not sketches, are
displayed for convement inspection and measunng during the operation, a leg
sheleton 1 at hand and one \ ray tube 18 placed oppoaite the extensor sude and the
other under the medial mde of the thigh as 1n Fig 528

Reduction of the Fracure If the patient 1s lying strictly on his side and the
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Fig. 830 Fig. 337 Fig 538 Fig 539
October 3 1942 October 3 1942
Figs. 336 537 Same as T'igs. 532-535 aflter nafling  The {ragments are still separated by $ mm.

Fips. 538, 539 Same as Figs 532-53, after impaction of fragments which are now In accurate appoution.
Got up after 4 davs, left the hosplital after 20 davs, resumed previous work after 8 weeks.  Compere mith
Figs 108-120.

leg1s placed upon the reduction apparatus under shght trachon in such a way that
the medal border of the foot or with a flexed Lnee the medial border of the lower
leg 18 1 2 honzontal planc the rotatory displacement between the fragments 1s
elminated By turming the screw the shortening 1s eliminated and by the lateral
tracton straps the lateral displacement and angulation are corrected  In transverse
fractures the lateral displacement can be overcome easily if the fragments are slightly
distracted and a shght lengthening 15 produced (Figs 534 535) If only an ordinary
screw traction apparatus 18 avaslable the fragments are secured by loops of bandages
which are tied after reduction (Iig 527) If the reduction apparatus of Linsmayer
(Fig 529) or of Bohler (Fig 528) 1 at hand the traction straps arc apphed 1n that
plane 1 which the lateral displacement and the angulation are more difficult to
cotrect, which 15 usually the sagittal plane (Fig 528) By mmsing or lowenng the
rods and by alternate turing of two honzontal or two vertical rods displacements in
the frontal plane can be corrected as well  One may also fasten a strap to each of
the four rods and thus cxert traction in four directions  Reduction can most con

veruently be accomphshed wth the two wooden nngs of the Wittmoser reduction
apparatus (Figs 530 531) The reduction 1s performed under the continuous con

trol of momentary fluoroscopic exposures with the two \ ray machines  Sometimes
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Fig. 532 Flg. 533 Fig. 534 Fig. 535

October 3 142 October 3 1942

Figs. 532, 533 Transverse sheared fractore of the fenmur between muddle and upper third in a 17 year-old
roofer who was knocked off his becy cde br a trock.  The distal {ragment is duphaced medully by the foll
width of the shaft and posterior]y by more than twice the thickness of the shaft.

Figs 534 535 Same as Figs 32 and 533 after comection of sbortening by traction and of the hateral
displacements by transyerse pressore and pull in Wittmoser’s apparats.  The shadows of the wooden riogs
are vuible.  Lengthening of 7 mm.

Application of the foot-hitch  The foot 1s padded and the foot hitch appled
(Figs 527-531)

Position of the patient on the redudlion apparatus  Lateral recumbency as recom
mended by Kilntscher has proven to be the most advantageous postion The
patient lies on the well sde with marked flexion of the well hup and shight flexion of
the mnjured leg In this posiion the tip of the greater trochanter becomes most
readily accessble (Figs 527-531) The fractured leg with the knee extended 15
placed upon the reduction apparatus and the foot 1s fastened to the footplate m
such a way that 1t cannot rotate  In fractures of the distal third of the femur we
have lately flexed the knee to a night angle and fastened the leg below the knee to the
footplate or used wire traction through the femur

Setting up the \ ray machines The ongmnal \ ray pictures not sketches, are
displaved for convement nspection and measunng dunng the operation 2 leg
skeleton 1s at hand, and one \. ray tube 15 placed opposite the extensor side and the
other under the medial side of the thigh as in Fig 528

Reduction of the Fracture If the patient 1s lying stnctly on hus nde and the
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Tres. 536 537 Samre as Vigs S37 S3% after maing The fragments are stil] scparated by 5 mm.

Figs, 538 539 Same as 1 937 S}/ after impactson of fragments which are now in accurate appositon.
Got 1) after 4 davs kit the bowpital after 20 dave resumed previous work after 8 meeks.  Compare with
Tige 108120

leg 13 placed upon the reduction apparatus under shght traction n such a way that
the medial border of the foot or with a flexed hnee the medial border of the lower
leg 15 1n 2 honizontal plane the rotatory displacement between the fragments 1s
chminated By turning the serew the shortening js climinated and by the lateral
traction straps the lateral displacement and angulation are corrected  In transverse
fractures the lateral displacement can be overcome casily 1f the fragments are shghtly
distracted and a shight lengthening 1s produced (Figs 534 535)  If only an ordinary
screw traction apparatus s avilable the fragments are secured by loops of bandages
which are tied after reduction (Iig 527)  If the reduction apparatus of Linsmayer
(Fig 529) or of Bohler {Iig 528) 1s at hand the traction straps are applied in that
plane in which the lateral displacement and the angulation are more difficult to
cortect which 15 usually the sagttal plane (g 528) By ramng or lowenng the
rods and by alternate turming of two honzontal ar two vertical rods, displacements in
the frontal plane can be corrected es well  One may also fasten a strap to each of
the four rods and thus cxert traction n four directions. Reduction ean most con

vemiently be accomplished with the two wooden nngs of the Wittmoser reduction
apparatus (Figs 530 531) The reduction 1s performed under the continuous con

trol of momentary fluoroscopic exposurcs with the two X ray machines Sometimes
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Fig 510 Fig. 541 Tig. 542 Fig. 543
September 18 1941 September 18 1941

Figs. 540 541 Spun! fracture of the left femnr betw cen middle and upper third in a 14-year-old boy who ws
Lnocked off his bevele by an automobile.
Flgs. 512, 543 Same as Figs. 530 and 541 after mailing under Jocal ancatbesia and short ethyl-chlonde
amigesia  Excellent position of the fragments.  Got up on the 10th day and Ieft the hosptal oa the 18th
day

1t can be accomph) hed 1n a fews minutes but 1t may consume one half or even one
whole hour

In order to prevent radiation injuries, the rules given on page 37 must be care
fully observed (use of lead gloves lead aprons and short exposures of 1-2 seconds)
If the procedure 15 carred out mn a darkened room the fluoroscopic screens are at
tached to the reduaing apparatus (Figs. 102 103) so that they do not have to be held
by hand.

A ray prctures I fluoroscopy reveals exact apposition biplane \ ray pictures
must be taken to insure the absence of angulation as in Figs 185-189 390 391
To shorten the wating period a rapid developer 1s used (see page 35)

The operation must not be started until the fragments are reduced exactly be
cause good position of the fragments Is the fundamental prerequisite for
perfect healing

Sterile draping of the operatre fild The operator does not scrub until after
periect reduction has been obtained  The slin 1s then sterilzed in the trochanter
region and draped with sterile sheets leaving the thigh free mn order that the direc
tion 10 which the guide pin must be inserted may be clearly seen

Cherking the gande pin The length and thickness of the gwde pin are agam
checked to see whether 1t matches the medullary nail and the handle It must not
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Tig “H
Octoler 20 1941

Figs SH S5 Same as Figs H40-543 after 6 wecks. Gond but not exceave callus formation

S

Fig 4§ g 40

A

Fig S4
Septamber 14 1942
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Figs 546, 4 Same as Tigs 40-%43 one vear after inJurs and 6 manths after extraction of the nail
I'racture ste thickened ! one well conwixlated.  \o shortening nor angulation  hectomed work 10 wedls

after the acodent
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Figs. $i8-553
Novernber 18, 1541

Figy. 548-553 Same as Figs 540-54; B mecks afterinjury  The keft hip Is slightly restncted becamse the
nail protrudes too far Al other jounts are free.  Muscles are strong

off it

15 close to the hnee joint

be teo thin otherwise 1t may become jammed (scc page 78), or the nail may slip
It must not be too tluck for a thin pail cannot then be driven 1n over it
must not be too short for then it will not reach into the distal fragment if the fracture
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Flg. 540 Fig. 311 Fig 512 Fig 3
September 18 1941 September 18, 1941
Figs. 340 41 Spinal fracture of the Jeft femur betw cen maddle and upper third in a 14-year-old bov who was
knocked off his bacycle by an automobide.
Figs. 542 543 Same as Flgs. 540 and 541 after naifing under Jocal anesthesia and thort ethyl-chlonde
analgesis  Exceflent position of the fragments.  Got up on the 10th dav and left the hospital on the 18th
day

1t can be accomplished 1n a few rminutes but 1t may consume one half or even one
whole hour

In order to prevent radration snjuries the rules given on page 37 must be care-
fully observed (use of lead gloves, lead aprons and short exposures of 1-2 seconds)
If the procedure 1s carmed out 1n a darkened room the fluoroscopic screens are at
tached to the reduang apparatus (Figs 102 103) so that they do not have to be held
by hand

A ray pictures  If fluoroscopy reveals exact apposition biplane \ ray pictures
must be taken to insure the absence of angulation as n Figs 185-189 390, 391
To shorten the waiting period & rapid developer 15 used (sce page 35)

The operation must not be started until the fragments are reduced exactly be-
cause good position of the fragments is the fundamental prerequisite for
perfect henling

Sterile draping of the operatree field  The operator does not scrub until after
perfect reduction has been obtained  The skin 1s then stenlized in the trochanter
region and draped with sterile sheets leaving the thigh free 1n order that the direc
tion 1o which the gwide pin must be inserted may be clearly seen

Checking the grade pin The length and thickness of the guide pin are agun
checked to see whether 1t matches the medullary nail and the handle It must not
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Firy %2, %1 Fracture of 34t fermur ! 1w greater teachant=r an ! through the muldle of the mmor tro-
chanter with ungenaflls marke § lateral diqg 1 cement and hottenmg of S em. The 40y ear-old 1o worker
was bnocked from b tcvele 1y mtnsck Suflcred alwo corebral ooncu wm and 2 eontyeed Licerations on
the head cach ™0 cm. bong
Figs. %64 %68 Same as I7 ¢ %2 and %03 immalately after medullary nafing which, becauce of the
thack, was ot performed until 19 davs later in the open wound.  The nail b inserted mednal from the
graater trochanter To provent redieplacement, pan traction of 5 Kg was used for 6 weeks

Fig. 506 Flg 068 Fig. 569
October 2 1942 December 16 1942
Fige %6, 56/ Same a3 Figs 564 and 565 after 2 months. Good potition good callus,
Figs 568 569 Sarme as Fips 62 and 563 alter extraction of the nail 4 months after mjury  Booy unton
In good position N\ shortening bo coxa vara. Omnfication at Insertion of fleopsoas muscle.

of the bone  In fractures of the proxumal third of the femur, the guide pin and the
nail must be inserted medial to the greater trochanter otherwise a coxa vara (Figs
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Fig. 554 Flg. 555 Fg. 356 Fig 537
August 20 1941 Angust 20, 1941
Figs 554 555 Fracture of the right femur below the greater and above the minor trochanters. Dmtal
fragment displaced tackwards by foll shaft's thickness. Coma vara. Tho 30-yearold painter fefl 5 m.
from & scaffold.
Figs. 556, 557 Same as Flgs 551 and 355 after reduction in screw traction apparstus and imsertion of
gulde pin.

Fig 558 Flg. 559 Fig. 560 Fig. 561
Angust 20 1941 January 23, 1942

Figs. 558, 559 Seme as Figs S54-557 after insertion of the nail. Good posiion of fragments. Com
vars corrected.  Left the hospata! after 4 weekn,

Flgs. 560 561 Same as Fign. 534-559 after Smontha  Coxm vars recurred becausc of the obliquity of the
fracture and because thre nail was lnserted too far laterally and bscause po continuous traction was weed.
Shorteping 3 em.  If the mail had been inserted on the medial side of the greater trochanter as In Figi
561568 the coxa vara angulstion would not have become so marked even without continuous trachon

Incision and swsertion of the qud A 2 an long skin masion 1s made 45 an
above the tip of the greater trochanter which can be readily palpated in the above
described postion.  Through this masion the awl 1s inserted and the ndge of the
greater trochanter 1s palpated with the tip of the mstrument At the junction be-
tween the muddle and the postenor third a hole 13 drilled through the hard cortex
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Tims 80 81 Compownd sl fracture of ledt femur with 13 ¢m long lutterlls fragment  This 42 year-old
raftroa 1 worker waskiockad domnba atrain Wound exerdon medullary nailing  I'in tracton with S Kx
for 2werke  After 3 mecks the beg motatal outward 907 The leg was rotated fnward arnund the nail under
general anestheda and 2 hip spkea was apgried for 8 wecke
Yigx 572 543 Same as Pigs %0 and S¢1 after 4 monthe  Tlony union in gond position withmut shorten.
ing M the lutterfls fragment had dieen held in g lace by 2 wire lorgr after wound exar 10a and nafling no
continzous tracton and no pla ter cadt waukl have been pecevan

Insertron of the guade pin The guide pin 18 then mecrted 1nto the medullary
cavity through the hole made with the awl, by mcans of the handle (Fig 82) If
this hecomes difficult onc may use the hammer  Great resistance usually indicates
that the pin 1s taking a wrong courc and has beeome caught in the cortex (Iigs
183,187)  Thercfore the path of the guide pin must Ix followed by the fluoroscopst
1f 1t 15 introduced too far latemily the bone may be spht later by the nonl (Iigs 190
191)  To prevent such inadents as shown in Fig 187, 1t 18 cseential to u<e lateral
fluoroscopy  1f the fluoroscope shows that the cavity has been reached the guide
pn 1s dnven toward the fracture  The position must again be cheched with the
fluoroscope for assurance that the pin 1s not emermng through the fracture ine  1f
this happens, the pin must be retracted and the distal fragments moved parallel
by 2-3mm towards the side at which the pin emerged and shghtly angulated towards
thts direction  In this way onc usually succeeds in introduaing the pin into the
medullary cavity of the distal fragment  As soon as the pin has passed the fracture
by 2-3 cm, the angulation must again be corrected under \ ray control to obwate
such a condition as shown in I'ig 185 Great difficulty wath the introduction of

Tigs. 508, 579 Same as Figs, 576 and
main fragments. lut}n,\P\.«u: 577 -:u-r 17 months.  Bony unlon with good alignment of the

rigment e obliquely as in Figs 692 and 693 E, 11/2040
041 Shortening 2 crm - Bt

Same a3 Fipn 574 and 515 after ooe
boay consolidation Al Jonts free

Tigs. 580 581

and o half years. Both fractures show
Muscles strong
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Fig. 570 Fig. 57T Fig 512 Fig. 573
Felruary 12, 1942 June 1 1942

506 and 606) results or the nal may plow through the Iateral wall of the greater
trochanter asin Figs 741 and 765  If the gwde pin and the nail are inserted on

the outer side of the femur below the trochanter the bone may spht as in Figs
190 191
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Flg 574 Fix. 5 5 Fig 576 Fig 517
July 2,190 Jaly 25 1941

The 38-year-oid
4 5,5 Fragmented frcture of the keft femur with 12 cm. intermediate fmgment.
Fie- % :i\arker weighing 63 Kg. was knocked down by a locomotive  Pin trection »fth 9 Kg.
Same of
13 Figs. 574 and 575, immedistely after maillag 23 dass after fojon  Gaplg
dem.lscz:’ctﬁ which was then impected. Unna paste traction on the kewer Jeg with § Ky for B weeks.
Fnce exeroes were started 1n the 2nd week.
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January 13 1943 Mas 17 1943
Figs. 583, 530 Same as Figs, SR2-385 afier S mooths. Well healed without shortening and with pood
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e %o Fig. &7 Fig 88 Tig *»
Fips. 586,587 Same as Firn 181-%85 after 3 weels, Ta prevent recurrence of shertenlng and
angulation wire traction was applisd 1o the femur with 7 Ke. waght
aliznment.  The natl was uscioss because it was too short  With continuous traction alone the same result
could have been obtalned in the same perind of time

separated as in Figs 534 535 576, 577 and 593, they must be approumated by
blows wath the flat hand or wath the fist upon the heel or upon the flexed knee other
wise, callus formation will be delayed
If the {ragments were not in exact position before the msertion of the guide pin
and the nail (Fig 185), angulation persists (Figs 419 5%, 595) If this occurs,
serious damage results later (Figs 639 640) Bending the fragments with a
Phelps Gocht (Fig T 108) 15 very difficult because the strong nail offers great
resistance 1t 18 therefore important that all angulations be ehiminated before the
mtroduction of the nail
Post-operative postitoming It 1s best to place the leg on a Braun leg frame  The
foot 18 suspended with 2 tnangle bandage to prevent outwerd rotation (Fig 11/2641)
In order to recogmze rotation immediately 1t s important that the leg frame shoutd
Le honzontal (Figs 227-231) For thus a hard bed-surface 13 needed (fracture
boards under mattress Figs. 23 E 1 65 end 70 E I 91) In soft beds, the leg
frame slants and rotation may readily be overlooled
Supplementary External Support  1f transverse fractures and short obhique frac
tures above the muddle within the narrowest area of the medullary cawty, are pro-
wided wath & nail of sufficient length and thickness as in Figs 108-120 and 540-553,
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Fig 582 Fig. 583 Flg 581 Fig 585

December 23 1942 December 23 1942
Fig. 582 583  Nalled spiral fractare of the right femnr with a 6 cm. batterfly fragment, treated e bere.
This 47 yearwold farmer’s wafe with infantile peralysis fell at work. Bote decalclfed. The nall b much
too short. It was inverted without previous correction of angnlations.
Fig. 584 585 Same as Figy 582 and 583 after correction of angulations which was exsily performed
becanse the nail was too short.

the pin may be encountered mn fragmented fractures (Figs. 133-137, 574-581 649~
656) sometimes however these additional fragments align themselves quickly

Driming the natd  As soon as the guide pin 1s found 1n good position, the nail 18
dnven mn over it If the fragments are separated (Figs. 534, 535) the traction s
released  When the nail enters the fracture arca, 1ts course must be followed closely
by the fluoroscopist in both planes If a slight lateral displacement persists, s In
Fig 400 the nail may be caught m the cortex. If 1t 1s not retracted 1t may split
the bone (Fig 483) As soon as the head of the nail approaches the skin inasfon,
the driving punch with a recess 2 cm deep (Tig 75) 18 placed over 1t for further
dnving  When the punch touches the bone the head still protrudes 2 cm and the
tip 13 2 cm. removed from the hoee joint,

Shint Suture  The skin 1s then dosed with two sutures and covered with a sterile
dressing

A ray Conirol  After the nail has been inserted and the wound closed . ray
pictures must be taken exactly from the front and from the sde to determune the
poation of the fragments and the pomtion of the nail at the fracture and at the distal
end, otherwise incidents such as shown in Figs. 186 189 and 769 may be overlooked.

Impaction of the fragments and strasghteming of the bone If the fragments are
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Tigs. 8, 58" Same an Bige %62 "% after 3 weehs To prevent recurrence of shoriesing and
angulaton wire traction was apphed to the femar witb 5 Kx woght
Firt 48 9 Same x1 Figs %82 588 after 5 montts.  Well healed without shortening and with gond
aipnment.  The nafl was useleas becure 1t was too ahart  With continuous 1raction alone the same result
could have been obtained in the same perod of tme

separated as in Figs 534 535 576 577 and 595, they must be approxmated by
blows with the flat hand or with the tist upon the heel or upon the flexed knee other
wise callus formation will be delayed

If the fragments were not in exact position before the wnsertion of the guide pin
and the nail (Fig 18) angulation perssts (Figs 419 594, 595) Ii this occurs,
senous damage results later (Figs 639 610) Bending the fragments with a
Phelps Gocht (Fig I 108) 15 very difficult becouse the strong nad offers great
resstance It 15 therefore tmportant that all angulations be eliminated hefore the
mtroduction of the nail

Posi-operatire poxtioning 1t 13 best to place the leg on a Braun legframe  The
foot 18 suspended with a tnangle bandage to prevent outward rotation (Fig I 2641)
In order to recogmze rotation immediately 3t 18 important that the leg frame should
he honzontal (Figs 227-231) For this a hard bed-surface 15 needed (fracture
boards under mattress Tigs. 53LC, 1 65 and 70 E I 91) In soft beds, the leg
frame dlants and rotation may readily be overlooked

Supplementary External Support 1 transverse fractures and short obhgue frac
tures above the middle within the narrowest area of the medullary cavity are pro-
vided with a naul of sufficzent length and thickness as in Tigs 109-120 and 540-~553,
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Fig. 591 Fig. 591 Fig 593

September 9 1941 Scptember 9 1941
Fige. $90 591 Fracture of the right femur 6 cm. above the hnee joint with unusual forsard angulation.
The 33-year-okd workman was struck on the fermur by a 200 Kg. lead plate.
Fig $2. Same as Fig 591 The fragments are distracted much too far This caused recurvation
therefore the nall emenged behind the distal fragment.
Fig. 593 Same as Fix. 592 By strong traction It was postble to manlpulate the nall into the distal
{ragment.

weight beaning may be initiated after one to two weeks mithout additional external
support exactly as in correctly nailed fractures of the neck of the femur (see page
11/916)

In fractures below the muddle resting of the leg on 2 Braun frame 1s sufficent pro-
vided the nai reaches into the epiphyzeal hne  These patients must not get up for
four wecks

Supplementary conintous traction  Transverse fractures immediately below the
greater trochanter (Figs 554-569) can be safeguarded against angulation only by
continuous traction (Figs 562-569) Without this, & coxa vara (Fig 560) will de
velop 1n spite of good reduction and a suffiaently long and thick nail because the
medullary cavity 1s already very wide in this region (Figs 1-9)

Fragmented fractures are particularly swited for medullary neiling (Figs 133-137,
574-581 649-656) Without additional continuous traction however shortemng
will occur

Spiral fractures in the proxmal third with a butterfly fragment (Figs 161-168,
570-573) can never be retamned 1n good pomtion with a medullary nail alone  The
musde pull and the position on the Braun frame lead to an over nding of the frag
ments and thus to shortemng and angulation even if the nail was long and thick
enough In Figs 161-168 the nail was too short Such cases must recelve add
tional skeletal traction  If the nal 13 too short as in Figs 582-589 1t provides no
fixation whatever i spiral fractures of the lower third with a long butterfly fragment.
Ths type of fracture should not be treated by nailing, but with continuous traction

from the very beginming
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Fig w4 Fig %% hie %
Septemrter 3 194 Octater 10 1941
Tips. 594 595 Same as 1ige S°0-003 after the nafl wes diven in further A valoy ar | an antecur

vation of 18 cachperi t Thiswaccotrected mith a Phelj« Cocht Al the difficulties arose fr m the fact
that the {ragments were ditracted ton far cunrg the inwrtion of the nail

Tiex. 596, 597 Same a Figr 520-595 after onc month.  Gond poution of the nail and g [ alienment
intheaat

fig %0

pery>IVgaN

[N~

Fig. 598 Fig 59

Flg. 600 Fig ¢01
November 26, 1941

July 6 142
Fige. 598 599 Same as Figs. $90-595 after 11 weeks. Good cullus formatlon,
Fign. 600 601 Same as Figs. 590-595 after removal of the nall and 10 months aft,
er the
consolidatlon.  Knee 175-125 agalnst 175-55 on the keft  Other Jolnts free  Valgus lnndcc::c:nfa?n
each 5-6

Traction with 4-5 Kg 1s sufficient because the nail docs pro
vide a
tion  The eﬂectﬁ of the traction must be cheched by \ m\pplctums Str:l; (‘;Lam
and later cvery 7-14 days  Skeletal tractlon may be used at first later U "
paste traction with plaster cuff on the lower leg (.ee page 11/852) o M
Supplementary Plaster Cast  In fractures near the knee joint in which the pos
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Fig. 602 Fig. 603 Fig. 604 Fig. 608
December 30 1941 December 30, 1941
Flgs. 602, 603 Fracture of the right fermar stump with varus and antecorvation of 20° each  Marked
decaldification.

Fige 604, 60S. Same a3 Figs. 602 and 603 after naffing. Varus engulation of 10° In A-P view good
alignment in hateral view

tion was corrected after the insertion of the nail, as in Figs 594-597, & supplementary
arcular plaster cuff from the ankle to the hip joint 18 necessary 1 the fracture 18
more than 7 cm. removed from the knee joint, a hip spica must be applhied because a
leg cast would not provide sufficent support if the nail 1s too short, as shown 1n Figs.
234-243  If the nail reaches into the epiphyseal line as in Figs. 695, 696, no add
tional plaster cast 18 necessary As 6 rule supplementary fraction and casts are
necessary only sf ths sndscation for nasling and the technigue were snadequate

Exercises Toe and ankle must be exercised actively throughout the full range
from the first dsy on  Active motions of the knee or hup joint may be started after
one week when the swelling and the hematoma have submded If these joints are
exerased dunng the first few days as many propose pain appears the knee becomes
hot, and the swelling recedes much more slowly It mzay even lead to inflammation
at the fracture site and at the nailing mte It must be emphasized again and agao
that the knee jont never suffers the shightest demage from an immobilization of
one to two weeks but does so from premature motions which usually cause paun.

The old axiom that vigorous massage and forcible passive motion 1n all fresh
and 1n most old injuries are extremely detrimental (see page 1/37) holds good for
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Fig. 606 Fig. 607
June 25 1943

Same a3 Figs. 602-605 after one and a hall yeant.  Bony unlon with varus of 20° becanse the naill was
Inserted too far laterally  Good lateral allgnment.

medullary nailing as well. That this may cause exuberant callus formation and
permanent Limitation of motion 1s shown m Figs 108~415 The rule Exercises
must never cause pain, (sec page 1/31), apphes equally to medullary nailing

In fractures which require additional traction (gee Figs 161-168, 551-581, 645~
656), skeletal traction should be replaced after 2-3 weeks by Unna paste traction
with a plaster cuff and the patient should then exercise the knee twice daily on the
knee-exercse frame (Iigs. 1I/1574, 1575 and 680, 681 T, TI/1611,1612), at first for
half an hour, later for one hour The nail provides suffiaent stability to prevent
redisplacement of the fragments during this period  After the exercise traction
should be continued In long spira! fractures, continuous traction must be mawmn
taned for 6-8 weehs or angulation will recur, as shown 1n Figs 161-168  After
this period the knee can be actively moved to a nght angle and the muscles will have
become strong 1f the cxercises were carned out faithfully

Hospualisation  Patients with switable transverse {ractures (Figs 108-120)
and short oblique fractures (Figs 540-553) between the proximal and middle third
may leave the hospital after 2-3 weeks without any additional support  Those with
fractures below the middle should be hospitalized for 56 weeks and those with long
spiral fractures for 8-9 weeks.

Duration of treatment  Young patients with transverse fractures or short ob-



184 AMFDULLARY N\AILING OF KUNTSCHFR

lique fractures in a favorable location may resume regular work after 8-10 weeks
evenif marked displacement was present  They may perform Light work after 34
weeks  Those with less favorably located fractures may return to worl after 34
months, 1f no complications set 1n

Follow-up  After discharge from the hospital, patients should return every 1-2
weehs for a check up  After they start to work they should return every 2
months for an X ray check up  Separate records should be kept for naled frac
tures (scc page 54) to make sure that this regular follow up 1s not overloohed

Removal of the natl  The nail must not be removed until the fracture shows
X ray evidence of firm consolidation At least 6 months should elapse before re
moval. Before thus, the nail 13 sometimes still very firmly embedded If 1t 18
removed after merely 8-10 weeks, the bone may bend agan  After 6 months or
more extraction 1s usually very casy under local anestheme  Formerly we per
formed this procedure 1n the out-patient department However, mince 2 hematoma
develops 1n some cases, we now admit the patients to the hospital for a few days.
At any rate the extractor of Kiintscher (Fig 71}, Pohl, or Stor (Fig 83),and the clamp
of Jorg Bohler (Fig 8%) must be 1n readiness. The difficulties which may be en
countered 1n the extraction of freshly driven nails are discussed on pages 55-57

Complications of Closed Medullary Nalling of the Femur

The vanous types of inadents which may occur dunng medullary nailing have
been discussed on pages 74-89 They are most commonly due to incorrect indt
cation (operating during shock), or to lach of necessary equipment such as reduction
apparatus, 2 X ray machines an adequate choice of nails, extractors, etc

Next to fatahties the most distressing inadents are those due to the use of too
thick a nail or to the lack of effective extractors because the operation must then
sometimes be mterrupted (see pages 55, 56 and 79-81)

Even 1f everything 13 on hand many inadents anse from insufficient reduction
before the guide pin 1s 1ntroduced (Figs 185, 187-191 390-397 116-423 590-601)

In Figs 416423 the extensive periosteal appositions would not have developed
had the angulation been chiminated before the introduction of the gmde pin this
could easily have been accomphshed on the reduction apparatus with the knee flexed,
if adequate X ray pictures had been taken

Truly great difficulties arose 1n the case of Figs 590-600, because traction was
so excessive that the fragments separated This caused a lateral displacement
and angulation and a deviation of the naul which could be brought mnto the medullary
cavity only by additional trachion This caused further angulations All these
inadents could have been avoided if \ my pictures had been taken after reduction
A close inspection should have revealed the gap between the fragments and the
angulation and both should have been corrected before the ntroduction of the gude
wire and the nail

The majonty of ncdents are due to the use of too short a nail  This causes
shorterung and bowing (Figs 161-168 390-397 400-107 582-589) rotational redis
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placement ([igs 222-229) nugration of the nail (T'igs 234-243) and a new fracture
with the natl 1n mtu (e page 87)  Marked penosteal appositions which were
previonsly nterpreted as desirable callus formation produced by the nail, dcn.:lop
only hecause the short nail does not adequateh immabihize the fragments (Figs
00-397 400-407)

Results

The results are surprsinghy good (Figs 108-120 540-553) in correctly selected
cases 1f the operation has been properly timed (omaston of operation durning shock
or 1n the presence of unhealed wounds and marked swelling) and the technique 15
faultless (exact reduction before insertion of nail and usc of a nail of suflicient length
and thichness) The local arculatory disturbances subside rapidly, thercfore
muscle wasting deealafication and restriction of motion do not develop provided
no forcible passive movements and no vigorous massage arc used  General aircula
tory disturbances do not occur asarule  The hospital stay 1s very short (2-3 weeks)
under favorable circumstances  The alility to work 18 restored in a short ime. Mo
permanent damage results

Causes of Failure in Closed Medullary Naliing of Femornl Fractures

1 Operation during shock This may cause death Vedullary nailing
1s not an emergency measure
2 Operation m the presence of swelling and fever  Medullay nailing 15 not
an emergency measure
3 Operation before wounds on the injured leg or 1n other parts of the body have
healed (1 ¢, within 2-3 weeks), if 1t was not possible to perform the operation
within the first few hours  Medullany nathng 13 not an emergency measure
Operation 1n jont fractures
Operation in fractures which are less than 7 cm  removed from the knee joint
or from the tip of the greater trochanter
6 Operation without essential instruments (guide pins and nails of sufficent
length and thichness extractors etc —sec pages 22-26)
Operation without reduction apparatus
8 Operation with one 1nstead of two \ ray machines
9 Omussion of local anesthesia when the initial X ray pictures are taken,
because the leg can usually then not be positioned properly for e stuctly
lateral wiew

Omission of the exact determination of the length, width and curve of the
medullary canal

Tailure to chech the length and size of the guide pin and of the medullary
nails and ther matching

Talure to protect the patient against heat loss

Omsston of exact reduction of the fracture before the sntroductron of the gurde pin
Farlure to check the pomation by \ ray pictures hefore the introduction of the
guide pin (Figs 186-189 390-397 100407 590-601)

o e
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12
13
14
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15 Tailure to check the progress of the guide pin by fluoroscopic contro!

16 Insertion of the guide pin and of the nail on the lateral side mstead of on
the medial side of the greater trochanter, this causes a varus angulation

17 Failure to check the progress of the nail by flusroscopy during 1ts nsertion

18 Fluoroscoping without lead gloves and lead apron

19 Omussion of N\ ray pictures after msertion of the nail

20 Omssion of axial ympaction of the fragments

21 Tailure to place the leg on a Braun leg frame

22 Use of a bed without & fracture board

23 Omismon of supplementary traction in high transverse fractures, in com
minuted fractures, in spiral fractures with a long butterfly fragment and m
fragmented fractures.

24 Omussion of supplementary plaster cast if too short a nail has been used.

25 Premature hnee cxcrases, 1¢, within the first week

26 Use of vigorous massage and forable passive motion  This leads to pen
osteal appositions and to hmitation of motion (Figs. 408-115)

27 Neglect of continuous observation and \ ray controls until the nail has
been removed

28 Failure to use a special record file of medullary naihng cases.

29 Premature removal of the nail, Le, before the fracture shows firm union
roentgenologically and before six months have elapsed

30 Neglect of X\ ray checkups at the conclusion of the treatment.

Open Medullary Nailing of Fresh Closed Fractures of the Femur

By means of our reduction apparatus (Figs 527-531), we have always succeeded
10 reducing the fragments of closed femoral fractures satusfactorily for closed medul
lary nailing

Some surgeons have suggested that the fragments should be exposed if reduchion
cannot be obtamed promptly and that open medullary nailing should be performed.
If this 1s done the greatest advantage of the closed medullary nafling viz , minimiza
tion of the danger of infection, the most precious virtue of Kilntscher’s method, Is
lost.

Exposure of the fragments should be rejected 1f their reduction was not ob-
taned successfully after hours of effort or if an impacted nail had to be extracted
with great difficulty These violent reduction end nailing maneuvers cause addi-
tional 1njury to the muscles and to the skin in the region of the fracture which
increases the danger of mnfection Furthermore the asepms may suffer because
sometimes the preparation of additional instruments, the assistance and the draping
etc. have been mmprovised  This has often been followed by infecion  This most
sertous compheation can be avoided because as must be repestedly empbasred,
medullary nuling 1s not an emergency measure which has to be employed under
unfavorable external circumstances  The prophylactic use of pemallin may pre
vent infection 1 open medullary nailing
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11 dlosed reduction is unsuccessful a Steanmann pin or harschner wire should be
apphied  Continuous traction may be used until bony union has taken place
Cven with interposition of <oft tissues the danger of pscudarthrosis 1s <hight 1f trac
tion 18 not excesaave (Figs 307-316)  In chuldren 1 have never scen o pecudarthross
of the femur, evenif traction was excesve

Under the protection of pematilin we have lately used open medullary naihng
1n closed spiral fractures of the femur, umting the fragments wath 1 or 2 supple
mentary arcumferential wire sutures as i Iigs 671-678  Open nathng may he
performed on the day of myuny before a large hematoma or swelling develops, if
the injured 1s 1n good general condition and not 1n shock  Otherwise the nahing 15
performed after the swelling has subsided, 1 ¢, after 8-10 days  This procedure 1s
much to be preferred to violent reduction maneuvers in difficult cases

1f great difficulty with closed reduction as in Tligs 562-569 1s foreseen, then it
18 best not to attempt at

Open Medullary Nalling of Fresh Compound Fractures of the Femur

In a compound fracture the danger of infection lurks because the fracture has
been exposed by the acadent.  The question anses whether medullary naling de
creases or increases this hazard  Up to date T have rejected the former methods of
osteosynthesis for compound fractures of the femur, because they required wade
exposure of the fragments and did not provide sufficient stability, as shown in Figs
136 E, 1/196,11/2094-2105and 11/2138  With Kiintecher’s method these two objec
tions are not valid. Therefore I use the nail in all compound fractures of the femur
which do not involve a jomnt if the general condition 18 satisfactory

General preparation of the paltent  The patient 1s frequently in severe shock,
with pale and cold shin and mucous membranes, with weal and rapid pulse  He
must be protected from farther loss of heat, must be rubbed with warm cloths,
covered warmly and gven hot dnnls

Delasled examination of the potient  While the patient 18 being thus treated, the
extent of the injunes should be accurately determined  The pulse on the dorsum
of the foot and behind the internal malleolus should be examined, keeping 1 mind
that 1n shocked and exsanguinated patients the pulse 1 frequently not palpable on
either foot. Ifit1s absent on the injured mde only, 1t 18 an indication that the main
artery 18 etther torn or blocked by compresmon from one of the fregments. The
motion of the toe and foot jonts ax well as the sensation and the reflexes should also
be examined

Local anesthessa This examination ahould be brief so a3 not to delay anesthesa
by mjection of 0.5 per cent novocaine solution nto the fracture  The deademng of
pain improves the general condition and the pulse becomes stronger and slower

Infusion or transfusion  If the patient does not respond satifactorily to ex

ternal heat oral flud intake, and local anestheas, he is given an infusion of 500 cc.

of an 1satonic solution of blood serum salts, and preparations are made for blood
transfusion
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Fig 607 ad
Fig 607 . In the open medullary naihng the guide pin is interted Into the proximl fragment from below
and pushed through the greater trochanter  Where it buiges the skin, 8 2-3 cm. incision & made.
Fig. 607 b. A short medullary nail bs slipped aver the gude pin and peahed down to the greater trochanter
Fig 607 c. The short nail b driven 1-2 cm. into the greater trochanter  The guide pin Is pulled ont from
bedow  The shortentng is corrected with & slagke proaged hook.
Flg 607 d. Apother guide pin is inserted from above throngh the short medullary nafl.

X-ray exommalion  When the patent has recovered '\ ray picturcs should
be taken in both planes to determine the type and extent of the bone myury

Amputation  1f the leg remamns pulseless cool pale and without sensation, even
though the patient has recovered 1t must be amputated

Instruments and apparains  For open medullary nailing the instruments pic
tured 1 Figs 85-91 are needed 1n addition to thosc enumerated on pages 22-26
for the closed nailing A reduction apparatus is not necessary and only one \ ray
machine 18 needed pot two
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Fig 607 ¢ By pull and pressare wlth a sioglefronged book the lateral displacement is corrected.

Tig. 607 {. After exact reposition the gusde pin 1s pushed towands the knee jolnt. The medullary nail of
proper length and thickness i3 driven i with & hammer

Tig 607 g. The nail hes Leen daven to near the koet jamnt, The {ragments are impacted.
Fig. 607 b The fragoents bave been impacted and are secured agunst rotation Uy & wire loop

1

Determination of the length widih and curve of the medullory canal  The pro-
cedure given on page 40 serves to determune the required thickness and length
of the medullary nail

Debridement This must be carned out thoroughly in the manner descnbed
on pages 1/112-130  To reach all the pockets and recesses of the wound the shin
wound must be extended by appropriate masions  Soiled bane should be cleaned
with chisel and rongeurs  This may take an hour or more

Heal profection  Dunng this peniod the patient must be carefully protected
agunst heat loss  Pulse and general appearance must be observed continuously
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Fig 608 Fig. 609 Flg. 610 Flg. 611
June 4 1942 June 4 1942

Figs. 608 (09 Compound transverse sheared fracture of the keft femnr with shortenng of 6 cm., lateral
displacement by doublo shalt s thickness and angulation  This 48-year-old woman was knocked down by
o truck suffering also a cerebral cancussion, laceration of the upper lip fracture of the right Internal mal-
Leolos and of the right second to scventh ribs with hemothorax. \\uundunskmwderbalmutbdllnd

medullary palling.  Unpadded plaster cast for the fra d malleolus was split § .
Fige 610 611 Seme naFipa, 08 and 609 immedintely after nafling, Very good position of the fragments.
Two rubber dralms plainty visble.

Blood transfusion If the pulse and the general condition do not improve, 2
blood transfusion of 400-500 cc. 1s gven

Contsnuous traction  If the genernl condition of the patient does not respond to
these measures a pin or wire 1s inserted for continuous traction to termupate the
operation quickly

Open nathng  1f the pulse recovers, the gude pim is mserted into the proxamal
fragment from the fracture mte and pushed through the greater trochanter and the
skan  Over this pin a short medullary nail 1s driven 1 cm. deep nto the greater
trochanter (Figs. 181 182) The guide pin 13 then agam removed through the wound
and a new gwde pin s mnscrted through the short medullary nail which served as &
temporary gude and which 1s then removed  After this guide pin appears in the
fracture, both fragments are grasped with a Lambotte bone clamp or with strong
bone hooks and coapted  The guide pin 1s then pushed into the distal fragment.

X ray prctures  In order to determine whether the fragments are well aligned
without angulation and whether the guide pm 18 correctly located, biplane X ray

pictures must be made
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big. 012 Tie. 613 Ig. 614 Fig. 615 Iy 616 Fig 617
July 20,1942 December 17 1942 February 6, 1943

Figs. 612, 613 Same a3 Figs. 608-611 after 7 weeks. No callus vlsible  Got up after 5 weeks with
walking cast o right leg and Unna boot on Ieft ke, Left the bospital after 7 weeks.  Walking cast removed
after 10 weeks.

Fipn 614 615 Same as Figs, 603611 after 6} months Good calles formatron on the medial
side, anterforly and posterforly

Figs. 616, 617 Same &3 Figx. 608611 Immediately alter extraction of the nail and 8 months after the

acrident. Al Jounts of both legs show full range of active motion. Muscles strong  No drscomfort.

Naing  If the X\ ray pictures show that everything 1s satisfactory, a nail of
proper length and size, as determined 1n the manner discussed on page 166, 1s doven
m over the gwide pin until only 2 em of 1t 15 left protruding from the greater tro-
chanter  If the fragments are not then immobilized perfectly, a3 1n spiral fractures
at the proxumal or dustal ends (Figs 570-573 582-589, 671-678), they are secured
by one or two arcumfercntial wire sutures In communuted fractures (Figs 618~
633), supplementary continuous skeletal traction with & pin or wire must be applied.

X ray conlrol  New biplane X ray picturcs are then talen with the central ray
focused over the hnee joint hne, to determine posiively whether the pomt of the
nail 1s too close to or too far from the knee joint.

Insertion of drains  After the X rays show satisfactory position, one or more
Zubbcr tube drains are inscrted into the deepest parts of the wound (Figs. 610, 611

20 621)

Wound closure  After thorough debndement and 1f the wound 1s no more than
6-8 hourstold the slun and the skin only 15 closed with sutures  No sutures or liga

tures are buried in the wound. Only 1f nerves have been severed 15 an exception
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Fig. 618 Fig. 619 Flg. 629 Fig. 621
January 22, 1942 Jemzary 22, 1942

Figs. 618 619 Conpound comminuted fracture of the right femur in a 20-year-oid blacksmith whose nght
Jeg was caught in a metal-bending machine, The femur s commimuted in the middle for a distance of 17
cm  The distal fragment i+ displaced posteriorly by 8 cm  The greater part of the muscles is croshed
through. Nerves and blood vessels nninjured  Thorough exciston of wounds 2 hours after Infury throogh
2 bogitndinal incmmons, cach 20 em. long, on the anterfor and pastenor surfaces.  The sheath of the scufic
nerve was cheaned by sharp disection and the splinters were cleaned of dirt with a Loer rongeur  Then
imsertion of nail, of § rubber drains, and akin suture withont Egathons or sutures in the depth of the wound.
Heahng without wound cormplications. TThial pin traction with 5 Kg. for 10 weeks.
Fip. 620, 621 Same s Figs. 618 und 619 after mafling Good axial alignment in both plancs The
§ drams sre plainly visdble. Small skin necosts.

Figs 622, 623 Samc as Figs. 618-621 after 3 montha The sphnters have besled in  Ounly a wesk
brdge 1n the middle  Got up 3 weeks later and resumed bls work 6 months after infury  Varus of 5
Good lateral agnment The nail has neared the lateral wall. Knet motlon 180-110°
Fipr. 624 625 Same as Fign 618-621 aiter 9 montba  Varus of 10°  Good Iateral algnment.  \ avity
with sclerosed wall can be seen at the pomt of the pail.

Fiym (26, 627 Samc as Figs 624 and 625 after another 4 months, and 13 moaths after infury The
bridge of bone has become stronger but has broken through the middle. Varus of 10 recurvatlon of 5
No discomfort.

made to thisrule  If the wounds show a good red color they may be sutured locsely
evep after 24 hours. If pemicillin 18 available 1ts use should be begun immediately
after the operation

Supplementary external supports such as plaster casts arc not necessary if the
fragments were enarcled with wire in oblique and spiral fractures, especially in those
with a lang butterfly fragment. In the spiral fracture with a long butterfly frag
ment, shown m Figs 570-573 the leg would not have rotated if the third fragment
had been fastened to the nail with one or two arcumferential wire sutures Ths
patient would then have needed neither a plaster cast nor continuous traction and
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Fix. 638 Fig 620 Flg. 630 Fig. 631 Fig. 632 Fig 633
June 16 1543 July 14 1943 May 18 1944
Tigs 628 629 Same as Figs 624 and 615 after 8 months and 17 moaths after injunn The bon) bridge
has Lecome stronger  Fracture line bepns to obliterate  The nail has approached the posterior wall
Varus of 10° recarvation of 15 The entire track of the nall {n the dists} {ragment shows a sclerotic Hning
Periosteal appositions on the Iateral and postencr aspects
Ty 630 631 Same aa Flgs 628 and 629 after removal of the old nall, stmightenung of the bone and
imtroduction of the pew mail  1ta point reaches 1o the epphyseal line  The angulations are corrcted
The fractare line has widened.
Figr 632 633 Same as Fig. 630 and 631 10 monibs after the insertion of the new nafl and 28 months after
the wjury o further bowing occurred  The fracture line is now bndged by thick well-transformed
Lone fully adequate for werght Learing.



194 MEDULLARY NAILING OF EUNTSCHER

Flgy. 634-638
February 17, 1943
Photographs of the casc of Figs. 618633 13 months after infury The cirenlar musde defect fa il
plinly visible. No shortening. Knee 180-60°  Full ectlve extenslon of the knee. Other joints free.
Resumed his regular work as & blacksmith 6 months after infurv- his work required Hfting pleces of metal
weighing 100-1°0 Kg

could have gotten up after 3 weeks without additional bandage and all jomts would
have been freely movable In communuted fractures, as in Figs. 618-621, supple
mentary continuous traction must be used.

Post-operatroe posioning  Thelegis placed upon & Braun leg frame as in closed
medullary nading (see page 179) and the foot 1s suspended. The bed must be firm
(sct Figs S3E 1/65snd 70E 1/91)

Exercises  The toes and foot joints are actively exerased throughout the entire
range from the first day on.  After a week quadnceps exeraises are begun, provided
no wound disturbances are evident.  Active excrases of the knee jomnt must not be
started before 3 weeks and then only if the wounds have healed perfectly  If these
excrcises are started earlier late wound infection may develop A warming must
agan be sounded agamnst vigorous massage and violent passive motion.

Exercises must never cause pain (see page I/31)

Ambulation  Depending upon the seventy of the injury and the sze of the
wound, the patient may get up for the first tune after 46 weeks. The man wth the
communuted fracture of Figs 618-638 had to remain recumbent for 4 months

The hosprial stay vanes between 6 weeks and 4 months and 1s as a rule much
shorter than with the previous treatments by continuous traction and plaster cast.

Subsequent observasion  Communuted fractures must be closely observed  New
X ray pictures should be taken every month until the nail {s removed

Results  OI 16 fresh compound femur fractures treated with open nailing 15
healed without wound disturbances In one case the temperature rose after 10
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Fig. 639 Fig. 610
Fig. 639 \-ray of Fig. 640 Sapracondy lar fracture of the femur of 22 years, standing. Healed with
recurvation of 17° which fs lers angulatbon than in the case of Fig 629 Due to th recurvation at the
fracture site the knee was subjected (o faulty weight-bearing for many years and hyperextended.  Thut an
additional angulatien of 8° developed between the lower fragment aod the lower leg, producing a total
recarvation of 207
Fig. 640. Thotograph of Fig. 639 shows the markedly hyperextended appearance of the knce doe to re
Qmvetion st the fraciure site and &t the knee Jount. If the knee region is held at 180° there is marked
lateral instability  Limping gait.

days a superficanl abscess developed which was opened  whereupon the temperature
subsided A mnus remaned through which a small superfiaal sequestrum dis-
charged after 5months  In this case, contrary to our general prinaiples the muscles
were approximated with a few sutures  Since an infection did develop in one out of
16 cases this result must be considered inferior to the 23 compound femur fractures
all of which healed without wound disturbance as reporied by Ehalt in us bool ¥
The treatment however, has become greatly simphfied

The severe compound comminuted fracture shown in Figs 618-638 followed a
particularly interestmg course  After palnstalang wound toilet and nahng, skeletal
traction with 5 Kg was used for 10 weehs to prevent an approximation of the mamn
fragments with shortemng  Although there was only a thin bridge of bone (Figs
622 623) the patient was able to get up after 4 months and to resume hus hard work
as a blacksmuth after 6 months  After 9 months the thin fragments showed bony
union (Figs 624 625) After another 4 months, the . ray pictures showed an
increase 1n the bone bndge but a fracture through its middle (Figs 626, 627) The
patient had no discomfort because the nail provided sufficient stabihity This

1 Ehalt Dic Behandhung der offenen Brilche der langen Rohrenknochen und fhre Ergehak Vienna,
Maodrich 1338,
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Fig 611 Fig. 642 Fig. 613 Fig. 64
Scptember 1 1941 May 3 1942
Flgx. 641 642 Corpound fractare of the right femur with marked displacement. The 54-year-old work
man fell into an elevator shaft  Also contused laceration of the scalp and componnd fracturs of the right
humerus.  The proxmal fragment protrudes 3 cm. through & 7 cm. long wound and is badly solled. Ex
cison of wound and bone debrided with rongeur Medullary nafling and dralning  Wound healed
uneventfully  Got up after 6 weeks
Figs. 643 644 Sameca Figs. 641 and 612, after 8 monthy.  The nall {s somenhat too short. Bony unlon
with strong callus.  Antecurvation of 10*
fracture within the callus developed because the nail had not been dnven 1n deeply
enough and therefore had play in 1its distal sections as 13 evident from the area of
condensation around the tip of the nail ™ ray pictures taken 17 months after
injury show the bony bndge much strengthened and the fracture ine narrowed At
the same time 1t 18 evident that the bone bowed and that a varus angulation of 10°
and a recurvation of 15° had developed (Figs 628, 629) Since such angulations
cause late disturbances sometimes even after 10-20 years as shown in Figs. 639,
640 and as I have proven in my article in Der Chururg’ No 4 1942, 1t was deaded
to correct the deformity as the patient was only 20 years old ~ For this purpose the
nail was cxtracted under spinal anesthema after the leg had been placed m
Wittmoser's reduction apparatus A guide pin was then inserted and the bone
straightened  As soon as the biplane X ray pictures showed correction of the
angulation a new slightly longer medullary nail was dniven 1o.  With this the
patient got up after 8 davs and resumed his work 1 4 weeks. The fracture hne
was again distinctly visble (Figs 630 631)  After correction of the angulations he
walked better than before  One year after the second naihng and two years after
the 1njury, the fracture showed bony consohdation (Figs 632 633)
Without medullary nailing 1t would not have been possible within the compara

tively short time of six months to restore & man with such a fracture to working
capaaty without shorteming and with good mobihity
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Tig 645 Fig 616 Fig. 647
Avgust 15 1942 May 3, 142
Figr. 615 G46. Same 25 Tgv, 641 and 612, afterenc year  Solid bony union  Bone stll thick.

Fign 647 648, Same s Figs. 631 and 632, alter 8 months, knee 1/0-70° against 180-50" en left.
Vuscles strong.  Moderate ducomliort

Fundamental considerntions concerning the correction of angulations
The goal 1n the treatment of femur fracture 18 umon with the least possible shorten
g, good ahgnment and free motion  These three ms can be accomphshed m the
smplest and surest way by the use of the medullary nml  With continuous traction
this goal can usually be achieved in fresh compound and closed fractures (Figs
708-721E, 1/297-323 11/2016-2068) In old infected fractures, however, onc must
be very careful with an attempt at lengthenung the bone and correcting angulations,
Aslong as there 1s secretion  the bone must not be refractured and lengthened aimul
taneously because this often leads to a flare up of the infection scparation of s
questrn delayed callus formation and stiffening of all joints (Figs 322-341) In
such fractures the angulatory displacements should be corrected, but the shorterung
should be ignored  Healing will be rapid and motion will be good  The shortening
can then be compensated for by a shortening of the well leg (Figs 705-734)

Open Medullary Nalling of Fresh Gunshot Fractures of the Femur

Gunshot fractures of the femur present one of the most difficult problems jn war
surgery The mortahty 1s very great because technically 1t 1s extremely difficult
to provide adequate and complete immobilization for transportation and for treat
ment especially 1n the presence of large wounds I therefore proposed in “Der
Ch:;ru:g No 1 1943 to treat switably selected cases with Kintscher’s medullary
naf

To date I have performed medullary nailing in two fresh gunshot fractures of
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Fig. 649 Flig. 650 Fig 651 Fig. 652
November 27 1941 November 28, 1941
Flgr. 649 650 Fragmented fracture of the nght femur with an intermediate fragment of 6 cou length.
Thes 32 year-old ceanmg-woman was knocked down by an exploding stove, suffering abo & contused lacer
stlon of the scalp, extenstve burns on the right fenmr in the groin on the abdamen and on the buttocks.
Flgs. 651 652 Same as Figs 619 and 650 after malling under spinal anesthesla. The 3 fragments are in
good appostion.  Additlonal pin tracian of 8 Kg.  After 3 weeks, the fractures which In the meantime
had become infected were cxposed by 2 inchlons,

the femur  The result was satisfactory 1n the first case (Figs 671-683) and excellent
m the second (Figzs. 657-670)

Case I A 21 year-old man was wounded on Sept. 26 1942 ot 10 30 a.m. by multiple shell
fragments and was edmutted to a fickd-station at 9 30 pm. after a difficult transport through
mountamous terrain He had suffered an entry wound 1 em. in size 3 cm. medml! from the an-
terzor superior iliac spme 2 0.5 cmu entry wound on the outer side of the middle of the nght thigh,
2 1 am. entry wound about a hand s breadth above the right knee foint on the lateral side and a
1.5 cm. entry wound on the antero-lsteral aspect of the lower leg betwreen the proxxmal and middle
third mith peroceal paralyms,

The femur was fractured "\ ray pictures (Figs. 671 672) showed & spiral fracture 16 cm.
long begmning 8 cm. above the point and running upwards  On the medusl wall of the medullary
canal a shell fragment of 9 mm. diameter and nearby one of 2 mm. dumeter were seen.  Aarked
abdommal rigadity was present.

Because of the symptams of intraperitoneal injury the abdominal wound was exposed by Prof
Frey The track led through the pentoneam.  After enlargmg the wound the sigmotd was found
wmnjured but mtestmal contents wero found in the peritoneal cavity  Therefore a midhine ina
won from the mmbilicus to the symphysis was made. Three opeungs were found in the lower
fleum drchargmg mtestinal contents  These were sutured.  The cavity was cleansed with damp
sponges.  Both abdommal wounds were then completely closed.
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Fig. 653 Tig 684 Fig. 655 Fig 656
Jaly 1/ 1942 November § 1942

Figr. 653 634 Same as Figs. 649652, after 8 montha.  Several sequestra sy d from the L di
fragment these were removed after this picture was taken. The burns in the groln were covered 4 months
later with Reverdin grafts.

Flgs. 655 636. Same as Fig, 619-652, after one year  Hony unfon in good position, Doth fractures show
bony consolidspon. Knee 167-150°  Other joints free.  Shortening 1 cm.

Since the genera) condition was still satisfactory at 10 30 p.m. and aince the three wounds on
the nght leg showed no ngns of nflammation, I decided upon medullary naling At first the
wound on the middle of the thigh was excased It reached only 1 am. into the muscles The
wound on the lower leg was severely lacerated and penetrated into the Interosseous space.  After
sponging there was profuse bleeding and the anterror tfbin] artery was found torn and was ligated
Both wounds were left open  The wound above the knee joint was extended to 13 an The torn
muscles were excsed carcfully down to the bone  The distal fragment showed a caliber sizs hole
at the lower end of the fracture line (Fig 672} which was enlarged mitharongeur  This permitted
the removal of two metal splmters and of & small prece of cloth from the medullary cavity  After
tharough wound toflet, a gukle pin was inserted into the prommal fragment until it protruded from
the greater trochanter  Over this a medullary nail of medium s1ze and 40 . In length was driven
1m.  Sipoe the hammer was too small the driving did not progress and I was obliged to get a heavy
bammer from & tool chest and have it sterilized.  With thes 1t was possible to drve the nail ta the
fracture site whereupon both fragments were held together with a strong bone forceps and the
pail was dnven into the distal fragment. The fracture was not firm however because the nail
entered the distal medullary cavity which was here 40 x 50 mm, in size only for & dmstance of 3
cm. Tt was still 5 an. removed from the koee jomnt. The nail should have been 3~4 cm. longer
1 therefore enarded the Iragments with & wire making the fracture firm, A rubber dram was
mserted and brought out posterlorly (Figs 673, 674) A sulfa compound was dusted into the
wound which was dosed with 5 skin sutures without ligatures or deep sutures. The atigwal roanyd
wound 1 5 cm 1n diam. was left open  The nailing site above the trochanter was not sutured.

Tost-operative pulse rate was 110 alightly irregular - 400 cc. of blood plasma was infused. The
leg was placed on a Braun kg frame.  Daration of debridement was 65 minutes duration of nail
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Fig. 646 Fig. 650 Fig 651 Fig, 652
November 27 1941 November 28, 1941
Figs. 619 650. Fragmented fracture of the right femur with an intermedhate fragment of 6 cm. length.
This 32 year-old deantog-woman was knocked down by an exploding stove, suffening also a contused lacer
ation of the scalp, extensive burns on the right femur In the groin, on the abdomen and on the buttocks.
Flga. 651 652 Same as Figs. 649 and 650 after nafling under spunal ancsthesis.  The 3 fragments arc in
good apposihon.  Additonal pin traction of 8 Kg. After 3 weeks, the fractures which in the meantime
bad become infected were cxpesed by 2 incudoms

the femur  The result was satisfactory in the first case (Figs. 671-683) and excellent
m the second (Figs 657-670)

Case I A 21 year-old man was wounded on Sept. 26 1942 at 10 30 a.m. by multiple shell
fragments and was admitted to a fidd-station at 9 30 p.m. after a difficult transport through
mountainous terrain He had suffered an entry wound 1 an. m size, 3 an. medial from the an-
tenwor supenor iliac spme, 2 0.5 am. entry wound on the cuter side of the muddle of the right thigh,
& 1 cm. entry wound about a hand s breadth above the nght knes joint on the lateral nde end &
1.5 cm. entry wound on the antero-lateral aspect of the lower leg between the proximal and middle
third wth peroneal paralyms,

The femnr was fractured. X\ my pictores (Figs. 671 672) showed a spiral fracture 16 cm.
lang beginnng 8 cm. above the joint and running upwards  On the medual wall of the medullary
canal @ shell fragment of 9 mm. dmeter and neerby one of 2 mm. diameter were seen Alarked
abdaminal rigidity was present.

Beause of the symptoms of intrapentoneal injury the abdominal wound was exposed by Prof
Frey The track led throngh the pentoneum.  After enlargmg the wound the sigmord was found
uminfured but intestinal contents were found in the peritoneal aavity Therefore a mudline ina
sfon from the umbilicus to the symphysis was made. Three openings were found n the lower
flenm dischargmng intestmal contents.  These were sutured.  The cavity was cleansed with damp
spanges. Both abdomimal wounds were then completely closed.
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Rnee 140 145, hip one-third restneted (Fige 6:/9-683) "\ ray plctures (Figs 677 678) <how bany
unfon of the fragments m good poaition  The penosteal appoutions have partly receded  The
tom ware ko can still be seen Sexeral small requestra are noted  requinng removal

June 10 Removal of thin kuperficl scquestra more than &8 mm in sizc The «nus clowed
three wecks thereafter

June2 1944 The sinus on the femur dxl not break open in spite of heavy work o abdomi
ral svmptoms.  \o active extension of the great toe but the other toes and the ankle jomt show
full range of active motion  Right knee 180-110 against 18040 on the Ieft  Hip Joint free

Case 2 A 22 vear-old man suffered machine gun wounds on Oct 4 19422t 6 30am and
was admitted at 8 pm in good general condition The Teft femur was broken the leg rotated
outward and shorter by 3am  He had an entry wound of 14 x 18 mm in sirc Incated anteriorly
15 an aboue the patella, and two exit wounds 4 cm apartpostero laterally one 12 em  theother
13 am below the preater trochanter One was 6 x 9 mm. the other 10x 13 mm Insuze N\ my
prcturcs showed a Jang tpiral fracture with a butterfly fragment between the proximal and meddle
third (Fige 657 658)

Since the wounds were still chean T deerderd to exere them and to perform the medullary nail
ing although 14 hours had clap<ed since the injury  The antenor wound was extended 15 cm
and the skin and the fat excied  After opening the fascia, the muscles showed extensive lacera
tions in both directions.  In order to reach all tom muecle stumps  the inemsson had to be extended
to30an  After meticulous excrmon of the torn muscle fibers the blood clots were sponged out of
themedullary canal.  The long third fragment was connected with the muscles and the penosteam
Its attachments were not severed  After thorough cleaning of this wound the hemostats were
removed  Only one veuel contmued to bleed and was ligated  The skin was closed with towel
<lips  The patient was then placed on his side and the posterior wounds were excsed  The lateral
wound was cxtended 20 am  the medml 10 em Skin and fat tusue as well as the torn muscles
were excised accunately down to the fracture o ligations were ncoessary  After dusting a sulfa
compound mto the wounds and mto the medullary avity a guide pin was puthed into the proxt
mal fragment and brought out through the greater trochanter  The nail was driven in over at
until 1t appeared 1n the fracture.  The two fragments were then coapted accurately by traction
andstrongbone clamps  The nafl was then daven in until it protruded only 3 om. {rom the greater
trochanter  The two main fragments were thus firmly united agamnst torsion bendmg and longi-
tudmal dsplacement, whereas the third fragment was only in loose appasition A large drain was

Inserted mto both the postersor and antersor wounds. Agaln sulfa was dusted into all three
wounds which were then closed with skin sutures without decp sutures  The wound at the nailing
site was left open and covered with & small sterile dressing— After removing the blood which had
oozed into the wound durmg closure a pressure bandage was applied to the femur and the leg was
placed on & Braun frame  Duration of debridement was 65 mmutes nafling 10 minutes skin
sutures 10 minutes total, 85 mmutes.

X ray pictures showed good position of the fragments and of the nall (Figs. 659 660)

Oct. 5 am. Temperatore 37 9°C pukse 130 appearance good fecks well No pain in femur
Lvenmg temperature 382 pulse 120

Oct. 6 No pain. Temperaturoam 374C Pm 377C

Oct. 7 Nopam Temperaturo am. 372 C pm 381 C pulse 100 Change of dressing
The wounds thowed no reaction  Removal of drams small amount of clear terous drainage
through the dram openings.

Oct. 8-15 Nopam or fever Wounds d Because he was sched
2 plaster cuff from the hip to the ankle. Th?s was split u'umadu:‘c:?) tled for transfer T spplied

O B Xt e pane

ound the patient 1n another hospital  He had stood the transfer

from pain and Jooked well. The cast had been removed on Oct. 23 Several akh‘::lh:;: ::;

cut through the others were removed  The wounds were closed with exception of & few small
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g 40 minutes because of the madequacy of the hammer duration of winng and skin suture, 15
mmutes, making a total of 2 hours for the entire procedure.

Sept. 27 a.m temperature, 36.8°C pulse 80 full Tongue coated, appearance pale, patient
fecls faurdy well. Unnary retentron.  Evening tempemture 37 8°C pulse 120 abdomen ngd
very sensitive

Sept. 28 am. temperature, 368 C pulse 105 irregular Had vonuted. Thigh pain
less Evenung temperature 37 4°C

Sept. 29 temperature 36.3 C pulse 78 strong  Feels well, although no gas had been expelled.

Sept. 30 temperature 37.5°C pulse 100  Gas expelled and bowels evacuated by enema.

Oct. 1 pulse strong 98 Feels well slept well. Dmin removed. All wounds dry withoat
flammatory resction

Oct. 2-6 Feels well temperature not elevated pulse strong  No pam.

Oct. 7 Change of dresamgs.  Leg not swollen not red and pot tender anywhere. A plece of
necrotic fascra removed from the gunshot opening  No suppuration  Cloudy serous dramage
through the drain opening

Oct. 9 No pawn or temperature W ounds reactionless.  Considerable serous secretion from
the wound above the knee therefore a new dram maerted through the previous opening

Oct. 15 General condition good  No dwscomfort from leg or abdomen  Slight serous secre-
tion.  Since the patient was scheduled for transportation I applied a plaster cuff from the hip to
the ankle for the mmmobilimtron of the wounds, and split 1t immedmtely

Oct. 17 Tramsferred by alrplane.

On Oct 29 I saw the patient agam m another field hospital and heard that he had suffcred no
ill effects from the transfer  An \.-ray picture taken on Oct. 20 thowed good positin. On Oct.
22 a temperature developed up to 39°C  On Oct. 23 the cast was removed  On the abdomen 2
small bowel fistula had formed.  Fever lasted until Oct. 26 and then subsided after pus drscharged
from the femur wound.  As the wounds on the femur and at the naflmg site were still dncharging
pus on Oct 29 1 had a hip spica applied.  An \-m) picture taken previously showed extensive
penosteal appositians the ware broken and the fragments overlapping 5 mm. o angulation.

Nov 10 Comfortable withoat fever Transfer by tramn

N\ov 19 The transportation lasted 9 dayy and he stood 1t very well Abdomunal wound al
most dry  Shight dramage through the draln more drainage at the nailing stic

Nov 30 Transfer to \ienna, where he arrived without pam on Dec. 3 After removal of the
cast he showed an abdomnal fistula with slight secreton  The femar was thickened but not in
flamed and not tender to pressure  Three cm. above the tip of the greater trochanter there masz
fresh scar 2 x 1} cm. 1n sze with & small sinus fram which & small ameant of pas discharged oa
pressure  In the mxddle of the femur there was & scar 9 x | am. m size with a granulating area of
2em. On the outer side above the knee was a 30 am. scar with & smus openmg 2 x 1.5 cm.  An-
other sinus openmg was present oo the flexor surface. The wound on the lower leg was almost

dosed  Peroneal palsy was still present. A small amount of pus discharged from the sinoses
upon pressure  The leg was 2 cm shorter  \-ray pictures showed extenwive periosteal appos-
troos.  The pownt of the naul was only 3 cm. removed from the knee yoint, showimg that it had pene-
trated for 2 more cm mto the distal fragments  The torn wire koop was lying obliquely (Figs. 675
076) The leg was placed on a Braun frame

Dec. 25 Temperature 37.8°C  Copious dischange of thin bowel contents throngh the intest-
mal fistnla. Extensave suppuration from all three mnuses on the thigh

Jan. 14 1943 Only slight suppuration  General appearance very good “h-ray picturs
show extensive periostenl apposition (Figs. 675 676) as m Figs. 205 and 297 Fracture dimeally
firm. Getsup Knee 170-155°

MMarch 27 Removal of nail, which was easily aecomplished

Jume2 Valks well without cane  Shortenung 2em  Slight seeretion {romasmus oo the outer
side of the femur  All other wourds on the leg and on the abdamen have healed. Toe motions

Imost entirely free, but extepsion weak  Right ankle jomt 80-110° agamst 75-120° of the ldt.
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Fig. 061 Fg. 662 g 663 Flg. 663
February § 143 May 20 1943
Fig. 661 662, Same as Figs. 657-660, alter 4 months. Fracture consolidated n good poutlon wounds
dosed,
Figy. 663 664 Same a3 Figy, 657-60 after removal of the nail and 7 months after the njun  Fracture
bealed In excellent position  Bony consofidation.
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Figs. 665-670
May 22, 1943

Figs. 665-670. Same as Figs. 657-664 7 months after lnpury  hnee 180-50° agalnst 18040
right Al other Jomts show freo active motion. Muscles strong no dlscomforts. The lumcmuu:
antenorly and postero-laterally are plainly vislble,
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Fig. 657 Flg. 658 Fig. 659 Fig. 660
October 4 1942 October 4 1942

Flgx 657 638. Gumhot fracture of the femur with & 12 amn. butterfly fragment.  The 20-year-old painter

wasinfured by a rific bullet.  After 15 hoars, wound excinon, medullary nafling, 2 rubber draina, skin sutores,
Braun sphnt,

Fip. 659 660 Same as Fign. 657 and 658, after medullary naillng.  Fragments in accmrate appodtion.

Healing without wound disturbances.  Temperatare 37-38° C. during the first 3 days. Drains removed
after 3 dayn

superficlly granulating areas,  One could raise and move the leg without causing the slightest

Nov 3 Transfer by train without external fixation, with the patient In good general conds
tron.

Nov 11 The patient stood the 8-day tnp transder without discomfort.

Nov 18 Tranmsfer to Vienna where he arrived safely on Nov 20 No swelling of the thigh
A superfical granulating ares of 6 x 2 an. was present m the antenor operating scar and a similar
srea 3 1 2 cm. In the larger posterior scar  Above the greater trochanter thers was a slightly se-
creting granulating ares, 1 x 1 on. Toes and ankle joints showed free active motion. Knee
180-145° Hip showed active flexson t0 120° and free passive movement. \-ray pictures showed
unchanged good position.

Nov 25 Started exercises on the knee exerciser  (Flgs. 11/1574 1575)

Dec. 2 Gets up and walks with 2 canes.  Kaoee 180-120°

Jan. 2 1943 Koec 180-115°

Feb. 5 All wounds epithelmlized. Knee 180-110°  Fracture shows bony consolidation
(Figs. 661 662) \ecver recenved massage or passive motion,

Apr 13 hnoee 180-55°
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Card On Aug S 1942 2 29verr okl man uffered a fracture of the It femur with a
Tarpe wound from a hell frapment He was provded with a pla ter plint from the sole of the
foot to the mxddle of the thigh  Subeequent \ rave howed & comminated fractare R cm n
length betneen the middle and the proumal thind 1milar to the cace <hown in Fig 322

\ug 10 Ca t from foot to umbilrcus wac applied 10 a ficld hospital

Aug 12 \ew ca t from tps of toes to mpple Ime

Aug 14 Tranfer v tramtoa tatwn heapital

\ug 15 Since the ca t watbhrken pm tracten with 7 kg was applicd to the tibal tuber
outs

\ug. 29 Temperature 396 € Incr won of the thigh

Sept. 7 Medullany nailing The nafling wound was chned with one uture  Leg plicerd on
a Braun frame

Sept. 11 Highfever  Marked suppuration Additional inct mn

Sept. 34 Opening of an abrecee

Scpt. 17 Bleeding from the pofunda femons arters which was zated  Blood tran fu wom

Sept. 18-Oct 11 Only slight temperature nwes  Good general condition

Oct. 12 Temperature 394 C

Oct. 16 Swclling 1n gluteal remon Inacions at nailing site

Oct. 18 Removal of sequestra

Nov 2 For the anticmated further trmnsportation  the leg wath the Braun  plint was fastened
to a board wath plaster of pans bandages

Nov 9 Temperature again 39°C  Therefore removal of board and cast

N\or 10 Leg fastened to Braun splint by bandaging  In this way he was transported

Not 14 Stood the 4-dav transfer very well  Leg remained on Braun frame

Dec. 2 With thrs splmt he was further tramsferred to our hospital

Dec. 5 Again this transfer was borne well  On the thigh and in the gluteal region there were
numerous scars and 3 sinuses freelv discharging pus  Shortening 4 em. Only slight motion of
toes  Ankle and subastragalar joint mited to one half Toes and ankle cannot be dorsifiexed
actively  Rnee 165-120  Hip still immovable X ravs showed a commmuted fracture m the
proxmmal third healed without angulation.

Dee. 9 Extraction of the nail

Dec. 1013 Temperature over 39°C  Marked suppuration. Later afebrile

Jan 4 193 Bepan to walk

JMar 15 Wounds dosed except for small sinuses  Walked well with a cane

Case 4 A 34-year-old man was wounded on April 27 1943 suffenng a gunshot fracture of
the femur with sbight commimution between the middle and proximal third  He was admitted to
a field hospital on May 3 and was nailed immedistely  The condition of the wounds 1 not re
corded  The only facts mentioned were that the nailmg was followed by suture of the fasqa and
the shin and by suppuration of the fracture hematoma.  The temperature curves show elevation
l;;t;ccn 38-39 C until May 21  From May 22 to June 21 the temperature was never above

C

June 20 Application of & hip spica.

June 21 Transfer by aurplane to Vienna which wes borne without discomfort. Cast remon e
and leg placed on a Braun frame

The leg showed no swelling after removal of the cast.  On the antero-lateral aspect of the u
third of the femur there was a wound 18 x 5 cm  and over the greater trochanter another o?:;
2cm  covered with fresh granulations and shomng shght purulent secretion  Between these two
wounds there was a shin brdge of 2 cm.  Paralysis of the peronealnene '\ rays showed a trans-
verse fracture between proximal and muddle third wth two splioters on the medial side 25 and
30 mm. long and 8-10 mm wide Varus angulation of 12° i
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Alay 20 Extraction of mail \-ray pictures show bony unfon 1n good position (Figy 663 664)

May 25 Knec 180-50° as compared with 180~40° on the right side  All other jonts show free
active motion (Figs, 665-670)  No shortcung scars are freely movable no discomfort. Return
to duty

Ongmally 1t was my intention to perform medullary nailing only within the
first 6-8 hours after careful debridement, leaving the wounds open. However, I
obtamed healing without wound complications and with good motion 1n 12 knee
gunshot injunes mvolving the femur, the patella, or the tibia  These came under
my care from 8-30 hours after injury  They were treated by critical exasion of the
soft tissues, debndement of the bone wounds with chiscl and rongeur, or removal of
the patclla, with complete closure of the shin after the insertion of a drain and by
mmobilization 1n a plaster cast I dared therefore to nail these 2 femoral fractures
as late as 12-14 hours after injury and to close the wounds It 1s my impression
that by the local use of sulfa compounds, primary wound closure after cntical de
bridement may be carned out after a longer mterval following the mmjury than 1s
possble without this powder

The result was not satisfactory in the first case, because of a seres of untoward
incdents. A nail was used which was sightly too thick driving was therefore diffi
cult. Inaddition to this, st was also 4 am too short so that 1t did not provide suffi
aent fixation therefore a wire suture was applied This was too weak and conse-
quently broke 4 weeks later when the cast was removed Two wire sutures should
have been applied  The entry wound which was 1.5 cm in diameter after exaision
was not sutured but remained open  Hence a loose piece of fasaa separated which
led to late infection  Instead of & hip spica, only & arcular cast was applied for the
transfer Even this was removed too soon, so that the wire broke. After applica
tion of a hip spica, the infection subsided

In the first case if a nail of sufficent length had been used and if the fragments
had been immobilized with 2 additional wire sutures and 1f the wound had been
completely closed primary healing would probably have taken place and a hip
spica would not have been necessary

In this case the advantages of the medullary nail were that the patient was at
all tumes free from pain and that no angulation developed

In the second case complete success was achieved. The wounds healed wichout
complications except for a few superficoal granulations The patient was entirely
free from pamn from the first day on  The shight mmitial temperature elevation from
37 3-38.2°C disappeared after the third day He needed no plaster cast for the
prolonged transportation  The functional result was excellent.

This proves that under favorable circumstances and mn selected cases, open medul-
lary nailing may be crowned with success even 1 the field An \ ray apparatus
and sufficient time arc however prerequsites  With a great influx of casualties,
medullary nailing with pamstaking excasion of the wounds and closure of the skin 13
too time-conswming

In addition to these two cases I had the opportumty to ohscrve 4 patients who
had been opcrattd upon by other physiaians
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Fig 67§ Fig. 616 Flg 677 Tig. 678
Jarmany (4 13 May 2, 1943

Figs. 6:5 646 Same as Figr. 671-674 after 3] months. Bony unien in good position  Lxtenshve per
foaten] apposiiion (irritation cafllas due to supparation and slight play at fracture site)  Wire sature beoken
marked decakification.

Figs. 677 6+8. Same as Figs. 671-674 after 7 months and 3 months after the extraction of the nall  Tony
consolidation, cakium content increased,
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Figs. 679683 -

Tune 2, 1944

Flp. 679683 Same as Figw 671674 alter 20 months, Shortenlng 2 cm. No getn extension
great toc  Full active motlon In the other thes, in foot Joints and in hip kmlﬁo-lfflphutlw
on the left. Capable of sustatved walking without discomfort.
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Fig. 671 Fig 672 Fig 673
Scptember 26, 1942 September 26, 1942
Figs. 671 672 Spural fracture of the distal third of the femur caused by shell fragment, n a 21 year-old
farmer  In addition, gunshot injury of abdomen with Infury to small intestine, shell fragments In soft
tsmues of thigh end lower leg with peroneal paralysis, and gunshot in nght mctacerpal reglon.  After 11
hours, optration for abdomunal injury with sutare of 3 wounds In the small intestine.  Excison of all wounds,
medultary nalling with addittonal wire sature, drain, skin dosure, Bramn splint.
Figa. 673 6:4. Same as Figs. 671 and 672, after pailmg and wire sutare, Good position.  The mfl is too
short,

Afebrile untl August 21 Wi ounds almost dosed.

Aug 22 Temperatare 38.5°C  Redness and swelling at fracture site.

Aug. 24 Openng of an abscess followed by & drop m tempemture.

Sept. 10 N\o pamn or fever Lower wound clesn and much smaller upper sound closed
Toes cannot be exterded. Fracture shows good position and good callus formation. The two
splinters are lying mthin the callus as sequestra.

Oct. 8 Knee exercises started.

Dec 3 Temperature 38.5  Dlarked redness tense swelling and patn on the flexor side of the

Dec. 6 An abscess broke through the old saar  Whereupon agan afebrile.

Jan. 12,194 YX-ray pictores showed bony consolidation of the fracture. Two small sequastra
Iying 1n a eavity on the medial side. Alarked perosteal appositions over the entire bene down
to near the knee. Extraction of the nail, which was loose and removal of the sequestra.  This
was rather difficalt because they were located on the medial sxde of the bone. A posteror wcmdon
20 an. in length was made. Tbccdgl:chhaﬂlnut—shedmwtywmﬁnttmcdwtth
Thereupon, marked suppuration appeared.

Feb 3 Wounds smaller slight suppumtion. Patient gets up

Barch 15 Toes now show sctive extension.

June 2 YWounds almost closed. Ankle and tarsal jomts free.  Knee 160-120* as compared
with 180~45° an the nght side  Hip moton 180-105° only a few degrees of rotation and abdue
1300 from the myd-position. Varus 12° shortening 1 cm.  Sequestra cavity much smaller
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Fig 67§ Fig. 676 Fig 677 Fig 68
Januany 14 1943 May 2, 1943

Tgs. 6,8 646, Same as Vigs, 671-6/4 after 3} monthe. Ilony union in good podiron.  Extensive per
Sosteal appositions (irritation callus due to suppuration and slight play at fractare site)  Wire suture broken
merked decakcification.

Tha 677 6/8 Same as Figs, 671-674 after 7 months and 3 months after the extraction of the nafl.  Bony
conolldation caldiam content Increased.

NI

.
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Figs. 679-683
June 2 1944

Fim. 679683 Same as Flgr. 671-674 after 20 months, Shortening 2 cn. No zctive extenson of the
treat toe.  Full axtive motlon fn the other toes, in foot jointsand inhip. Knee 180-110" against 180-40°
on the beit. Capable of sustained walking without discomfort,

et

{f‘
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Case 5 A 39 year-old man was wounded on the nght side and buttocks on June 11 1943 by
bomb fragments and suffered a fracture of the femur  He was admitted to a field hospital one
hour Iater  From the history it appeared that the wound petforated the lower third of the nght
thigh  The exit wound on the outer side was {5x2cm  Over the greater trochanter was another
wound 14 x4 cm  \-ruys showed & butterily fracture with a 15 am zone of splintermg between
the muddle and lower thid  The splintering started 12 cm. above the knee joint. Both wounds
were cxclsed and sulla powder sprinkled into them  The gusde pin was then pushed through the
proximal fragment and the nafl driven in over it. The woands remained open and were dressed
with & compression bandage  The leg was placed on 2 Braun frame '\ rays after nailing show
the tip of the nail 7 an remoz ed from the knee jomt

The temperature vaned withun normal dunng the first 4 days and fluctuated in the subsequent
6 days between 37 5-38 4°C

On June 20th there was no suppuration and a hip spica was applied for transportation

June 21 Transfer by amplane to \ kenna without ill effects.  Findmgs after removal of the
cast Adeep wound 15x 8 cm on the outer sideof the Jower half of the right thigh and another
14 x 8 cm over the greater trochanter  The wounds arc clean the surrounding tssues not in-
flamed

The leg was again placed on a Braun frame,

From Junc 22-29 Evening temperature rmes between 37.8-38.8°C.

Junc29 Thelegshowsa varus bowing and recurvation  Thercfore a correction of the angula
tions was made and a hip spiea applied which was fenestrated over the large wound  Therenpon
the temperature dropped.

July 18 Continues afebrile Wounds filling in  suppuration slight.

Aug 9 Wounds about onc-half original size.

Aug 24 Wounds almost healed cast removed fracture shows bony consolidation 1n good
position  hanee exercrse started (Figs. 11/1574 1575)

Sept. 10 Wounds closed  Toe and ankle Joints free  honee 180-90° as compared with 180~
50° on the left side  Hip 50 per cent free Shortening 6 cm. \ my picturcs show good align
ment in both plancs and good callus formation. Walks mith 2 canes.

Jan 6 1944 Walls with one cane.

April 3 Extractwon of the nail, which was casily accomplrhed

May 5 VWounds well healed did not break open any more  Toc and ankle jonts free hnee
180-70° agninat 180-50° on the left. N\ my pictures show good callus formation and good algn
ment  No penosteal appositions  Shortening 6 cm.  Walks with elevated shoc neglgible Lmp
with endurance

Case 6 A 23-year-old man was injured by a rifle bullet on the left thigh on Nov 9 1943 at
8 00am was admitted at 3 00 p.m. and immeduately operated upon  The patient brought his
case record with him, which revealed the folloming

Entry wound on outer mde of bullet size ragged exit wound 10x5cm  General condition
fair markedly exmangunated  Therefore 1000 cc. otonic solution of blood serum salts cr
culatory stimulants and sulfapyrdine injections. Returned to heated operating room and sub-
cutaneous infusion of 1000 cc. of saline soluton given Recovery after hall hour Ether
anesthesta.  Excuion of both wounds and ligation of a large muscle artery close to the femoral
artery  Wounds imigated with cther sulfa powder-emulsion  Guide pin inserted rail drven to
fracture site, fragments apposed '\ ray control shows excellent position on the antero-posterior
view but the nail reached only to the beminning of the condyles The fracture was not firm,
however therefore the nail was dnven in further  \ ray picture shows recarvation of 5° and nall
protruding 2 mm. Into the yoint. The attempt to retract the nail was unsuccessful because 2
saitable extraction instrument was Iacking and the head of the nail was buried in the trochanter
Therefore the trochanter was exposed b a long incision and access gamed to the eye of the mail
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by chicelmg anay the bone  An attempt to extract the nail wath a nel proa=ed baae hook was
equalls un ucees ful beewu ¢ the nail wank Ige 1 too tichtly - Both woun fow el nett with
mu cle anl shin suturee  The wound i the trochanter nac teft open and bandaged after sulfa
powder wasdustedinto it Nohip preabuta Volkmann plint wasapplierl

Nov 1] 1943 10 0 am The exar ol and sutured wounde show primary healing  Shight
offe wn mn the knee . Wound aver trchantet hows oo inflammaton reaction

Nov 23 345 pm  Ralresing  Left knee swollen a plration reveals clear vellow fluwd
an indraation of irmtation of the knce point by the nail  Left lowet Ieg swollen oty and cut
wounds show primany healing

Dec 9 Subfchrile temperatures Shight aeereton from the wound  Purlent seerction from
the wound on the madial xle of the thigh  Ceneral eonditson good  Tlip spica applied  trane-
ferred by rail and plane

Dec. 13 Admitted to our howputal Comparatively gooxd general condition Wears a hip «pica
with large windows over the trochanter and on the outer and inner sides above the knee  The
wound over the greater trochanter i< 14 x S cm in «ize and] show alight secretion and healthy gran
ulatoone  The wound on the outer skle is 9 x S em. almost drv The wound on the inner side s
18 am long 7 an. wkic and ¥ cm deep with pofuse suppuration Tocs show good arculation
andfreemation X ras plctures show & fracture of the femur 12 cm. above the knee with a splinter
13 em. long on the lateral side

Dec. 30 Sudden rree of temperature to 39° C with pain in all wounds radiating to the knee
Joint.  Profuse suppuration from all 3 wounds. \ecroti fascla separates from the medal sde

Jan 6 194 \arked swelling of the wounds  Fever continues

Jan 17 Less swellmg temperature only 38 C

Feb 17 o fever shght suppuration, wounds smaller no pain

March 29 Slght suppuration  Cranulation still partly hvaline  Shight aallus formation.

Apri127 Wound at nailing sitc healed

April 30 Wound at nailmg site breaks open suppurates profusely

June2 Cast removed.  Entire legenlarged noangulation At nailing mtcascar 14x5em.
witha 6 x 2 am aren of hvaline granulations  Lowee lateral wound closed 1ear9xSem  Lower
medial wound 4 x I cm. with hyaline gmnulations profusely suppurating within a scar of 18 x 7
em.  No effusion in the knee joint, patella slightly movabl.. Subtalar joint immovable talo-
crural yomnt 95-105 agamst 70-145° on the right, knee 175° immolnle against 180-60 on the right
Hip 180-145° Rotaton and abduction almost nil ~ Shortening 2 em.  \. rays show bony union
1n good positikan  N\egligible penosteal appositions catside the fracture site

June 5 Removal of the nail casily accomplished

June 10 After removal of the nail, no dturbances in the kneo joint. Swelling of the leg
markedly reduced wounds smaller  Mobility mereased

In the first edition I wrote  After revicwing these 5 case histonies, I believe
that I can recommend open medullary nailing in the field for strictly selected, fresh
gunshot fractures of the femur, provided the aircumstances as to location and per
sonrel are particularly favorable ’

Smnce then I have continued the observation of the first 5 cases for another year
and a uxth case was added 1 roust now say that great caution must be exercised
because the dangers of open medullary nailing and the number of possible incidents
are too great  In cases 1 and 3 nails were used which were too short. Therefore
marked angulation and finally a shortening of 6 cm developed 1n casc 3
the nml was too long and protruded 2 mum, beyond the bone

course 1t appears that 1t did not actually enter the hnee Jomnt b
cartilage of the joint

In case 6,
Trom the subsequent

ut stopped within the
Owing to the lack of a sutable extraction tool, the retraction
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of the nail was imposaible  In case 4 the nail was inserted too far laterally, so that a
varus angulation of 12° resulted

In most of these cases the nailing did not shorten the penod of treatment nor
was the peniod of suppuration shorter than with other methods It 1s surprsing
that no osteamyelitis with medullary sequestra developed 1n any of these 6 cases,
although marked suppuration occurred 1n 5 of them

A result as good as 1n case 2 can only be obtained if the following prerequisites
are fulfilled

General requirements with regard lo the patzient  Open medullary nailing must not
be performed unless the patient 15 in good general condition. Heart, lungs, pulse,
reflexes, joint motions and sensation must therefore be examined carefully

Local requirements witl regard to the patien!  Best snted to nailing are transverse
fractures (Figs. 490-503, 532-539, 608-617) and short oblique fractures (Figs. $40-547)
above the middle  Also, spiral fractures (Figs. 657-664) may be nmled Fractures
below the middle may be nailed only by the well-expenenced surgeon, communuted
fractures only if supplementary wire traction 1s possible or if 2 wound and bone
spreader 1s 1nserted as advised by Kilntscher

The wound must not be too severely tomn or soiled, and must not contain many
splinters and foreign bodies  Nailing must be preceded by thorough removal of all
foreign matenal.

Contra sndscations with regard to the patsent If the general condition 18 poor from
loss of blood, loss of body heat or prolonged transportation (weak, fast pulse, pale
appearance, cold sweat), open medullary nailing must not be performed under any
arcumstances because 1t 1s not an emergency operation. If the injured is in
profound shock nailing must absolutely be omitted, or the outcome may
be fatal

Contra sndications unth regard to the wound and the bone  In perforating gunshot
wounds from smooth missiles, open medullary nailmg must not be performed be
cause 1t may lead to disturbance of the wound healing, since such wounds ususlly
heal without complications ~ Such cases may be suited for closed medullary nailing
Extensively comminuted fractures and trensverse and oblique fractures near the
Jjonts must not be nailed because the nail does not provide sufficient stability

Reguiremenis on the part of the surgeon He must have had sufficent expenence
with medullary nailing under peace time conditions and be familiar with the possible
complicetions.

Regusrements as to snstruments and equspment  An X ray spparatus 1s essential.
Unless X ray pictures of sufficient size are taken neither the type of fracture nor the
length and wadth of the medullary canal can be determined A sufficent pumber
of nails of various lengths and thicknesses must be aveilable and & hammer of at
least 0.5 Kg weght, as well as all the mstruments listed on pages 22-26 No re-
duction apparatus 13 needed

Requirements as ta local condutions Facilities for aseptic technique as well as
faciitzes for one to two weeks of continued observation are required.

Tume of operatson The best ime for nailing 15 within the first 6-8 hours In
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case< 1 and 2, 1 pedformed the aperation after 12-14 hours, 1f infection had been
alreads evident, 1 should not have dared 1o undertake the operation

The length, width and cure of the medullory canel are determned in the manner
deweribed on page 40

{nesthesia Local anesthent 18 preferable for the debrdement  Tor the doving
of the nasl general anestheua ts usualhy required

Protectson agarnst heat loss (see page 167) must agam be emphaszed

1 ound cxanen Thorough csasion of the wound with the removal of even the
smallest torn muscle fibers (see pages 1/106-130), which will require at least one
hour can be undertahen only 3 the influx of wounded 1s small  Otherwase, only
the grossls torn muscles and all foregn matenal are exaised  The shan masions
must be of sufficent length to reach, in particular, the penpheral muscle stumps
where severe infection s most Yhely to ansc, if they have retracted and escaped
observation through small inasions

The msertion of drams into the deepest parts of the wound must not be omitted
Sprinkhing of sulia powder nto the wounds has proven of value  With sts use the
wounds usually show a {resh red appearance and suppuration 1s held to & mmumum
Only a thin layer should be applied, otherwise, clumps form which may cause reten
tion of pus  Repeated appheations umtate the wound and should therefore be
omitted.

Open nauling 11 the general condition 13 good after thorough debridement of
the wounds the guide pin and nad are inserted as deseribed on page 190, 191 If the
medullary cavity was accurately measured and il & nasl which ts not too thich has
been used the operation consumes less time than the apphieation of a plaster cast
or of & splint

Skin suture a8 carned out i caes 1 and 2, s permissible only with extensine ex
penence and if the exeison of the wounds was very thorough  As 2 rule the wound
should reman wide open as m case 5 The nathing site must never be sutured.  If
the wounds reman clean a sccondary closure may be done nfter 5-6 days.  With
the use of pemclin, medullary nashng may perhaps be safely performed more
{requently

Post-operatize ponisomag  Placing the leg on 2 Braun frame usually relieves the
patient of pan

Transporistron  If the patient has to be moved wathan the first 3 weeks & hip
spica serves beat  After 3 weeks transportation with the leg tied to a Braun frame
15 sufficent

Opening of abscesses  1f the wounds are left open and rubber drains are mserted
into the deepest parts no sbscesses develop as & rule (sec case 5)  Otherwse, they
must be opened 1n the usual manner st the most dependent mte

Open Medullary Nailing of Infected Gunahot Fractires of the Femur

Cases 3 and 4 of the previous section show that mfected
nailed  In case 3 a senous error was made in closing the
Thas causes & celtulitzs 1n the glutesl region which can be

gunshot fractures may be
nafling sate by a suture,
prevented by leaving the
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Fig 684
Fix 684 Screw traction apparatus disasserabled, The attachable frame fs used for stabiliztng the fmb
asahown in Fig. 527  The apparatus weghs 12.5 Kg and can be packed into & carmymg aase 25x45x
85cm  Theattachment abown in Fig 1/73 which welghs 6.7 hg and for which there s room In the esse
permits the apphcation of a hip rpica without asshtance (Figy, $7a b EI/74 1/75 and 11/1626)

nailling site open as a matter of routine. The operations repeated at short intervals
between September 10 and October 18 mdicate that the pus collections were never
sufficiently exposed

In case 4 en abscess formed because for some umntelligible reason the sian and
fasae were sutured in the presence of suppuration. After removal of the sutures,
the wounds healed satisfactonly

It 18 Interesting to note that m neither of these cases did osteomyehitis develop
although pus was carned into the medullary cavity by the nail

Ehrlich and Hiibler reported satisfactory mitial results wn nfected fractures  In
spite of this I cannot deade 1n 1ts favor although 1t offers the advantages of good
rmobilization of the fragments combined with free access to the wound Thest
cases must be obscrved for additional years or decades in order to determne whether
late osteomvelitic foc1 develop subsequently

Closed Medullary Nailing of Gunahot Fractures of the Femur

Heim 1 ‘ Der Chirurg No 13 1943 recommended closed neiling of gunshot
fractures of the femur  He reported excellent results in 5 cases.

He did not perform the naling immediately but later when the patient was
afebnle  He listed the following four requirements

1 Gunshot fractures of the femur suited for nailing are routinely immobilized (wire extension)
after operative wound toilet.
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Yig 6XS Screw traction spparatu of ig 529 di awembded  The 4 rotating lars are used for secoring
the fimb.  The apparatus woghe 13.5 he and can e accommidated In w carmyieg case 25 x 45 x 85 em.

2 Nailing most be performed n the afchnle tag
3 The nafling must not Ix carrwedd out from the woundd
“4 The prophy lactic adminstration of sulfa drugs must precede the operation

He demands favorable external crrcumstances such as were available 1n the base
bospitals of the west a good general condition of the patient and favorable local
wound conditions.  He operates only on fractures caused by small-calibre smooth
bullets or by small shell fragments and sccondary fragments, never on thowe caused
by artillery or cxplosions.  \ost of the wounded were admitted after 2 hours.

About the treatment of the wounds, he writes

‘Our procedure was to admimister immedately spon sdmision an mfusion and tramfuson
@ combination with an injectable sulfa drug intravenously  before surgical trestment and to
apply & thick layer of sulfa powder after the treatment of the wound  Thes wms followed by L dave
of sulfa sdminmstration m the usual manner

By this procedure temperature elevations deappeared within the fint to third week in the §
cases that were sulsequently naked  Concurrently the general conditiom slecp and oppetite
mproved and the leuhocyte count returned to normal withun ths pennod  The mild course of the
infectron was furthermore evident from the Jow percentage of lymphocytes which were never below
209 The wounds showed satbfactory healing with moderste secretion

After 34 afcbrile days a second praphylactic course of sulfa inyections was started and on the
4th day of tho course the nafliny was performed aftet o satsfuctory sulfenilmide blood tevel had
been obtained It 18 an open question wheiher the mital sulfanflunsde treatment or the prophy
lactse second sulfanilimide course plaved the more important part m Leeping the infection to a low
erade type  1must sav homever that the sulfa courses provide a certain feeling of safety

1t 18 regrettable that the author did not report the size of the wounds and the
extent in surface and depth of the wound exasion  Sines he treated only casualties
caused by smooth bullets and small shell fragments the wounds were probably small
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The closed nailing was performed in the usual manner under traction but without
reduction apparatus.
He wntes further

‘The results with the medullary najling of gunshot fractures of the femur performed to date
arc entirely satsfactory,  Reactlve temperature rues following the nailing were stokingly slight
and lasted only & few days The blood picture showed no changes. o flare-up of soft thsne
infection was ever observed  On the contrary wounds showed a better healing tendency after
nailing  Infectron of the bone marrow nexer occrred nor any nfection of Ivmph veseels or Iymph
glands. Sequestra were not demomsirable esther chimicalls or roentgenologically  Decalafi-
catron or mottled atrophy has not appeared 1o the \ rav pictures to date

Transverse fractures were able to get up 1-4 wecks after operation comminuted
fractures were laid up for 6-8 weehs.  After 3-6 weeks motion was free in all jomts,
Any after treatment was therefore superfluous  As soon as the patients were able to
get about without difficulty they were furloughed home for 6-8 weeks Then the
nayl was extracted and 1-2 weehs later they were sent back to duty

An excerpt from the case histores follows

Case AW F  Gunshot fracture of the femur by 2 cm. bullet (Spitfire) during flight.  Ad
mission 2 hours after injury  Moderate shock from injury and transportation.  After gdmissron
mmmediately tetanus antitoxin sulfa drug intravenoushy and infusion of sotoalc solution of blood
scrum salts followed by wound toilet a half hour later  Wire extension  Course of sulfa drugs
for 4dave  Afebrile on the eighth day  Shght secretion.  Then & second prophy lactic course of
sulfa was given  On the fifth dayv medullary nailing and removal of wire traction. Temperature
reaction up to 37 5 for 2 days then contmuousls alebrile. Wound healed rapidly  Free motion
of all joints 21 days efter naililng  Walked on the 24th day after nailing (without cane) Wound
healed  After another 28 days furloughed home for 8 weeks.  On return the nafl was estracted.
After another 21 days, sent back toduty  No after treatment required.

Case2 G W Gumhot fracture of the femur from 2 cm. bullet (Night Bomber) wn flight.
Admission ene and a half hours later  Moderate shock from trauma and transportation. Pre-
lminary treatment as m case 1 Afebrile on the 14th day  After second course of sulfa drugs
nailing on the fifth dav followmg subsidence of temperature  The reaction to nallmg consusted in
temperature rses between 37° and 38° for four days followed bv contmuous afebrilty  Wound
healed raprdly  Got up 14 davs after nailing (without cane)  Free motion of joints after 4 weeks.
After s weeks furfoughed home for eight weeks.  Upon retumn, the nail was extracted.  Shorten-
ing of 14 cut. compensated by raming the sole of the shoe. A few days later fit for duty Do
after treatment required

Cases 3 ond 4 are sunilar to cases | and 2

Case 5 A. K Bilateral gunshot fracture of the femur (nght, smooth transvene fractare
left, comminated fracture) Humerus gunshot fracture on the right side and gunshot fracture of
the mandible during a sea-battle. Admmsion 73 hours after injury  Upon admission, profornd
shock from traums and transportation  Alarked loss of blood pulse hardly palpable Immedi-
ately upon admission blood transfusson of 550 cc. isotonsc solutron of blood serum salts 1500 cc.
with sympathico-mmetic drugs, 500 cc of phywol saline with sulfa drugs Lv and tetanus antrtoxin.
Good recovery after 45 minutes.  Operative wound toflet (narcotics 1.m and local aneythests) and
re traction o0 both legy.  Course of sulfa drug started. Slght wound Infection, temperature
between 37° and 38° for 18 days.  Genenal condition recovenng slowly  On the 20th day scoond
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prophy lacticrulla courre on the 25th das nailing of both femora at one sitting (duration 43mmutes)

Removal of traction wires. Shight general reaction  \o temperature clevations on the frrst and
recondd dayx, elevations between 371 amd 182 from the thind to the seventh day after nailng
Then contmuoudy afebrile  After 14 dave cautious maving of the Junts in berd  Wounds healmg
well.  Strikmgly rapr! fmprovement of the gencral coniton Because the fracture on the left wle
was commmuted he was not allowed out of bed for eight weeks after nailng Walking exercics
started with two canes.  After another § wechs walking was possille without canes and motions
at the hp knee and foot jonts were entirely free \ vy showed no aipns of decalafication The
nail on the side of the transverse fracture was then extracted but on the comminuted side 1t was left

Furloughed home (traveled unaccompansed) — Upon retum: gait and stair-cimbing were ummpeded

Second nail extracted  Deep knee bend was posellde without difficulty  \bduction not restrncted

2 em shortenmg on the left ade  Shight imp compen<ated by rake of the shoe «le  No after
treatment requred  (Humerus and mandibular {ractures healed at the same time with goox!
function.)

Heim also says

“Although the experrence with medullany nafling of femoral gunshot fractures 18 based upon a
relatrvely small number of cases 1 feed that in view of the excellent functional results it »hould
not be rejected m principle  The question must not be generalized  Should gunshot fractures of
the femur be nafled or not? but  Are there femoral gunshot fractures which may be nailed®

“With cntical selectron with constderatron of outside factors and correct indicatrons according
to general principles of surgery, it will erystallize that quite a number of femoral gunshot fractures
could safelv be nafled The advantages of mafhing are so convinamg that we should gmive our
woanded fellowmen the bendfit of It cven if only m a small number of selected cases.  Although
personally Iam convinced that the indlcation for nailing of femoral gunshot fractures will gradually
be expanded an mdscrimmmate unsystematic nailing on the other hand does more harm than

good and in the long run will interfere with the evolutron of this method and may even unjustift
ably dscredit tt M

Heim’s results are so convincing that this procedure must be recommended for
gunshot fractures with small wounds, provided the requirements given on page 164
are met.  Closed nailing 1s greatly facilitated by the use of such a reduction appara
tus as shown 1n Figs. 684 and 685 Thus can easily be carried 1n a suitcase 25 x 45 ¢©
85 an If, in addition the attachment shown m Figure 1/73, weighing 7 Kg and
easily accommodated in the same suwitcase 1s available, any hip spica can be apphed
without aseistance (Figs 57a, b E, 1/74, 1/75 and I1/1626)

Gunshot fractures of the femur in which the wounds heal aseptically without ex
asion, are still better susted for closed nailing ~ They are best treated at first by wire
or pin traction to prevent shortening and angulation

After they have been afebnle for 2 weeks, the operation may be performed with
neghgible danger

Open medullary nafling should be considered only 1n those cascs in which the
wounds are 5o large that the fragments are exposed duning debndement

Open Medullary Nalling of Old Femoral Fractures

Any adult, wmath a femoral fracture healed with a short
with angulation of more than 15° or with a rotato
velop late disturbances in the knee and hip joint

emng of more than 3 cm ,
1y displacement will imp and de
These deformuties should therefore
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i
Fig 686 Fig 687 Fig. 648 Fig 689

October 27 1941 February 20 1942

Figs. 686, 687 A f-weeks-old fracture of the right fermur with 30° varus and 20° antecurvation [na S-ytar
old boy who nas knocked down by & car  Tracture exposed and nafled.  Got up 10 day after operation
and left the hospital on the 20th day ~ Such {ractures shoukd not be treated with a nall because of the -
creased danger of osteomyelitls in children. Bloodless straightening Is easy  With a hip spica inciuding
the chest they can usually get up and leave the hospltal after 2-4 days. Such fractures are wsaally frm
for werght beanng In 4-5 weeks and the jounts usually recove full range of motion 3—4 weeks aiter removal
of the cast unless they were irmitated by maseage and pamive mouon  The lateral displacement by full
width of the shaft 18 frrelevant cosmetically as well as functionally s shown in Flp. 1/196-203
Medollary nwling thus brings no advantages, but enteily great riska
Flgv. 688 689 Same as Figs. 686 and 687 after 4 months. Booy union In good position.

be elimmnated 1f the general conditions and the external circumstances permt.  In
children such deformities 1f not too marked are corrected by growth ~ With angu
lation patients are sometimes fres from discomfort for 10-20 years then arthutic
changes develop espectally m the knee jomt (sec Bohler ¢ Der Chirurg’ No 4
1942)  Consequently Ihave elways straightened these deformuties within the first
few months after the in)ury while the bone was still somewhat soft, with the osteo-
clast of Phelps-Gocht (Figs 91 L 1/108) or of Schultze (Figs 1172129 2130) and con
tinued the treatment using traction more often than a plaster cast (Figs 715-718 L
11/2125-2137)

For these cases Kiintscher s medullary nailing represents & particularly valuable
step forward because with proper technique and correct selection no supplementary
traction or plaster cast fixation 1s required hence the muscles and jomnts already 1m
pared do not have to be subjected to further immobilization but can be exerased
actively 1 2-3 weeks after the wounds have healed  In children open medullary
nafling should not be taken into conmderation because of the increased danger of
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Fig 60 Fig &1 Fig 61
February 19 1942 Felwuary 20 1942

Flgs. 690 691 Same as Figs 686-659 4 months after operation The nailing sdte bulges because the nall
protrudes 5 cm from the greater trochanter  After extraction of the nail, all jolnts show full
mange of active motion.

Fig. 692. The bursa which covered the head of the nail s filled with rice bodies.  Slze 41 4.5 cm

osteomyehtis (see page 151)  In old {ractures with no shortening but merely angula
tion (Figs 693-696), straighterung of the fragments followed by a plaster cast 1s
simpler and less dangerous than medullary nailing

Nailing 18 never an emergency procedure  Since exposure of the femur consti
tutes a major operation 1t should be performed only if good general and normal shin
conditions prevail and if the shortening 1s no more than 4 em  Non-observance of
these rules has cost many people 8 hives. If the shin 13 discased 1n any way, the
operation must be delayed until the skin has been normal for at least 2 months
Small scars adhenng to the bone must be excised  The fracture must be covered with
normal skin by undermining the edges. After this operntion at least another two
months should elapse before medullary nailing 1s performed

If an attempt 1s made to correct a shortentng of more than 4 cm dunng the oper-

ation great force 18 required and much time 15 consumed  Tissues are tom which

leads to limitation of motion  The sudden stretchirg may cause severe nerve and

arculatory disturbances Since the operation 1s frequently e prolonged one a dis-
turbance of the asepsis with subsequent infection of the torn tissues 1s more apt to
occur  Therefore the shortening should be eliminated before nailing

Case histors  Before proceeding with such a major operation as closed refrac
ture or open ostcotomy of the femur with subsequent nailing an accurate history
must be obtamed to determune the nature of the onginal mjun, A careful general
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Fig 633 Fig 696
March 16 1942 January 27 1943

Figs 93 634 \-ray checkup of case shown in Fig. 317 after 4§ months. The fracture healed with
valgus and recurvation of 15* each (sec Fips. 639 640)

Figs. 695 696. Same #3 Figs. 693 and 634 after 10 months.  The nall has been driven In deeply enough.

Bony unlon in good position  In thus fracture it would have Leen simpler and Jess dangerons to strafghten

the bone with the osteoclast of Phelpe-Gocht (Figs. 91 E 17108 and 11/2746) or of Schultre (Flgs. 11/2129

2130) and to apply a hup spics for 6 weeks.  The backwards displacement of the chstal fragment b 1rrel

evant withoat funchonal ar cosmetical significance as sbown In Figs. 1/206-215 and T1/2016-2026.

and local examinstion must be made with particular attention to heart and arcula
tion the shortening angulation and the condition of the muscles and joints. Photo-
graphs should be taken  One should not have to admit after the operation that non
mterference would have been preferable  Good \ ray mctures of sufficient length
are cssential.  Kiintscher states that the indication for operation should be put down
n wntng
Indscatsons for medullary naslsng of old femoral fractures
1 Shortening of more than 3 cm
2 Angulation of more than 15°
3 Rotatory displacement of more than 15°
4 Delayed callus formation expecally following excessive traction
Conira sndications lo medullary nailsng of old femoral fraciures
1| Impaired general condition All internal organs, espeaally arculaton,
must be o order
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Age over 40 vears  \bove this age, operation <hould be the exception
\ge under 16 vears entails the danger of osteomyehitis
4 Local inflammatory processes of the bone  Sinuecs must have heen closed
for at least onc year
\bnormal shin conditions (inflammation, adherence, extensive scars)
Shortering of more than § cm  This must be corrected pre-operatively
v continuous traction
Lxtensive osstfication of the medullany canal
S Senous disturhances of muscles and joints

Correction of shorlening by continnans Irachion dfier closed refraciure. Within the
first 4-6 months following a fracture the callus 1s still soft enough to bebroken with
the osteoclast of Phelps-Gocht (Figs 911, 1/108) or of Schultze (I'igs 11/2129,2130)
A nail or wire traction 1s then applied above the hnee and one seventh of the body
weight 1s used for traction (Tigs 11/1604-1606)  After 2 days new ™\ ray pictures
must be taken  Since 1n these cases the muscles have been shortened for months, the
traction weight must be increased  With a body weight of 70 Rg., a traction of 12-15
hg 1susually required  In this way the shortening can usually be eliminated within
afew days  As soon as 1t has been corrected the operation may be performed  If
the naihng 18 not done but the treatment with traction continued then the weights
must be reduced to prevent distraction

After the shortening 1s corrected or if 1t was less than 4 cm  one may proceed with
medullary nailing

Determinalion of the length and vndth of the medullary canal  On \ rey pictures
of suffictent length the narrowest area of the medullary canal 1s selected and measured
(Figs 1-9) The pail must alwaysbe 1-2mm thinner than thesthmus If the bone1s
markedly curved the thinnest nail measuning 8 mm should be used  The length 1s
determined from the well leg with the hip and knee joints at & nght angle It must
be considered however, that the fractured bone may occasionally have to be nailed
with a certain shorteming

The snstruments and apparatus enumerated on pages 22-26 must be 1 readiness.—
A reduction apparatus 15 not necessary nor & second \ ray apparatus

Protection aganst keat loss  Since the operation 1s major in character, usually
causing & fall 1n blood pressure and marhed perspiration, the well leg, the body and
the arms should be warmly covered to prevent heat loss

Blood donor  Dangerous shock 1s not uncommon  Hence a donor must be on
hnm}:l) The bloodT:;mpatibihty must be determuned in advance

ositioning e patient is placed on the well side because th trocha

cannot be reached satisfactorily n posterior recumbency eeater ntee

Anesthesia  General or spwnal anesthesia 1s suitable. To
lowenng of the blood pressure, no p
anestheua 15 contemplated
ho:‘r’:;’dw:_, lh:oi:-ﬁmm of the middle and lower tiurd, a strong sterile rubber

quet around the upper end of the femur, held by 2 strong

-

o

¢

prevent dangerous
reliminary narcotic should be given 1f spimal
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ober 5 1942 October 13 1942

Figs. 697 78 Spural fractore 3 months old, of the Jower thisd of the left femur caused by nfle shotinz

36-year-oid office worker  Weunds asepuc.  On the 3rd dav wire tractbon was applied and continued for

Gweeks with 125 Kg.  Then bip gpica for anotber 6 weeks  Marked deaalabaation of the distal end of the
proxima! fragment and no trace of callus formston due fo excesshve traction.

Figs (99 700 Same a3 Fipp (97 and 698 after mmsuccenadn]l medullary nailing dscwbere The pail was
dnven in withoat previous reducion.  The fracture should preferabhy have been exposed by open operation
and united with 2 arcumferentlal wire sutures follomed by & hyp spxca.

clamps after stenle draping of the operative field this speeds the procedure and no
blood 13 lost during the exposure of the bone In fractures of the upper third &
Stemmann pin 1s mserted antero-postenorly through the tendinous 1nsertions at the
tip of the greater trochanter  Applving a sterile rubber hose above the same 2
bloodless field can be obtained for the upper third of the thigh as well

Exposure of the bone  The hone 1s exposed through a lateral approach  Open
nailing 18 most simple 1f no or only slight callus has been formed with the ongunal
jagged shape of the fracture surfaces still preserved (Figs 686 687) They canbe
placed 1n exact apposition and then nailed  If callus has formed the fracture ends
have been transformed and the fracture surfaces can usually no longer be distin
guished (Figs 693 694)

Guide groome  In order to replace the fragments after osteotomy without rotation
a helpful gude 15 provided by gouging a longitudinal groove about 56 cm long and
for2mm deep into the antenor or lateral aspect of the bone before sevenng1t.  If
a rotation 18 present requnng correction, then the amount of corrective rotation
necessary can readily be estimated by offsctting the two sections of the groove pro-
portionately

Osteotoms  The bone 15 severed through the ald fracture line if possible.  Oste
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Fig 701 Flg 702 Flg. 703 Fig. 704
November 17 1942 July 1 1943

Figs. /01 702 Same as Figs 699 and 700, after Sweeks.  To correct the recunvation and varus angulation,
wire traction with 10 Kg. welght was used.  This caused s separation of the fragments and the nail slipped
oat. The nail was then removed and @ hip splea applled.

Figs. 703 704 Same as Figs, (97-700 9 months after naiing and exactly oue year after Infury and 1

month after removal of the last plaster cast  Bony unjon marked decalcification  Knee Jolnt entrely

tnstable. Toes gnd foot joints two-thirds restricted  Walks with one cane  If traction In the beginning

had pot been excessive, this fractore would prolably have united in 6-8 weeks and Emitation of moton
would not have emsaed.

otomy within the healthy section of the bone does not need to be considered be-
cause cburnated bones following severe infections are not suited for medullary nailing
Angulstions are corrected by the removal of a cunerform section of proper size

Procedure wnth focal snfection  1f a cavity filled with granulations or pus 1s en
countered dunng the exposure or severance of the bone the operation must be ter
minated. Aedullary naihing must then be delayed for 3—4 months after the closure
of the wound or preferably omited entirely

Exposure of the medullary carty  If the medullary canel is not patent after oste
otomy it 18 opened by means of an awl  In older fractures the electne round burr s
needed

Removal of lourniguet  The tourniquet 1s then removed  Spouting blood vessels
tre clamped  They usually do not have to be ligated if the clamps are left for 10
minutes

Insertion of guide pin - After re-cheching the fitting of gurde pin and nail (sec page
172) the gwide pin1s mtroduced into the proximal fragment and carmed out shove the
greater trochanter (Figs 181 182) and a short medullary nailis davennto the greater
trochanter for 1-2 em  The first gwide pin 15 then extracted from below and a
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Fig. 097 Fig 698 Flx 69 Fig 700
October 5 1942 October 13 1942

Figs. 697 698. Spiral {mcture 3 months old of the lower third of the keft femmur caused by nfie shot Ina

36-year-oMd office worker W ounds aseptic  On the 3rd duy wir~ traction was applled and contmued or

6weekswith 125 Kg  Then hip spica for another 6 weeks  Marled decaldfication of the distal end of the
proumal fragment and no trace of callus formation due to excessive traction.

Fige 699 700 Samc as Figs. 697 and 698 after unsuccemful medullery naifing esen ke The mil was
driven in without previous reduction.  The fractare should preferably have been expossd by open operation
and united with 2 arcumferential wire sutures followed by a hip spica.

clamps after stenile draping of the operative field this speeds the procedure and no
blood 13 lost dunng the exposure of the bone In fractures of the upper third 2
Stemnmann pin 18 nserted antero-postenorly through the tendinous nsertions at the
tip of the greater trochanter Applying a stenle rubber hose above the same, 2
bloodless field can be obtained for the upper third of the thigh as well

Exposure of the bone  The bone 13 exposed through a lateral approack  Open
nailing 18 most simple 1f no or only shight callus has heen formed with the ongmnal
jagged shape of the fracture surfaces still preserved (Figs 686 687) They canbe
placed 1n exact apposition and then nailed I callus has formed the fracture ends
have been transformed and the fracture surfaces can usually no longer be distin
guished (Figs 693 694)

Gusde groove  In order to replace the fragments after osteotomy without rotation
a helpful guide 18 provided by gouging a longitudmal groove about 56 cm long and
1or2mm deep into the antenor or lateral aspect of the bone before sevenngit. If
a rotation 1s present requinng correction then the amount of corrective rotation
necessary can readily be estimated by offsetting the two sections of the groove pro-

port.lonntd)
Osteotorsy  The bone 1s severed through the old fracture Line if possible. Oste-
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apparatus (< Tigs 11/1574 1575) may hegin with 5-10 minutes in the morning and
afternoon, gradually increasing to 1 hour  On one occasion a patient with a nailed
hip, contrary to this rule, excraced for an hour the first time although pamn appeared
tonards theend  The next day he had a thrombo-phlebatis and a pulmonary embol
1<m from which he almost died

A warning must be <ounded agaimst vigorons massage and forcible passi~e motion
espeaally af the nailing was done 1n a previously infected fracture, because this may
lead to a flarc up

Forcible manspulation under anesthesta must be omutted hecause st damages the
knee Jont A case of peroneal paralyas following such a mancuver has been re
ported (Stotz)

Untoward incldents during medullary nailing  If the fragments arc not
reduced accurately and if their position after insertion of the guide pin is not checked
by \ ray pictures, the nul may take a false route, as shown in Figs 699-702 In
this case, 1f the fragments had been held together with Lambotte clamps after the
appearance of the tip of the pin in the medullary cavaty of the provimal fragment—
which would have been casy because of the long oblique fracture surfaces—the
medullary panl would have penetrated into the nght place of the distal fragment
By additional arcumierential wire sutures the fracture would have been so firm that
the knee could have been excrased after 2-3 weeks  Motion and calaum content
would have returned to normal in a short time  The nail should have been retracted
atany rate The supplementary continuous traction with 10 Kg scparated the frag
ments and caused additional damage to the joint, which in thecast eventually became
entirely st:ff (Figs 703, 704)

Use of too skort a nas!  If too short a nail has been used as m Figs 232243,
1t may extrude and angulation may develop

Causes of Failure in Open Medullary Nailing of Old Fractures

1 Operation when the genernl condition is not entirely satisfactory
Medullary nailing is not an emergency mesasure

2 Operation 1n people over 40 years of age

3 Operation wathin one year after closure of siuses 1n nfected fractures

4 Operation 1 the presence of shin pathology (inflammation, scars adhenng
to the bone)

5 Medullary nailing with shorterung of more than 4 cm  This must be elm
mated first

6 Nailing 1f extensive bone formation is present mn the medullary cavity

7 Nailing 1f muscles or jomnts are already severely damaged.

8 Operating without the nccessary instrumentarsum

9 I;f:;d to determine accurately the length, wadth and curve of the medullary

10 Neglect to check the length and thickness of the guide po and the medullary
nal and their matching

11 Omussion of protection agamnst heat loss.
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second of proper length and thickness 15 introduced from above through the shart
nail into the bone until 1t appears at the fracture  The short nail, which serves only
as a temporary guide for the guide pin, 18 then removed.

Reduchon of fragments The fracture stumps are coapted and the guide pin
pushed into the distal fragment. The fragments are held and guided by Lambotte
damps (Fig 85) After the pin has penetrated deeply enough, the angulation 1
checked as far as thig 1s possible within the comparatively narrow operative field.
After the fragments have been aligned by means of the gmde groove, they are held
firm with the Lambotte clamps,

Check of pulse At times the pulse becomes very rapid dunng the insertion of the
gude pin  Dunng the nailing, this occurs frequently  If the pulse remains fecble
and rapid, blood should be transfused

X-ray pictures are then taken i both planes The films must be at least 40 cm.
long and the knee joint line must be visible  The distance of the guide pin from the
knee joint (Figs 707 708) and the distance 1t protrudes froim the greater trochanter are
measured. In this way the length of the required medullary nal can be deterrmmed
very accurately This1s of particular importance for all fractures below the middle,
1¢ below thesthmus (Figs 1-11) These X ray pictures serve also as a check of the
coaptation of the fragments and the angulation If the coaptation of the fracture
15 not satisfactory the gude pin 18 retracted and the fracture surfaces are reshaped by
cluseling or sawing ~ The guide pin 18 then reinserted and a new set of X ray pictures
serves again as check  To prevent delay, a rapid developer (see page 35) should be
used

Drreing of the nai]  After the angulation and rotation have been corrected, &
nail of the predetermuined length 13 driven 1n over the gwide pmn.  When 1t approaches
the fracture the fragments must be held together in the correct position usmng the
groove as & guide

X ray control  When the nail has been driven to within 2 am of the greater
trochanter new ™\ ray pictures are made in both planes.  If there 13 8 hiatus between
the fragments they are impacted by blows upon the sole of the foot or upon the
flexed knee

Supplementary wire suture  The stability against rotation 18 then checked In
fractures below the muddle this 1s frequently lacking Then both fragments are
drlled transversely and united with a wire loop (Figs 709 710)

Drasnage and wound dosure  After the nailing and winng, & dram 18 inserted and
brought out postero-laterally The periosteum fascia and skin are then sutured and

a compression bandage 15 appled.

Post-operatice positromng  Theleg1s placed on a Braun frame in a firm bed (Figs
53,70 E 1/65 and I/91)  The foot 1s suspended with a sling (Fig I1/2641) or with
Unna-paste or adhesive plaster traction (Figs 684 685 and 679 E 11/1604-1610)

The drasn ss remored after 24-36 hours.

Functional exercises The toes and foot joints are moved actrvely through the
full range from the first day on  Knee exerases must not be started for 2-3 weeks,
until the wounds show perfect healing and are enturely dry  Then knee exerasing with
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Tig «0? Fig 710 Fig 711 Fig 712
June 4 1543 October 29 1943
Flgs. 709 710 Same as Flgs. 705-708 alter driving of the nall and longitudinal wire suture to prevent
rotation.  Good alignment in both views.

Figs. 711 712, Same xs Figs 709 and 710 after S months, shoning hony unjon in good position.

26 Premature hnee excrases, ie  before 2 weeks and before the wounds are
completely healed

27 Vigorous massage and forcible passive motion

28 Mamipulation of the knee under general ancathesia

Open Medullary Nalllng of Mal united Femoral Fractures

A fracture of the femur healed with a shortening of more than 3 cm with an
angulation of more than 15 cm  or with a rotatory displacement of more than 10-15°
usually causes a imp and disturbances will develop later 1n the knee and hip jonts
occasionally also in the talo-crural and subastragalar joints of the injured leg
With marked shortening, even the jonts of the well leg and of the spine may be
involved. These malpositions should therefore be corrected if the general condi
tion and external circumstances perrmt

Angulation without shortening leaves the patient without discomfort possibly
for ten to twenty years and only then may arthrotic changes, especially in the knee
joints develop (sce Bohler Der Chirurg No 4 1942)  Tor this reason 1 have
always trned to correct these displacements If the fragments had united with
consolidated callus I did an open oblique osteotomy followed by continuous traction
or 1n some cates after correction of the shortening a plaster cast was used (Figs
11/2138-2150) I have rarely used ostcosynthems with wire plates and screws
because they never offcr sufhaient stability without a supplementary plaster cast

whereas with proper technique and accurate indication hfintscher s medullary nail
umites the fragments immovably



224

showed

MEDULLARY \AILING OF KUNTSCHER

Fig. 705 Fig. 706 Fig. 707 Fig. 708

May 18 1943 Junc 4 1543
Fige. 705 706. A S-months-old gunahot fracture of the femur healed with 15° varus and a shoctening of
8cm.  Rifle shot Injury in & 22vearold man Va5 glven & hip spica for 8 weeks, whereupon the fracture

bony union. Muscles strong (see Fig. 723) o deskification. Knee 180-70° all other
Jolnts ectively free.

Figs. 107 (08. Samc as Figs. 705 and 706, after tr bening of both frag and removal of 2
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wedge and after the Insertion of the measming pin.  This reaches to the fant cartilage.

Operation 1n supine recumbency nstead of lateral recumbency  The tro-
chanter 1s not satisfactonly accessible

Omussmion of tourmquet

Fadure to have a blood donor 1n readiness

Failure to make a gude groove before osteotomy to prevent rotational
musalignment

Failure to remove & wedge for the correction of angulation

Naihing if a focus of granulations or pus s found dunng exposure or osteotomy
of the bone

Neglect of hemostasis before the introduction of the guide pin

Neglect to measure accurately the length of the second guide pin

\eglect to check by \ ray pictures the position of the gude pmn n the
distal fragment after 1ts msertion

Neglect to measure accurately the length of the medullary nail

Failure to check the position of the nail by X ray pictures

Ormussion of supplementary wire sutures if the fragments can still be rotated
agamnst each other

Neglect to msert a drain

Leaving the drain in situ for more than 48 hours »f there 13 no rse in tem

perature
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Fig. 115
November 11 1983

Ig. 717
Decomber 10 143

Tig 18 Fig 719 Fig 720

Fig. 721 Fig 72
Lebruary 16, 1934 e

May 15 1944
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Fig. 713 Fig 714
May 18 1943 October 29 1943
Fig. 113 Same case as Fig 705 Survey film to show angulation and shortening.
Fig 714 Same as Fig 713 5 months later  Angulation corrected shortening now 7 cm., previously 8 cm.

Fig 715 Same 21 Fig 714 after shortemng of the nght kg.  Both thighs are nor of equal kengthy
Fig 716. Same as Fig 715 after removal of both nails, 6 months after shoctening of the nght femar
Bony unkon on both legs. Onlhcﬂghlfamulvummguhﬁmollﬂ'devﬂqxdbcclmthcnﬂhd
besn driven through the grester trochanter instead of medmlly from 1t and becanse the bone was severed

5 am above the hthmus.

Figa 717 718 Same as Fig 715 6 weeks after operntion.  Irritative perosteal appositions are seen on the
Iateral and posterior sides, due to play of the fragments since the bone was severed above the middle, where
the medullany cavity of the proximal fragment Iy wider than the medullary nail
Figs. 719 720 Same as Fig 715 15 weeks after operation, The osteotomy Ene iy gtill visihle marked
writative calhm on the latern) and posterior aspects as in Fign. 30407
Flgs. 721 722. Same as Fig 715 after 6 months. Flrm unlon with large callcs.  Varus of 10° recurvation
of &5°

For the treatment of mal umted femoral fractures the same sndications and
conira sndications preval as for old fractures of the femur (sec pages 218 219)
It must be added that even with a medullary nail the operation 13 difficult and n
volves great responsibility 1t 15 not simple and easy as 18 frequently stated

The case history must be Imd out 1n the same wav as m old femoral fractures

(sce page 216)
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Fig 2 Fig. 730 Fig 731 Fig. 732 Fig 433 Fig. i34

May 27 1944

Fips /29-734 Same as Fig 716,12 months alter the first and 7 months after the second operation.  Both
kepyof equal length.  On theright & varusol 10°  Muscles are strong and all joints are actively free.
Sustained walking withoat dmcomfsrt

RN | A T
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Flg. 734 aand b
Fig 74 aand b S!nma.d\lcghﬁcrn.m:r'.hnnhcforttbeqmlkxu,l}ycnclalknmthrthlu'tl)
too long  The hip jonts can therefore be hyperflexed.

Exposure of bone

Making of giude groo-es
Osteotorny

Procedure upon encountering focr of tnfection,
Exposure of medullarv canal
Remoral of tourmquet
Hemostasis

Insertion of guide pins
Reduction of fragments
Checking of putse

First X ray pictures

Drrring the nail

Further X rav pictures
Supplementary wire suture
Insertion of drain
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Fig 723 Flg. 724 Fig. 725 Fig 726 Fig 727 Fig. 728
Aay 18, 143 October 29 143 November 11 1943
Figs. 723 724 Same casc as Fig 713 hefore the first operation. Shortening 8 cm. varus 15°  Obdiquity
of the pelvis and scolioms of the spine.

Flp. 725 726, Same a3 Fig. 714 5 months after first operation  Varus position comrected. Pedvc tit
and lateral curvature of the spire the same.

Figs. 727 728 Same as Fig 715 12 days after the second operntion  Both legs of equal kength.  Right
thigh thickened because the muscles have not yet adjusted themselves to the shortening

Correction of skortening by conlinuous lraction after osteotomy It 18 sometimes
quite difficult to correct & shorteung of more than 4 cm dunng the operation as
great force 1s needed and much time consumed ~ The tissues are being torn and thus
the mobility is impaired  Damage to nerve and blood vessels may result fram the
sudden stretching 1n the attempt to correct & marked shortening  The prolonged
duration of the operation may disturb the asepas and lead to infection 1n the torn
tissues. Therefore the shortening must be corrected before proceeding with the
nailng  With a tourniquet appled the bone 1s exposed through the latera! ap-
proach and severed as far as possible along the onginal fracture Line with a chusel,
Gigh saw or the arcular saw A rubber drain 1s inserted, fascia and skin are sutured,
and a pin or wire 1s mserted for weight traction as in the closed refracture of the
callus  If the onginal shortening was less than 4 cm. or if it was corrected by
continuous traction and if the shin has healed with a healthy scar 1e 24 weeks
after osteotomy medullary nailng may then be performed

As descnibed for the treatment of old fractures (see pages 219-223) the procedure
entails the following

Determnaiion of length and wndth of the medullary canal

Preparation of insiruments and apparains

Proteciion against keat loss

Avaslability of blood donor

Positioning,

Anesthesia,

Tourmiquel,
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hig. 739 Fig 740 Fig 741 Fig 712
Septembier 17 1941 Nosember 26 1931 Lebruany 22, 1943
Flg. 739 Same as Iigs +37-738 4 months atter bone grafting  The greater part of the graft Is absorbed.
In spite of the Whitman cast a varus angulation of 20° recurred.
g 40 Sameas Fig 732 2 morths afler closed nailing  Bexinning callus formation.
Fg. 141 142, Same a« g 740, after 15 months.  Fracture ltne still visible.  \\alks without discomfort.
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Figp. 743747
Tebruary 22, 1943
Figs. 743-747 Same as Figs 735-742 17 montln aiter nafling. Muscles strong motion surprislogly
good.

Open Medullary Nailing for Shortening of the Well Femur

1f there 15 a marked shortening and arcumstances do not permut a lengthemng
asn Figs 705 706 any angulation on the mjured leg 18 corrected as descnbed on
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Fig 735 Fig 736 Fig 737 Fig 738
My 16, 1941 May 23 1941

Figs. 135 736 A 16-monthe-okd pseudarthrosls of the left femur with varus and antecurvation of 30° each,
in & 35-year-old coachman weghing 95 Kg height 1/0 am., who ws run over In an antomolile. Treated
dsrubers with wire tractlon with 15-18 K. for 4 moaths, followed by hip spica for another 4 monthbs.

Figs +3: 738. Same as Figs 735 and 736. alter trapsverse freshening of both fracture stumps and trams-
plantaton of an 11 cm. massve tibisl graft, in excellent position A body hip spica from the toes to axille
with marked abduction was used for 3 months.

Closure of the wound

Post-operatrre posilsomng

Removal of drain

Exercises

In a fracture healed with angulation or rotation with negligible shortening, the
degree of angulation 15 determined from cut-out transparent paper patterns of the
bone made from tracings of the \ ray pictures The pattern 1s then cut trans-
versely but not completely towards the concave side at the level of the fracture and
strmightened out asin Figs IT/2578 and 2581  Thus the smze of the wedge which
must be removed from the convex mde by arcular saw Gigh saw or chusel is deter
mined

If the bone 1s cut transversely without removing a wedge callus formation wll
be delayed in the area of the isthmus and the medullary nail may break as in Figs
252-263 In fractures below the middle angulation may recur

In this operation the same circumstances that may lead to failure mn old fractures
(sce page 223) must be observed.
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Fig 790 Iig. 788 T 752 kg 783
December 14 1942 May 22 1903
Figs. 750 751 Same as Fige. 748 and +49 after 7 wecks.  Angulations and shortening atmost corrected by
wire tractlon.  Medullary nalling.
Figs. 752, 753 Same as Fige, 748 and 749 alter 7 months, and 5 months aflter medullary nailing.  Bony
union in good pesition.

drain, the penosteum fasaia and the shin are closed  Since the fracture 1s located
within the isthmus of the medullary canal, no wire suture or additional external
support 1s required (Fig 715)  If howncver, the fragments still show rotatory play
a wire suture must be used  The leg 1s placed on a Braun frame  The dramn 1s
removed after 24-36 hours. If the wound heals without disturbance the patient
may get up after 2-3 weehs  The operation 1s performed 1n the same manner as in
old femoral fractures (sec pages 219-223)

The most favorable situation prevails if the fractured leg shows only a shortening
and no angulation or rotatory deformity Then this leg needs no attention, and
a shortening of the well leg suffices K H Bauer described a case of this type
Unfortunately they are rather rare

Open Meduollary Nailing of Femoral Pscudarthroses

A pseudarthrosis of the femoral shaft constitutes such a sericus disability that
an orthopedic apparatus 1s necded for walling  We therefore try to remedy this
condition f the general condition of the patient and the local circumstances permit

Causes of psewdarthroses  Tormerly the mam cause of pseudarthroms was the
extenmive removal of bone splinters 1n compound fractures The French pro-
ceeded n particularly radical fashion duning World War I The result was that
in 37736 gunshot fractures of the femur i the station hospitals 289 per cent
(10 908) had to be amputated later for defect pseudarthroas

Such cases involving
the fernur are comparatively rare at present
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Fig 748 Fig 749
October 22, 1942
Figs. 748,749 A 3-months-old spiral frecture of the upper third of the right femar In 2 22-year-old ahoemaker
from shelHfragment.  Woond aseptic.  Alter 3 days, wire tramfixon hip spsca.  After 4 weeks, removal of
the cast and passive exercises drrckers. Varms 80° antecurvation 40°

pages 219-223 (Figs 707-710)  After the patient has completely recovered from thi«
operation the well femur 1s shortened to the length of the mnjured ope Using &
tourmiquet the well femur 13 exposcd above the mddle and a gwde groove of suffi-
cient length 18 gouged into1t to prevent a later rotation of the fragments. The bone
18 severed transversely with a Gigh saw between the proximal and middle therd  In
Fig 715 the cut was made too high, therefore the medullary cavity of the upper
fragment was somewhat wider than the nail thus permutting play and causing the
formation of periosteal intative callus (Figs 717-722) A piece of the requured
length 18 then cut off transversely from the distal fragment. Both saw-cuts are then
located within the 1sthmus of the medullary canal. The gwde pin 18 then inserted
nto the proximal fragment along the lateral wall of the medullary canal by so dong
1t emerges medial from the greater trochanter asin Iig 752  If it 1s brought out
through the trochanter as in Figs 715 and 717 a varus angulation may develop
subsequently as i Tigs 719 and 721  Over the protruding guide pin 2 short nail
1s dnven 1-2 cm mto the greater trochanter The first guide wire 1s then removed
from below and a new one 1s mserted through the medulary nail above until 1t
emerges at the fracture  The short nail which served merely as a temporary guide
for the second pin 1s then removed  This 1s followed by reduction of the fracture
and ™\ ray control. If the pictures show a satisfactory posmtion of the fragments
and proper location of the gwde pin 2 medullary nail the length and thickness of
which have previously been accurately determined 1s dnven to the proxumal sew-cut.
The distal fragment 15 then placed over 1t and the nail completely driven n The
guide groove 1o the bone prevents rotatory misahgnment  After the sertion of &
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Tig % Lig 8 Lig 759 g 0
March 2, 1912 March 18, 1943
P s% 58 Same as Iig. « % after tmmverse fredhening of both fragments 5 om were removed from
the drtal fragment so that the fragments could be put in appenition without tension  Medullary nalling.
Draln.

Firs /%9 /60 Same as 1ign 75/ and 8. One year later and three months after extraction of the nail.
Dony consolidation in good position. hnce 180-50" all otber jolnts actively free  Vuscles strong

4 Shortening and angulation  This must be corrected by continuous <Leletal

traction before nailing

5 Extensive ossifications in the medullary cawity

Marhed impairment of the muscles and joints constitute no contra indication
(Figs 771-783)

Correctton of shoriening and angulation  Firm edhesions are loosened by manipu
lation over a wedge or by the Phelps-Gocht osteoclast (Figs 91 E 1/108)  If this
does not cause 2 flare up of the infection 1n compound fractures such a flarc up will
probably not follon the nailing either Adequatcly heavy weight traction with
pin or wires 18 then wstituted In this way the shortening and the angulations
can be corrected gently within a few days and durnng the operation the apposition
of the fragments can be accomplished wathout force and damage to the tissues  If
the operation 1s performed while the shortening and angulation persist serious com
plications may anse In Figs 735-739 a varus angulation (Fig 739) recurred
although an 11 an well applied graft and a plaster cast from the axlla to the to~s
had been used therefore the graft became loose and was partly absorbed

In Fig 765 the strong pull of the adductors caused the nail to plow through the
trochanter because 1t had been mnserted too far laterally  The forcible stretching
of the muscles during the operation undoubtedly contnbuted to the flare up of the
mflammation

In Figs 767-770 the medullary nail perforated the decalcified distal fragment
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Flg. /54 Fig 755 Flg 75
January 16 1941 February 6, 142
Fige 754 755. Fractare of the nght femur in & 32 year-okd boux‘lfe who was run over by an autemobile,
Simultancous crush {njury of the left thigh tng ’ Treated dwubey with

12 Kg. wire traction for S months, followed In hip spica for 4 moaths.
Fig. ¢156 Samc a1 Fig. 754 after one year  Prendarthroms with varus of 65° and merked shortening due to
lateral displacement and angulation

Premature exerasng does not usually lead to pseudarthrosis on the femur
(Figs 748, 749) 1n contrast to other bones

The most common cause of pscudarthroms m open and closed fractures now
adays1s excessve skeletal pin or wire traction (Figs 301-304)  The amount of weight
that may safely be used has been discussed on pages 103-106  Exceasve traction
was the cause of pscudarthroms in Figs 232-243, 735 736 754-756, 761-763,
767 768 and 771 772 Undoubtedly the time will come when the obstacles that
now tend to prevent a proper organization of traumatic surgery will have been over
come (see pages I1/1525-1530) Once we have independent departments for the
teaching and practice of traumatic surgery, once femoral fractures do not come
under the care of men lacking inborn aptitude sufficent expenience, or adequate
equipment then pseudarthress of this bone with 1ts prolonged aftermath will be
eradicated In my expenence this complication does not occur with equal fre-
quency 1n all localities but appears to be particularly abundant mth certan inds
viduals

The contra sndications dgasnst medullory nasling of pseudarthoses are the same
as for old femoral fractures wviz

1 Impaired general condition

2 Local inflammation on the bones  Sinuses must have been closed for a year

Under the protection of pericilhin this period might possibly be reduced.
3 Pathologic conditions of the skin
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Tizg 64 Fig 63 Lig o6

Septerixr 10 1942 Octaber 17 1942 Janoary 29, 1943
Tig 468 Same a Fig 61 after 11 months. 8 weels after closur of the wounds medullany nailing was
petiormed dse bere withoat provious correction of the shortening - The fragments were pot sufficently
freshened  the nall was inserted too far laterally
Fig. 65 Same as Fig 64 after S weeks. The nafl plowed throagh the lateral wall of the greater tro-
chanter  \anus angulation recurred because the shartening was not corrected Lefore the eperation becairse
the nail was driven 1o the lateral wal! of the preater trochanter and because the eperation was performed ton
soon e 8 weeks after closure of the sinus, caunng & flare-up of the inflammaton.
Fig. 66, Same as Fig. 64 after remova) of the nail and after insertlon of a Steinmann pin into the grezter
trochanter by which the pronmal fragment was pulled down.  \anus angulation comrected.  In thes position
s body-hip suca was applied. 6 months later the fracture was firm and in good postion. A1l jotnts are
suff  If this gunshot fracture had not been distracted it would prolably have healed in good position n
810 meels firmly enmugh for nelght-bearing and the motion of the jolnts would not have been impaired.

In cases with shortening or defect pseudarthrosis a massive graft of proper length
must be transplanted It must overlap both fragments at least S5am  If medullary
nailing 1s used 1n addition the immobilization 1s so much the better

The advantages of technically correct medullary nailing and the complications
ansing from improper indication and defective techmique are best illustrated by
Figs 735-783 and their case histones

Casc I Exces Ive wire traction elsewhere caused delayed callus formation 1n a 35-year-old
man, Immobilization in plaster for 4 months did not halt the desclopment of pssudarthrosis
(Figs. 735 736) The exposure of the fist-sized pseudarthrosis was quite difficult  Both fragments
were cut transversely A prece 5 am long was cut out along the outer sxde of the proximal frag
ment and a 6 em -prece from the dutal fragm thus exposing the medullary cavity for & distance
of 11 am.  Each fragment was drilled transversely 1n 3 places  The fragments were apposed by a
longitudimal wire suture W ires were put through the remaining four drill holes A graft mith
penosteum 11 cm long was removed from the tibwa, consisting of half the thickness of this bone
It was fastened to the prepared famoral bed by enarding it one and a hall times with the 4 wires.
The urmson was so firm that the leg could be Iifted and moved 1n all directions without noticeable
play at the juncture. A large drun was mserted  The perfosteum fascis and skin were sutured
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March 10 142

Fig. 761 Gunshot frecture of the right femur upper third with large soft tlsue infury and extensive damage
to the muscles, S days after Injury in wire tracton. A 27 year-odd man 165 cm. in height, weight 54 Kg.,
wounded by bomb fragment. Wound infected Wire traction with 7 Kg. Fragments drstracted
Flg 762. Same as Flg. 761 alter 15 days. Angulation eliminsted. Alore separation of tbe fragment.
Fig. 763 Same as Fig 761 after S months. Wire traction was removed after 11 weeks, then merely
placed on Braun spllat.  Varus of 60°  The fracture surface of the proximal fragment Is ground smooth
no callus formation.

because axial alignment without a prelminary correction of the shortemng and
angulation was too difficult

In Fig 756 the shortening was not corrected by continuous traction. Swmce
the other leg had been amputated the remaining one was shortened by 5 am ,
this way 1t was possible to approximate the fragments wmithout difficulty

Medullary nasling of pseudarthrosss  After correction of the shorteming by con
tinuous traction (see page 235) the operation 1s performed 1n the same way as i old
fractures of the femur (see pages 219-223) The exposure of the fragments 1s fre
quently difficult because of extensive scarring  As soon as the fragments are fresh
ened the nail may be driven in over the gmide pin The operation lasts only a short
time and the fragments are firmly umted if the techmque has been correct It must
be emphasized that the fragments must be freshened and coapted thoroughly
Many failures are due to the neglect of this 1n the belef that the medullary nail
strmulates callus formation (see pages 90-136 and 139-141)

Before the medullary nail came into use bone grafts had to be used frequently
The fragments had to be cut out lengthwise and drilled A large graft from the tiba
was fitted 1nto the femur and fastened with wire (Figs 737 738) Thisoperation took
much more time  Furthermore & large plaster cast had to be applied. In contrast
to this, medullary nailing does not as a rule require supplementary external support
1n fractures sbove the middle  In obhque fractures a arcular wire suture1s applied.
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although union wasnot yet firm  He was able to work m spite of a persistent pseu
darthrosis smilar to the man of Tigs 618-638  With any other method, this would
have been unthinkable

Case?  1In n 28-vear-okd man the en t was remos erl elicnhere after 4 weeks to apply masage
and pa nemotion  Marked angulation and shortening (Figs 748 749) cnsued  Theee deform
Htses were corrected by ware traction (Figs 750 751)  Three weeks after open medullany nafling
he was able to get about without supplementary plaster cast because the fracture was located
wathn the narrowest area of the medullan canal — Five months later the fragments had unitedd
by hone (Fige 752 753)

In this case the operation was comparatively simple because the angulations and
the shortemng had been ehminated before the nafling, and the result was perfect

Case 3 In a 32 vear-old womah excessive tractfon caused separation of the fragments and
a pecadarthrosis developed although a hip epica had later been applied for four months (Fig 756)
After medallary nafling bons unron in good position was obtaned (Figs 759 760)

In this case the shortening of the muscles was not corrected by continuous trac
tion but by shortening of the bone, which was the simplest and most effective
procedure 1n view of the loss of the other leg

Case4  Ina27 year-old man with a subtrochantetic gunshot fracture the fragments sepamted
although only 7 R had been ased for wire tractron (Figs. 761 762)  When traction was removed
after 11 weeks, marked angulation and shortening (Fig 763) dex cloped because callus bad formed
#ince the fragments were gaping. Without preliminary correction of the deformities the fracture
way nafled 8 weeks after closure of the sinuses (Fig 764)  After 5 weeks the nail plowed through
(Fig. 765)

Since this patient weighed only §4 Kg, traction with 7 hg was too much
Since 1t was an infected gunshot fracture, no more than § kg should have been used
(see page 104)  Since the traction was removed in spite of lack of callus and no
cast was applied marked angulation and pseudarthross followed (Fig 763)  The
nailing was performed without prelminary correction of the deformities, therefore
1t was very difficult. Since the sinus had been closed only 8 weeks nstead of one
year the forcible maneuvers caused a flare up of the inflammation and additional
decalafication.  The nail which had been inserted shightly lateral from the tip of
the greater torchanter, was therefore able to plow through the lateral wall of the
bone, thus losing 1ts hold ~ The nail was then removed

In this case the operation should have been delayed for 10 more months  Pre
ceding it the proximal fragment should have been pulled down by an obliquely
mserted Steinmann nail (Fig 766)  In such old fractures, 1t 18 not sufficient to exert
merely longitudinal traction at the lower end of the femur

Case 5 In & 33-yearcld man pscudarthrosis shortening and angulation (¥
igs. 767 168
developed becanse of excesaive traction  Ten weeks after closure of the sunuses medullary tu.xlm;
was performed without previous correction of the deformities the result was poor

In this case heavy weights of 12-14 Kg had been used for & long penod 1n sprte
of infection Despite prolonged immobilization in a plaster cast, a pseudarthross
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Fig /67 Fig 763 Flg 769 Fig 770
February 4 1943 February 15 1943
Fige. 767 768 A 22 months-old pscudarthrosis of the nght femur in a 33-year-old cabinetmaker from
gambot. Wound infected  Wire traction of 12 Kg for 6 week, then hip splea for 10 week, then again
wire traction with 14 kg for 4 months and again hip epica for 5 months. Vanus 50° antecurvation 40°
Shortenng 10 cm.
Figs. 769 770 Same as Figz. 767 and 768 after medallary nalling performed elashers.  Since the aborten-
ipg was not corrected pre-operatively it was not possible to correct the varns angulation completely  The
ncll therefore penctrated through the decakdfied datal frugment.

-2y pictures (Figs 737 738) show fdeal position of the fragments and of the graft. Asanadded
safeguard a large plaster cast from the axillae to the toes was applied with constderable abductzon.
After 6 weeks X ray pictures through the cast show recurrence of a slight varos angulation.
After removal of the cast 4 months later the \. ray plctures show & partial absorption of the graft
and a bowing (Fig 739) Clmmally slight motion was present at the fracture ste  For this
rerson a medullary nail was drven in with great difficulty wthout exposing the fracture (Fig. 740)

It was not possible to drive 1t through the greater trochanter becanse of the angulation, therefore
1t had to be driven in through the lateral aspect of the trochanter  With this the patient was able
to walk after 3 weeks without supplemantary support.  After 17 months the fracture line was still
vrible. When the nail was then removed, the fracture was still loose and further bowing occnrred

Therefore another medullary nail was mserted

The failure of this grafting operation was due to the fact that the angulation and
the contracture of the adductors were not corrected before the operation  Neither
the long strong graft with 4 wire sutures nor the large plaster cast could prevent
angulation  The great advantage of the medullary nail 1n this patient was the fact
that he was able to get about without a plaster cast without being exposed to the
danger of further bowing permitting Ius jonts and muscles which had become stiff
andweah during the long immobilization 1n the plaster cast to recover (Figs 743-747),
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Fig. 745 Fig. 776 Figs. 777-T79 N\ovember 25 1941
Felruary 8 1943 Fig 780-783 February 17 1943
Figt. 145 446, Same as Fipa. 771 and 772, after 14 months 8 days after removal of the nail.  Fracture
united with 10° varus angulation  Beny consolidation
Figs. 777-149 Same a3 Figs. 771 and 772, The thigh can be bent in all directsons at the fracture site
Fig. +60-/83 Same as Figw. 775 and 776. Fracture firm and sblke 10 bear weight  Shortenlng 2.5 em.
Kore sufl as before the operation the other joints zctively free

By thorough excision primary healing of the wound was obtained  Because the
traction was too strong however callus formation whs deleyed When deformuty
developed 1n a plaster cast traction was again applied with too much weight  This
caused 2 wound infection It took a year and a half for the sinuses to close  When
we saw her soan thereafter we told her to return 1n a year The shortening and
angulation were then corrected n the course of 6 days by continuous pin traction
with 10-14 kg The fragments were then freshened and naled Since the frag
ments were decalafied and showed angulatory and rotatory play after nailing a
suprlementany hip spica was appbed  \fter 7 months the frecture showed bony
consolidation (Figs 775 776) and the leg was fit to bear weight (Figs 780-783)

Case 7w discussed in the legends of Figs. 232-243 and Case 8 1n the legends of Figs. 344-351

Summary These 8 ca.e istories prove the following
I In infected fractures operation without pemiallin must not be performed
sooner than one year after closure of the sinuses otherwise a flare up of the infection
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Fig. 771 Fig 712 Fig 773 Fig 714
Novenber 26 1941 June 29 1942

Fige ¢71 772 A 2} year-old pscudarthrosis of the left femar following com peand fracture In a H-) earokd
working-noman helght 158 e weaght 70 Kg., who was caught by a street car w hile iding m the sidecarofa
motorcycle.  Hsarkere wound exasion and continuous traction with 10 Kg, for 5 wesks. VW ound healed
without inflammatlon  Then plaster cast for 12 weeks.  Since the fractnre had not united, again contiouous
traction with 10 Kg for 16 wecks, gradually reduced to 2 kg The wound became Inflamed dunng this
traction  Then sgain, hip spica.  Treated later by & lay practitioner with 2 tree-bark dressing on the
fomir  Suppumtion for 1§ yeam. After 2} yrars po trace of calhes formston. Fragments maskedls
angulated, overfapping 3 an.  Marked decaldfication. TTbial pin traction with 10-14 hg for 6 days
until the shortening was corrected.  Then medullary nalhng and hip spica for 6 months.
Fige. /73 774 Same ss Figs. 771 and 772, 7 months after nalling Good position and good
callus formation

developed (Figs 767 768) The operation should have been delayed for one year
after closure of the sinuses rather than performed after only 10 weeks The opera
tion was difficult becav_e the shortening had not been corrected previously ~ Since
the guide pm had not been introduced nto the distal fragment and since no ™ ray
pictures were taken before the driving of the nail to check the position of the frag
ments the naul perforated the lateral wall of the decalafied distal fragment.  There
fore tmmobihization was decidedly poor A violent infection of the fracture followed
leading to metastatic lung abscesses and pleural empyema of which the man died.

Case 6 Ina 3+vesrold woman with a compound femoral fracture, a pseudarthrosts (Figs
771 772) developed from excessive wire tractron  One year after closare of the smuses freshening
of the fragments and nailing was followy 1 by bonv unton (Figs. 775 776)
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Iig 188 Fig. 789 Fig 790 Fig. 191
\ugust 19 1942 Felmruary 18 1943
Tig. 788, 789 Same as Figa. (84-787 after 2 months. The fracture shows bony unfon  Cyst has be
come calafied. Nopain bk to walk all day long without descomfort.

Flga. 790 491 Same s Fig. 784-787 [mmediately alter 1emoval of the nall and 8 months after nafling.
The reglon of the cyst shons gond calcium content.  No discomfort Al joints actively free

- 4

Closed Medullary Nalling in Locnlized Osteopathin Fibrosa Cystica

Localized ostitis fibrosa cystica (brown tumor) 18 most frequently located in the
proxamal third of the femur and the humerus and develops comparatively rarely m
other bones. It 1s a typical pressurc discase  The pressure of the fluid inside the
bone ceuses an absorption of cortex until this 1s eventually reduced to paper thin
ness (Figs 781 785) because no periostenl apposition tahes place concurrently with
the absorption from mnside A shght mjury, such as shpping or twisting may cause
a fracture of the pathologically affected bone This opens the wall of the cawity
and the pressure 18 released  Bone production begins and the fragments usually
umite Sometimes the cyst heals  Usually, however a new cyst develops because
the wall of the cawity closes again and its pathologic contents are thus once more
put unaer pressure

The disease can be cured by a wide exposure and thorough curetting of the cawity
and preferably the insertion of & masmve bone graft after removal of the diseased
tissue

In one such case Eigenthaler mnserted a medullary nmil  This procedure alohe,
without curetting or & graft led to a cure

Case history A 32 y ear-old woman who had complained of pain in the left knee for 4 months
h;dbchmtcd:bewhcremthm)ccﬂomIorrhcuanbmmdmtha.ﬂng TWhen she came to
us the X ray pictures thowed 2 cyat, 7 cm loog with a paper thin wall (Figs 784 785) in the upper
thurd of the left femur  In Literal recumbency with the hip flexed at a right angle a 2 cm. incision
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Fig. 184 Fig. 785 Fig. 186 Fig. 787
June 17 1942 June 17 142
Figa 784, 785 Oatits fibrose cyatica in & 32 yenr-old housewife who had pain in the left knee jomt for 4
months and was treated with injections and beking  The cortex has simost completely d‘sappesred, is
thin
Figs. 186, 787 Same as Figs, 784 and 785 dlﬁmlnlerlhnuftbemuiuﬂlr)nd]. In prercing the booe with
a guide pin the kg was tuisted slightly and broke obliquely throagh the cyst.  Was able to get up after
5 weeks and keft the hospetal after 6 weeka

1s the rule  This may lead to plowing of the nail (Case 4 and Fig 765) or to death
(Case § and Figs 767-770)

2 Angulation and shortening must be completely corrected before operztion,
either with the Phelps-Gocht osteoclast or by continuous traction because their
correction dunng the operation 1s very difficult  The latter prolongs the procedure
and damages the tissues so that infection may follow The pull of shortened
muscles may cause re-angulation (Figs 739 765)

3 The nail must not be drven m until after the gurde pin has been introduced
mto the distal fragment and 1ts position checked by \ ray pictures in 2 planes
(Figs 707 708) Othermise 1t may perforate the decaldified bone as mn Figs 769,
7i0

4 Pscudarthroses of the femur will umite 1f they are exposed end freshened
(Figs 752 753 759 760 775 776) If they are not freshened they will persst
as & rule (Figs 741 742) but occasionally they may umte Even with perssting
pseudarthross the patient of Figs 743-747 13 able to work as1s true of the case of
Figs 618-638

5 In a pscudarthroms above the middle no supplementary immobilization with a
plaster cast 18 needed (Figs 740-742 752 753 758) In nailed pseudarthroses below
the middle a wire suture 13 required similar to Figs 709 710, which obwiates the

necessity of a cast.



MIDUILARY NAITING [N CONTRACTURLS OF HIP 245

¥|
A
A N
t
H
4 t
~ * i
) i
; ' :
¢
S & V. A
Fig 793 Fig. 74 Fig. 795 Fig 76
October 5 1942 December 2 1942

Flgs. "93 794 Same as Fig. 792 after insertion of tbe pail, severing of the Lone with a Gigli sav and re
moval cf a wedge on the outer side. The distal fragment was then bent cutwand and forward untll both
legs were of the same length.

Figs. (95 796. Same, after 2 months, Good callus formed.

The curetting of 2 cyst and the implantation of & graft constitute a compara
tively major procedure whereas closed nailing 18 technically simple and not danger
ous The after treatment consists merely 1n placing the leg on a Braun irame
A large cast 15 unnecessary because the nail provides sufficient stability ~ Attempts
have been miade to treat this disease with roentgen iradiation 1 have never seen
success from 1t Recently & case came to my attention with marhed skin changes
from iradiation while the tumor itself showed sarcomstous degeneration 6 years
after the \ ray treatments

hantscher recommended medullary naihing for metastases of malignant tumors
which are also frequently located in the upper third of the femur  Such patients
with spontaneous fractures can be made to walk again because the nail can earry the
weight although the bone does not unite That patients with femoral pseudar
throsis are fully able to work wath a medullary nail although the fracture 1s not
firm 1s shown 1n Figs 626-638 and 741-747

Closed Medullary Nailing in the Treatment of Contractures
of the Hip

Ina contracture of the hup with flexion adduction and internal rotation following
fracture dislocation (Fig 792) Gittner proceeded in the followng manner He
serted & guide pin into the femur sn the usual way and drove & thin medullary nail
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Fig. 792

October 4 1942
Fig. 792 A 9-months-old fmctare distocation of the left hip with mangnal fracture of the roof of the pos-
terlor part of the acetabulum with sdduction, Inward rotation and flecon of the thigh, in & 42 yeer-old
foreater who was struck by a tree trunk  Treated elssxbers with wire traction with 7 Kg for 6 weeky
For thrs type of fracture dulocations 10-12 Kg trachon Is needed for 12 weeks (see vol. I page 801)

was made 5 cm. above the 11p of the greater trochanter and a guide pin was inserted. Dunng s
ahight twist of the leg the bone broke obhquely from medm] sbove to downward laterally  The
naul was then driven 1n over the guide pin and the wound closed with 2 sutures (Figs 786 787) The
fracture led to e longitudinal dsplacement and the bone became 6 mm. shorter The leg was
placed on a Braun frame The pressure pains dmappeared after nafling  After 8 days load
tenderness had deappeared  After 14 days, she was able to rame the leg actively from the bed
which she had been unable to do before the operation  After 3 weeks, she started exerases on the
knee-exerciser (Figs T1/1574 1575) Five weeks later ahe got up and 1n the smth post-operative
week she left the hospital without drscomfort. X ray pictures taken after 2 months showed good
eallus formation at the fracture srie and a thickenimg of tho cyst wall (Figs, 788 789)  Shewas able
to follow her usual work unhampered When the X ry pictures 8 months later showed normal
bone density wn the region of the cvst the nail was removed under local anesthesla (Figs 790 791)
Re-cxamunation 2} years later showed no recurrence.

This case offers conclusive evidence that localized ostitis fibrosa cystica 1s &
disease produced by pressure withn the bone By the insertion of the pail the cyst
was opened and 1ts contents could empty contmuously In contrast to a spon
taneous fracture the wall of the cavity could not close and thereby renewed accumu
lation of pressure was prevented. Since pressure from within was eliminated bone
formation was undisturbed  The fracture that occurred durmy, the insertion of the
guide pin produced & wide opemng of the cyst and the alght shortening merely

enhanced the healing process.
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For such cates I would recommend exprmure of the humerus with catelul preervation of the radiaf
nerve then sevening the bone transversely and oy etlapping it until the nerve stumps can be pulled
up far enough for approximation without tension  The hone 1s then shortened by / shaping the
cnds and unitmg them with o medudan nall and a wire suture The nerve stumps @n then be
suturcd

Tn rcatre paralvme defects of the rciatic nerve up to 7 em ean be sutured without tenaon by
flexng theknee  For arger defects this o not sufficlent 1 would then recommend & shortening
of the feranr by 5 or 6 em  mince thes 1 the lesser evil as compared with a saatic paraivais mth
trophic uleers on the heeland on thetoes  Tn exceptional cases the other femar could be shortened
for cqualbiratlon  ‘This recommendatson can be justified only because, wath @ medullary nail we
are able to restore the ongnal stability of the bone without ndditional sphinting smmediately after
the operation, By shortening the femur by S am and flexing the knee nerve defectsup to 12 am
can be bndged without tenswon

“For nerve defects on the lower leg bone shortening can hardly come into consideratron ™

According to my expenences to date, natling comes snto consideration for hone
shorteming only on the femur  On the humerus and forearm 1t offers no advantage
over step-freshemng yet entails great dangers

T1me of operation i electnc examination reveals complete interruption of nerve
conduction, one should proceed with operation as soon as possible to prevent de-
generative changes from progreasing further  In infected cases one must delay the
operation 412 months after the closure of all sinuses  The time depends upon the
seventy of the onginal infection  If, for instance, 1n a gunshot fracture of the
humerus, & sinus drans for 9 months without ever causing fever or signs of m
flammation, and if the snus closes a few days after removal of a sequestrum or of a
metal sphinter which had mamtamed the suppuration, one may proceed with nerve
suture as early as 4 months after closure of the smus  If, however, a putnd infection
with lugh temperatures had been present, and even if the wounds closed within 3
or 4 months, one muat wait at least 1 to 2 years before undertaking nerve suture,
otherwise, a flare up of the nfection and a separation of the sutured nerves will
follow Under the protection of pemicillin, nerve suture may possibly be carned
out sooner

Many recommend the sheathing of the nerve with beef artery, pieces of the
saphenous vein or with a hermial sac.  In my opinion the best procedure 1s to place
the nerve in a surrounding muscle from which the scars have been removed as
thoroughly as possible. Any sheathing of the sutured nerve leads to scar formation
and sometimes to stricture, as I have observed  If i these cases a strcture caused
by the sheathing matenal 1s released, nerve conductivity may return within a short
tume I therefore do not recommend any kind of sheathing

Tendon transplantations should be conmdered only 1f nerve suture has proven
unsuccessful after one year or if 1t was impossible to carry out

Open Medullary Nailing after Bone Shortenlng for Vascular Defects
from Gunshot Injuries

If & vascular defect results from an operation for ancurysm, suture of the blood
vessels 18 sometimes possible by flexing the jounts  Otherwise ligation or transplan
tation of a prece of vesn from the saphenous or femoral vein 18 the only alternative
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overit The femur was then exposed laterally and severed 1n the upper third witha
Giglt saw  Postero-laterally a wedge with 1 em basc was sawed off  The leg was
then bent outward and backward until both malleoh touched and until the lordosis
of the spine was reduced to one half X ray pictures then showed 20° valgus angu
lation and 30° antecurvation between the fragments (Figs 793, 794) A drmn was
mserted, the wound closed 1n layers, and the leg placed on a Braun frame  After
4 weehs the man was able to get up without a cast.  Good callus formation (Figs.
795, 796) could be seen 8 weeks later After 5 months the nail was extracted
This method has the advantage that no plaster cast 1 needed after the operation and
that the fragments cannot be displaced However, all advantages of the closed
medullary nailing are nullified by subsequent open osteotomy Therefore, we will
not usc this method again, but perform the usual closed osteotom) between the
greater and mmnor trochanters through a 2-3 em naswon as the simpler and less
dangerous procedure, in preference to the naling

Open Medullary Nailing after Bone Shortening for Nerve
Defects from Gunshot Injuries

In nerve sutures a good result may be expected only if th nerve stumps can be
united without tension after thorough removal of the scar tissue  This 1s sometimes
rather difficult to accomphsh when extensive scarnng or & defect from gunshot injury
must be dealt with, even if acute flemon of the joints 15 used to shorten the course of
the nerve I have not seen much success from neuroplastics and nerve grafts.

As carly as 1906, Perthes recommended a shortening of the humerus if 1t was not
possible to unite nerve stumps without tenmon after freshening  This method was
not used frequently because osteosynthesis with wires or Lane plates and screws
was rather circumstantial and did not provide sufficient stability to obwiate add:
tional fixation by plaster or splints.

In the 1st to 8th editions I made the following statcments .

‘Smee Klintscher 8 medullary nailm provides an ideal method for a firm osteosynthess with
out addrtronal external support, for cases requiring nerve sutures I recommend bone shortenmg
not oaly in infuries of the upper arm but also those of the foreanm the cervical plexus, the femur
and the lower leg

Forearm gunshot mjunes with nerve defects are usually accompanied by moscle defects and
shortenmg of tendons with marked Lmitation of fmger motions  If the nerve ends cannot be
approxtmated without tension, both farearm bones may be shortened and provided with 2 medal
lary safl.  This also creates more favorable condrtions for the shortened muscles.  The bones must
be freshened obliquely or Z-shaped becauss trensverse freshenlng frequently leads to psendarthros:s
(Fips 1166-1171, 1210-1219)

“Subcatanesus injuries to the cervieal plexus are usually cansed by sudden depression of the
shoulder girdle, as most frequently occurs in motorcycle accadents when the shoulder strikes
agaunst & tree or a telegraph pole with full force. Tho nerve roots are thereby tor out from the
spmal cord  Sature is not possible. Nerve gafting has been toed Whether recovery should be
cmdltedto:uchmwmhdxﬁaﬂttodtud:,beauxlhxmwmmmp{dcmvuyimnpuﬂylﬂ
n coascrvatrvely treated cases after as much gs one year In gunshot injuries of the cervical
p;m;ppmnmdonoftbcltmpamdmmmmmﬂybemﬂuiout,pmnicd no Infection
has set in.  However Kmaﬂmhoandonaxruppundcnhummcdddecumthnnm{:h
sometimes impossible to epproTmate the stumps without tensfon even by elevation of the arm.
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For such cases T wouk! recommend exposure of the humerus with eareful preservation of the radual
nerve then severing the bone transsercels and osetlapgang it until the nerve stumps can be pulled
up far enough for approximation without tension  The hone b then shortened by /7 shaping the
ends and uniting them with @ meduflary nail and a wire suture The nerve stumps can then be
sutured

‘In acatic paralvsis defects of the sclatic nerve up to « em - ean be sutured without tension by
flenng the knee  For larger defecta this i not sufficeent 1 would then recommend a shortening
of the femur by 5 or 6 am mnce this 18 the lesser evil as compared with o scatic paralvais with
trophic ulerrs on theheet and onthetoes  In exceptional enses the other femur could be shortened
for cqualization  This recommendation can be justified only because wath 2 medullary nail we
are able to restore the otiginal stabilits of the bone without additional sphinting smmediately after
the operation By shartening the femur by 5 em and flexing the knee nerve defects up to 12 am
can be brndged withouat terslon.

“For nerve defects on the lower leg, bone shortening can hardly come into consideration 7

According to my expencnces to date, nahing comes snto consideration for bone
shortening only on the femur  On the humerus and forcarm st offers no advantage
over step-freshening, yet entals great dangers.

Time of operalion  If electnc examination reveals complete interruption of nerve
conduction, one should proceed with operation as soon as possible to prevent de
generative changes from progresang further  In infected cases onc must delay the
operation 4-12 months after the closure of all sinuses  The time depends upon the
seventy of the ongnal infechion. If, for instance, in 2 gunshot fracture of the
bumerus a mnus drains for 9 months without ever causng fever or signs of
flammation, and 1f the smnus closes a few days after removal of a sequestrum or of &
metal splinter which had mmntsined the suppuration, one may proceed with nerve
suture as early a44 months after closure of the mnus  If, however, a putnd infection
with high temperatures had been present, and even if the wounds closed within 3
or 4 months, one must wait at least 1 to 2 years before undertaking nerve suture,
otherwise, 2 flare up of the infection and a separation of the sutured nerves will
follow Under the protechion of penicillin, nerve suture may possibly be carned
out sooner

bMany recommend the sheathing of the nerve with beef artery, pieces of the
saphenous vein or with a hermal sac.  In my opinon the best procedure 13 to place
the nerve in a surrounding muscle from which the scars have been removed as
thoroughly as possible  Any sheathing of the sutured nerve leads to scar formation
and sometimes to stncture, as L have observed  If in these cases a stnicture caused
by the sheathing matenal 1s released, nerve conductivity may return within a short
tume. I therefore do not recammend any kind of sheathing

Tendon transplantations should be conmdered only 1f nerve suture has proven
unsuccessful after one year or if 1t was ;mpossible to carry out.

Open Medullary Nalling after Bone Shortening for Vascular Defects
from Gunshot Injuries

1t & vascular defect results from an operation for
aneurysm, suture of the blood
vessels 15 sometimes possible by flexing the Jolnts.  Otherwise higation or mexspla.n
tation of a prece of vemn from the saphenous or femoral vein 18 the only alternative
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Instead of this, one may shorten the bone and provide 1t with a medullary nail
which 18 simpler and less dangerous than vein transplantation

FRACTURES OF THE LOWER LEG

Cloaed Medullary Nailing of Lower Leg Fractures

General requsrements with regord to the patient  Closed medullary nailing of the
lower leg requires that the patient be in a good general condition  Heart Jungs

wa

¥

Fig 796, ae
Fig. 796, ». Transverse fructare of the tibia with marked shortenmg aod lateral displacement.
Fig. 796 b, The shortening 15 corrected by Jongitudinal traction. Lateral tractlon straps are appbed for
correction of the Lateral dmplacement, as in Fig 804
Fig. 796 c. With & carved-handled awl (Fig 72) the cortex 13 plerced obliquely on the medial side of the
tibuel tuberouty a3 in Figs. 797-800
Flg 796 d. The nail, beld in Kuntacher s handte (Fig 77) fs driven in.
Fig 796, ¢. Alter the nail is in the nght position the fragments are Impacted.

kidneys reflexes jont motion and sensation must be carefully cheched  The skin
must be normal and show no mjury or inflammation even outside the fracture arca.
Aleo, infections 1n other parts of the body (e g tonsllitis etc ) must not be present-

Local requirements witk regard to the patient  Closed transverse fractures in the
mddle third are best suited tomedullary nailing (Figs 816-823) They should beno
more than 10 cm removed from the proximal or distal end of the tibia
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Closed obligne and spiral fractures m the mddle third are equally susted  In
the lower third nmbing should be done only if the fragments are displaced by the full
thickness of the shaft and can be abigned only with difficulty by continuous traction
With the sphit nail of Maatz 1t might be possible to nail fractures less than 10 ecm
from the distal end of the tibia

01d transerse fractures in the middle third shghtly lower than in Figs 2H-251,
are sometimes suftoble for natling  Osteotomy of the fibula 1s however, as 2 rule
preferable

Conlra indications «uth regard fo the pafient 1 the general condition 1s poor
(weak rapid pulse, pale appearance, cold sweat), nailing must not be done under
any arcumstances because it is no emergency procedure  If the patient Ia in
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Fig. 197 Fig. 798 Fig. 799 Fig 500 Fig, 801 Fig 802
Fige. 797 T98 Making a hole with the awl near the hibfal tuberosity
Figr "99 800 Y r1y pactures of Figx, 797 and 798. The awl penetrates obfiquel
y through the bone
1owards the postenior wall.  Dictures made by Guttner o
Fige 801 802. The mredullary nast strikes the posterior wall between the middle and
upper third and
deflected agaimt the antenor wall mx;mﬁ.zmmﬁmmmmmm"ﬁ:
1t then shdes along the anterior wall to the Jower end o!f the tibla.

profound shock as is frequently the case with multiple injuries, medullary
nalling must definitely be omitted because the outcome may be fatal (see
8
gcagtuxzi With poor general condition only a ware or pin traction or a cast may
Contra tndications with regard to the soft fissues  In the
presence of
condilions of the respiratory organs the digestive or genvo-uninary iracl, l:loscdmﬂamn,::::clu\:flv
lary nailing must not be done because the infection might spread mtr; the medull
cavity  Tonsillins is particularly dangerous. i
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If snflammatory skin conditions especially furunculoss, are present, nailing must
be avorded because of the danger of metastatic infection

If burns are present espeaally on the myured imb nailing should not be done
(Figs 169-178)

In the presence of wounds 11t other parts of the bodv, nathng must be delayed until
they are entirely healed, 1¢, about 14 days after the injury, otherwise, late m-
flammation and metastatic infection may occur (see pages 9 and 151)

In the presence of decp abrastons over the fracture, one must not nail because
necrosis of the contu.ed skin may lead to exposure and infection of the immediately
underlying fracture, espeally on the Jower leg and on the forearm (see page 151)

In the presence of marked swelling nailing must be deferred until the swelling has
subsided.

If tenston blebs indicate a marked interference wath the arculation, nailmg must
be omtted

Skin changes due to ~gricosiizes constitute a contra mdication agamst nailing
Stotz reports & case of death 1n such an instance (sce page 152)

Conlra indications &1tk regard to the bone Communuted fractures, spiral frac
tures with a long butterfly fragment and fractures m bone diseases in which the
medullary cawity 15 blocked as in certain forms of Paget’s disease, are not suitable
for nailing

The fractures must be at least 10 em removed from the prommal or distal end.

Tabes 15 no contra mndication

Requurements from the surgeon  He must be expenenced mn bone surgery and
must have at hus disposal the mstruments and apparatus histed on pages 22-26

Local anesthesic and \-ray prcfures  Absolute prerequates for medullary
naling are good \ ray pictures of sufficent size from both sides. To avod pan
while taking the lateral views, local anesthesia of the fracture mte (see page 1/99)
1s ndicated  The pictures must be at least 40 an long (Figs 807-823) to obtamn 2
good overall view to avord overlookmg other mjunes (Figs. 816-823) and for ac
curate measunng of the width of the medullary canal. One of the two jomnts must
be mn view

Time of operation  If the patient1sin good general condition the operation may
be performed within the hrst few hours. The fragments can best be reduced on the
first day, before the hematama and the swelling incresse  If 1t was mpossible for
some reason to perform the operation withm the first few hours, 1t may be per
formed within the next few days provided the swelling 1s abght. If it 1s marked
and causes the skm to have a shiny appearance one must not operate untul the swell
g has subaided  If deep abrasions are present on the brohen leg especally over
the tibal crest, medullary nailing must not be carned out even later With wounds
on the brolen leg outmde the fracture or on other parts of the body nailing must be
delayed for at least 2-3 weeks until they are entirely healed unless 1t can be done
mmediately following debndement otherwise the wounds may break open become
\nflamed and cause a metastatic infection of the fracture (see pages 9 and 151)
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Deermination of length wdth and cure of the medullary canal ~ As soon as the
\ ray pictures are fimshed and the time for the operation has been st the length
of the well tibia 1ameasured  This1s donce with the knee at a nght angle hecause this
permits more rehable palpation of the tibia at its upper border The measurement
18 taken to the tip of the mternal malleolus  This malleolus is usually 12-20 mm
igh (average, 16 mm ) Since the nail should reach to within 1-2 em from the jomt
3 em are next subtracted from the measurement of the entire bone

Later when the leg s 1n the reduction apparatus and the fracture has been reduced,
the nailing site on the medial side of the tibial tuberosity 1s marked and 1ts distance
from the upper border of the tibia 1s measured  this, too, 1s then subtracted from the
measurement of the entire bone, and thus the length of the nail to be sclected 1s
attaned  Up to the present, the majonty of disturbances have ansen from the
<election of too short or too thin n nail (Tigs 202-212, 224, 225, 442459) Dis-
turbances ansing from nails which are too long are rare but senous, because if 1n
fection should supervene 1t mught wnvolve the talocrural jont (Figs 213-221, 894~
901) Disturbances due to the usc of too thick a nail were observed only once in our
expenence (Figs 153-160)

The width of the medullary canal 1s then measured from the \ ray pictures
The narrowest region vanes in adults between 7-12 mm It 1s Jocated at the junc
tion between the middle and the lower third  The entire middle third 1s compara
tively narrow (Figs 12-20)  If the X ray pictures were taken at a focal film distance
of 80 an, then 1-2 cm must be deducted from the measurements  If too thick 2
nail 1s chosen difficultics will be encountered early 1o the operation (Figs 153-160),
becausc 1t cannot be dnven n far enough I it 1s too thin and too short, angula-
tions (Figs 202-212) or rotatory displacement wall occur later (Figs. 224-231)  Stotz
reports severe 1nfection 1n two cases in which a nail which was too thick could nesther
be dnven 1n nor retracted, 1n one of these cases he sawed the nail off, 1n the other he
chiseled 1t out of the bone

If the length and thichness of the nail have been accurately determined before-
hand 1t will not be necessary to have a whole set sterilized only to discover duning the
aperation that no switable nail has been included  Case hustones show that this was
the simple reason why a nail which was either too long or too thick or teo thin had
tobeused I must reemphasize the fact that medullary nailing 1s not an emergency
procedure and therefore not a measure that must be carned out under all ¢ircum
stances but one which 18 pernmssible only if the nght nail 1s on hand.

Personnel  An anesthetist who also supervises the general condition of the
patient {pulse, appearance) a fluoroscomst, an mstrument nurse and an X\ ray
technician are needed for help

nesthesta  On the first day, the local anesthesia used for the \ ray pictures
13 suffirent for the reduction  For the small transverse inason aad for the dnving
of the nail, lacal infiltration medal from the tibal tuberosity is sometimes adequate
1f the driving of the nail causes pain 1n spite of thys, the analgesic stage of a general
anesthetic is used. For patients n good genernl condition spinal anesthesma 1
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Fig 803 The lower kg 13 fastened in the screw traction apparates ready for nafling.  The patient hes on his

back. The hip and knee arc bent to a night angle. Longitudinal traction is exerted by the leather foot

hitch, which correspoeds to the upper part of a shoe.  Straps to the crossbars secure the leg In the antero-

postedor plane.  If necessary  additional straps can be applicd In the frontal plane.  With the windlas
strong catily regulated lateral traction can be exerted.

Fig. 804 The lower Jeg is firmh sccured for medullary nalling by traction on the foot-tutch and by lateral
straps which are tightcned by the rotating double bar. The \.-ray tubes are in position for fluoroscopy
For better Jhustration the kateral \ray tobe has been placed too high, {For

and roentgenography
descnption of this apperutus, see pages 29-31
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Flg, 805

Fig 805 Lower leg fracture secured In Linwmayer ¢ apparatus.  The lateral \ ray tuhe has not yet been

put in place. The posterior tube maves on a little carriage with ball beanng wheels.  For description of
1ins apparatus, see pages 27-29

Fig 806
Fig. 806. Lower leg fracture secured in Wittmoser’s apparatus, The leg is inside the two wooden radialucent
tings which can be raised or Jowered moved back and forth and sideways as required  For description of
this apparatus, see pages 31-34,

very satisfactory No prehminary medication (narcotics) should then be given,
which might cause a dangerous lowering of the blood pressure, should spinal anes-

thesia fail and a general anesthesia become necessary 1f
ry 1f the procedure beco:
expectedly protracted P e
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Fig. 803

Fig. 803 The lower beg i1 {astened in the screw traction apparatus ready for nalling  The patient Ges ou bxs

back. The hip and knee are bent to a right angle. Longtudinal traction is exerted by the beatber foot

hutch, which corresponds to the upper part of a shoe.  Straps to the crombars secure the leg; in the antero-

posterior plane  If pecessary additional straps can be applied m the frontal plane.  With the windlass
stroog easily regulated lateral truction can be exerted.

Fig 804 The krmer leg is frmly secared for medullan naihng by traction on the foot-hitch and by latera!
straps which are tightened by the rotatmg double bars.  The \-may tubes are {n postion for fhroroscopy
For better flustration the lateral \ rmy tube has been plsced too high {For

rotntgmovlph)
and description of thus apparatus, sce pages 29-31
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Tig 312 Fig. 813 1z H14 Yig 815

November 27 1912 A\mil 1 1943

Tigx 312 813 Same a3 Tige, 807 and 810 alter the tncertion of a double natl alter commection of recurva®
tion and after impaction of the fragments.

Tige. 814 815 Same as Figy. 807-813 after removal of the nal and 4 months after the accident. Bony
union Al joints actheely free. Voedles strong St alight decaldification  Got up 3 weeks after the
acodent withoat plaster cast and Jeft the hoyital on the 33rd day  Resumed wark after 3} months. 1f
this fracture had been treated with skeletal traction throogh the os calcls during the first 3 weeks and then
with a plaster cast, the bov could have safely left the hospital after 2-3 davs, without danger of boning
The fractare woukd have been firm In 8-10 wecks and his incapacity for work would have lasted no looger
than with nafing. Medullary nailing therefore represented no worthw hile advantage over the old method.

ments are anchored 1n position after reduction by adequate traction straps in the
four main directions (Fig 803)  If the reduction apparatus of Linsmayer (Fig 805)
or Bohler (Fig 804) 1s on hand, the traction straps are applied in that plane in which
the lateral displacement and angulation are more difficult to correct which in spiral
fractures1s usually the sagittal planc (Fig 804) InFig 805 these straps are applied
in the frontal plane By ramng and lowenng the rods and by alternately turmng
two horizontal or two vertical rods the displacement in other planes can be corrected
aswell When the fragments are in good position, one may immobnlize them further
by 2 additional straps at nght angles to the others  If both ends of 2 strap are
fastened to one rod oblique traction can be exerted 1n 4 directions

Reduction 13 most easily obtained with the 2 wooden nngs of Wittmoser’s
apparatus (Fig 806)

Reduction is controlled by frequent momentary Auoroscopic check ups with the
two X ray apparatus  Somctimes the fragments are in

apposition 1n a few minutes
but it may take one half or a whole hour ’
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Fig. 807 Fig. 508 Fig. 807 Fiy. 810 Fig. 811
November 27 1942 \ovember 27 1942 N\ovember I° 1942

Figx 80s B0B. Levernge fracture of the nght kewer kg in a 17-year-old apprentice who fumped of & street

ar
Fign 809 810 Semc as Figs. 807 and 803, after correction of shortening, laters] displacement and angah
don in Wittmoser’s reduct The i are di d by S mm.
Fig. 811 Same as Fig $09 after Introdnction of the gurde prm for measaring the length of mil. The ankle
joint is widened by the shong tracthon,

Protection aganst keat loss during operation To protect the patient agamst
heat loss espeaally 1f the procedure ever becomes prolonged, we dress hum carefully
with a warm jacket long warm stocking a trouser for the well leg or cover him well
by some other adequate means.

A pplication of the fool hiick A hutch 1s applied to the foot after adequate padding
(Figs 503-806)

Positioning on the reduction apparaius The pattent lies on his back. The
broken leg 15 bent to & nght angle at the hip and knee joints. The foot 1s fastened
to the footplate by means of the hitch (Figs 803-806)

Plaang of \ ray apparatus The onginal \ ray pictures, not sketches are
displaved for conventent wmnspection and measurement dunng the operation a leg
skeleton 15 on hand one \ ray apparatus 1s placed under the flexor surface and the
second opposite the medial surface of the lower leg (Fig 804)

Reduction of the fracture  If the medial border of the foot 18 put mto a vertical
position the rotatory displacement of the fragments 15 corrected By turning the
«crew the shortemng 1s overcome and by the lateral traction straps the lateral dis-
placement and angulation are corrected  If difficulty 18 met wath the correction of
the lateral displacement the fragments are first pulled apart sightly (Figs 509
810 and 819) If only an ordinary screw traction apparatus 1s on hand the frag
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Iig. 820 Lig 82t Lz 822 Fig &3

May 15 1912 September 12 1942
Flgs 820,821 Same as gy 816 and 817 after 7 monthe,  Good po<ition and good callus.  Fracture line

peraisting on the medial side as in Figs, 1/220 221
Figs. 822, 823 Same as [Tgy, 816 and 817 after removal of the nail and 11 moaths alter the sccdent
Bony comolidation of the distal fracture at the pronmal the [racture line is still noticeable on the medial
side.  Active motion of all foints free musches strong.  Still discom{oct alter proloaged walking  Got up
after 30 days without & cast and left the hospital alter 60 days. Resumed work after 9 moaths.  The ad
vantage over the old methods comists in the fact thet no cast was necesan and that no angutation occurred

His retarn to wotk was not hastened

Application of the spring clip (Figs 76,934 935) This is apphed to protect the
skin from pressure by the awl, the guide pin and the nail

Introduction of the awd The awl 1s bored into the bone through tRe small
masion as nearly as possible parallel to the bone  The anterior aspect of the bone
1s prereed 14-2 cm dustal from the transverse skin inasion.  As soon as onc touches
the postenior wall (Fig 800) the awl s withdrawn  One must be particularly careful
not to bore 1nto the postertor wall otherwise the tip of the nail moy get caught
there and even go through the bone  Until sufficent expenence has been gained
1t s advisable 1o follow the route of the awl with the fluoroscope

Introduction of the gusde p1n For accurate determination of the required length
of the nail mn fractures below the nuddle 1t 15 best to introduce an accurately meas-
ured guide pin with rounded tip or a gwide pin with centmmeter markings  Under
fluoroscopte control it 1s pushed to near the ankle jomnt (Tigs 811 876,877)  Gllttner
mtroduced this techmque with us

X-ray prciures "\ ray pictures are now taken 1n both planes on films at least
40 am in Jength in order to obtan an all inclusive view of the fragments and their
alignment and also of the distance of the tip of the gude pin from the ankle joint
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Fig. 816 Fig 817 Fig 818 Fig 819
October 8, 1941 October 8, 1941
Figs 816 B17 Double frecture of the tibla and triple fractore of the fibula of left leg with overlappmg and
2} em. shortening at the proximal fracture of the tibw.  This 50-year-okd ironworker nding on his motor
cyeie collided with & mall trock.

Fig. 818. Same as Fig. 817 after reducton and nailing.  The nall bent to a right angle because it was mserted
at an incocrect slant.  Therefore 1t could ot be driven further had to be retracted and replaced by a new
one, The upper fragments separated as fo Fig 810,

Fig. 819 Samc as Fig. 816, after reduction and the ddving of & new nail. It penctrates to a satisfactory
depth. The lowest fragment has moved slightly htenally

To prevent radsation snjuries, the rules given on page 37 must be observed
(use of lead gloves lead aprons short exposures of 1-2 seconds)  If the operation
18 performed 1n a darkened room the fluoroscopic screens are hung on the reduction
apparatus so that they need not be held by hand (Figs 102, 103)

The operation must not be started until the fragments are well reduced because
perfect reduction is the absolute prerequisite for nailing and prompt heal
ing

Stertle draping of operaitve field  The operator does not scrub until the fragments
have been reduced and securely immobilized. The akin 1s then sterihzed at the
upper end of the leg and draped  The rest of the leg must remain free for estimating
the direction of the awl and the nail

Inciston  Medial to the tibal tuberosity a transverse incision of 2 an 15 made
down to the periosteum  The inasion must not be made above the tuberonty and
enter through the patellar hgament because this tendon may slough as A W Fischer

rted or even an empyema of the knee jomnt may develop as in the case of
Stotz which ended iatally (see page 152)
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anklc jont, of this happens, jomnt motion will be «crrously imparred even if the course
1 aseptic and still more if an infection <hould causc an empyema of the joint with all
s deletenous consequences (Iigs 213-221 and 891-901)

Insertion of the nasl from belou (Tiga 826, 366)  We do not uce thismethod be
cause fracturcs le<s than 10 em removed from the upper end of the tihia should be
excluded from nailing

Sk suture and pressure bandage  \fter the nailing has been completed, the
wound 15 closed with 2 sutures and with a stenle pressure bandage to prevent
hematoma

\ rav prciures  After the nail has been drven and the wound closed, \ ray
pictures must be taken 1n an evacthh antero-postenor and lateral plane (Figs 812,
813, 836-851) to determune the postion of the fragments and the location of the
nail at the fracture site as well as at the distal end  If this is omitted such inadents
as pictured 1in Figs 213221 might be overlooked  To shorten the waiting penod
for these \ mv pictures, a rapid developer should be used (<ce page 35)

Strarghtening the leg  1f the leg was not sufficiently stabihized in the reduction
apparatus, 2 recurvation deformity will be found at the fracture site hecause the
nail 1s dnven 1n obliquely from the front to the back (Figs 146,156) Occasionally
a valgus angulation will be found (Tigs 145,155) These angulations can readily be
corrected over a well padded wooden wedge (Figs 868 1, 11/2488) or with a Phelps-
Gocht osteoclast (Figs 91 and 934 E, 1/108 and 11/2746) In Figs. 157 and 158
one can notice how the gap between the fragments as seen In Tigs 155 and 156 bas
been made to disappear by this mancuver In Figs. 150 and 158, the nail shows a
forward curve at the fracture site.

Impaction of the fragments 1f the fragments arc scparated as in Figs S09
810 and 819 they must be impacted by blows with the flat hand or with the fist
upon the heel (Figs 812 813), otherwise, callus formation may be delayed or a pscu
darthrosis may develop as in Tigs 430-441

A ray pretures  After strmightening and impacting, a new sct of pictures should
be taken in both planes because the correction might have been overdone as in Fig
148 where a recurvation was converted into an antecurvation The bending and
checking with \ ray pictures must be repeated until the ahgnment 15 perfect 1n both
plenes and no gaping of the fracture 1s present

Post-operative posttroning  The leg is best placed on a Braun frame  The foot
13 suspended with & tnangle cloth to prevent outward rotation (Fig 11/2641) In
order to recognize any rotation (Iigs 227-231) immediately, the Braun frame must rest
honzontally Therefore a firm bed 1s required (fracture boards under mattress
Figs 53 70E 1/65 1/91) Ina soft bed the frame slopes and rotation of the lcg,
can easily be overlooked

Supplementary exiernal support If the nail was sufficently thick and long, no
additional cast or traction 1s necded even 1n spiral fractures of the lower third (Fyigg
836-843 and 874-883) I the nail was too short, a plaster cast must be applied and
split immediately  In spiral fractures treated with a nail of msufficient length and
thickness shortening and angulation can be prevented only by continuous traction
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A film as short as n Fig 811 1s not satisfactors  The central ray must be directed
through the ankle joint to prevent a distorted projection of the location of the tip
possibly making 1t appear closer to the joint than it actually is The distance
between the tip of the guide pin and the ankle joint line 15 measured as well as the
length of that part of the pin which protrudes beyond the shin masion.  The nail
must be chosen 3 an shorter than the distance between the skin incision and the
ankle joint hine because the nail should reach to within 1 an of this line and 2 am.
of 1ts upper end should be covered with shin

Drring the natl from abore  After removal of the gwide pin, a bifurcated nail
15 usually drivenin It must be held as flatly as possible against the knee so that1t

Ziia

Fig 824 Fig. 825 Fig 826 Fig. 827
October 29 1941 October 29 1941
Fige. 824 825 Cm'o-ﬂdcommnultdfr-cturetdowl}wdh.llh::d-.nds:pmuonohbepmﬂmldhb-
pbalar joint on left kg Also extensive soft tssue wounds, exposare of the knee joint, thrombosts of the
popliteal arters In & 43 vear-old wonan postabclerk whose leg was canght between 2 heavy packageand s
raitroad car W ound excaigon under local anesthesa and medullary nalling from below
Flgs. 826, 877 Same a3 Figx. 824 and 825 after medullany npaflng  The fragments are tn good appomtion.
The thrombo=us caused gargrene of the toes on the next day and the leg had to be amputated.  Fractures 0
close to the knee joint ar pot mited for medullary nailing even of they are closed fractures and not com-
munuted.

will not get caught on the postenor wall Since the tip of the nail 1s oblique, 3t
bounces off the postenor wall towards the antenor wall along which 1t contmues 1ts
path (Fig 802) Ifit 15 nserted too steeply 1t may bend to a nght angle (Fig 818)
and become stuck. s soon as it approaches the fracture 1ts position 1s checked
by biplane fluoroseopy  If 1t shows a tendency to leave the medullary canal, the
distal fragment must be moved accordingly 2-3 mm parallel towards the direction
1o which the nail threatens to protrude (Fig 204) and 1n additian to this, the dustal
fragment must be angulated several degrees in the same direction  Then the nail
1s dnven into the distal fragment  When 1t approaches the ankle jomt, the central
rays of both ™\ ray machines must be directed through the ankle joint and great care
must be exeraised by fluoroscopac control that the pomnt does not enter mto the
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ankle jomnt, of this happens, joint motion will be <criouxly impared even if the course
1 aseptic and still more if an nfection <hould causc an empyema of the joint with all
its deletenous conecquences (Figs 213-221 and 894-901)

Insertion of the nail from belou (Figa 826, 866)  We do not use this methad be
cause fractures less than 10 em removed from the upper end of the tila should be
excluded from nashing

Skin suture and pressure bandage  \Mter the nahng has been completed, the
wound 1s closed with 2 sutures and with a stenle pressure bandage to prevent
hematoma

\ rav pretures After the nasl has been dnven and the wound closed, \ ray
pictures must be taken 1n an exacthy antero-postenor and lateral plane (Figs 812,
813, 836-851) to determine the position of the fragments and the location of the
nail at the fracture site as well as at the distal end 11 thisis onutted such inaidents
as pictured 1n Figs 213-221 might be overlooked  To shorten the waiting penod
for these \ rav pictures, a rapsd developer should be used (<ce page 35)

Straightering the leg  1f the leg was not sufficiently stabilized 1n the reduction
apparatus, a recurvation deformity will be found at the fracture site because the
nail 1s driven in obliquely from the front to the back (Iigs. 146,156)  Occasionally
a valgus angulation will be found (Figs 145,155)  Thee angulations can readily be
corrected over a well padded wooden wedge (Figs 868 L 11/2488) or with a Phelps-
Gocht osteoclast (Figs 91 and 934 L, 1/108 and 11/2746) In Iigs 157 and 158
ope can notice how the gap between the fragments as seen 1n Figs. 155 and 156 has
been made to disappear by this mancuver  In Tigs 150 and 158, the nail shows
forward curve at the fracture site.

Impaction of the fragments 1 the fragments are scparated as in Figs 809
810 and 819 they must be impacted by blows wath the flat hand or with the fist
upon the heel (Figs 812 813) otherwise, callus formation may be delayed or a pseu
darthroms may develop as in Figs 430441

Y-ray pretures  After straightemng and impacting, a new set of pictures should
be taken i both planes because the correction might have been overdone as 1n Fig
148 where a recurvation was converted into an antecurvation The bending and
checling with \ ray pictures must be repeated until the alignment 1s perfect in both
planes and no gaping of the fracture 1s present

Post-operatree positioning  The leg 15 best placed on a Braun frame  The foot
1s suspended with & tnangle cloth to prevent outward rotation (Fig 11/2641) In
order to recognize any rotation (Figs 227-231) immediately the Braun frame must rest
honzontally  Therefore & firm bed 18 required (fracture boards under mattress
Figs 53,70 1/65 1/91) 1Ina soft bed the frame slopes and rotation of the leg
can casly be overlooked

Supplementary external support 1f the nail was sufficiently thick and long, no

additiona) cast or traction 18 needed even in spiral fractures of the lower third (I;igs
836-843 and 874-883)  If the nail was too short a plaster cast must be applied and
split immeduately  In spiral fractures treated with a nail of msuffiaent length and
thlcknm, shortening and angulation can be prevented only by continuous traction
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Fig 828 Fig 829 Fig 830 Fig. 831
August 14 1842 September 2 1942
Figw. 828 829 Transwerse fracture of the keft tibue m the opper third and diskocation of the bead of the
fibula in & 44-year-old raitroad worker who was caught between two bocomotives.  Also burns of the calf
the thigh and the bottocdls.

Figs. 830, 831 Same as Figy 828 and 829 after medullary nalling  The distal {ragment Is displaced

posteniorally because the shortening was not completely corrected before the operation. A fragment

chipped off posterforally 1s interpased between the fmgments. These fractares are not well suted for
medollary paffing.

Exercises The toes must be exercised within the range of comfort from the first
day on Dunng the second week active exerases of the ankle Lnee and hip can be
started  If the nail 1s well seated and iIf no complications anse, all joints of the leg
show normal range of motion duning the third week

The old fact that vigorous massage and forcible passire motton are most detrimental
1 the treatment of all fresh and even most old injunes (see page 1/37) holds equally
true for medullary nailing It can accomplsh only an imtation of the tissues and
& redisplacement of the fragments

The rule exercises must never cause pain (sce page 1/31) must hikewise be
observed after medullary nailing

Infection  In 67 closed medullary nailings of the lower leg an infection of the
fracture developed 1n the last one requinng amputation of the leg (see pages 150,

151) Twce inflammation occurred at the nailing site which subsided after removal
of the sutures

Subsequent cowrse Marked swelling with bleb formation occurs very seldom
after medullary nailing Edema of the ankle after getting up and decalafication

are asa rule shight, if the indication and techmque were correct.

Patients with transverse fractures of the tibia only (Figs 121-132) may get up
without additional support after one week For these fractures the nail 1s most
valuable because they frequently develop angulation (Figs. I1/2480-2487) when
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Januan 3 1948 July $ 1943
Figs. 832, 813 Samea Fign 82R BY afier 4] month  Caltus formation s delayed the fracture fine s
till open because the fragments are prevented In the corved nail from appronmating
Fige 8H 835 Same as 1igs, 828-831 after extraction of the nail and 11 months alter infuny  Bony
cneobdstion  The mail track f plainy visihle
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treated with a cast and are apt to show slow union (Figs 11/2472-2479)  Patients
with oblique or spiral fractures should remain recumbent for 3 weeks  For carlier
ambulation a walking cast must be apphed  If this 1s done the nailing offers no
advantage over traction followed by cast  Tor fracturcs above the middle a circular
plaster cuff from the ankle to the hup 1s sufficient  For fractures below the middle a
short plaster cuff from the knee to the ankle is meffective (Tigs 205 206) In
fractures below the middle, if the nail does not reach nto the immediate viamty of
the ankle joint as in Figs 874-883 a walking cast must be used for six weeks
Delayed callus formation  Insufficent mmpaction of the fragments may retard
callus formation and lead to pseudarthrosts {Tigs 430-411) since both the fibula and
the medullary nail prevent an approximation of the timal fragments  The bend 1n
the nail prevents the fragments from sliding, and thus approumating under weight
g
Osteotomy of the fibula If 1t 1s evident after 6 weehs that callus formation is
wsuffiient 1t 13 best to osteotomuze the fibula transverscly thus eliminating its
locung effect
Hospatal stay  Some cases with favorably located transverse fractures of the
tibu alone may leave the hospital 1n the second week, others durng the third or
fourth week
Duration of treatment  In the beginning, the average penod of treatment was not
shortened but prolonged because 2 cases developed a pseudarthrosis (Figs 430-459)
and because angulations developed from the use of too shart and too thin nals (Figs
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Fig. B36 Fig. 83 Fig 838 Fig. 839
November 24 1942 November 24 1942
Fige 836, 837 Spiral fracture of the tibla between the middle and Jower third and of the fibula i the
proxioal thurd 1n a $0-year-old man wbo slipped on a0 oy street
Figy. 838 839 Same as Figs, 836 and 837 after medallary nailing  The frugments are 1n ccurate ap-
position.  Started to nalk after 20 days without & cast and keft the hospatal after 26 dayy.

202-212)  Since we have overcome the imitial difficulties by using nails of proper
length and thichness and by thoroughly mmpacting the fragments the duration of
treatment 15 sometimes shorter than in unnailed cases

Further superrision After discharge from the hospital the patient returns for
a check up every 1-2 weeks. '\ ray control pictures are taken every 4 weeks to
detect any possble angulations or disturbances 1n the callus formation in time
Once patients heve been permutted to resume work, they must report every 2 months
foran \ ray check-up unti the nailisextracted  In order not to lose track of them
a speaal file 1s kept for such nailed cases (see page 54)

Extraction of the na:l  The nail must not be removed until \ ray pictures show
bony consolidation  The nail in the bone obstructs a clear view of the callus forma
tion and therefore the fracture 1s often considered firmly united at too early a date
as in Figs 450 451 If the nail 1s then removed prematurely angulations (Fig
211) or non umon (Figs 452—155) may ensue At Jeast 6 monthsshouldelapse On
the other hand, the naijl should not be left 1n too long because corrosion 15 apt to
develop at the juncture of the blades 1n double nails

Ii 6 months have clapsed extraction 1s usually easv under local anesthesn.
Formerly we performed this in the outpatient department It 18 preferable, hor-
ever to adout the patients for a few days to avord wound disturbances. The
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Tige 8407841 Same as Figs. 836-839 after 2 months. Good caflus formation o redisplacement
Decause the doub'e nafl was suflicdently thick and Jong
Tige, 842, 843 Same as Figs 836-%99 after 4 months and 1 moath alter removal of the medullary nail.
A slight varus angulation developed Ixccause the nail was removed too soon.  If tractson had been used for
3 neels followed by & walling cast this patient would also have been sbie 1o walk oo the 22nd day and
could have left the hospital on the 26th day

extractor of hitntscher (Fig 71) orof Pohl orof Stdr (Fig 83) and the forceps of Jorg
Bohler (Fig 84) must always beready  If the nail has been dniven in so deeply that
1t does not protrude beyond the bone 1t 1s difficult to find  The wire net of Jeschle
(Fig 180) s of great usc in ths casc

Incidents during closed medullary nailing of the lower leg Untoward madents
which may anse dunng medullary nailing have been discussed on pages 72-89
Fatalties due to operating under shock are comparatively rare in leg fractures as
compared to femoral fractures. Most incdents are due to lack of the necessary
apparatus and instruments such as & reduction apparatus, 2 \ ray machines,
suffiaent selection of nais extractors etc

Incaidents due to the use of too thick a nml (Figs 153-160) can more readily be
overcome on the lower leg than on the femur  If the nail cannot be extracted and no
steel saw (Fig 70)1s on hand, the comparatively thin nail can be snipped wmith a pairr
of strang cutting pliers

If the reduction was not critical the nail may protrude at the fracture (Fig 204)
It can be retracted easily 1n contrast to the femur  If a double nail is used, the thin
blade may protrude posteniorly the heavier blade anteniorly  If the former happens
(Figs 852-855), no difficulty will anse and the condition mey be left unchanged until
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Fig. 84+ Fig. 845 Flg. 846 Fig. 847
Jancany 8, 1942 Janoary 8, 1942
Figs. 844 815 Levernge fracture of both bones of the right lower beg fn & 47-year-old man who was knocked
down by an sutomobile,
Figs. 816, 817 Same as Figa, 84 and 845 after medullary nalling. Fragments in good apposition, The
nafl fs sfightly too short, but sufficiently beavy ot up with a cast after 3 weeks and left the hospital after
4 weeks.

b,

the fracture umtes If the nail protrudes antenorly 1t may perforate the shin as
I have seen happen on one occasion It was removed immediately from below with
out difficulty  The thinner of the two nails had penetrated into the distal fragment
and alone provided suffictent hold because only the tibia had been fractured

Espeaally severe and prolonged disturbances developed in the compound frac
ture of Figs 430441 In this instance the traction used after wound exasion
and skan suture was too strong causing a hiatus between the fragments of the tibia
and fibuls with alateral displacement and a valgus anguletion of the tibia (Fig 432)
The msertion of the nail was therefore extremely difficult This could have been
avoided if the lateral displacement and angulation had been corrected completely
and the traction released before the introduction of the nail The gaping fracture
of the fibula healed after a few months (Figs. 434 435) but the tibia could not umte
because of the double locking action of the fibula and the bent nail. Weight
beanng caused a fatigue fracture of the najl. The tibia did not umte until the neil
was removed and a portion of the fibula was resected (Figs 440 441)

Advantages and Disadvantages of Kuntacher’s Closed Medullary
Nalling as Compared with Other Methods

If suitable cases are carefully selected (see indications and contra-ndications
on pages 248-250) and the operation 18 performed at the nght time (not dunng
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Mg M8 Tig. £-9 Fir. 820 Fig 851
A\pril 3 1942 February 15 1943
Figs 818 819 Same as Figy, 844-847 after 3 months.  Good caltus formation pestenorly  No angulation
or shortening occurred as fn Figs. 202-212 because a walking cast was applied before he started to walk and
was left for 6 weeks.

Figr. 85 851 Same as Figw 8H-817 after extractiod of the nafl and 13 monthsafter the Infury  Healed

in good poution. Bony consolidation. Al joints actively free. o discomlort. If tracton had been

used for 2-3 weels followed by a wallkang cast, be would atto have been sbie to walk after 3 weeks and to go
home [n the 4th week,

shock. with marked swelling with open wounds or with shin diseases) and with
correct technique (exact reduction before nathing, correct choice of nail) the results
are sometimes better than with the use of continuous traction and plaster cast.
Callus formation 1s not more rapid ~ The local arculatory disturbances however,
are Jess pronounced, therefore, the wasting of muscles and decalafication of bones are
not so marked In those cases which need no supplementary support, free motion
18 mantdined. In transverse fractures of the mddle, the hospital stay 1s shorter
and the end results are better  On the other hand 1t must be emphasized that the
number of possble complications 1s great and, if infection sets in, 1t may even lead
to amputation (sce pages 150, 151), so that healing may be greatly delayed through
minor technical errors  Therefore the indication for medullary nalling of the
lower leg must be weighed very carefully

Causes of Fallure In Closed Meduljary Nalling of the Lower Leg

1 Operation under shock This may cause death Medullary nailing
is no emergency measure
2 Operating 1 the presence of swelling and fever

Medullary nailing 1s no
emergency measure
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Operating 1n the presence of deep abrasions over the tibla  This may cause
nfection of the fracture.

Operating 1n the presence of open wounds on other parts of the body (Le.,
before 2-3 wecks have elapsed, if the operation was impossible within the
first few hours)  Medullary naihing ts not an emergency measure.
Operating mn the presence of blebs

Operating mn fractures extending 1nto a jomnt

Operating n fractures less than 10 cm removed from the jonts
Operating without necessary equipment (selection of najls cxtractors, etc)

Fig 832 Fig. 853 Fig. 854 Fig 855

Apeil 15 1942 October 23 1942
Fligs. 852, B53. Speral fractare of the middle third of the t/bis and upper third of the fibula fn a 42 year-cld
carpenter with perooeal paralysis and decakificd bones.  Medullary nafling with doable nail.  The thinner
mil sipped out between the iragments dunng the dnving and lies on the hateral and postenor nde of the
tibu  The heavier nail is 1n good position and 1 thick and Joog encagh.
Figs. 854 855 Same a3 Figs. 852 and 853 after removal of the mils.  Boot union in good posdtion.

Operating without reduction apparatus

Operating with one nstead of two X\ ray machines.

Failure to use local anesthema for the . ray pictures  Without 1t, the leg
cannot be positioned properly for a stnctly lateral view

Neglect to determine accurately the Jength, wadth and curve of the medul
lary canal.

Neglect to protect the patient against heat loss.

Failure lo reduce tke fragmenls accurately

\’cgltcf to use a gmde pin for measunng in fractures below the mddle
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16 Neglect to use the fluctoscape when wserting the gude pin

17 Failure to cheeh the poaition of the guide pin after itsineertion by an \ ray
picture focussed over the ankle jmnt

18 \eglect to use the fluoroscope dunng the dnving of the nail

19 Tluoroscopy without lead gloves and lead spron

20 Tarure to take N rv puctures of <ufficent sze and focussed over the
ankle jmnt, after the insertion of the nail

21 \cplect to straighten the leg if the angulations persst

22 lailure to impact the fracturc<

23 Poatiomng on a bed wathout firm support, because one may therdn over
look rotation

24 Lee of vigorous maseage and forable pas<ave motion

25 Getting up without additional plaster cast, 1f the nail i fractures below the
middle did not reach to within the immedsate viamty of the ankle jomnt

26 \egleet to continue obervation of the patient with \ rav check ups until

the fracture 1s firm and the nail has heen moved

Failure to heep a speaal file on nailed fractures

Premature removal of the nail

Failurc to take \ rav pictures at the conclusion of the treatment

Closed Medullary Nalling of Old Fractures of the Lower Leg

In old fractures wath angulation or with delayed callus formation, closed medul-
lary nailing can after correction of the deformity sometimes be camed out even
2-3 months later  Thus 18 always to be preferred to open naihng because with cor-
rect techmque the danger of infection 15 at @ mimmum

In a fracture of the proamal third asin Figs 244-251, the operation must be
followed by a plaster cast from the ankle to the hip because the nail does not provide
sufficent stability  Since this was omitted 1n this case the nail migrated (Fig 248)
and pernutted angulatson (Fig 250) Both thesc complications could have been
prevented by a supplementary plaster cast  If in this case the tibia had been merely
strughtened and a plaster cast from the ankle to the lup had been applied instead
of using a medullary nail the fracture would have healed without angulation
In other words a better result could have been obtaned by a much simpler and less
dangerous procedure  In 1solated fractures of the tibta callus formation 1s greatly
stunulated by gently fracturing the fibula with a Phelps-Gocht osteoclast (Fig
11/2456) because this permuts an approumation of the fragments But even
old fractures of both bones umon 1s enhanced by vigorous bending before nailing
Thus also faciitates the correction of lateral displacement

BH5

Rejection of Open Medullary Nailing in Fresh Closed Fractures of the
Lower Leg

With our reduction apparatus (Figs. 803-806) we have always stcceeded 1n
satisfactonly reducing the fragments 1n closed leg fractures for medullary nading
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Fig. 856 Fig 85 Fig 858 Fig 8%
October 7 1941 October 7 1941
Figs. 856, 857 Compeund fragmented fracture of the nght tibia with 3 cm. intermediate fragment and
{racture of the fibula, {n a 39 year-old mason who nas struck by an sutomebile whil riding his motorcydle.
Ahwo fracture of the nght femur fracture of the hewd of the left tida, two large contused laceratlons of the

besd and contomon of the chest. Wound exculon and debrid of the sofled L diate {ragment
from which the penosteum had to be removed so that it was entirely disconnected.  Inserthon of the inter
roedlate piece and medullany naling (Dr Korn, Dr Linsmayer)  Medullary naffing of the femur  Brmm
splmt. V¢ no longer nail such compound fractures with an intermediate fragment because it mav seques-
trate and osteomyelitls may spervene.
Figs. 858 859 Same as Figs. 856 and 857 after maillng The intermediate puece was threaded wpon the
nail and Is [0 good appostion  Rubber drun shows plalaly A skin necrosis and sinus formed over the
intermediate piece mithout inBammation or clevation of temperature.

In the exceptional case where the fragments cannot be reduced exposure of the
fracture should be omitted entirely because by so doing the greatest advantage of
Kilntscher s method 1n closed fractures 1s lost, namely that only a small wound 1s
made at & distance from the fracture  Such cases should be treated mith skeletal
traction or a plaster cast. The dangers of the old methods of osteosynthesis of
fresh closed fractures involving exposure of the fragments are described on pages
1/152 153 These nsks ere still greater with medullary nailng

Rejection of Open Medullary Nailing in Fresh Compound Fractures of the
Lower Leg

The danger of infection 13 greater in all compound fractures since the fragments
were exposed by the trauma. Infection may lead to loss of hife loss of the leg or
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Tig 60 Iig 861 Tig. R62 Fig &3

Janvary 14 1942 Jaouany 5 143
Firs. 800 261 Same as Fige, 8%-859 after 3 months.  \niero-medually a part of the intermediate prece
begins to (epanate
Fip 862, 863 Samc as Fige 856-859 after 15 months, and 5 months after removal of the nail and of &
3x2em sequotrum.  Rony union of tlbia in good position all jounts free. Valks well.  The healing
process took an onusually favorable course in this case since only part of the Intermediate plece sequestrated.
Soch tubular fragments usually sequestrate in toto after open nalling causing defect pseudarthrons.  Such
fractares should therefore not be treated with open medullany nailing

to the loss of full function  When considenng medullary nailing the question must
be answered whether these dangers are increased or decreased by its use  After
a thorough study of our own cases and of many treated elsewhere, I must state that
the number of serious infections following medullary nailing of compound leg frac
tures 1s much greater than 1t was before its use (Figs 213-220, 861873 884-893,
894-901 and 910-915) although many cases took a favorable course (Figs 143-152,
856-863 874-883) Even if an aseptic healing ensues, a delay of callus formation
(Figs 202-212 430-441 442-459) is common and the average duration of treatment
18 much longer than 1n non nailed cases

When I returned from field service in 1941 for several months’ stay at home, I
found that enthusiasm for medullary nailing had in many locahties nsen to such a
high pitch that compound iractures of the lower leg were frequently nmiled without
due regard for the gencral condition the age the wounds and the location of the
fracture (Figs 89+-901) In addition to faulty indication, the technique left much
to be demred 1n many cases as shown 1n Tigs 213-221 and 430441 I therefore
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Fig 801
March 1/ 1943 September 29 1943
Figy. 861 865 Compound leverage fracture of the keft leg with comminntion for a distance of 14 cm. and
marked soft tismae crush, in & 31 year-old mechanic nbhose leg was caught between a tractor and Its trader
Thorough wound exdsion ooe hour later and medellary najhng from the distal [ragment, as in Fig. 826.
The wedge fragment was fastened with a wire sutare.  Such compound comminuted {ractures should pot be
miled

Figs. 866, 867 Same as Figy, 864 and 865 after 6} months. The semously damaged skin became necrotie

and infectson of the ecntire wound ensued.  The wedge I and other fi scquestrated,
producng a defect pscudarthrosts of the tibia  Areas of bone absorption and sequestra can be seen in the
drstal fragment.

gave orders at that time to exclude the following compound leg fractures from
medullary nailing

1 All cases in profound shoch as usually seen 1n multiple injunes.

2 All cases with seriously damaged shin (contusion extensive abrasions, burns,
shin defects) because shin necroms may lead to infection of the medullary
canal and to sequestration (Figs. 213-221 and 861-873)

3 All fractures less than 8 cm removed from the knee or ankle joint, because
the nail does not provide sufficent stability in fractures near jonts (Figs.
169-178, 213-221 824-827 and 894+-901)

4 All splintered communuted and fragmented fractures even if the skin 15 10
comparztively good condition (Figs 856-863 861-873 881-893)

In 15 fresh compound lower leg fractures during 1941, 5 cases developed infec-

tion which was severe 1n 4 of these
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Tig. 868 Fig. 867 Iz 870 Fig. 871 Fig 812 Fig. 8713
N\ovember 10 {13 December 3 1943 January 9 1S
Tigs. 868 869 Same as Tigs. 864 and 865 after removal of the nail.  The hiatus in the thia has narrowed.
Three medullary sequestra are lying in the distal fragment.
Fips. 870 871 Same as Tigy 864 and 865 after 9 months. The sequestra at the [racture site and the
medullery sequestra are removed  The latter required saucerixing the datal frugment.  Two weeks later
cloudy serous Inflammation of the knee joint which sulsided 3 wecks Iater after 2 aspirntions. Was dis-
charged from the hospital with a walking cast 11 moaths after injury
Figs 872,873 Same as Figs. 861 and 855 after 22 months and 13 months after remaval of the sequestra.
o resiliency at fracture ste which begins to be bridged. W ound epithelialized except fora 1 x 2 em. area.
Without medullary nailing sech masive sequestia would probably not have fermed and definftely no
medullary sequesira.  The trestment would have been shorter and the end result better

In the case of Figs 169-178 a sinus developed at the nailing site, which closed
after extraction of the nail  This fracture was close to the joint and was splintered
It should not have been nailed because the nail could not provide sufficient stabihity

The case of Figs 213-221 should not have been nailed because the fracture was
too close to the ankle jomnt. The infection permitted the nail to plow mnto the ankle
joint which became infected and ankylosed.

In Figs 894-901 the fracture was so close to the ankle joint that the nail could
not immobilize 1t The shin was so severcly damaged that 1t became necrotic,
leading 10 days later to infection of the fracture site and of the anlle jont  Besides
the slan condition the proxmity of the joints the age and the poor general condi-

tion of the patient constituted a contra indication aganst medullary nailing 1n
this case "
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Fig. 874 Fig 875 Fix 876 Fig 877
November 27 1942 Novernber 27 1942
Figy. 874 B75 Compound spural fracture of the lower third of the left tibia and closed spiral fracture of the
upper third of the fibula, in 2 41 year-old mechankc whose trousers were caught by & revolving shaft.  Woand
excision under spinal ancsthems. Ve no loager nall such compound spim fractures, bat unite the frag-
ments with 2 dircumferentia! wire loops, 03 1n Figs. 904 and 905
Flgs. 876 877 Same as Flgs. 873 and 875 after wound excision. Both fragments are held In exact ap-
position with a Lambotte clamp and a blant gulde pin Is introduced for measenng the kength of the requored
nail  After patfing and insertion of a draln, the wound was closed and & dorsal plaster splint was apphied.
Wound heaked withoat complications.

The remaining 2 cases were shaft fractures with marked commnution and skin
damage These too should therefore not have been nailed

The result of my 1nstructions for stncter indication was that during the year
1942 15 out of 16 cases of fresh compound leg fractures healed mithout wound com
plications purulent infection developed 1n only one comminuted fracture near the
ankle joint In this case points % 3 and #4 of my instructions (see page 270) were
disregarded

In 1943 senous infections developed 1n 4 cases out of 14 fresh compound lower
leg fractures which had been treated with medullary nailing

Case I The 31 year-old mechgn s helper of Figs. 861-873 was admitted on March 17 1943
ons hour after the accident  the wound was excised and medullary nailing was performed although
the bone was commmated for a distance of 14 cm. and large skin and muascle wounds were present.
The mailmg was very difficult and was only accomplished after four attempts, during which the
hmfn‘mxouthe anterior surface was completely efected. After 6 days an inflammation
devedoped requiring severnl inclsious. During the sub months many f parated
1um.],.meddectmtheh‘bh(ﬁgt366 867) After removal of the nall which was carrred out
much too late 3 large sequestra can be seen 1n the medullary cavity (Figs. 868 869) These could
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Tig M8 Tig &79 Fig 830 Iy, 831 Fig 882 Iig 833
De-ember 27 1942 April 15 1913 July 25 1943
Figs. 878 879 Same as Fige 874-877 after malling and insertion of drain. The nal reaches along the
anterior wall 1o within 6 mnw of the ankle Joint.  The poution remalns good.  Got up after 7 weeks with
an Unna boot.
Figs. 850 831 Same s Figs, 874-877 after 4} months. Bony union in good poatson
Fips 882 88) Same as Figs. 874-577 3 months after removal of the nail and 8 moaths after injury
Good positlon.  Beny consolidation  Resamed work after § months. Al jolnts actively free No com
phints  If instead of the nafl 2 circular wire loops had been wsed as in Figs. 904 and 905 followed In a
walking cast 3 weeks Later he would have been able to get up In the 4th week instead of In the 8th week.

be removed only by chiseling away the anterior wall of the tibia (Figs, 870 871)  After 14 days,
eryupelas developed followed by a doudy serous effusion in the knes joint which subsided m the
conrse of 3 weeks after 2 aspirations.  ‘The patient was in the hospital for 11 months A smus was
still open wfter 22 months and the fractare was atill logse requuding a cast  Without medullary
palling osteomyehtis with medullary sequestra and the separation of such large cortical sequestra
would not have occurred and the fracture wonld have united much sooner

Coss 2 A #4-year-old blacksmith suffered & compound comminuted fracture of the lower leg
with extenuve skin mjurres on May 11 1943 from the explosion of a barrel (Figy. 884 885) Two
hours after the accdent the wound was thoroughly excised and the tibia was nailed It was
posuble to close the skin after 2 relaxation incisions had been made  These incustons were then
covered with Reverdin shin grafts.  The wounds healed uneventfully  Six weeks later the patient
was discharged from the hospital with a walking cast '\ ray pictures showed no trace of callus
(Figs 886 887) 11 weeks Iater  Therefore resection of the fibula was done and a new walking cast
applied which was followed by a narrowing of the fracture Ime (Figs. 888 889) On Oct. 29 1943
e, almost 6 months later mn the midst of the best of health the patient was seized with severe
pan in the lower leg and chills. On admmsion & few hours later the leg showed swelling redncss
and heat when the cast was removed. Two days Inter an abscess showed at the nailing site and
another one at the iracture site.  Both were incised and the nail was removed whereupon the tem
perature subsided.  Ten weeks later the sinus was still draming at the fracture site and rarefied
arcas were evident in the medullary eanal but no sequestra were present (Figs 890 891) The cast
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Fig 884 Fig 835 Fig 836 Fig. 887
May 11 1943 July 30, 1943
Flp. 881 885 Compeund comminuted fracture of the right eg with marked displacement of the Intermedi-
ate fragment and moderate skin damage, in a 44-) ear-old Jocksmith from explosion of an ol barrel  Two
bours after njury thorough debndement and medullary naflmg  Sknce the slin conld not be cosed, txo
relanation inclsions were made which were covered with Reverdin skin grafts. Wounds healed without
drstarbances.
Figu. 886, B87 Same as Figx. 884 and 885 after 11 weekn.  Good posltion of the fragments. Marked de
akification of the distal end of the tiba and fibula, especially at the epiphiseal line, o trace of callos
{ormation becanse the curved beavy pail prevents the approaimation of the fragments.  Therefore resection
of the fibuh.

was removed on Feb. 10 194 The fracture was cliucally firm  The fracture showed bony
umon ir good position 13 months after the acodent, but & sinns persisted and the patient needed
a cano for walkmg  After 18 months the smus dosed.

Case3 A 62 vear-old cab-dnver was kicked by 2 horse on July 8 1943 suffering a compound
fracture in the muddle of the lower leg with commmution of the tibla for 8 cm.  The skin wound
was 5 cn. long  Thorough debnidement three hours after the acadent. Because of the com
mmution the ntiling was very dfficult Since the nail did not provide sufficient stability a
sopplementary wire sutnre was applted  The skin over the fracture could not be dosed until 2
large relaxation incisfons had been made which were covered with Reverdin skin grafts. A fenes-
trated cast was applred.  After 3 davs, fever was noted and after 8 dayy suppuration  Part of
the transposed skin became necrotic and separated, which was followed by high temperature and
marked suppuration. Because of continning high temperature and the large skin defect, the leg
was amputated above the knee on Sept. 3 After thx the temperature quickly returned to normal
and the patient recovered.

Cose4 The 16-vear-old apprentice of Figs. 910-915 was knocked off his bicyde by & truck on
Oct. 25 1943and un over  He suffered a compound fracture of the lower leg (Figs. 910 911) with
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Fig. 888 Tix 839 Tig 8%0 Fig. 891 Fig 892 Fig 893
October 18 1943 January 10 194 April 15 1944

Figs. 838, 889 Sawe ns Figs. 884-887 three months after rescction of the fibula Fracture ine narrower
The gap 1n the fibula begins to S Decakificntion increased.  Six weeks later sudden acute osteomyelitls
without external cause,
Figs, 90 891 Same as Figs 888 and 889 eleven weeks alter removal of the medullary nail.  Fractare
fine agaln somewhat wider  In the A P view osteomyelitic cavities wathout sequestrs can be seen in the
distal fragment and In the hteral view In the proximal fragment.  The gap In the fibula is Lridged cn the
medlal side by penostenl callex
Fig 592 893 Same as Figs. 884 and 885 after 11 months. The fracture Hpe s bridged but not con
3ohdatrd.  Calum content Increased.  The plaster cast was removed 9 months after infury  Still walks
with g cane. If in this case skeletal traction through the os cakils had been used after thorough excision
afenestrated unpadded cust applied and coatinuous tractlon used asin Figs. 89 E 11/2509 the fracture would
probably have united sufficiently for welght bearing in 3-4 moaths and no osteomyelitis with persistent
sbms formation woukl have developed.  Resection of the fibaly would not have Lecome necemany  Wire
satare could also have been used.

extenuve soft tissue 1njury  On the medial side of the leg there wns & gaping transverse contused
laceration, 15 cm long and S an. wide, from which the torn mincles protruded  The proxumal
fragment of the tibia was exposed  The skin on the ianer side of the leg was severely crushed and
bime. Over the fracture of the fibala there was & small skin wound of 3 x 3 an. punctured from
within. Mo damage was evident to the nerve and blood supply Debndement under local anes-
thesn followed 1 hour after the injury  In order to reach all the torn muscles a 12 em. incsion
was made along the tibla towards the anlle. The solled bone was cleaned with & roogeur  The
wedgo fragment of the fibula was removed to create a gap  Then nailing of the tibla was essily
accomplished and a, wire suture was applied (Figs, 912 913)  Three drams were nserted and the
skun closed as far ay this was possible without tension, The plaster cast was sphit and feneatrated
mmediately  The remainlng large skin defect was covered with 170 Reverdin skin grafts.

Vound healmg took place without gross disturbances The severely contused skin becames
and black doring the subsequent days i
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Fig 871 Fir. 895 Fig 876 Fig 89
December 15 1941 December 15 1941

Figys. 894 875 Compenrd fraciure of ke tibla In (be Jomer third and a doablke fracture of the fibala 1n a

66y ear-old workman who was burled under building dcbns  On the postenor aspect of the leg an 8 an

wound throagh which the bad)y sofled tlia protrudes for 4 cm Wound exclsion under spinal anestbesia.

Figs. 696, 897 Same as Figs. §34 and 895 after the inservon of & double nail  The tno nafhs were spread

apart for better hold upon the bone  The fragments are pot in accurate appositfon A ware Joop or cal-
cancal traction woukd bave been better

Nov 14 Scarlet fever developed and necesutated transfer to the contagous ward where he
became afebrile after & few days.

Dec. 17 After return from the contagious ward the general conditran was good and the cast
was removed rev ealing a good take of the skun grafts, In the area of the contused and necrotic
skin outside the fracture, a dean wound of 8 x 12 c. was zeen.  \ofeverorpam. The fragments
were in good posttion N0 mflammation or suppuration was present at nziling or fracture site.

Jan.1 1944 Sudden chill and temperature of 40.2°C. Paln and redness at the fracture snd
nailing wites.  Two days later suppuration at both places  Septi temperatures after Jan. 7 then
afebrile.

Jan. 10 Extraction of the nail.  Afebrile.

March 9 Removal of wire suture becanse it lay exposed in the wound.

May 4 Removalof cast  Fracture dmcally firm, smus still persmstmg

Nov 22 Leg still swollen smus closed.

Since no wound complications had been encountered for some time, the 4 instruc
tions of page 270 had been forgotten  All were anmous to do as many medullary
nailings as possible and insufficently expenenced men performed 1t even in the pres-
ence of senous soft tissue and bone damage  The absence of early infection tn the
cases shown 1 Figs 884-887 and 910-915 emboldened them Since such late
1nfections of the medullary canal have to my knowledge not been reported to date,
T have reported them 1n detail.

A companson of our results obtained in fresh compound leg fractures with medul
lary naihng and those obtamed without nailing (see Figs. 1/160~169 and 11/2512-
2511) proves that the new method has several disadvantages when used 1n ths type

of njury



Fig 898 Fiz. 89 Fig 900 Fig. 901
Apdl 23 142 Januan 11 1943
Fign. 898, 899 Samc as Flgs 894-897 after 4 months.  Skin necrosis developed after the accident  After
10 days mflammation of the fracture site and of the ankle jont the 2 points of the nall penetrated into the
astragatus which had Ixccome softened by the inflammation.  Marked decatdfication.
Figs, 900 901 Same as Flgy 894-857 after 13 moaths. Bony unlon In good alignment.  Ank) louls of the
ankie Joint  Caldum content scrnew bt Increased.  The arrow polnts to a seyuesirum  Galt greatly Im-
palred. A mrus was stll] dralning after 2} years Without medallasy nailing the purulent infection of the
ankle jaint with lts serious sequelae would probably not have occurred.

Sertous tufection 1s reported by Ehalt 1n his book 1n 7 cases (62%) out of 117
compound fractures of the leg and in 2 cases (6 7%) out of 29 isolated compound
fractures of the tibia.  Out of 46 nailed fractures serious nfection occurred n 10
cases (21 7%) whuch 1s more than 3 times as frequent. Furthermore 1nfection
1s much more serious 1n nailed cases because the inflammation affects not merely
the fracture and the soft tissues but the entire medullary canal

Osteomyelitss never followed the previous methods of treatment  Now we find,
in addition to sequestre at the fractured ends, sequeatra also i the medullany
cavity as in Figs 219 and 864-873 We do not know whether such sequestra
may not have developed later 1n the other cases

Joint empyema of the knec and ankle has never occurred before unless the jomnt
itself was exposed by the mjury  In the 46 nailed cases purulent arthntis occurred
twice 1n the ankle joint and an inflammation of the knee joint occurred once

Permanent sinuses never resulted before  In nened cases they were still open
after two years end we do not hnow when they will close if at all

Pseudarthrosss never developed before 1n aseptic cases now several accurred
(Figs. 430441 and +2-459)

Duration of ireatment  In cases that have heen concluded to date, the duration
of treatment 1s much longer than before naihng was used even 1n aseptic cases
Open nalling in fresh compound fractures prohibited Since medullary
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November 4 1M43 November 4 1943

Figs. 902 903 Cem pernd oblique fracture of the right leg in the Jower third and compound fracture of the
internal mallecius with marked displacement  The 24-year-okd blacksmith was struck In the leg by 2 krge
phece of iron which flew out of a preumatic pres.

Flga. 904 905 Same as Figs 902 and 903 After accurate excision of both wounds under Jocal anesthema,
the 3 fragments were grasped with & Lambotte clamyp and united with 2 dircum(erential wire sutnres.  The
internal malleolus wus fastened after redoction with 4 penosteal sutures. The wounds bealed without
disturbance.  Ater 18 days a walking cast was apphed, with which the patient Jeft the hospital one week
later

nathing of fresh compound fractures of the lower leg 1s extremely dangerous and
offers no worthwhile advantages but on the contrary usually cntails disadvantages,
I have prohibited 1t 1n my junsdiction  Whle still under the influence of the good
results obtaned 1n 1942 I wrote on page IT1/1265 that we arc nailing compound
tractures of the lower leg

Wire sulure tn fresh compound leg fractures  On page 1171265 I recommended
wire suture for those cases in which the fragments are displaced and press aganst
the damaged shin possibly causing necroms of the slin, which may 1n turn cause
secondary infection  Thus displacement can be prevented by a wire suture  The
suture techmque 1s simple and with expenence does not consume much time It
should be used only by those who have practiced 1t before on picces of wooden rods
cut obliquely and transversely  Figures 902-909 and 916-921 show the results of
this procedure  If infection develops 1n spite of the suture, only a localized osteatis
confined to the fracture area will develop never an osteomyelitis

Wired leg fractures must be Lept under careful observation In oblique and
spiral fractures between the middle and distal third bony umion follows the winng
wmth comparative rapidity  If the wires are not removed after 3-4 months a nng
ghaped (arcular) area of bone absorption occurs which becomes deeper and deeper,
leading to a transverse pseudarthros:s asin Figs 908 909 Thus type of pseudar
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Fig. %06 Flg 907 Fig, %8 Fig 90
Jaruany 18 1944 May 6 101
Fige 906,907 Same as Flgx, 902-905 after {1 weeks. Periosteal aallus on the Lateral and postenor sides.

Fracture line widened
Figs. %08 909 Same as Figs 902-505 after 6 months. The periosteal callus on the postenor and
outer nde bas become stronger but docs not touch the cortex at the fracture site.  Lateralls above. the
fracture lioe is olfiterated medislly helow It has become wider giving the appearance of a beginning
At the upper wire Joop a whe ring of bone absorption is vidble  The wires were removed
and 6 weeks later the fracture fine obliterated.  The fractare of the Internal malkolus shows Loy unwon in
rood positron,

throsis may also follow the usc of the Parham Putt1 band 1n this region

In other
areas of the tibie such changes arc rarc

Open Medullary Nalling of Fresh Gunshot Fractures of the Lower Leg

In contrast to gunshot fractures of the femur 1t 1s comparatively casy toimmob:
Lize gunshot fractures of the lower leg by a plaster cast In wview of poor ex

penences with the nailing of fresh compound fractures of the lower leg 1ts use 1n
gunshot fractures should also be rejected

Open Medullary Nalling of Infected Gunshot Fractures of the Lower Leg

The naihng of infected gunshot fractures of the lower leg must be rejected be
cause 1ts use spreads the infection and leads to the formation of additional sequestra
If immobihzation 1n plaster alone should be inadequate a double ware transfixion
cast mway be used (Figs 1I/2431-2449) but great care must then be exercised
to avoid distracting the fragments, otherwise callus formation will be retarded and

pscudarthrosis may follow as with the use of excessive weight 1n continuous traction
(Figs 358-365)
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Fig 910 Fig 911 Fig 914 Fig 915
October 25 1943 November 12 1943 April 12 1944

Flgr. 910 911 Compeund leverage fracture of the right leg betneen middle and pronmal third A small

cunelform fragment is still in contact with the distal fragment in a 16-year-old apprentice » ho was knocked

off lus ncycle by a truck and run over  Extenmve skin and soft tlmite wounds were excised under local

snesthesia ope half hour after infury and partly satured. The large skin defect was covered wmith 170
Reverdln grafts,

Figs 912 913 Same a3 Figs. 910 and 911 after 3 weeks, with tibul fragments in good appostion, hekd by &
medullary nail and a Joop ef wire  After 10 weeks, sudden osteamyelitis,

Figs. 914 915 Same as Figa. 910 and 911 after 24 weeks, or 12 v ecks after the removal of the nafl, and 3

w ecks after removal of the wire suture.  Fracture healed in good position with slight callus.  AMarked decal

cfication espedially at the epiphyseal hine of the distal end.of the tibia. 1f cnly a wire sutnre and no medulk-
lary nal had been used, the fracture would have united sooner

Open Medullary Nailing of Old Fractures of the Lower Leg

Any adult with a leg fracture healed with a shorteung of more than 2 cm with
angulation of more than 15 or with a rotational defornuty Limps and subsequently
develops disturbances m the knee and ankle jonts These malpositions should
therefore be corrected 1f the general condition the local conditions and the external
circumstances permit

With angulatory deformities the patient may be free from discomfort for 10-20
years but then arthrotic changes may develop (see Béhler Der Chirurg  No 4
1942) For this reason I have always straightened such fractures within the first
few months while they were still soft by manipulation over a wooden wedge (Figs
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Fig 916 Fig 91 Fig. 918 Fig 919 Fig. 910 Fig o2t
Novemher 2, 1943 Januany 1 1944 April 17 194

Figs. 916,91: Compownd commnuted fracturc of the left leg bedow the middle m a 29 year-old baggageman
1nfured whep & pUe of doors struck his Jower leg.  After one hour thorough wound excision and debndement
of all sofled bones with rongur  Application of 2 wire satures.  Unpadded plaster cast which nas #plit
immediately and fenestrated. W ounds bealed without complications.  Walking cast 3 weeks later
Tigs. 918 919 Same as Figy 916 and 917 after 9 weeks. Good position  Beginnmng callus formatron
Fracturs still sbghtly spsingy “ew walking cast N0 apprecaide decalclfication of the epphyeal ends
of the bone
Tige. 920 921 Samc as Figy. 916 and 917 after 5} months  Bony union of the fracture with varas and
recurvation of 5* each.  Wounds closed. o swelling. Knee 180-70° against 18040 on the night.  \ll
other jounts actively free  Starts light work.  If & meduflary nall had been wsed In this fracture st would
probably not have healed so rmpldly

868 L 11/2488) or with the osteoclast of Phelps-Gocht (Figs 931 E, II/2746) or
that of Schultze (Figs 933 E, 1I/2745) and continued the treatment with a plaster
cast rarch with continuous traction
In these cases 2 firmer immobilization can be obtained with Kiintscher s medul

lary nailing  Selected cases operated upon with the proper techmque need no sup-
plementary plaster cast The muscles and jomts damaged by the preceding
prolonged immobilization can be exerased actively after healing of the wound, 1 ¢,
usually after 2-3 weeks  The great dangers of open nailing must be kept 1n mind,
however befare proceeding with this operation

This procedure 1s never urgent hence 1t should not be carned out unless the
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Fig 922 Fg 923 Fig. 924 Fir 925
April 28 1942 May 11 1942

Figs. 922, 923 A 3-months-old spiral fracture of the kit g between middle and distal third and com-

minuted fracture of the fibulx st the meddle. Riflc shot Infury in a 41 year old antique dealer  Tound

aseptic, Elseakers wire traction for 14 days with 10 Kg., then plaster cast. TIbka 2 e shorter no trace
of callus formation, bony unso of fibula.

Figr. 924 025, Same as Fign. 922 and 923 after 13 days.  Under genern] anesthesla, the fibuls was broken
over a wedge and wire traction applled to the calaancus, at first with 5 Ke, later with {3 Ky, Shortening
of the tlda corrected. A 2 am. gap aan be seen between the fragments of the fibole.

general condiuon 1s satisfactory the skan 1s normal and the shortening 1s less than
2cm  If the shin shows any type of pathology one must wait until 1t has returned
to normal for at least 2 months. Extensive scars adhenng to the bone are & contra-
mdication

If an attempt 1s made to correct a shorterung of more than 2 em dunng the oper2
tion, much force and much time will be required.  Tissues are torn which will impawr
function later \erve and arculatory disturbances from sudden correction of
shortemung are less common on the lower leg than on the thigh because the shortentng
15 never so great  The prolongation of the procedure may cause interference with
asepss and fection in the torn tissues 1s apt to occur  Therefore any shorten
1ng should be corrected by continuous traction before medullary nailing

The history must be Iaid out 1n the same way as in fractures of the thigh (see
pages 217 218)

Indicotions for operation on old fractures of the lower leg

1 Shorteming of more than 2 cm

2 Angulation of more than 15°

3 Rotation of more than 15°
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e 926 Fie. 9% Fig 918 Tig. 929 Iig 930 Fig 931
June 1 1942 December 30 1942 March 18 1943

Fige. 926 92/ Same as Figs. 922 and 923 three weeks after exposare of the fracture and medullary nailing.

The f are [n accurate appositl The nall bs suflidentls Jong and thick. It approaches the ankle

Jolnt to within 8 mm_ along the anterfor wall. Got up after G weeks with an Unna hoot.
Fige. 928 929 Same ns Figs, 922-925 after 8 months. Bony unlon in good position. The gap in the
fbula bndged b bone.
Figs. 930 931 Same as Figs. 922-925 after removal of the medullary nail 10 months after nalling sad 14
moonths after mfury  Bony consolidation  Still some decakafication  Ankle foint one-half fimited. Al
other younts activehy free.  If fnstend of a nall, 2 wire Joops bad been applied, as in Figs. 904 and 905 anda
waiking cast 2 weeks later he would have been able to walk in the third weck and wath thus simpler and less
dangerous method the fracture would ako have become firm in 8-10 weeks.

4 Declayed callus formation, espeaally that due to excessive traction
Contra indications to open medullary nailing of old fractures of the lower leg
1 Poor general condition  All intemnal organs, espeaially those of arculation,
must be n a healthy condition
Age of over 40 years. Only exceptionally should nating be performed 1n
older people

Local inflammatory processes on the bone  Sinuses must have been closed

for at least one year  Under the protection of penallin 1t mught be possible
to operate sooner

Marked osteoporosis with arculatory disturbances  In dystrophic imbs the
danger of mfection following operation 18 greater

Shin pathology (inflammations, extensive adherent acars)

Shortening of more than 2 cm must be corrected beforehand by continuous
traction

Cxtenaive ossfication of the medullary canal
Marked impairment of the muscles and joints

ot

oo =
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Correction of the shorfeming by conlinuous Iraction afler closed refracture of the
bore  Within the first 3-6 months 1t 1s usually possible to break the still soft bone
over a wooden wedge (Figs. 868 I 1I/2488) with the ostcoclast of Phelps-Gocht
(Figs. 934 E 11/2746) or that of Schultze (Figs 933 L 1I1/2745) and to struighten it
(Figs 922 923) A wircor pin traction with 5 kg 1s then apphed to the heel.  After
2 days the position 18 checked with X ray pictures and if the shortening persists,
the weights are increased until 1t disappears  In the case of Figs 924 and 925
a weight of 13 g was needed for the correction of the shortening within 13 days
The fragments of the fibula then showed a separation by 2 em.

Open nailing 1n old fractures of the lower leg Only after any existing shortening
has been corrected or if none had existed may the nailing be performed.

Determination of the length and «xdih of the medullary canal  On \ may pctures
of sufficent «ze the narrowest arca of the canal 1s measured (Figs 12-20) The nail
must be 1-2 mm thinner than this measurernent  The length 1s determined on the
well leg with the knee flexed at a nght angle as described on page 251

The tnstruments and apparatus described on pages 22-26 and illustrated 1n
Figs 67-91 must be prepared A reduction apparatus 1s not needed nor a second
X ray machine

Protection against heat loss  Since the operation may be protracted the well
leg the trunk and the arms must be well covercd.

Positronung  The patient lies on the back

dnesthesta Geperal or spinal anesthesia may be used. o preliminany med:
cation which might dangerously lower the blood pressure should be given when
spinal anesthesa 1s contemplated

Biloodless fiedd  To work quickly and wmithout loss of blood the leg 15 expressed
with a rubber bandage and a tourniquet 15 apphied on the thigh

Exposure of the bone  The fibula 1s exposed first and divided obhquely with a
chisel Penosteum and fascia are then sutured  If this 13 omtted, the muscles
will be 20 swollen by the end of the operation that the fasca can hardly be closed
The tibia 1s then exposed by & straight incimon over 1ts medial aspect.  We no longer
use curved inaswons since these were frequently followed by marginal necroses.
The periosteum must be protected as much as possible otherwise large medullary
sequestra will form (Figs 511~513 515-526) should the healing of the wound be dis-
turbed. The operation 1s <implest 1f no callus has formed as yet, as in Figs
922-925 It 18 then sufficient to freshen the fragments with a sharp chisel where
upon they can be approumated accurately and without difficulty

Guide groo~e  1f the fracture ends have been absorbed, a guide groove 5-6 cm
long and 1-2 mm deep and wide 1s chiseled into both fragments before they are
cevered.  This will later serve as an mdicator for avoiding or correcting rotatory

displacement

Secerance of the fragments By bending the leg the fibrous union can be dis-

rupted  In transverse fractures the fragments are then freshened with eblique or
7 shaped saw-cuts because with transverse freshening callus formation 1s always

greatly delaved.
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Pus pockels  1f a canaty filled with granulation tissuc or pus 1s met dunng the
exposure of the fragments, the operation must be termmated  This 15 a contra
indication even for later medullary naiing

Exposure of the medullary canal i the medullany cavities are not patent
after freshening of the fragments, they are opened with the awl or a hollow chisel

Remoral of fourmgue!  The tourniquet 1s then removed  Spurting blood ves-
eels can readily be damped, even on the postenor surface of the bone  Ligation
1s usually not necessan

The subsequent steps are the same as in the closed medullary naihng of legz frac
tures (sce pages 256-262), viz

Trangerse shin tncision al the naing sile,

Application of the spring chp

Prercing souih the aul

Inlroduction of the guade pin for measuring

Y rav piciures,
Rapid deelopment,
Insertion of natl
More \ ray piciures

Strarghtering of leg

Impaction of fragments,

Post-gperatre postlioning of the leg

Remoral of drasns and open wound lreatment,

Exercises,
Remo-al of sutures

Osteolomy of ihe fibida and

Follow-1p

Open Medullary Nailing of Mal united Fractures of the Lower Leg

In firmly consolidated fractures I have always practiced open osteotomy and 1n
fractures of the shaft I have used wire suture and plaster cast (Figs. 1I/2558-2575)
lenll)mmlar fractures were sometunes given merely a plaster cast (Figs 11/2576—

For shaft fractures Kiintscher's medullary nailing sometimes constitutes an
alli:;nnCc because 1n sclected cases and with proper techmique no supplementary
plaster cast 15 needed and all joints may be actively esercised aft
plaster cast » y after wound healing

The same indications contra4ndications and

requirements 1
pailing of old fractures (sce pages 280-283) prevatl a8 for the

Determination of the {ype and location of osteotomy Paper patterns are made by
tracng the \ ray pictures on transparent paper and cutting them out (Figs 11/2574
2578) If alengthening s desired a steeply oblique cut 1s made through the pattern
of the bone starting from the convex side leaving the concave border intact (Fi
11/2574) If the pattern of the distal fragment 15 now moved until the honeql;s
strught the overapping segment indicates exactly to the milimeter the mze of
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Fig 932 Flg. 933 Fig. 934 Fig. 938

May 22, 1942 June 10 1932
Fips. 932 933 A 1§ year-old mal united fracture of the kit tilda with aniccurvation of 10-12° and varus of
15* in a 47 yrar-old woman farmer who was struck by & log  The wound had been excised and sutared
dseichere then plaster enst for 4 months. At first the leg was straight but bowcd after a few » ecls beaause

the cast was removed before the fracture was firm

Flgn. 934 935 Samo as Figs, 932 and 933 after osteotomy of the tilda and fibuk and during the naling.
The curved iroa (Flg. 76) for the protection of the akin can be scen plalnly It slypped upward while the

picture was being taken  The fragments are not yet impmcted

the bone wedge to be removed  If the angular deformity of the tibla (varus or
or valgus) 1s 1n the frontal plane, the fibula must be cut obliquely 1 the frontal
planc and not transversely asin Fig 1I/2578  If angulation in the sagittal plane
(antecurvation or recurvation) 1s to be corrected, the fibula must be severed obliquely
in the sagittal plane  If the angulation involves both planes, o resection of 1-2
em is made from the fibula and a wedge from the tihia must be removed accordingly
in & plane between the two main directions

The following measurcs are carned out 1n the same way as n old fractures
(sce page 284)

Determnation of the length and width of the medullary canal,

Preparation of insiriments and apparatus

Protection aganst leat loss

Posthioning

Amnesthesia

Bloodless field,

Exposure of bone

Osteotomy of the fibula
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Fig 936 i 937 Fig 938 Fig 939
August 4, 1942 January 29 1943
Flgs. 936 937 Samc as Figs, 932-935 after 2 months. The fracture line begins to obliterate.

Fips. 938 939 Same as Figs. 934 and 935, after removal of the nail 7 months after the operation. Good
position  Bony consolidation.  All joints actively free, muscles strong Walks well.

Procedure 1n case of pus pockels,

Making of o gide groore

Seerance of the tibia The bone is exposed by a straight inasion over 1ts medial
surface  With curved incisions we have frequently met marginal necroses  The
penosteum must be protected as much as posuble, otherwise, large medullary se-
questra will form if infection intervenes (Figs 511-513, 515-526) The bone 1s cut
with an osteotome or an electric saw obhiquely or Z-shaped, but not transversely
If a wedge 18 removed with a chisel, the bone must not be cut completely through on
one side of the wedge, since 1t will then not offer cnough resistance for the second cut,
one should proceed along both sides of the wedge simultaneously  T'or better sta
bility a sandbag s placed under the leg  If a rotatory deformity 1s to be corrected
with an ablique osteotomy & second wedge must be removed, with an antenor baze
m the cvent of outward rotation and with a postenor base in the event of inward
rotation  After removal of the wedge, the fragments arc coapted to sce if they
fit accurately  If they do not they are reshaped

The subsequent steps arc the same as 1n the medullary nailing of closed fractures
of the lower leg (sec pages 256-262)

Exposure of the medullary cavities,

Remo~al of tourniquet

Transerse skin incision
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Applicatson of a spring clip,

Insertion of the ol

Indroduction of the guede pin for measuring,

A ray prctures,

Raprd deelopment,

Dryoing of the nail,

Further X ray pictures,

Sirasghtening of the leg,

Posl-operatrre positsoning,

Resmoval of drains and open wound lreatment,

Exercises,

Remaval of sutures,

Resection of fibula,

Followup

The prospects of bony umon 1n correct alignment are good with proper technique
(Figs 932-939) With transverse fresheming, the heahing 1s rarely as mpid as n
Figs 932-939

If both legs show mal umon the operation should not be performed on both of
them at onc ime I have been informed of a case 1n which the operation was very
much prolonged because of vanous difficulties  The patient died & few hours later
from the trauma of the anesthesia and the operation

1s a rule medullary nadling should not be sed in the correction of mal uniled

leg fraclures since «ith an oblique or a step-down osteolomy a uure suture alone ts
the much simpler and less dangerous procedure

Rejection of Open Medullary Nalling of Pseudarthrosis of the Tibia

Pscudarthrosis of the tibia does not causc as serious a disturbance as that of
the femur since the fibula provides a certain amount of support Pscudarthrosis
of both bones 1s very rare  Since the use of the leg 13 considerably impaired, how
ever we aim to correct this condition 1f the geperal and local conditions of the pa
tient permit

Causes of pseudarthrosis  Removal of fragments in compound fractures was
formerly the most common cause

It also follows premature interruption of the immobihization for the purpose of
applying massage and exerases.

The most frequent cause at the present time n closed as well as 1n compound
fractures 1s excesmve sheletal traction (Figs 515 516 940-971) With the leg on
& Braun frame the weight for traction through the os calas (Figs. 841 T I1/2374)
should as a rule be no more than 2-3 Kg with a simultancous plaster cast (Figs
869 E, 11/2509) 4-5 Kg If heavier weights are used the fragments separate and
callus formation on the tibia stops mstantly The fibula, bemng surrounded by
muscles, usually umtes thereby acting as a strut even after the weight has been
removed. For this reason pseudarthrosis 15 much mnore common on the tibia than
on the femur  Occasonally a traction of 10 Kg appled for 2 weeks Is sufficient
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1o produce pecudarthrosis  1f this undue traction acts longer, scnous arculatory
disturbances of the foot and lower leg ensuc  The hones become decalafied (Figs
352-355), the muscles waste, the joints stiffen, the shin becomes bluish and later
scaly , and the {oot becomes narrower and shorter (11gs 356, 357)  The great number
of cascs of pseudarthroas which have lately become evident would be considerably
less 1f traumatic surgeny were organized in the manner descnbed on pages 11/1525-
1530 and 1f ndependent institutions for the teaching and treatment of traumatic

May 2 1943 Angmt 12 1943

Figs. 140 941 A 5months-old pscudarthrosls of the right tibia In an 18-year-old student from a fall while
skiing  Treated dsewkors with woire tractien of § Kp for 8 weeks, then plaster east for 3 months,
Figs. 242, 43 Same us Figs. M40 and %41 after 3 months, after oblique osteotomy of the fibala, freshening
of the tiblal fragments, insertion of nall and endrcfing with 2 wire sutures. The freshened ends are in
accurnte apposition.  Before the wiring the fracture was eptirely loose, even efter nafling.  Circular plaster
cuff from ankke to hip  Got up on the 17th day snd keft the hospital on the 23rd day  Bony union of the

tibial fracture  If only 2 wire Joops and & circular plaster cast bad been used, 1t would have healed fust as

quickly through a rusch dmpler and less dangerous procedure,

surgery were created  Such unduly prolonged periods of treatmrent as descnbed m
Figs 952-959 and 960-971 would then not recur

Osteolomy or resection of the fibula  To obtain bony umon m a comparatively
fresh pseudarthross of the tibia 1t 18 sufficient to make an osteotomy or a small
resection of the fibula and to apply an unpadded walking cast up to the middle of
the thigh with good axial ahgnment of the tibia (Tigs I1/2582-2585)

Bone drilling according to Beck  Formerly we used Bech s drilbing 1n contact
pseudarthrosis quite frequently with simultaneous osteotomy of the tithia and ob-
tened bony umon (Figs 170-177, 860-867 E, 1/257-26+ 11/2590-2597) Tn swtable
cases we have again reverted to this method
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Application of a spring clip

Insertion of the o,

Introduction of the guide prn for measuring,

\ ray prctuires,

Rapid development

Driving of the nail,

Further X ray piciures,

Straightening of the leg,

Post-operalsre posilioning,

Remoral of drains and open wound ireatment,

Exercises,

Remoral of sutures,

Resection of fibula,

Follownp

The prospects of bony umon in correct ahgoment are good with proper technique
(Figs 932-939) With transverse freshening the healing 1s rarely as rapid as n
Figs 932-939

If both legs show mal umon the operation should not be performed on both of
them at one ime I have been informed of a case 1n which the operation was very
much prolonged because of vanous difficulties.  The patient died a few hours later
from the trauma of the ancsthesia and the operation

Is a rule medullary nailing should not be used n the correction of mal uniled

leg fractures since with an oblique or a step-doten osteotomy, a wrre suture alone s
the much simpler and less dangerous procedure

Rejection of Open Medullary Nalling of Pseudarthrosis of the Tibia

Pscudarthrosis of the tibia does not cause as scrious a disturbance as that of
the femur suince the fibula provides & certain amount of support  Pscudarthrous
of both bones 1s very rarc  Since the use of the leg 15 considerably impaired how
ever we aum to correct this condition 1f the general and local conditions of the pa
tient permit

Causes of pseudarthrosis  Removal of fragments in compound fractures was
formerly the most common cruse

It also follows premature interruption of the immobilization for the purpose of
applymng massage and exercises.

The most frequent cause at the present time n closed as well as 1n compound
fractures 1s excessive sheletal traction (Figs 515 516 940-971) With the leg on
2 Braun frame the weight for traction through the os calas (Figs 841 E 1I/2374)
should as a rule be no more than 2-3 Kg with a smultaneous plaster cast (Figs
869 E 11/2509) 4-5 Kg  If heavier weights are used the fragments separate and
callus formation on the tibia stops instantly The fibula being surrounded by
muscles, usually umtes thereby aching as a strut even after the weight has been
removed Tor this reason pseudarthrosis 1s much more common on the tibia than
on the femur  Occasonally a traction of 10 Kg applied for 2 weehs 15 sufficient
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Fig M8 Fg. M9 Fig 950 Fig 951
September O 1942 March 4 1943
Figs. 948, 949 Same as I'igs. 944-947, after S months, Dony unfon fn good posltion.
Figr. 950, 951 Samc a3 Figs. $H-947 after extraction of the nail 11 menths alter the operation and 16
soaths after the acckdent.  Bony consolidation of the fracture.  Still some decaldification  Motion of
ankle and subastragatar foints one hall Umted other jolnta actively free  Still discomfort on walking.  If
in this case only the 4 wire loops bad been used bealing would have been obtalned just as quickly by &
simpler and kess dangrrous measare.

“The operation ks performed 1o the same manner as in ol leg fractures (see pages 284 285)
It m of paramount mportance that the fragments be freshened transversely or obliquely by sawor
chisel within the healthy zone and well cospted  Medullary nating has failed in many cases
becanse freshening was omitted  The fragments must be accurately matched and provided with
supplementary longitudinal or transs erse wire sutures (Figs. 942, 943 946-951) The short proxi-
mal fragment of Figs. 940 and 911 was still quite loose after the nail had been dnven in. Only
after the application of two carcumferential wire loops wus sufficient stability attained.  The wires
alane would not have provided sdequate firation In the case of Figs, 94951 four dreum-
ferential wires had to be used because the Jooscly attached batterfly fmgment broke Joose during
the operation.

“In Figs 952-959 callus formation was very slow after the operation because both fragments
were extremely sclerosed for a distence of 4-5 an and becanse the fibuly was at first merel, oate
otomized oblquely and not resected  The medullary canal could be opened only wath a round burr

“Medullary nafling is sumpler than bone grafting and apparently equally suecessful.

Comglications  Figures Y76-9%3 show that medullary nailing couses more damage than good
if the contra indlcatsoms given on page 290 are ignored.

“Case  A22 year-odd woman had been stricken at the age of 4 with acute osteomyelits which
was followed by pteudarthrous of the tibls. She used an orthopaedic apparatus autil the gge of
14 then no appliance until she was 19 During this time the leg bowed. In 1940 she was
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Fig 94 Fig 845 Flz. 946 Fig 847

April 15 1942 Aprll 22, 1942

Fipr 94 M5 A Smonths-old pscudsrthresis of the kg with marked decalclfication, [n a 40-year-old
blecksmith from aipping on the street. Treated dsevbears with wire Lraction of §-12 Kg for 6 weeke
Then plaster cast for 3 monthe.  Fibnl fimmly unted, tibls shows no trace of callus formation. No ap-

preciable shortening.
Fips. M6 947 Seme as Figr. 944 and M5 alter exposure of the fragments and medullary naling.  During
the operation the long butterfly fragment became loosc. It was fastened with 4 wire loope. The nell b
sufficlently thick and long and reaches to within 5 mm of the ankle jolnt along the antetlor wall

Oblique freshenung and wnre suture or bone grafting 18 preferable for many cases
(Figs. 11/2586-2589 and I1/2598-2605)

Medullary nailing  Recently we have treated switable cases of pseudarthross
with medullary nailing  In the first edition I wrote concerming this

‘Essentially the same contra indreations prevadl as for old leg fractures
1 Poor general conditson.  All internal organs especially those of arculation, must be in
good conditson.
2 Apgeover 40 years. Operation in older people should be an except:an.
3 Local mflammatory conditions of the bome. Smuses must have been dosed for at
least one year
4 Marked decalafication of the bones with simultencous other circulatory disturb-
ances. Dystrophic limbs are particularly prone to pest-operative infection
Skin pathology (inflammation, adherent extemive scars)
Shortening of more than 2 em. This must be corrected bv conbinwous traction
before operation.
7 Extensive ossifioation of the medullary canal
Afarked mpairment of the muscles and jounts 1 no contra indication.

SNETY
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Fig. 9% Fig. 957 Flg 958 Fig 959
February 23 1943 October 7 103

Figr 956,957 Same as Figa. 952 and 953 after 10 months. The fracture Line of the tibia 1 ot yet closed.
Fibula shows bony unbon.

Figs. 958, 959 Same as Figs 956 and 957 17 months after the first operation and 3 months after resection

of & piece of the fibula end insertion of & longer medullary nall. The fractare Is partly bridged. If in this

case & massive tibial graft 10-12 cm. in length had been transplanted after osteotomy of the fibula and after

freshening of the fragments, the pacudarthrons would probably bave united in 3~ months witbout nailing,
ws in Fige, 11/2598-2605

tibia by the sequestration another resection of the fibula was taken inte consideration on June 10
but was not performed  On Aug 10 the nail was extracted, whereupon the wound quickly became
smaller  The leg was shorter by 6 am.  On Oct 15 the fibula was firmly united and the wound
was closed. There was still & pseudarthrosis of the tibm (Figs. 982 983) A new walking cast was
applied which was renewed thereafter every 4 months  On May 15 1944 re. 1} vears after the
operation, both bones were finally umited firmly but the leg was 6 cm. shorter

‘In this case the emential features of the pathology were never nghtly understood and mmproper
messures were taken repeatedly  No operatson should be performed 1n the presence of scars
adherent to the hone because these usually become necrotic, expose the operation an the bone and
lead to suppuration. In thrs case not only the skin but also the bone was seriously affected  The
distal half of the tibia was markedly stunted in growth was thin and deenlcified  The fracture
ends, however were sclerosed and poorly nourished.  Such eburnized bone like decalcrfied bone
n particularly susceptible to infectron and prone to become sequestrated. The fibula which had
armed theweight of the body for 17 years was thacker than the tibw in some areas  The osteotomy
of the fibmla, with removal of the graft performed in 1940 constituted a serious mjury to the weight
bearmg bone and caused a shortening of the leg  Beck s bone drilling 13 usnally unsuccessful with
this type of bone stumps  The resection of the fibula in 1942 entailed another verous mjury to the
leg  The aloughing of the adherent scars following medullary nailing caused sequestration which
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Fig. 952 Flg. 953 Flg. 954 Fig. 955
May 11 19492 July 23 1942
Figs. 952, 953 A 4-year-old pscudarthrosis of the right tibla with marked sclerosis of both fracture stumps
for @ dtance of 4-5 co. Recurvation of 15 In & 24-year-old oficer infured in & motoreycele scodent.
Treated deaokere with xtre traaion of 10 K¢ for 9 weeks. Then walking cast for 4 months. Later re
movable cast for 2 months and dally striking of fracture mte with & wooden mallet. Then Beck s drilfing
of the fragment without severing the fibula. Four months later osteotomy of the fibula and another
walkmg cast. After 2 years, transplantation of a short thin tibial graft, then walking cast for § months
After 3 years, orthopacdic brace,
Figs. 954,955 Samwe as Flgs, 952 and 953 two moathy after y of the fibula, henin
of both tiblal fragments, removal of & wedge with 8 mm posterior base from the distal fragment, opening of
both medullary cavities with electnic burr and Insertuon of the nail. The fragments are In good appontion
without angulation. The nafl i too short.

operuted upon elsewhere  The fibala was osteotomued and a small graft from it was mplanted
mto the tibra.  On the Sth day fever and suppuration developed and the graft separated aftera
few weeks. Ten months later the wound was closed. One year later Beck s didlling was doze.
On Oct. 14 1942 the followng findings were recorded in the case The lower leg shows a vann
bowing  On its antenor surface there 13 a scar 16 cm long and 4 cm. wide the mddle of which 13
adherent to the bone in the region of the peeudarthroas for an area of 5x4 an. A readily movable
operative scar 9 cm. long m located over the fibule. The arculation s good. Shortenmg 3 an.
On Oct. 24 1942 the fibule Was severed obliquely and a 1§ cm. piece was resected (Fig 978) The
tibia was then exposed subpenosteally through an mcmion outside the adherent scars. Both
fragments were {reshened and united with a medullary nail (Figs 978-979) Both operative
wounds healed without disturbances  On Oct 31 a dry necrosis of 2 x 1§ am  developed within
the adherent area of the old scars Four weeks later the bone ley bare in thss region for an ares of
5 x 6 mm. Suppuration was marked at times, then agum abght without fever From Dec. 8
1042 to Jan. 20 1943 several small sequestra separated slmost every week.  On Jan. 27 1943
mmscquﬁmmrmo"admdcrmlmﬂthnu Since a defect had formed m the
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Fig %68
November 14, 1943
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Fig. %60

Flg. 961 Fig %2 Fig 863
June 8 1943 June 9 1943

Figr 960 961 A 16-months-okd pscudarthrosis of the rght tibla between tho middle and Jower third with
15° varus and (5% antecurvation in s 32 year-old teamster who was run over by a wagon. Treated
drewhers with calcancal wire traction of 14 Kg for 15 weeks.  Then walking cast and administration of
many allegedly calhin-forming medicines.
Flgs. 962 963 Same as Figs. %0 and 961 after tr freshening of both f) imsertion of a
medullary nall of proper length and thkck and lication of u L finet wire suture to bold the
fragments fimnly together  Oblique resection of the fibula. Excellent posltion of tiblal {ragments. Frac
tore fine hardly visble Application of a plester cast up to the middle of the thigh this was
split immediately  After 10 days, apphication of an unpedderd cast up to the middie of the thigh

Figs. 964 965 Same as Flgs. %2 and 963 after 3 months.  The fracture line has become wider  Slight
callus formation laterally and posterordy  Bony unlon of the fibuly.  Application of an unpedded plaster
cast up to the knee only
Flgs. 966, 967 Same as Figs. 964 and 965 after 2 months, and 5 months after the operation. Fracture
line widened. Callus increased posteriorly  In splte of the medullary nail the supplementary widng and
plaster cast, & varus anguletion of 15° has recurred.

Fige. 968, 969 Same as Figs. 966 and 967 after removal of the nail and wire suture and Gberal resection of
the fibula and strughtenmg of the leg.  The fracture hne gaps anteriocly and medially  An mnpadded
walking cast was applied 10 days later up to the middle of the thigh.

Flg 970 971 Same as Flgx. 968 and 969 alter 14 months, and 19 months sfter the first operation  Bony
wndont of frecture. The fibular defect has not filled in.  This area s still tender to pressare.  If fn this case
n oateotomy of the fibula and Beck s drilling of the tibia fragments bad been performed as fn Figs. 170
177 860867 E, 1/257-161 and 11 2590-2597 or u bone grafting &5 [n Figs. IT 2598-260% the
pecudarthrosls would probably have conwolidated {n 34 months,
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Fig 966 Fig 97
November 11 1943

Fle o8 Flg %69 Fig. 970 Fig 511

November 14 1943 January 5 1945
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Fig. 972 Fig 973 Fig 74 Fig. 975
Augeat 25 1942 May 20, 1543

Figs. 972,973 Defect psendarthrosis of the tibia in a 47 year-old foreman who was 1njured m & motorcycle
accident  Compound leg frecture with messrve sequestration following Beck s driling.

Figs. 974 975 Same a3 Flgs. 972 and 973 nine months aiter esteotorm of the fibula and medullary naifing.
The osteotom) permitted the tibul fragments to approximate by 2cm.  The gap however 13 still wide and
no trace of callas has formed.

Fige 976 977 Pscudarthroms of the titan with thickening of the fibule. Found m & 22 year-old woman
whohad an acute osteomyelitis at thexge of 4 The tibia bs markedly underdeveloped from stunted growth
Its distal half which dud not carry weight is very thm and decalkified the fracturs stumps, bowever are
sclerosed and have pooc arculation  The pseudarthrous shoxs the shape cf & ball and socket joint. The
proximal tibal fragment 1s vabluzated distally In relatson to the fibula which o much looger and carties the
weight, the destal tibeal fi is sgblumated p Iy giving the external malleolus an aboormally
Yong appearance. The fibule is mmch thickened and below the middle it Is much thicker than the tibla.
Tt shows a healed fracture from osteotomy

Figs. 978,979 Same as Figs. 976 and 977 after resection of the fibule and freshening and medullary naifing
of the tibla.  The 2 drains w hich were Inserted for 24 hours are plunly seen.

Figs. 980 981 Same as Figs. 978 and 979 after 4 months. The fragments of the ibula overlap. On the
tibm, however & gap persists because of sequestration, although the fragments had spproximated. Becamse
of the shortenlng of the tibis, the nail plowed upwards.

n‘,_mmsanxu}‘ipOMdedLErme\w The fibula tmited again but on the tibla there iy

. The pall track 1s strikangly conspacuons  The lower beg fa 3 cm shorter than before the

mdmﬁmmémwamfdmthgml In May 1944 both bones were healed with faidy

good callus. In this case 1t would bave been & better procedure to transphant the b upon the fibula, a3
in Figs. I1/2606-2609
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Fig 9,9

Fig 778

Fig. 9717

Tg 9i6

October 24 1942

October 14 1942
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led to & hortening of the leg by an additional 3em  The final result 1§ years after the operation
was union of the bones but a shortening of 6 an. The lower leg is 6 cm. shorter than beforethe
first operation

Osteotomy or a sparing reseclion of the fibula frequently leads to healing 1n com
paratively fresh cases of pscudarthrosis, but m old cases with sclerosed fracture
stumps it 18 usually meffective  Resection of the fibula must be déne only if shorten
ing 18 neglgible and 1t must not be repeated indiscnminately  One must be very
careful with extensive resection of the fibula because the defect 18 not always bndged
(Tigs. 968-971) 1If at the same time the tibia does not umte the patient 1s much
worse off than before the operation and cannot bear weight wathout a brace. I
have quite frequently seen this condition and its disabling effect following gunshot
defects of the tibia because the fibula had been resected too extensnively

Tor a case as shown 1n Figs. 976, 977 the only operation that should be conud
ered at present 1s a transplantation of the thickened fibula into the tibia, as
Figs II/2606-2609 Ths transfers the body weight directly upon the fibula
and the leg 15 not shortened Then no further displacement of the metaphyses
of the short tibia 1n relation to the longer fibula can take place

Prohibitlon of medullary nailing in pseudarthrosis of the tibla A
cntical study of cases of pscudarthrosis of the ibia which were treated by us and by
others with a medullary nau revealed unfortunately that naibng offers no advan
tages over other methods but frequently entails great disadvantages. We have
ntroduced 1t and used 1t for the particular reason that we put credence mn the
ongnal assertions in the hterature that the medullary nail stimulates callus forma
tion the very demderatum 1n pseudarthrosis mnce 1t 15 due to lack or exhaustion
of callus production Now however 1t has become evident that the medullary nail
does not stunulate callus formation but rather retards it This is espeaally true
mn transversely freshened fractures It is most conspicuous in Figs. 960-971
Had this case had merely an oblique osteotomy of the fibula an unpadded walking
cast would perhaps have brought about bony umon as i Figs. I1/2582-2585 Head
this been unsuccessful, Becl’s drilling correctly performed as in Figs. 170-177 and
860-867 E 1/257-264 and I1/2590-2597 or oblique freshening of the fragments
with wire suture, as in Figs I1/2586-2589 should have been used

If 1n the cases of Figs 940-943 and 944951 only wire sutures and no nails
had been used after thorough freshening of the fracture stump union would have
been obtained just as rapidly and 1n a mmpler and less dangerous way ~ We must
alweys heep 1n mund that infectons following open medullary nailing have much
more serous consequences than these following other operative procedures, because
the entire medullary canal 1s opened and may become involved in the inflammatory
process

Since I have seen no worthwhile advantages from open medullary nailing
of pseudarthrosis of the tibia but have noticed great disadvantages and dangers
(delayed callus formation and infection) I have protubited its usc within my jurs-
diction, SINCé MANY SUTZEONS AIE 50 anxous to perform this operation that they are
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willing to assume re<ponsibihty for the nsks mvolved, even after the dangers and
diadvantages have been pointed out to them

Rejection of Open Medullary Noiling of Defect Pscudarthirosis of the Tibla

In the belicf that the medullary nail exerts a callusstmulating effect 1t has
vanously been tned for the cure of defect pecudarthrosis. Al such attempts have
fafled In our expenence such defects can be brdged onhy by fresh bone grafts,
preferably from the well tba, provided that the condition of the <\in 19 good
Usually, however extenuve contracted scars arc present, which can bx repmred
only with difficulty In <lan flap grafts, therefore, bone grafting 15 possibile only mn
avery fow cases  The best procedure 1s then to transplant the fibula into the tha,
since st has usually increased 1n thickness 1f a defect had existed in the tibia for some
time, as shownn Figs 11/2606~2609

Figures 972-975 show that no trace of callus had formed 9 months after medullary
nailing  In ths case, too, bad scars led to <hin necross, infection and the scparation
of numerous small medullary <cquestra.

JOINT FRACTURES
Qpea Medullary Nailing of Plrogoff Stumps and Joint Resections

Recently 1t has been suggested that mnfected snd resected joints be treated with a
medullary nail My expenience with cases of this type nailed elsewhere has induced
me to sound an urgent warmng against it

Case  In a 48-year-old man the fore part of the left loot was run over and crushed by 2 Joco-
motive, A Puogefl amputation was done. For the fastening of the heel stump a doable
medollary mail was driven from the tegon of the tiblal tuberosity through the entire tibky untit it
protruded through the distal saw cut whereupon, the heel stamp vwas apposed and the nail drrven
further It entered the os calcks only at its margin thus providing sufficient stabiity  On the
third day the temperature rose to 39°C and the stump was swollen and red,  Some sutures were
remmed  On the 4th day the entire Jower leg became swollen and painful - At the nailing site
there wis fluctuation and bloody secretion was evacuated upon pressure.  Several nemons were
made oo the kower leg  The pulse deteriorated and the patient died one hour later

Unfortupately no necropsy of the bone was made It was apparently a casc of
acute phlegmonous myelitis of the medullary cawvity In this casc the conditions
were entirely different from a fracture because the entre medullary cavity was clased
with the exception of the entrance and et sites of the nail and therefore marhed
pressure developed tnside the bone

For Pirogoff stumps 1t 15 preferable to dnve 2 ordinary pins crosswise through the
metaphyus of the tibie and the os calas  They provide good stability and do not
Ok:fpn the medullary cavity It 1s still more smple to umte both bones with a wre

In aseplic resections of the knee yont we always use 2 pns dnven crosswise through
the metaphysis of the tibia and femur which provide a firm hold until the plastercast
1s apphed.  In infected Jonts 1t 1s better to use transverse tranafion with wire
through both the tiba and the femur, far removed from the flamed area
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Fig 984 Fig 985

February 26 1942 April 17 1842
Fig 984 Dacudarthroms of the left clavicle, 8 months after Infury  The fracture was sutured dsackere
twice with a thin wire, after 4 weeks and after 10 weeks. Fach time merely 14 days [mmoblluation,
folloned by vigorows maseage and forcible pustive movements. The wire broke after Lath operations.
Fig. 985 Samc as Fig 981 after 7 weeks. The broken wire loop was removed.  Hoth fragments were
freshened trapsversely the centrul end of the clavicle drilled with the burr and 2 nail was Inserted.
Immobilimtion with shoulder splca for 6 weeks.  \fter 7 weeks bony unlon of the [agments.

The suggestion to dnve a long medullary naijl from the trochanter through the
length of the femur nto the tiba 11 1nfected knee gounts appears to me extremely dan
gerous because this may lead to an mflammation m the medullary cawvities of both
bones

The use of 2 medullary nail following resection of the shoulder joint 1s illogical
(Fig 987) because an arthrodesis can be achieved only through a firm contact be
tween the 2 bones by a wire suture

FRACTURES OF THE METATARSAL BONES
Open Medullary Nailing of Metatarsal Fractures

In the first editon I wrote In transverse fractures of the muddle of the shaft
with marked lateral displacement and shortening as 1n Figs 1030 E, I1/3000, open
medullary nailing appears indicated 1f the shin conditions are satisfactory the same
holds true for markedly displaced transverse fractures of the metacarpal bones (Figs.
1252-1255)  In view of my expeniences with open medullary naihng of fractures of
the tibua, I am mclined to advise agamnst this operation in fractures of the metatarsal
and metacarpal bones.

FRACTURES OF THE CLAVICLE

Closed medullary nasling can hardly be consdered for fresh closed fractures of the
dawvicle, because 1t 1s impossible to use fluoroscopy in 2 planes dunng the operation
this might lead to injuries to the nerves and blood vessels by the medullary nail.

Open medullary natling of old davicular fractures 1s to be preferred to smple wiring
because 1t can prevent angulation as m Fig 1/547 and lateral displacement. A
wire suture must be added to prevent & separation of the fragments  As a rule this
operation should be avoided because of the danger of infection

Open Medullary Nailing of Pscudarthrosis of the Clavicle

Open medullary nailing of pseudarthroms of the dawide 1s & much mmpler pro-
cedure than the transplantation of a bone graft from the tibia. The clavicle 18 ex
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Fig 9% g 9%
Aupmst 19 1942 Octolxr 15 1912

Tig 936 Conditien 6 months after rerection of the shoulder Jount  There fs & gap of 5 cm. betneen the
ghenoid cavity and the bumerus stump A 3 cm. sequestrum in the humerus.

Tig 95/ Same as Fig 9% 6 weeks after removal of sevuestrum and fnsertion of nail bndging the S am.
gap performed dsexkere N\ever will an anlylows of the shoulder jaint be of talned in this manner

posed under local anesthesia and the fragments are {reshened with saw chisel or ron
geur, obliquely or Z-shaped, until the medullary cavities are exposed  With trans
verse freshening callus formation 1s always greatly delayed  The medullary cavity
1s then entered cither at the sternal (Tig 985) or at the acromual end (Figs 63-66) by
means of a round burr the awl or a rongeur, and a nasl of proper length and thickness
isdnvenin As soon asit appears at the fracture 1t 1s gmded into the other fragment
and dnven further  Both fragments arc then dnlled and umted with a wire suture,
otherwise they might scparate A Desault bandage 1s applied for 8 days.  Exercises
preferably on the honzontal and vertical pulley (sce pages 1/21 and 22) can then be
started carefully  If no supplementary wire suture 1s applied a shoulder arm spica
must be used for at least 6 weehs to prevent separation of the fragments and a re
currence of the pseudarthrous.

I have now reverted to bone grafting because callus formation was very slow
n most nailed pseudarthroses of the clavicle

DISLOCATIONS OF THE CLAVICLE
Open Medullary Nalling in Clavicular Dislocations

One surgeon tnied open medullary nailing m 2 acromioclavicular dislocations
He exposed the jomt, dnlled the acromion and inserted the medullary nail through 1t
and through the joint into the clavicle (Fig 989) A Desault bandage was used for
3weeks  In both cases the medullary nail shifted a few drys after the arm was agnin
used.  In one case 1t moved centrally leaving the acromion so that the bones sepa
rated again (Fig 990)  In the other case the nail migrated laterally leaving the clavi
cle  After removal of the nail the position of the bones was 1n both cases the same
as before the operation  For a long time the motion of the shoulder however was
much worse than before

Earlier many attempts had been made to correct acromio-davicular dislocations by
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Fig 988 Flg 439

February 2 1943 February 2 1943
Fig. 988. A 7 months-old acromlo-clavicular dialocatlon in o 40-year-old man w bo fell from & borse.

Fig. 989 Sameas Fig 988, after medullary mailing performed elsewhere. The bones are beld fn the proper
position A Desault bandage was applied after operation,

the mscrtion of stecl or bone pegs. These always broke because the weight of the
entire arm hung on them  The medullary nail 1s so strong that as a rule 1t does not
break  Since the stresses act at a night angle to its long axis, 1t cannot provide a hold
and thercfore motion causes 1t to migrate

The only rational operative procedure conssts 1n exposing the coracord process and
reumting 1t firmly with the clavicle by strong sill sutures thus replacing the torn
coraco-clavicular ligaments (Figs 313-315 E, 1/553-555 and 1/559-561) Another
strong silk suture 15 placed through the acromion and the clavicle.  If wire 18 used
mstead of sk the wire will be found brohen after a few weeks. The ends of the wire
then frequently cause discomfort.

GUNSHOT INJURIES TO THE SHOULDER JOINT
Open Medullary Nailing following Resection of the Shoulder Joint

Trusting to the callus-forming effect of the medullary nail one surgeon united the
humerus to the glenoid cawvity with a medullary nail without bringing these two bones
mto full contact (Fig 987) whereupon he applied a shoulder spica  The procedure
was unsuccessful 1n both cases and the nail had to be removed. In the meantime I
have seen several more mmular falures.

Bony union can be obtaned 1n shoulder resection only by waiting for at least 6
months after the sinuses have closed. Both bones must be freshened and held to-
gether with waire  One wre fastens the humerus to the acromion the other to the
glenod cavity  Thus 15 followed by a shoulder spica with the arm in abduction and
anteverston of 45° each

FRACTURES OF THE HUMERUS

Closed Medullary Nailing of Humerus Fractures

General requirements with regard o the paieni  Medullary nailing of the humerus
must be performed only if the patient 1s 1 good general condition. Heart lungs,



CLOSI'D MIDUILARY NAILING O TRACTURES O1 TILMERLS 303

]

g 990 Fig ™1
March & 1943 March 16 1943

Tig. 990 Same as Tig 959 after S wecks.  Three wechs after the operation the Desault landage was
removed and exererres were started, which caused the nail to travel medually It has left the acromion.
Ths operation can never be succesdful

Fig. 991 Same as Figs 959 and 990 after remaval of the nail. ‘The condition is again the same as before
the aperation shown In Fig 938

hidneys reflexes motion of all jonts and sensation must be carefully tested  The
slan must be healthy and must not show any 1njury or nflammation, even outside the
fracture. No infection must be present in other parts of the body (e.g, tonsilhtis)

Local reqnrements ucith regard fo the patient  Transverse fractures in the middle
third are ‘most switable (Figs 1010-1023, 1054-1063), but also transverse fractures
between the mddle and distal thued (Figs 1024-1031) and epiral fractures in the mid
dle and upper third (Figs. 1031~1005) may be nailed

Contra indications uxth regard to the patrent  If the general condition 18 poor (weak,
rapid pulse pale appearance cold sweat) medullary nailing must not be performed
under any arcumstances because 1t 19 not an emergency operation  If the patient is
In a state of severe shock, as is frequently the case in multiple injuries, nailing
must poaltively not be attempted because the outcome may be fatal Iam
repeating this sentence in every chapter because some beginners forget this again and
again  In the presence of & patient s poor general condition, only a plaster cast or
splint should be applied exceptionally, a wire traction with one, or at the most two,
Kg of weight attached

Contra sndications 1willt regard 1o the soft tissues  Inanflammatory conditions of the
respiralory digestrre or genslo urinary fract closed medullary naiing must not be per
formed because 1t may lead to a spread of the mfection into the bone marron  Par-
ticular attentron should be paid to tonsllitis.

Inflammatory conditions of the skin especally furunculosts, entail the danger of
metastatic infection, therefore medullary nailing must not be pedformed

Burns cspecually on the mjured mb are also a contm mdication

In the presence of wounds on ofher parts of the body medullary nafling should be
deferred until they have healed completely 1e, at least 14 days after injury other
wse late inflammation and metastatic infection may ensue (see page 151)



304 NMEDULLARY NAILING OF KUNTSCHER

| @"@gy& ﬁ

Fig 991 a. Trantversc fracture of the humerus with marked shortening and Iateral displacement.
Fig 991 b The shortening Is corrected by lengthening, and traction straps are applied for the correction of
the Iateral duplacement, as In Fig 998,

Fig 991 c. \fter xposure of the bone through a § em. incison 2 bole is drilled with a round barr
Fig 991 d. The hole is widened with a straight aw] (Fig. «3)
Fig 991 e The medullery nall beld in Kuntscher's handle (Fig 77) fs driven bn.
Fig 991 { The {ragments are impacted.

=y

In the presence of deep sk abrasions over the fracture site nailing must be avorded
because the sloughing of the contused skin may lead to exposure and infection of the
fracture

3arked swelling 13 also a contra indication and one must wait until it has subsded.
If blebs have formed which arc a sign of marked arculatory disturbance, one must
desist from medullary nailmg,

Contra induations with regard to the bone  Splintered fractures spiral fractures
with a long butterfly fragment and fractures in bone diseases which bloch the medullary
canal eg certam forms of Paget s disease are a contra indication  The fractures
must be at least 8-9 an removed from the distal end and 5 amn from the pronimal end
of the bone

Instruments and apparatus listed on pages 22-26 and n Figs 67-107 must be
1n readiness.  In addition, there are needed a stitched pad 9 x 16 cm end 1 am thick,
ashort strap 6 x 32 cm (Fig I 755) e traction bow of 10 cm spread (Fig 1/755) and
a small s lf retamning wound retractor

Local anesthesnsa and X-ray pichures  Good . ray pictures of adequate size taken
1n 2 planes are of pnme inportance To prevent pain when taking the lateral view,



CLOSED MIEDULLARY NMAITINCG OF FRACTURLS 0l HUMFRLS K 5]

—— T T T T T e T _—j
y| )
/
i
| i
| \
| :
S t
'
) i
|
1
s
X
L - . h_ & )
Tigs. 092 Tig. 993 Fig 94 Fig 995 Fig 996 Fig 99
Tign. 992,993 The hole which had been drilked gbove the fora olecran] with & roand burr 13 widened with
the anl

Figs. 994 995 Samecas igs 992 and 993 The awl penctrates the bone obliquely tomard the antenor
wall. Fictures by Gattner

Figy 996 99, The nail striles the anterior wall at the junction of the middle and distal third and is de
flected toward the postenior wall Lelom the middle. It then slides along the poasterior wall toward the
ateral alde intn the head of the humerus.

the fracture should be anesthetized locally (sec page I 99)  1orz good over-all view
10 order not to overlook concomutant mjunes (Fig 1001) and 1n order to be able to
measure the width of the medullary canal accurately the pictures must be at least
40em long and should show both joints (T'igs. 1010 1011)  Shorter films (Figs 1024~
1031) are unsatisfactory becausc the nathing site cannot be secn

Tume of operation 1f the general conditton 15 good, one may operate wathun the
first few hours  Fragments can most casily be replaced on the first day before an
extensive hematoma or swelling develops  If for some reason the operation cannot
be performed within the first few hours, the nailing may be done 1n the next few days if
the swelling 1s shght ~ One must not operate 1f the swelling 1s marked so that the shin
becomes shiny or if blebs have formed or i the presence of deep abrasions 1 wounds
are present on the broken arm or on other parts of the body , unless the nailing can be
done immeduately after debndement of the wounds one must wait until they are well
healed 16 2-3 weehs othermise they will break open and become inflamed and mas
cause metastatic infection of the fracture (see page 151)

Determination of the length and width of the medullary canal  After \. ray pictures
have been obtaned and the time of operation set, the length of both fragments 18
measured on the \ ray pictures  With a focus-film distance of 80 cm 1.5 em must
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be deducted from this measurement m order to obtain the actual length of the bone
Since the nail 1s inserted 4-5 cm above the elbow jomt and since 1t should reach to
within 1-2 em of the shoulder jomnt, another 5-7 cm must be deducted to compute
the length of the nail required  The majonty of complications anse from the use of
too short and too thin nais because these do not provide a sufficent hold  The nail
mserted from the elbow does not find anchorage until it has cntered the cancellous area
of the humeral neck and head It sits particularly tight when 1t has entered mnto the
epiphyseal line The upper third of the shaft 15 very wide and contains no cancellous
bone (Figs 23-31) The nail may therefore play 1f 1t 18 too short (Figs 470-475)

iy, i ,

Fig 998
Flg 998. The humerus ks secured m a screw traction apparatus under traction, the amomnt of which can be
read on the spring scale  After reduction the traction bow iy connected directly to the hook of the traction
screw by a cord passing the spring scabe.  The fragments are firmly secured after reduction so that they will
pot shuft from the impact of the hammer blows.  The nafling site Is then marked withan“\."  The patient
must et upright leanng ¢ gainst and festened to the operating table for a conventent approach to the pailing

ute.

The wdth of the canal 1s measured on the \ ray pictures. In adults the parrowest
part of the distal third vanes from 6-9mm It widens progressively upwards towards
the tuberositics where 1ts width measures 20-25 mm  If too thin 2 nail 18 used, the
fragments may rotate and separate

Personnel  The following personnel 15 needed an assistant for observahon of
the patient (appearance pulse) and sometimes for general anesthema a fluoroscopist,
an mnstrument nurse and an X ray technician

Antesthessa  Plexus anesthesia 13 the best method  If it does not worl. one may
reduce under local anesthema  The nailing saite must then be apesthetized separately
If pan occurs dunng the driving of the nail a short generul analgema may be grven

Protectton. against heat loss  As with any other operation, the patient should be
well covered to protect him against heat loss.

Securing the arm 1n the reduction apparatus  The patient mits upright (Figs. 998-
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rating table  The back part of the oporating table i1s raised <o that
;(:gnﬁ: :,}:n(\'\r,:;mmi it The thighe are strapped to the table  \fterapplication
of the screw traction apparatus annther beltis placed around the chest to maintain the
bods 1n good postion The «crew traction apparatus with the 4 mtating rods (Tigs
995 or 999) 15 fastencd to the by with the 3 «traps  The arm 1< abducted laterally

Fig 1000
Fig. 1000 Humerus fracture secured in Wittmoser’s apparatus,

T0-80, vth the clbow flexed 0t » nght angle and =0 rotated that the shoulder 1 1
mud-position between inward and outward rotation. The forearm 18 placed 1 mud
position 1n fractures above the middle 1n fractures below the muddle, 1t 15 placed in
shight pronation (Fig 999)  On the forearm immediately below the elbow, the stitched
pad 9x16 an and 1cm thick 1placed and the strap 6 x 32 cm |, connected with a 10
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cmn. traction bow 18 placed over 1t (Fig 1/755) The latter 1s then connected to the
screw  The hand 1s fastened to the bar of the forearm part of the splint (Figs. 1/754-
757)

If Wittmoser 8 reduction apparatus 1s used, the upper arm 1s placed through the
2 reduction nings and the forearm 1s fastened to the footplate (Fig 1000)

X ray apparatus  One tube 1s placed opposite the medial side of the upper arm
the other opposite the flexor surface (Fig 998)

Reduction By plaang the arm 1n the position pictured n Figs 998-1000 the
rotational displacement 13 corrected  Any shortenung 1s overcome by traction with

]
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Fig. 1001 - - ngom_ Fig. 1005
October 6, 1941 February 18, 1343

Tig 1001 Double spiral fracture of the right humerus, In & 59-year-old scamatress who slipped and landed
on ber nght arm. Immedlate medullary naifing with screw traction apparatus (Fig. 998}
Figs. 1002 1003 Samc as Fig 1001 after 10 wecks. Bony union fu excellent position.
Figs. 1004 1005 Same as Figs 1002 and 1003 mx months after removal of the nall and 16 montbs after
infurn  The 2 fractures left only faint booe scarn

the screw  In domng this, the lateral displacement and the angulation usually dis-
appear in fractures of the mddle third or these displacements can easily be corrected
by manusl pressure  Biplane fluoroscopy will usually show good position of the
fragments. Reduction 1s as a rule much more easly accomphshed than on the femur
or on the lower leg

Traction straps are then fastened to the four rotating bars  If angulation permists
1t can be corrected by traction with these straps.  If the fracture 13 1n good position,



CLOSED MEDULLARY NAILING Of FRACTURES OF HUMERUS 309

the straps arc tightened for secunng the fragments against slipping dunng the dnving
of thenall  The elbow regron 18 pulled backwards in order to become more accessible
With Wittmoser s apparatus the fragments are immobilized by the two reduction
nn,

g;cplm:mg the spring scale by a strong cord  If the screw traction apparatus (Fig
995) was used, the spring scale must be replaced after reduction by a strong cord con
necting the traction bow wath the hook of the screw 1n order to chiminate the clastic
gve of the seale which would permit a displacement of the fragments dunng nailing

Irradiation damage dunng fluoroscopy must be avorded by following the rules given
onpage 37 (use of lead gloves, lead apron, short fluoroscopic exposures of 1-2 scconds)

The operation must not be started until the fragments are accurately reduced, be
cause good position of the frngments {s an absolute casentlal for the smooth

Figr. 1006-1009

Febraary 17 1942
Figs. 1006-1009 Satme as Figs 1001-1005 Photographs taken 4 months after Infury  Left the hospital
after 3 weeks and resumed her work after 12 weeks.

progress of the operation and satisfactory healing The troubles which may
anse from even shight angulations arc evident from Figs 1038-1053

Sterile draping of the fild The surgeon does not scrub until the fragments are
well reduced and firmly secured  The shin over the lower half of the upper arm 1=
sterilized and draped with a split sheet

Incision - A3-4 em inasion 1s made through the shin and the tendon down to the
bone 5-6 cm above the olecranon  The tendon may be retracted to one side instead
The wound 13 then held open by & small self retawmung retractor  The jont capsule
above the olecranon fossa must not be opened.

Drilling the bone and wnserting the el Over the muddle of the exposed bone surface
a hole 67 mm 1n diameter 18 made with a round electric burr  Thas opening 18 en
larged by oblique insertion of the awl (Figs. 992-995)

Application of the spring chip (Fig 76) This s appled for protection of the shin
agamst pressure from the awl, the gwde pin and the medullary nail A sterile pad
15 placed under it to prevent carrying loosened epithehum into the wound
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Indroduction of the measuring pin For accurate determination of the requred
length of the nail, a thin pin with rounded tip which has ben msasursd accurately or
which 13 marked with a centuneter scale 1s introduced.  When 1t approaches the head
of the humerus, 1t 18 propelled carefully under frequsnt short flusroscopic chack unse
to prevent 1t from injuring the cartilage

X ray pidtures X ray pictures are now taken from both mdes. These must be
40 cm. long and not as short as 1n Figs 1024-1031, in order to provide a compre
hensive view of the entire bone and of both joints, of the position of the fragmsnts and
the distance of the measunng pin from the shoulder jomnt. The central ray must be
directed over the shoulder yoint, to prevent the tip of the pin from appeanng closer to
the yoint line than 1t actually 1s. The distance of the tip of the pin from the jomnt hne
and the length of the wire still protruding from the bone are measured. The lenzth of
the nail needed equals the distance from the shoulder joint to the opemung m the bone,
because the tip of the nail should reach to wmithin 14 em. from the jont and should
protrude 1} cm from its pownt of wsertion into the bone  To avoid unnscassarily
prolonged waiting for the X ray pictures, a rapid developer should be used (se page
35)

Drroing of the double nail ~ After the length of the nail has bsen accurately de
termuned, 1t 1s introduced through the hole of the bone It must be held flat against
the elbow duning the dnving so that it will not become caught on the antsmor wall
of the medullary canal (Fig 995) Since the tip 1s slightly bevalled, 1t shdes along the
entenorwallinto the head (Fig 997)  When 1t approaches the fracture site 1tsprogress
must be checked by fluoroscopy 1 both planes. If the fragments were well reduced
and secured 1t usually shdes into the distal fragment without difficulty  If not, the
fragment must be shightly angulated or displaced shightly laterally ~Semous conse-
quences may anse if 1t 13 angulated n the wrong direction (Fig 1041) or too strongly
(Fig 1043) When the tip approaches the shoulder joint, both X ray tubes must be
moved wnto that region.  One must carefully see to 1t with short flusroscopic exposures
that the point does not penetrate into the shoulder jount (Fiz 1030) The nail obtans
1ts firmest anchorage 1n the epmphyseal zone (Figs 23-31)

Drsving the nail from the shoulder  If the fracture 15 located 1n the distal third 1t s
preferable to nail from above (Figs. 1026-1029) In that case, the screw tracton ap-
peratus must be used wathout the 4 rotating rods otherwise the nulmgz site s not
accessible  The patient 18 positoned simular to Fig I/757 He must mt almost
verticalty and the upper arm must be brought 69-70° m front of the frontal plane
mstead of merely 30° as 1n this illustration.

The two % my tubesare then set up and the arm 1s reduced with suffictent traction
as n the nailmg from below (see page 308)  For s=cunng the fragm-nts, an accessorv
frame (Fig 1/82)1s attached to the apparatus above the middle of the upper arm and
the fragments are then secured by straps in 2 3 or 4 directions, sumilar to Fig 803

Incssion Starting at the lower border of the greater tud rcle a 4-5 cm. Jongitu
dinal moson 1s made and carned distally through the deltoxd muscle  The soft hissuss
are held apart with 8 self retaining retractor
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Since the cortex is very thinin this region (Figs 23, 24),1t can casily be prerced with
the awl and no burr is needed
The iniroduction of the gude pin,
The \ ray piciures, ond
The dr-ing of the double nail 18 carned out in the same manner as 1n nailing from
the distal end (<ce page 310)  Since the cawity narrows distally n the sapttal
plare, the mner thinner nal may be chosen 1 em longer than the external nail

Skun sulnre and pressure bandage  After the nail has been dniven in, the shin s
cowed with a few sutures and covered with a pressure bardage to prevent hematoma.

\ ray prfures  After the nail has been dniven and the wound closed, \ ray

pictures must be taken exactly from the front and from the side to determine the
position of the fragments and of the nail at the fracture site and at the metaphy sis
Otherwise, ncdents such as shown in Fig 1090, where the nal penctrated nto the
shoulder jomt, might be overlooked

Strarglitening the bone 1 the arm was not firmly sccured, an antecurvation de

velops at the fracture because the nail 1s dnven obliquely from behind forward (Fig
1067) ‘Ths angulation can casly be corrected over a well padded wooden wedge

Impaction of the fragments  1I the fragments gape as 1n Figs 1008 1059 they
must be impacted by blows wath the palm of the hand upon the flexed elbow, other
wise, callus formation is delayed and pseudarthrosis may develop

\-ray prctures Another sct of \ ray pictures must be taken from both sides after
straightening and impacting the bones because the correction may have been too little
or too much (Fig 1045) Straighteming and cheching by X ray pictures must be re
peated until the humerus is straight 1n both planes and the fragments are well coapted
and not gaping

Supplementary external support If a nail of sufficent length and thickness has
been used, no additional plaster cast 1 necded  If the fracture s still loose however
a ghoulder spica (Figs 1/734 a-d) must be applied A cast on the upper arm alone
(Fige. 392-394 E 1/913-915) 1s insufiicient as shown 1 I'gs 1028 1029 A sugar
toog sphint to the upper arm (Figs 351 352 £ I 752 753) 1s entirely wadequate as
shown 1n Figs 1070-1073 If an added external support 1s needed either the
dication or the technique was defective  Medullary nailing then loses 1ts advantage
of early exercises.

Post-operalrre posilioning of the arm  The arm 15 elevated on a pillow and a sling 15
used when walling  If pamn and swelling appear ap abduction splint (Figs 65-67 E
ﬁ&%) 13 used dunng the day for one to two weeks Duning the mght, a pillow 1

Exercises  The finger and the wnst joint must be actively moved through the full
range from the first day  Also rotation of the forearm must be practiced. Active
motions of the elbow must not be permutted for one weeh until the swelling and the
hematoma have subsded.  If this joint 15 exercised m the first few days pain usually
appears, the elbow becomes hot and the swelling recedes much more slowly Even
inflammation at the fracture mte of at the naibng mte may ensue It must be em
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phasmzed again and again that the elbow joint never suffers the shightest damage from
an immobihzation for one week, but does so by premature motions which as a rule
cause pamn

In the shoulder joint, motions may be carned out from the third or fourth day on as
long as they cause no pain  With his well arm the patient rmises the injured arm
to the honzontal

In the sccond week active exerases are begun in the shoulder and the elbos, pro-
vided they cause no pain  The honzontal and vertical pulleys must not be used for
excrewses because they may produce a separation of the fragments.

Useof a sling  In walling about, the arm must be carned for 24 wecks in a shng
which, to be effective, must rarse the elbow so as to prevent the weight of the arm from
dhstracting the fragments.

Since marhed stifferung, especially of the shoulder, frequently follows the carrying
of thearm in a sing many call a sling the “bunal sheet of the arm and want 1t elmt
nated. Inmy opimon, every painful arm should be carned in asling  However, it 1s
necessary to excrase all the joints as outhned above  Stiffering is not caused by the
sling or by the patient who cames 1t, but by the one who neglects to see to it that
proper excraises are carried out daily according to a plan.

Vigorous massage and passree motion The statement that these two measures
arc most deletenous m all fresh and most old injurics (sec page 1/37), holds true
for medullary nailing as well  That they may cause myostis osuficans and permanent
stiffness espeaally at the elbow 1s shown in Figs 1/37,38  The rule

Exerclses must never cause paln

(see page I/31) applies after medullary nailing as well.

Infection  To date we have never had an mflammation follow a closed nailing of
the humerus nor have others reported this comphication.

Hosprtalisation  We have discharged some patients from the hospital as early as
3—4 days after the operation if no particular swelling developed

Duraiion of treatment  Work can be resumed after 6-12 weehs depending upon the
location of the fracture and the age and occupation of the patient.

Subsequent observation  After discharge from the hospital the patient must report
for & check up at least once & week  If the patient does not hive too far distant, 1t 13
advisable for hum to return daily or every other day for group exerasss.  After return
to work the patient should report for an % my check up every 2 months. A speaal
file kept on all nafled cases serves to prevent overlooking the careful follow up {see
page 54) which 1s most essential.

Extraction of the nosl It 1s best to leave the nail 5 suu until the callus shows bony
transformation  This usually takes 4-6 months. If the nail is removed at & tme
when the fracture hine 1s still plamly visble as 1 Fig 1016, the bone may again
suffer a break dunng a vigorous motion  If one waits long enough the extraction 18
very easy, even without an extraction mstrument We sometimes do this under local

ancsthesin in the ambulatory patient.
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Contingeneies which my anse dunng closed medulliry nailing of the humerus are
evident from Uigs 1010-1053 In Figs 1010, 104, the nail penctrated postero
medially through the proumal fragment and broke off a fragment of 8em  because the
reduction was not accurate and becnuse a shght recurvation was left nstead of pro-
duaing a shght antecurvation  Tlus could have been avoided with continuous fluoro-
scopic control  When another nal was inserted, too much antecurvation and a varus
angulation were produced (Iigs 1042, 1043)  This caused such a bowing of the nail
that st was hinhed when the bone was straightened (Iigs 1014, 1045)  Besides the
arm was bent <o much that a shght recurvation (Fig 1015) was produced from the
antecurvation  This slight angulation was insigmficant and should have been left,
but instead, after 11 days the arm was agam bent more than necessary  This pro-
duced a varus angulation and a lateral displacement in both directions, the nail bent
marhedly and moved further upwards into the medullary cawity (Tigs 1046-1047)
The hinks in the nail and the lateral displacement now prevented an approximation of
the fragments, and although a supplementary shoulder splen was used for 16 weeks,
callus formation was delayed (Figs 1048-1053)  The many months of immobilization
caused a prolonged marhed restnction of elbow and shoulder motions and a decided
loss of strength Ilcahng tooh much longer than with previous methods This
proves that accurate reduction first and fluoroscopic observation of the nail dunng the
driving are essential  In straightening the arm, the proper strength must be used
Fine discnmuination and not brute force 1s what counts.

Another possible snadent 1s the penetration of the nail into the shoulder joint
(Fig 1090) thisisposaiblef too long o natl has been selected or sf a nail of proper length
hasbeendnivenintoodecply  Hart noticed radial paralysis in 2 cases (sce page 86)

Delayed collus and globular callus of considernble degree (Figs 1014-1017 1028,

1029, 1060, 1061) are secn only f the nail 1s too thin or too short. The cause of this s
discussed on page 90

Advantages of Kfintscher s Medullary Nailing over Other Methods

In propetly selected cases 1f this operation 18 performed at the nght time (omussion
of operation dunng shock 1n the presence of swelling and open wounds) and with the
proper technique (accurate reduction before driving the nail the use of a nail of suf
ficent length and thickness) better results are obtammed than with the use of plaster
sphints or contmnuous traction  Callus formation 1 not enhanced  Local arculatory
disturbances are less therefore there 1s also less wasting of muscles and less decala
fication of the bone  In cases which need no additional support, the motion 13 not
disturbed  Hospitalization 1s as a rule shorter and the end results are better

Causes of Fallure in Closed Medullary Nalling of Fractures of the Humerus

| Operating under shock This may cause death Medullery naiing
18 not an emergency procedure
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phasized again and agam that the elbow jomnt never suffers the shghtest damage from
an immobikization for one weeh, but does so by premature motions which as a rule
cause pain

In the shoulder joint, motions may be carned out from the third or fourth day on as
long as they cause no pain  With his well arm the patient raises the mjured arm
to the honzontal

In the second week active excrcises are begun 1n the shouldsr and the elbow, pro-
vided they cause no pun  The honzontal and vertical pulleys must not be used for
cxcrases because they may produce a separation of the fragments,

Useof ashng  In walking about, the arm must be carned for 2-4 weels 1n a sling
which, to be effective must rase the elbow so as to prevent the weight of the arm from
distracting the fragments.

Since marked stifferung espeaally of the shoulder, frequently follows the carrying
of the armn a sing many call a shng the “bunal sheet” of the arm and want 1t elimt
nated In my opinion every painful arm should be carned in a shnz  However, 1t 18
necessary to excrase all the joints as outlmed above  Stifferung is not caused by the
sling or by the patient who carmes 1t, but by the one who neglects to sec to it that
proper exercises arc carred out daily according to a plan.

Vigorous massage and passree molion The statement that these two measures
are most deleterious i all fresh and most old injuries (see page 1/37), halds true
for medullary nailing as well.  That they mey cause myositis ossificans and permanent
stiffness espeaally at the elbow 1s shown 1n Figs 1/37 38 The rule

Exercises must never cause paln

(sec page 1/31) applies after medullary nailing as well

Infection  To date we have never had an inflammation follow a closed nailing of
the humerus, nor have others reported this compheation.

Hospualization  We have discharged some patients from the hospital as early a3
34 days after the operation if no particular swelling developed.

Duraton of treatment  Work can be resumed sfter 6-12 weeka, depending upon the
location of the fracture and the age and occupation of the patient.

Subsequent observation  After discharge from the hospital the patient must report
for a check up at least once 2 week  If the patient does not hive too far distant, 1t 18
adwvisable for lum to return daily or every other day for group exercises,  After retumn
to work the patient should report for an % ray check-up every 2 months. A speaal
file kept on all nailed cases serves to prevent overlooking the careful follow up (sec
page 54) which 15 most essential.

Extraction of the nasl Tt 18 best to leave the nsil 15 sy until the callus shows bony
transformation  This usually takes 46 months, If the nail 1s removed at a time
when the fracture Line 1s still plainly visible as 1n Fig 1016 the bone may agan
suffer a breal during & vigorous motion  If one waits long enough the extraction Is
very easy, even without an extraction instrument  We sometimes do this under local

anesthesia 1 the ambulatory patient
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Fig. 1013 Fig. 1015 HFg. 1016 Fig 1017 Fig. 1018 Tig 1019
March 9 1942 May 12 1942 February 14 1943
Figs. 1013 1015 Same as Figs 10101013 8 weeks alter medullary nafling.  Since the nall was too short
and 100 thin, there was play at the fracture site and a definitely glohwlar callus developed (sce page (3}
Flgs. 1016 1017 Same as Figs 1012 and 1013 immediately after removal of the nall, and 4 months after
infury Decldedly globular callua. The fracture lioe s stilf plainly visible especially in the antero-
posterior view and extends through the callus.

Figs. 1018, 1019 Same as Figs 10101013 after 13 months. Bony comolidation The globular callus
bas receded,

Rgp. 102¢-1023

Muarch 19 1942
Figs. 1020-1023 Same as Figs 1010-1019 9 weeks after infury Left the hospital after 14 days and
resumed his occupation efter 8 weeln.
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Fig. 1010 Fig. 1011 Flg. 1012 Flg. 1013

Jamary 15 1912 January 16 1942

Figs. 1010 1011 Tramverse fracture of the right humerus just above the middle, in a 55-year-old book

keeper mbo alipped In the snow and Ianded on his right erm

Flgs. 1012 1013 Same as Figz 1010 and 1011 immediately after nalling in a screw traction apparatos

(Fig 998)

o
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The fragments are in good apposition.  The nall Is too thin and too short. It ks 8 cm. removed
from the joint surface Instead of 1-2 cm

Operating 1n the presence of swelling or fever  Medullary nathing 1s not an
emergency procedure

Operating before deep skin abrasmions or wounds on the 1njured arm or mn
other parts of the body are completely healed (ie within 2-3 weeks) unless
1t was possible to operate within the first few hours Medullary nailing is
not an emergency procedure

Operating 1n joint fractures

Operating n fractures which are less than 9 cm removed from the elbow
Operating without adequate ermamentanum (sufficent selection of nails,
retractors etc)

Operating mthout reduction apparatus

Operating with one instead of two \ ray apparatus

Failure to use local anesthesia for the first X ray examination because the
arm can then not be pomtioned properly espedally for the lateral view
Neglect to determine accuratelv the length and width of the medullary canal
Failure to provide protection against heat loss
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Open Meduliary Nailing of I'resh Compound Fractures of the Humerus
In wvery compound fracture, the danger of infection 1s greater becauee the frac
ture site was cxpowed by the trauma  The questson is whether medullary nasling
inercaces or decreases this danger 1 hawve usually rejected the old methods of
osteosynthesss in compound fractures of the humerus, beeause they require wide
exposure of the fragments and do not provide sufficient stability  Fhese two objec
tions are not vald for Rintscher’s medullary naiing T or this reacon, T used 1t
formerly 1 fresh compound fractures of the humerus, if the local and general con
ditions permitted  Now I use it only in rarc instances hecause 1o case of infection,
the cntire medullary cavity becomes involved, whereas without nailing, the process
remamns localized  Therefore, 1n marhedly displaced fractures, T now somectimes
uee & wire suture without the medullary nail (Figs 1086, 1087)
If 1t 18 desired to perform open nailing, the procedure 1s as follows
General requirements ath regard fo the patient Medullar nashing must be per
formed only 1f the patient 1s 1n good gencral condition
Local requirements with regard fo the bone  \ll fractures which are at least 9 em
removed from the clbow may be nailed
Contra tndtcations «&ath regard lo the patient  If the general condition 1s poor
(weak, rapid pulse pale appearance cold sweat) nathing must be omitted under all
arcumstances. If the injured is in profound shoch as usuaily happens in
multiple injurfes medullary nailing must positively be omitted or the out
come may be fatal
If the general condition 1s poor a splint or a plaster cast, or, exceptionally,
wire traction 1s applied
Conlra tndicalions with regard to the soft tissues and the bone  In the tirst edition
I wrote ‘ Marhed contusion of the shin 18 no absolute contra indication  Now I
am of the opinton that the nailing should be performed only 1f the shin surrounding
the wound 15 not injured or inflamed  Tractures closer than 9 am to the elbow
should asa rule not be nailed because the nail does not provide sufficient stability
Preparation of the patient  Since the patient 1s frequently severely shoched he
must be well protected agaimnst further loss of heat and must be covered and rubbed
with warm cloths and fortified with hot dnnks
Detasled examination of the patrent While the patient receives the foregoing
attention for shock the type extent and depth of the injury should be determined
accurately A pale or blue appearance of the fingers 13 noted and the condition of
the arculation mn them 1s cheched  3lotion of the fingers and wrnist sensation and
the reflixes are tested. The pulse 1s frequently hardly palpable 1n shocked and
exsanguinated patients. If it 1s absent on the mnjured side only 1t 1s & sign that the
main artery 1s either torn or blocked by a clot or by the pressure from a fragment
Furst local anesthesia  After this examination which should be done quickly,
the fracture 1s anesthetized by the injection of 0 5 per cent novocaine solution be
tween the fragments with the ncedle entering through healthy skin and not through
the soled wound  With the eimination of pam the general condition usually 1m
proves and the pulse becomes stronger and slower (see case history page 1/109)
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Faslure {o reduce fraciure accuralely

Neglect to elimnate the give of the spring scale, after reduction and before
the mnsertion of the nail, by a strong cord

Neglect to introduce the gwde pin for measurement

Neglect to use fluoroscopy during the introduction of the measuring pin
Ormussion of X ray pictures after introduction of the measunng pin

Neglect to use the fluoroscope dunng the dnving of the nail

Uang the fluoroscope without lead gloves and lead apron.

Omuission of \ ray pictures after the insertion of the nail

Neglect to straighten the humerus

Neglect to impact the fragments

Neglect to apply a shoulder spica if the union of the fragments 18 not suffi
cently atable

The apphcation of a cast to the upper arm only (Figs 392-394 E, 1/913-915)
It does not provide suffigent stability

The application of a sugar tong plaster splint (Figs 351-352 E, I/752, 753)
It does not provide sufficent support

Neglecting active exercises of the fingers, wnst and forearm through the full
range from the first day on

Premature exercises of the elbow 1e  dunng the first week

Using the honzontal and vertical pulleys for exercises, this mey cause sepa
ration of the fragments

Use of vigorous massage and forable passive motion ~ This produces huta
tion of motion 1n the clbow and sometimes myositi1s osaficans

Omussion of subsequent observation and \. ray control before the fracture 18
firmly umted and the nail removed

Neglect to use a specal file for nailed cases

Premature extraction of the nail.

Neglect to take . ray pictures at the condusion of the treatment

Rejection of Open Medullary Nailing of Fresh Closed Fractures

of the Humerus

With the use of our reduction gpparatus (Figs 998-1000) we have always suc
ceeded 1n reduang closed fractures of the humerus in such & way that closed nailing
was possble

If 1 an exceptionzl case reduction should prove impossible the fragments
should not be exposed for nailing or else the outstanding advantage of Kiintscher’s
method 18 lost  In fresh closed fractures this consmsts of the fact that only a small
wound need be made far removed from the fracture mte

Such cases must be treated with plaster casts or splnts or exceptionally with
wire traction  The dangers of the old operative treatment of fresh closed fractures
with exposure of the fracture field are discussed on pages 1/152 153
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Fip. 1028, 1029 Same as Figs  1024-102, cdeven weeks after medullan nailing  Strilingly large glot
ular callos, because the nail is too thin and too short.  The fragments therefore had play in gate of the
arm cast.  The fracture Line Is plainly visible in the lateral view and continunus through the callus.
Figs. 1030, 1031 Same as Figs, 1024-1027 cight months after medullan nailing and immediately after
extraction of the nail Dony consolidation.  The globular ealles has receded.

The length and wdth of the medullary canal gre measured 1n the manner descnbed
on page 305 this determines the length and thickness of the nail required

Personnel  One assistant 18 needed for the debndement, and another one for the
supervision of the patient (appearance, pulse and possibly gencral anesthesia) an
nstrument nurse and an \ ray techmaan are also needed

Second local anesthesia  For the wound excision local anesthesia 13 most satis-
factory A 05 per cent solution of novocaine 13 infiltrated 1nto the soft tissues as
far as they are torn and also into the natling site  For the nailing a short general
analgesia 1s sometimes required

Protection agasnst heat loss  The patient must be well covered as for amv
operation

Wound excision  If the patient comes under our care within the first 6-8 hours
the wounds are thoroughly excised according to the rules given on pages I 105-130
where the procedure for skin, fasciz muscles tendons blood vessels nerves and the
bone 15 described 1n detail

The wounds often have to be extended by longitudinal skin incisions 1n order to
reach and remove all the torn and soiled tissues  The skin must ne-er be cul trans
versely even if the onginal wound was transverse or else the retracted muscle
stumps will not be found This 1s particularly true of those muscles which have
retracted towards the elbow region Al tissues depnived of arculation must be
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Flg. 1026 Fig. 1027
December 4, 1941

Figs. 1024 1025 Transverse fracture of the left hinmerus betw een the middle and distal third, 11 cm. above

the efbow in a 38-year-old raflroad worker who was run over  Simultancous fracture of both forearm banes
at the middle.

Fige. 1026 1027 Seme 23 Figs 1024 and 1025 two weeks after operation. The nall was inserted from

the pronimal end.  Tts Hp s § cm. removed from the jolnt. At the same time double wire transfirion cast
to the forearm.

Infusion and transfusion  If the patient does not recover by warming hot
drinks and local anesthema, he 13 given an 1nfusion of 500 cc. of an 1sotonic solution
of blood serum salts, and preparations are made for a blood transfusion.

X-ray fnctures  1f the patient responds to this treatment with improvement
X ray pictures are taken in both planes to determuine the type and extent of the
bone mjury  The films must be at least 40 cm long to show both joints

Amputation  If the injured arm remains without sensation cold and pale and
if the arculation does not return after pressure upon the finger nails although the
patent has recovered, the arm must be amputated 1n time 1f possible within the
first 6-8 hours so that the stump may be closed safely Patients sometimes refuse
amputation because they can still move the fingers  Thus, however does not 1ndi
cate survival of the arm becguse motions are still posmble within the first few hours
if the nerves are not severed.

Tsme of wosng  Nailing may as a rule be performed only wathin the first 6-8
hours &s long as no mflammatory reaction has set ;. If the operation 18 performed
later an infection of the medullary cavity may ensue

Insirumentarswm  For open nailing the instruments shown 1n Figs 85-91 are
needed 1n addition to those required for closed medullary nailing as Listed on pages
22-26 A reduction apparatus and a second X ray apparatus are not required
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Fig 1032 g 1013 Fig 1034 g 1035 Fig 1036 Fig 103/
March 23 194 March 27 1914 May 4 194

Fig. 1032, 1033 Transverse fracture of the Jeft humerus fust sbove the muddie of the shaft in a case of
Paget s disease with narrow medullary eavity and typdeal smooth fracture surfaces.  Both fragments appear
very short In the A P view became of Joreshoriening {rom angulation.  Suffered by & 51 yrar-old goldsmith
wbo fell on an kcy strect
Fige. 1034 1035 Sameas Tigy 1032 and 1033 sfter the operation which was performed 4 days kater under
plerus anesthesta with Witimoser's reduction appamtus (Fig 1000) with a thin bat suffickently loag medul-
Liry mail. A drain is Jocated at the nailing site. The {ragments are in good apposition and well impacted.
Was metely given & triangle sling. Discharged from the bospital after 14 days. Foll active motlon of
fingers, wrist and forearm elbow 70-150° lateral shoulder elevation 105 Outward rotatlon restricted
by ont third inward rotation free

Fip. 1036, 1037 Same as Figy 1034 and 1035 after 6 weeks  The fracture line has become wider  Be
ginning globular calles.  Full active motion 1 all jolnts of the ama.  Resumed his work after 9 weeks,

Remoral of the plaster cast  In {ractures of the mddle third 1n good position, if
the fragments were firmly joned by the operation the cast may be removed after 3
weeks  In fractures close to the joints the cast 18 removed from the dorsal surface
of the hand end forcarm after 3 weeks to permut active motion 1n the wrist jomnt
and active rotation of the forearm In these fractures the cast 1s removed com
pletely after 56 weeks

Vigorous massage and forcible passroe mation are particularly contra wdicated 1

compound fractures because they may bring about late nfection and myositis ossifi
cans

Agam the old rule holds true (see page 1/31)
Exercises must never cause pain



320 MEDULLARY NAILING OF KUNTSCHER

carefully excised, preserving larger blood vessels and nerves. From these only the
soiled adventitious tissue 1s removed  The bones are cleaned of dirt with a rongeur
and with hammer and chise] Tragments still connccted with the periosteurn must
not be removed A thorough debndement often takes an hour or more

Blood transfuston  If the pulse and the general appearance have not improved
1n the meantime, 400-500 cc of blood are transfused

Application of splini, cast or lraction  If the general condition does not improve
following the blood transfusion, a sphint, a cast or continuous traction 1s apphed.

Open medullary nasling  If the general and local conditions are good, medullary
nailling may be performed.

The skin tnoision above the elbow or below the shoulder,

the application of the spring clip,

the prercing with the awl,

the introduction of the guide pin for measuring, and

the X ray pictures, are zll carned out in the same way 2s in closed fractures of
the humerus (see pages 309, 310)

Driving of the nadd]  When the accurately measured double nall reaches the
fracture the fragments are held together with Lambotte clamps (Fig 85) to permit
easy entry of the medullary nail mnto the other fragment.

X ray puciures  After the nail 1s completely inserted X ray pictures must
again be tahen 1n both planes

Supplementary wnre suture  If the X ray pictures show good position a dnll
hole 18 made 1nto both fragments in transverse fractures and a longitudinal wire
suture 18 applied (Figs. 478 479, 1076-1081), 1n spiral fractures one or two arcum
ferential wire sutures are appled (Figs. 1084-1087)  Without such supplementary
wire sutures, the fragments 1n compound fractures might scparate, as in Figs
1068 1069

Inmsertion of drains  After the wire sutures 1-3 rubber drains are inserted into
the deepest part of the wound carried out through healthy skin, and fastened with
a suture

TWound closure If the wounds are not older than 6-8 hours, the skin and the
skin only 18 closed with sutures  No Iygatures (see page 1/113) and no sutures are
buried  An exception to this rule 13 made only 1n case of severed nerves

Application of pressure bandage The wound and the nmling site arc provided
with a light pressure bandage to prevent hematoma

Applicalion of a plaster cast  For immobibzation of the soft tissue wounds,
either a cast 18 apphed to the upper arm (Figs 392-3%4 E 1/913-915) or, depending
upon the location of the fracture a shoulder spica (Figs. 1/734 a-d) these bandages

arc split and fenestrated immedzately

Removal of drains and open wound Irealment  After 24-36 hours the pressure
bandage and the drains are removed.  The wound remains uncovered and the dramn
openmng {3 covered with a small sponge

Exercises  The fingers are exerased actively through the full range from the

first day
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Fig 1050 Fig 1051 Fig. 1052 Fig. 1053
December 7 1943 January 20 1945
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Fig 1041

\ugust 20 1943

August 20 1943

Figs. 1038 1039 Leverage fructure of left humerus below middle with small wedge fragment posteriody
marked dispt of f and sioul dislocation of left hamerus at the shoulder Joint down
ward and forrard. In a H-year-old printer who was knocked off his motorcycle by & truck.

Fige 1040 1041 Same as Figs 1038 and 1039 after reduction of shoulder under general anesthesls, easily

accornplished by Hippocrates method and after insertion of a double mail with the reduction apparatus of

Fig 998. Since a recurvation persisted the nalls perf d the p 1 1) and p ded into
the soft trsues behind  In so doing, the rafls broke an 8 cm long splinter of the lateml wall

Figv. 1042 1043 Same as Figs 1040 and 1041 after insertion of & new doable nefl with antecurvation
of 25 and varus of 15°  The nall s too short. It {s 6 cm. removed from the jomt mstead of 1-2 cm.

Figs. 1044 1045 Same as Figs 1042 and 1043 after strafghtening the bone. There Is now a vurus of 5°
and a recurvatin of 10° The nell is bent at the fractare site. Arm placed on alrplane gplint.

Figs. 1046, 1047 Seme as Figs. 1044 and 1045 after an sttempt to correct recurvation on the 11th day

This caused a varus of 15° and a lateral displacement of the distal fragment forward and Inward.  The nail

has a deuble kink and has slipped upwasd by 2.5 e The head of the nall slipped into the medallary
cavity A shoulder epica was applied after correchon of the angulation,

Figa 1048, 1049 Samcas Figs 1046 and 1047 after 7 weeks and 8 weeks after the accident.  Good align
ment m both views  \o callus formation between the main fragments. Some cloudy callus almdons
betwemn the wedge and the distal fragments.

Fip 1050,1051 Semees Figs 1038-1049 lmmedistely after removal of the medtullasy nall which required
the chiseling of a 5 cm long groove 1nto the bone, and 16 weeks after infury  No periosteal callus visible.
The callus beidge betw een the wedge and the dtal fragments has become stronger
Figs. 1052 1053 Same as Fiy 1038-1049 after 17 montha.  Bon) copsolidation.  All jolnts of the arm
actively free since Angust, 1944 After 8 manths, motion at the elbow was only 170-60° against 180-45"
on the right Iateral shoulder abduction 130° against 160° on the rght. Had some cifficulty In putting
bis hand on the back of bls bead and over the sacrum.  If this fracturo had been treated after reduction,
@ ithoat malling with an abdaction spiint (Figs. I/"41-746) or xith a shoulder spica (Figs. 1/734 =) it
would have probably been furm after 8 weeks and full motion restored after 3 months.
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great resstance  The tissucs arc torn and this Jater hmits motion Nvurve and
vascular disturbances following rapid correction of shortening are much less common
on the humerus than on the femur becruee the shortening 1< never as great  With
prolonged duratian of the aperation, asepsls may he disturbed and infection may
occur in the tom tissues | or these reasons, the shortening must he corrected before
the operation
Indrcations for medullary warhng of old fractures of the humerus  The mam indica
tions are delayed callus formation due to marked lateral displacement (Figs 1034,
1055), or to excessive traction
Contra indications for medullary nasling of old fractures of the humerus
{ Poor general condition  All internal argans, especially those of arculation
must be normal
2 Ageover40vears  Qaly exceptionally should older people be operated upon
3 Local inflammatory processes of the bone  Sinuses must have been closed
for at least 6 months
VMarked decalafication of the bones combined with arculatory disturhances
Dystrophic hmbs are particularly hable to post operative infections
Shin pathology (inflammation, cxtensive scars adhenng to the bone)
Shortening of more than 3 em  This must be corrected first by contmuous
traction
7 Extenstve ossfications in the medullary cavity
8 Marked impatrment of the muscles and the joints
Correclion of he shortenng by conltnuons traction following closed refracture A
shortenung of more than 3 cm must be avercome before operation  Fibrous unton
between the fragments must be disrupted by mawmpulation over a wooden wedge
(Figs. 863 £ 11 2488) or with a Phelps-Gocht osteoclast (Iigs 934 E II,2746) Wire
traction with 3—4 g weight is then applied to the ulnz just below the olecranon
(Figs 364E [/747)  After 2 days the weight 18 gradually mncreased until the shorten
ing 13 ebolshed  In Figs 1054, 1055 traction with § Kg was required to remove
the shortening n 12 days It 1s better to use more weight to obtain the correction
in 2 shorter pertod of time
h;zpn medullary narling of old fractures of the humerus ~ Only after the shortenung
been corrected or if no shortening existed may one proceed with the naling
The lengtk and wrdth of the nedullary caral are determined as 1 cloed fractures
of the humerus (see page 305)
Anesthesia Plexus anesthema serves best (see page 1 101)
Ubﬁzpo)mrc of fragments  These are exposed through e lateral inaision and freshened
md]:;xen,:n:)cr nl]'sl:n};p:d be?ause n transverse fresheming cellus is delayed The
posable bwu:fthzs l:;f? ;ﬂl)d lzmt;dtid The periosteum 15 elevated as little as
515-524) if the healing r:;f t?c w[r,)un; 10?15.?([:1::(? fofse sequestn (Fign S11-513,
callus has yet formed as in Figs 105-1—15055 uln tha e Cperation 1s casiat of no
t case 1t 18 sufficient to freahen

the fragments with a sha
p chisel whereupon th
and wmthout dufficulty r they can be approwmated accurately

o+

ot
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Remoral of sutures If the wounds heal without comphcations, the sutures
should not be removed for 3 wechs  They must be removed immediately to open
the wound widely if fever redness and swelling appear

The subsequent observalion,

the keeping of a special record and

the extraction of the nail, are carned out i the same manner as mn closed fracturcs
of the humerus (se¢ page 312)

Results All five fresh compound fractures of the humerus which we have nailed
to date, healed without complications ‘The results therefore are as good as those
obtained 1n our 24 compound humeral fractures previously reported 1n Ehalt’s book,
all of which healed without wound disturbances The treatment 19 mmplified but
potentinlly more dangerous

Open Medullary Nailing of Fresh Gunshot Fractures of the Humerus

In contrast to gunshot fractures of the fem‘gr, 1t 18 rather easy to immobilize gun
shot fractures of the humerus by a plaster cast “T'or this reason there 1s no urgent
necessity to use a medullary nail and I would advise against 1t.

Open Medullary Nalling of Infected Gunshot Fractures of the Humerus

1 had the opportumity to see a considerable number of gunshot fractures of the
humerus which had Heen nailed elsewhere m the presence of sinuses  In most cases
prolonged suppuration followed which remamned bland and never led to a phleg
monous process i the medullary cavity  However, I gamed the impression that
the healing was not accelerated, but rather delayed by the use of the pail and that
for this reason the function was poorer than in non nailed cases.

Hibler recommends medullary nailing even 1n infected fractures. His advice
should not be followed until he reports on a continuous sencs of a number of cases,
thoroughly followed up which prove defiitely that nailing shortens the period of
treatment and that the results are satisfactory

Open Medullary Nalllng of Old Fractures of the Humerus

Shorteung and angulation cause much less disturbance 1n humeral fractures
than in fractures of the femur or of the lowerleg  Nevertheless marked angulations
should be corrected if this 1s possible without endangenng the patient.

Kiintscher s medullary nailing has the advantage that m selected cases (Figs
1054-1063) and with correct techmque no redisplacement can occur and the jomnts
can be exeraised early

The procedure 1s never an emergency one  Therefore 1t should be resorted to
only if the patient1s1n good general condition the skin 15 healthy and if the shorten
ing 15 less than 3 am  If the slun shows any diseased condition one must wait until
1t has been normal for 2 months.  In the presence of extensive scars edhenng to the
bone one must forego medullary naiing enturely

If an attempt 1s made to correct a shortening of more than 3 am dunng the
the operatron, much force and tume 18 used because the contracted muscles offer
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Fige. 1038 Fig 1059 Fig 1060 Tg 1061 Fig 1062 Fig. 1063
September 13, 1942 December 7 1942 sy 1S 13
Figs. 1038, 1059 Same as Figs  1054-1037 after open medullary nafling  \pplcation of abduction
splint.  The pail i too short.
Tigs 100 1001 Same as Firs 1058 and 1059 after 3 months. Tbe fragments separated slightly becanse
no rupplernentary w ire suture and no shoulder spics was used. Fracture Ine continues throagh the globular
callos (see page 134)
Figs. 1062, 1063 Same a3 Figa 1058-1061 immediately after removal of the nail and 8 months alter the
operation. Firm bony undon. The excess callus has Leen atsorbed.  \ll foints actively free

coaplalion of ke fragments with Lambotle clamps,
application of supplementary wire sulures,
snsertion of drains

skin suture and pressure bandage

remeral of drans

exerctses

remeval of sulures and

subsequent obser-ation

1f the fragments are well coapted and a wire suture 18 applied, no shoulder spica
18 needed tor fractures in the middle third

Rejection of Open Medullary Nailing in Pseudarthroses of the Humerus

Preudarthroas of the humerus as a rule does not cause such scnious disturbances
as that of the femur and lower leg  Since the strength of the arm 1s however greatly
umpaired by this condition we attempt to correct 1t if the local and general condifion
of the patient permit

Causes of pseudarthrosis  In compound fractures the removal of fragments was
the most prevalent cause especally 1f the remaimng fragments were subsequently
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g 1054 Fig 1085 Fig. 1056 Fig. 1057
August 31 1942 September 12, 1942
Figs. 105 1055 A 4-veelsold transverse fracture of the middle of the right humers, in a 31 year-dld
man who was run over Shortening 4.5 cm.
Figs. 1056 1057 Same as Figs 1054 and 1055 after wire traction through the olecranon with 5 Kg for
12 dayn. The sbortening duseppeared.

Giude groove  If the fragments are absorbed, a gmde groove, 5-6 cm long and
1-2 mm deep and wide 13 chuseled into both fragments before they are severed
Thus groove provides a gmde for the prevention of rotatory displacement or for 1ts
correction

Procedure with pus focs  If a cawity filled wath granulation tissue or pus 1s met
dunng the exposure of the fragments, the opcration must be discontinued It
should not be performed later

Exposure of the medullary comfies  If these are not patent after freshemng they
must be opened with the awl

The subsequent procedure 13 the same as 1n closed or compound fractures of the
humerus (see pages 309 and 320) viz

rzciston for nodding

application of the spring clip

drilling the bone wuh a round burr and wideming the hole with the awl wn the distal
third

gerang the bone wnth the ool 1n the proximal thard

wdroduction of the measurng pin

X ray prctures

rapid development

drioing the nail
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§i=~ 1058 Tig 10%) Fig 1000 i l(yl Hip 1002 Fir 1003
Septemlet 1% 1042 Decemler 7 1912 May 15 1983

Fipy 100 1050 Same as Firs 1084 1087 after open medullary nailing. YppRaauon of abrdoctim
splint The nal s tom short
i 1000 10¢1 Sameas Fign 1058 and 1099 after 3 mumthe.  The [agments reparated sfighth e e
e supg lementary wire uttre and nnshoulder plcamaswied  Fracture Jine comtinues throu~h the glot dlar
aallus (see pape 134)
Fige 1062, 1063 Same as Dips 1058-10¢ 1 immeduately after remonval of the nail and & months after the
geration  Firm bemy union  The ezceen eallus has been atmorted Al fants actively free

coaptalion of the fragments «£ath Lambolte clamps,

application of supplementary wire sultires,

nseriion of drans

skin sutnre and pressure bandage

remoral of drains

exercises

rema~al of sutuses and

subsequent obser-ation
If the fragments arc well coapted and 2 ware suture 1s applicd o shoulder oprca

1 neeqed for fractures 1n the middie third

Rejection of Open Medullary Nalling in Pseudarthroses of the Humerus

I'scudarthrows of the humerus as a rule does not cause such scnous disturbances
as that of the fomur and lower leg Since the strength of the arm is however greatly
mpaired by this econdition we attempt to correct 1t 1f the local and general condion
of the paticnt permit

Causes of pseudarithrosss  In compound fractures the removal of fragments was
the most prevalent cause espeaially 1f the remaining fragmonts were suboerquontly
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Fig 1054 Flg 1055 Fig. 10% Flg. 1057
Aogust 31 1942 September 12 1942
Fige 1054 1055 A 4-weeksold transverse fracture of the middle of the right humerus, in a 31 year-old
man who was run over Shortenlng 4.5 cm.
Flgs. 1056 1057 Same as Figs 1054 and 1055 after wire traction through the olecranon with S Kg., for
12 days. The shortening dimppeared.

Guide groove  If the fragments are absorbed a gwde groove, 5-6 cm long and
1-2 mm deep and wide, 13 chuseled nto both fragments before they are severed
This groove provides 2 guide for the prevention of rotatory displacement or for 1ts
correction

Procedure with pus focs  If a cavity filled with granulation tissue or pus is met
dunng the exposure of the fragments the operation must be discontinued It
should not be performed later

Exposure of the medullary cavities  If these are not patent after freshemng, they
must be opened with the awl

The subsequent procedure 1s the same as 1n closed or compound fractures of the
humerus (see pages 309 and 320) viz

inceston for naing

application of the spring clip

drilling the bone wnth a round burr and widening the hole with the awl in the distal
third

prereing the bone with the il 1n the promimal third

ntroduction of the measuring pin

2 ray pctures

rapid development

drving the nadl
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Fig 168 Tig {69 Tig 100 Fie 1071 big 1072 Fig 10,3

Juh 29 1942 September 28 1912 Januan 22 1943
Figs. 1068 1069 Samc as Fimy 1066 and 106, three davs after oqeration  The fragments separated by

16 mm  \fter thdr impactlon, & shoulder frea was apphied (Fige 17734 ah
Fige 1070 1071 Same a« Figs 1068 and 1069 after 2 months.  Heginning aallus formation.  Shoulder

pica was remaved and replaced by a sugar teag shint to the upper arm.
Fizx 1072 10,3 Same as Ilgs 1070 and 1071 after 4 months. The fragments have agaun separsted
sightly  Callus slight only posteriorly  Iracture stifl loose  Thercfore on March2 1943 Le 9 months
after the first operation a recond naling and wire suture asin Figs 10:6-1081 and shoulder spica for 14
months,  The fractare Line was then partly beddged I the fragments had been froshened obliquely and
unuted with 2 circumferential wire loops and immoldlized with a cast frum the knuckles to the shoulder
the pacudarthronis would probably have united in 10-12 weck

In pseudarthroses with such a high degrec of decalafication of the entire humerus
that the cortex 1s only paper thin medullany nailing has failed just as badly as the
transplantation of massive grafts which are as a rule absorbed within a fen wecks
or months

With medullary nailing the danger of an infection 1nvolving the entire medullary
canal 1s ever present whereas with previous methods 1t remaimed confined to the
fracture stumps

For the reasons just mentioned I no longer use medullary nailing 1n the treatment
of pseudarthroses of the humerus and advisc againsé 1}

Those who wish to perform 1t nevertheless must proceed as follows

Oblique or 7 shaped freshemng of the fragments 15 indispensable  With transverse
freshening callus production will be delayed or even pscudarthrosismay recur  The
medullary canal must be patent on both fragments I bave seen many cases of
failure because fresheming was omitted through rehance upon the callus-stimulating
effect of the medullary nail (Figs 468-477)  Several cases were sent to me with a
broken medullary naul as in Tigs 476 477 Figures 478 479 show that even

this bone unites firmly 1n a short time following thorough freshening of the frag
ments and winng
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Fig 1064 Fig. 1065 Fig. 1066 Fig. 1067
Jume 23 1942 TJaly 26, 1542

Figr. 1063 1065 A 7-months-old tight pseudarthroals of the bt bumerus in a 22 yrar-old man follonIng

closed transverse {racture caused by 100 brief immotdlization, early masage and forcible pasive motion

Figs. 1066 1067 Same as Figs. 1064 and 1065 after operation  Both fragments were freshened trans-

verscly  The nail bs too abort.  \o wire suture.  The fragments are in excellent apposition.  Plaster cast
from fmger knuckles to shoulder (Figs. 392 E 1/913)

distracted by continuous traction instead of being pushed together 1n & plaster cast
Figs 1088 1089)

It also follows premature interruption of the immobilization for the sake of ap-
plying massage and passtve motion (Figs 1061 1065 1082 1083)

At the present tmme the most common causes of pseudarthrosis in closed and com
pound fractures of the humerus are wire traction either with too heavy weights or
with spnngs (Figs 289 290 and 468 469) and a shoulder spica apphed under too
strong traction (Figs. 366-372 and page 120)  With adhesive plaster traction on the
abduction sphint (Figs 349 350 E I 589, 590 and 1/741-746) we never had &
pscudarthrons develop 1n closed fractures

Preudarthrosms will rapidly become much rarer if traumatic surgery 1s organized
as suggested on pages I1 1525-1530 and of independent institutions are established
for 1ts teaching and practice

Varling  For some time we used medullary naling in most pseudarthroses of
the humerus because we gave credence to the onginal assertions 1n the lhiterature
that the medullary nai has a callus-simulating effect which 1s the very object in
the treatment of pseudarthroses since they are due to the exhaustion of the callus-
forming capaaty A critical evaluation of the results in humeral pseudarthroses
treated by us and others with medullary nailing forces me to the conclusion that
this method offers no advantages over others but entails great disadvantages. The
production of callus 13 not enhanced by the nail but frequently retarded This is
true particularly in transversely freshened cases 1n which no supplementary wire

suture 15 apphed (Figs. 1063-1073)
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Nig. 1078 T 10,9 Lig 1080 Lig 1081
Octoler 6, 1912 Januany % 1943

big 1082 Fig 1083 Fig 1086 Fig 1087
April 1 1942 Februany 9 1943
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Fig 1074 g 1075 Fig. 1076 g 1077
Apeil 23 1942 June 4 1942

Fige 1074 1075 An 11 months-old pscudarthross of the left humerus in & 35-year-old man, from an suto-

motule nccident.  The closed fracture was sutured elsembers mmedutely with 2 wire Ioops. Infection and

paralysis of the rachal nerve followed.  After 1 month the wires were removed.  After 4 months the wound
closed.  Sclerosed pseudarthroms. Bones decdafied

Figs 1076 1077 Samc as Figs 1074 and 1075 immediately after the operntion and 6 months after closure

of the nound. Both f wero freshened tr iy The nail perforated the thin cortical bone.

With a Jongitudmal wire loop the 2 irngments are held together The nerve was satured after resectlon of the
thickened ends. Shoulder spuca for 4 montha

Flgs 1078 1079 Same as Figs. 10:6 and 1077 four months after operation. Flrm bony unlon.

Fip 1080 1081 Same a3 Figs 1076-1079 immedlately after removal of the nafl and 8 months after

operatlon  The fragments show bony union  The wire loop was keft. Radul paralysis not Improved

If the fragments had been freshened obliquely instead of transversely and united with 2 arcumferentlal

wre sutures by perforating and encircling the booes 1 times and a ceat bad been apphed from the knockles

to the shoulder this peeudarthrosis would probably have united §n 10-12 weeks by & much simpler and less
dangerous procedure.

Flg 1082 1083 Obhque pseudarthrosds of the nght huroerm m & 28-year-ald man from ahell frugments.
Condition 8 months eiter infury and 5 manths after clammro of wounds Radial peralyshy

Fige. 1084 1085 Same as Figs 1082 and 1083 2 manths after exposure and freshemng of the fragments.
The radisl nerve was dusected from the surroundmg scars and sutured.  After insertion of the nail, the
fragments were umted with 2 wire loops.  Exght days after operation he was able to ruse the amm well and
to move the elbow  After 8 weeks, firm bony muen.
Fige. 1086 1087 Same s Flgs 1082 and 1083 immeduately after extraction of the nail and 10 months
after operation  Bony consobdation.  The 2 wire Joops were left.  Actrve extenslon of fmgers. If coly
2 wire Joops had been used without the nail this pecudarthrosds wonld bave united just as quickly
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Tig 1092 T 1003 Tig. 1094 Tig 1098 1ig. 109 Fig. 1097
Ay 3 IH3 Octoler 9 13 Januany 17 194

Figy 1092, 1093 Sammc as Figs 1088-1071 five months after operation  The bone graft did not take
Figy. 1094 1095 Same as Figs 1092 and 1093 immediately after remaval of the nafl and 10 months after
imertion  I'racture still loote  The graft sequestrates.

Figx 109 1097 Same as Figs 1088 and 1089 aiter 14 months. The transplanted necrotic bone graft
was removed.  The defect is now much larger and the arm shorter than before the nailing.  In such cases
2 masve boee graft long enough to overlap both bone (mgments by 4 cm. as dn Flge 200-203 [, 1/283-

286 must be used

use medullary nalling In humeral pseudarthroses, particularly because a
possible infection may sprend to the entire medullary canal

Rejectlon of Open Medullary Nalling of Defect Pseudarthrosis
of the Humerus

Relying upon callus-stimulation by the medullery nail some surgeons have used
1t 1n defect pseudarthrosis of the humerus  Only failures have resulted, not only 1n
those cases 1o which the fragments were brought together but particularly also m
those 1n which the gap was left open  Bone defects can be bridged only with fresh
bone grafts preferably from the well tibin  Both fracture stumps must be freshened
for a distance of 4-5 an so a8 to provide a broad area of contact with the trans-
planted bone which must therefore be at least 8 cm longer than the gap between the
fragments  Figures 196-203 E I 279-286 prove that such grafts take well

Figures 1090-1095 show that a nail used with a short graft with only 0.5-1 cm
contact with the fmgments does not lead to honry unton

If bone grafts of sufficient length are used adequate stability 1s obtained for the
application of a shoulder spica  The medullary nail can do only harm because 1t
destroys the bone marrow in the very places where the graft makes contact
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Fig 1088 Fig 1089 Fig. 1090 Fig. 1091
\ovember 26, 1942 December 5 1942
Flgs. 1088, 1089 Defect peudarthroms of the right humerms, in a 3 year-od blacksmith follox g ant
fnfected comminuted gunshot fracture which way treated with excemive adhesive plaster traction and &
shoulder spica.

Fig. 1090 Same as Fig 1088 after ap of the dsahere removal of ebumated fragment,

inscrtion of nafl and transplantation of a tibial graft which was too short. Four drill boles can be scen 1n the

gt through which the suture matermal was drawn to fasten it to the meduliary neil.  The nail protrudes
into the shoulder joint.

Fig 1091 Sameas Fig 1089 The nafl has been retracted from the shoulder joint. The head of the nail
is close to the efbow

Supplementary wrre sutures  In all pseudarthroses the muscles are greatly 1m
pared by the injury as well as by the prolonged treatment and they are therefore
unable to hold the fragments together  The weight of the forearm and of the distal
fragments consequently pulls them apart To prevent ths, the fragments must
after fresheming and medullary nailing definitely be held together by longitudmal
or transverse wire sutures (Figs 478 179 1076-1081 1081-1087) Figures 1068
and 1069 show how the fragments separate if no wire sutures are used

Shoulder sprca  Since the capacity of the bone to produce callus 1s markedly
impaired 1n all cases of pscudarthroms a thorough freshemng of the fragments wire
sutunng and the use of & suffiaently long nail are insufficient, and a shoulder spica 18
requured for 8 weeks for complete immobilization (Fig I/734a-d) Thus however
cancels all advantages of medullary nmling because 1n 2 spice the jonts cannot be
exerased early

Since I have usually attalned more rapid healing by merely thorough
freshening of the fragments and a wire suture, or by & bone graft, I no longer
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the swelling has disappeared  If fension blebs have developed asa sign of marked
intederence with the arculation, then nailing must be omitted
Contra indscations «ath regard to the bone Communuted fractures and fractures
1n diccased bones 1 which the medullary cavaty s filled, are not suited for nathng
In fractures uath angulations athont lateral displacement, as mn Tigs 1/974-
977 and 1/958-995, nathng 1< superfluous, heeause good position can be maintaincd
with a cast alone

Fraclures of the olecranon are, as a rule, not suitable for medullary naibing  They
arc best repaired with a longitudinal ware suture (Tigs 1/889-894 and 1/898-901)

Fractures of botli forcarm bones Jess than 6 cm removed from the joint are not
suitable  Teolated fractures of the ulna must be at least 3 em removed from the
proumal and 6 cm from the distalend  Isolated fractures of the radius must be at
least 5 cm chistant from the provimal and 10 em from the distal end

Local anesthesta and \ rav prctures  Satisfactory i plane X ray prctures of
sufficient size are indispen<able for medullary nuling 1 or proper positioning of the
forcarm 1t 1s desirable to ancsthetize the fractures by local ancsthesia (sce page
1 99) The picturcs must be at least 30-40 cm long for a good survey and toavord
overlooking other injuries especially a dislocation of the radius at the upper or
distal end (Figs 1117 1172-1179, 1180-1185 1186-1197) and also for accurate
measurement of the width of the entire medullany canal  The views must include
the elbow joint, wnst joint and both radio ulnar joints (Tigs 1103-1106)

Tune of operation 1 the general condition 13 good, one may operate within the
first few hours. The fragments can most casily be reduced on the first day before
the hematoma and swelling become too large  If for some reason 1t was not possible
to perform the nathng within the first fow hours 1t may be performed dunng the
next few davsaf the swelling s only shight  If 1t 1s marked causing glossy shin and
even tension blebs one must not operate nor in the presence of decp abrasions  In
the presence of wounds on the broken arm or on other parts of the body , natling must
be delayed  Unless one can do 1t immediately after debridement, one must wait
until all wounds are well healed 1€, at Icast 2-3 weeks, or elsc they may break open
and lead to metastatic infection at the fracture site (sec page 151)

Determination of the length and widlh of the medullary canal  After the \ ray
pictures are finished and the time for the operntion has been sct, the length of both
bones 15 measured on the well arm  This 1s very simple and relable because the
bone ends can always be readily palpated with the clbow flexed at a nght angle
The nail thould as a rule be 3-6 cm shorter than the fractured bone yet 1t must
not be too short  The majonty of disturbances are duc to the use of too short a
nail frequently inserted at the incorrect site (Tigs 460-467 1129-1132 1174-1177,
1200-1201)
nan'l;k‘lvcaxldth of the canal 15 determined from the \ ray pictures In adults the

aree n the middle third vanes from 2-3 mm  Towards the proamal

and distal ends the canal wmidens shghtly (Figs 33—42 and 45-53)
Armamentarium  This 1s Lsted on pages 22-26 and 1s 1llustrated 1n Figs
x‘?;‘cné&ui?ll:t;nmc:: l')l::ds several guide wires of 1 5 mm thichness and 15-30
g handle (Figs %1 82) and a gelf retaiung svound retractor
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FRACTURES OF THE FOREARM BONES
Closed Medullary Nailling of Forearm Fractures

At the outset it must be stated that closed medullary nalling Is a very
difficult procedure in closed forearm fractures.

General requirements with regard to the patient  Nailing 15 permussible only 1f the
patient s general condition 1s satisfactory  Heart, lungs, Ladneys reflexes, motions
of the joints, and sensation must therefore be examned carefully The shin must
be 1n good condition and must show no inflammation, not even outside the fracture
area  No inflammatory process must be present 1n anv other part of the body
(eg tonsillitis)

Local requirements with regard o the patient  Most switable arc transverse frac
tures of both bones at least 56 cm removed from the joints (Figs 1101-1104, 1105~
1110)  Fractures of the ulna must be at least 3 an cistant from the proximal end
and 6 cm from the distal end, 1solated fractures of the radius must be removed at
least 5 cm from the proximal and 10 cm from the distal end  Fractures closer to
the distal end of the radius (Figs 1117, 1118) are not swited for closed medullary
nailing

Conira sndications with regard to the patient 1f the genersl condition is poor
(weak, rapid pulse pale appearance, cold sweat), nailing should ponitively not be
performed because 1t 13 no emergency procedure If the patient is in shock,
as s usually the case in multiple injuries, medullary nailing must ab
solutely be omitted, or the outcome may be fatal (sec also page 8) I am
repeating this sentence 1in every chapter because many beginners, in their enthusiasm
for the new method see only the broken bones and not the patient  With a poor
general condition only a plaster cast or a splint may be used. Continuous traction
18 to be rejected because 1t frequently leads to pseudarthrosis, especally 1f skeletal
traction 1s used

Contra indscations wuth regard 1o the soft tissue  Inflammatory condtions of the
respiratory digestive or gemifo-ursnary organs constitute a contra indication agaimst
medullary nailing because of the danger of hematogenous infection of the bone
marrow  Particular attention should be paid to tonsilitls

In wnflammatory condstions of the skin especially furunculosss medullary nailing
must be omitted because of the danger of metastatic spread.

In the presence of burns cspecially on the injured hmb nailing should not be
done

In the presence of wounds on other parts of the body naihng must not be performed
until they are entirely healed hence at the carliest 14 days after njury otherwise,
late infection and spreading of germs may follow (see page 151)

In the presence of deep abrasions over the fracture nailing must be avoided be
cause sloughing of the crushed skin may expose the fracture sites and lead to 1n
fection of the rather superficially located bones of the forearm

In the presence of marked swelling nmling 13 not advised One must walt until
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Fig. 1099 The forearm recured, ae seen from above  Ulnar alduction of hand.  This poution is usually
required for reduction of fractarcs of the radrs alone  The strap halding the fatgers crosses the hnuckles
this allowing rfficient room for dnving the nail into the radius above the wrist joint
Fig 1100 Same secn from the side  The olecranon fs freely acceadble for najling  If neceswary lateral
traction straps can be wed

tube 1s placed under the small table with the radiolucent wooden top, the other,
opposite the radial sde of the forcarm (Iig 1098)

Reduction of fragments  1f both bones are broken and no displacement 1s present
mn the distal radio ulnar joint (Iigs 1101 1102 1105 1106) the forcarm 1s placed
10 suptnation 1n fractures of the proximal third 1n fractures of the mddle and distal
third the forearm 1s placed 1n mid position between pronation and suptnation, the
wnist 1n mid position between flexion and extension and between radial and ulnar
abduction, as in Figs 1098 and 1100 If the radius only 13 broken 1n the proxumal
third and a central subluxation cxists 1n the distal radio-ulnar jount, asn Fig 1111
the foreanm 15 placed 1n supination and the wnst 1n ulnar abduction

Likewise in 1solated fractures of the muddle and distal third of the radws (Fig
1117) the forcarm must be placed in supination and the hand in ulnar abduction
3id-position between pronation and suptnation and ulnar abduction at the wnst1s
shown 1n Tig 1099 The muscle action which brings about the displacements 1s
discussed on pages I, 547, 548 and shown 1n Ligs 405 L, I/1000, 1001

In fractures of the ulna alone with dislocation of the radius 1n the proximel radio-
ulnar jomnt (Tigs 1172-1179 and 1180 1181) the central dislocation of the entire
radius 13 also reduced by longtudinal traction and ulnar abduction and the dis-
location of the head of the radius by direct pressure (I'igs 379 L 1 862)

1t angulations persist, they are corrected by lateral pressure  Sometimes lateral
displacement can be corrected only by strongly angulating (toggling) the fragments
(Figs 1/16-18) The reduction 18 cheched by bi plane flucroscopy  One loop each
15 placed over the middlc of the radius and of the ulba and connected to the wooden
frame for the exertion of lateral traction during the operation, 1f necessary
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Fig 1098
Fig. 1098. The forearm {3 secured for meduflary nalling by the traction apparatos (Fig. 98) The band b
placed midway between flexion and extenslon and midway between radial and ulnar abduction, the forearm
midway between pronation and sapunation and the elbow at a right angle.  With a ball-foint the wrist and
forearm can be turned into any desired podtion as required for reduction and medullary nafling, The 2
\ ruy tubes are set up for fluoroscopy  The top of the table fs of wood and transmits \-rays.

Personnel  An assistant 1s needed for the supervision of the patient (appearance
and pulse) and for posmble anesthema & fluoroscopist, an mnstrument nurse and an
X ray technican are also needed

inesthesta Plexus anesthesia 18 best swited (see page 1/101)  Local anesthesa
15 not sufficient because the traction on the fingers 15 too painful

Protection against ieat loss As 1 any other operation the patient must be well
covered to prevent chilling

Securing the forearm 1 the reduction apparatus  The patient reclines on his back

n 2 serm sitting position  The reduction apparatus (Figs 98 and 1098-1100) is
placed upon a table with 2 wooden top elongmde the operating table The appar
atus s firmly fastened to the small table and thisin tum 1s secured to the operating
table so that it will always remain stationary A wooden frame sumilar to the one
shown 1n Figs 527 and 803 1s placed over it To this straps can be appled for
traction n any desired direction  This wooden frame 18 not yet shown n Figs
1098-1100 The upper arm 1s fastened with 2 straps to the 15 cm well-padded
trough The hand 1s fastened by & strap across the hnuckles of the 2nd to 5th
fingers to the wooden bloch which 1s attached to a ball and-socket jomnt. The 3
wedges of cork fastened to the wooden block prevent the fingers from sliding off
when the forearm 15 put under traction with a screw

Placing of X ray maclines  After the onginal X ray pictures, not shetches arc

displayed for convemence inspection and measuning dunng the operation one-X ray
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L. 1105 Lig 1106 Tig 1104 g NoR Iig 1O Fig. 1110
A\pnl 23 1912 Junc S 1912 November 7 1942

Tim 1105 1106 Fractare of Loth forcarm bancs in the middle third with complete lateral diplacement and
shortening of 2 am., in & 1/ year-old helper whote arm was caught In a press.

Fige. 1107 1108, Same as Tips 1105 and 1106 § diately alter open lullary nailing of the radius,
which w23 performed 6 wecks after Injury becaue the displaced et dly in an dded
cast  This was followed by a plaster cast from the knuckles to the shoulder for 6 weeks.

Figs 1107 1110 Same as Tigs 1107 and 1108 jmmediately after removal of the medullary nail and 5
months after nailing  Booy unben of the radras in kdeal position  The ulna sbows a dorsal angulation of
15*  Rotatlon of the forearm restricted by one third.  All other fonts actively free,

ulna only the shin over the olecranon 1s stenlized 10 1solated fractures of the radius
only the skin over the wnst joint 1s stenlized, 1n fractures of both bones both these
places arc stenlized and draped with a stenle spht sheet

Incision oer ulna  In fractures of the ulna a 1-2 em shin inaision 18 made over
the tip of the olecranon

FPrerang the bone wth the awl and wnsertion of the guide wire  The olecranon 13
pierced superficsally with the anl under fluoroscopic control 5-7 mm proumal from
1s extensor surface  Dunng this procedure the X ray tubes must be focused over
the elbow joint  Care must be exeraised not to enter too close to the joint 2o as not
to damage the cartilage  Under fluoroscopic control, a stecl wire of 1 5 mm thick
ness is then worked into the medullary cavity by means of a handle (Figs 81, 82)
and pushed past the fracturc line into the distal fragment

1f the medullary canalis very narrow the nail 1s inserted without the guide wire

Drivng the narl  If the guide war 1810 good position the medullary nail which
has previously been accurately measured 1s driven in over 1t under the control of
short fluoroscopic thrusts  The fluoroscopic check up must be particularly careful
es the nail approaches the fracture to make sure that st does not proceed nlongside
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Fig 1101 Fig 1102 Fig. 1103 Fig. 1104
September 26 1942 September 26, 1942
Figs. 1101 1102 Tramsverse iracture of both forearm bones between the muddle snd distal third with
overlapping and shortening of 1 cm., in 2 46-year-old stage hand.
Flgs. 1103 1104 Same as Figy. 1101 and 1102 after dosed medullary nafling. Both bones show perfect
position 1n both planes  Remained without plaster cast becaase tho nalls were sulfioently long and thick.
Courtexy of Maatx (*Der Chirurg,” No. 9 1M3)

Fluoroscopy ~ Reduction 1s accomplished under continuous fluroscopic control
with short exposures of 1-2 seconds

Irradiation domage must be avoided by following the rules given on page 37
(use of lead gloves lead aprons and momentary fluoroscapic thrusts of 1-2 seconds)

X rov piciures If fluoroscopy seems to show good reduction X my pictures
(in two planes) are taken including the wnst and elbow jomnts.

Rapid development  To prevent undue waiting a rapid developer 1s used (sce
page 35)

The operation must not be started until the fragments and the joints are well
reduced because accurate reduction of the fragments Is indispensable for the
smooth course of the operation and uneventful healing

Sterile draging of the operative fild  The surgeon does not scrub until the frag
ments have been well reduced and firmly anchored  In 1solated fractures of the



CTOST D MEDUTT ARY SATTING OF FOREARM TRACTURLS E3)|

|
‘.
i
L

Fg. 11, g 1R Tig 1119 Lig 1100 Tig 1121 - na
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Flg 1123 Fg 124 Fig 1125 Fig 1126
June 5 143 November 11 1943

Figs. 1123 1124 Same a3 Fip 1121 and 1122 after 3 months, and 9 months after the accldent. The
slight callus bas disappesred and there ls a gap betw een the fragments.
dﬁdt;Llus 1126 Same as Figa 1123 and 1124 after extractlon of the nafl and 14 months after the ac
Paeein Fully developed pseudarthrosts.  If no nail had been used, bony anfon would probably knve taken
34 moaths as in Figs 411414 E 1/1002-1009 and 1/1028-1031 and the central dislocation at
the distal mdio-ulnar joint would have been much less pronomceed

of a handle (Figs 81 82) into the medullary cavity past the fracture site, under
edequate fluoroscopic control

Drrving the nail When the guide wire 13 1n good position, the nail 1s drven yn
under the control of momentary fluoroscopic cxposures  The head of the nail must
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Fig 1111 Fig 1112 Fig 1113 Flg. 1114 Fig 1115 Fig 1116
August 21 1942 August 26, 1942 March 20, 1943
Flgs. 1111 1112. Closed transverse fracture of the radlus in the praximal third with lateral displacement of
the drstal fragment in & 63-year-old helper who was struck on the forearm by a plece of fron.
Figs. 1113 1114 Same as Figs 1111 and 1112 after open mailing with & nail 16 cm. long and 3 mm. thick.
Good position  Plaster cast, including the upper arm, for 8 w ceks.
Figs. 1115 1116 Same as Figs 1111-1114 after removal of the nafl and 7 months after operation.  Boay
union in good posltion. Rotation one half restncted, all other jolnts actively free, The same result could
s have been attained in o simpler and less dangerous way with a plaster cast, without open nalling

Fige. 111, 1118. Compexnd fracture of the rachzs between middle and distal third with avulsion of the
ulpar stylord process.  The dustul fragment of the radias is deplaced towards the ulna and anterorly by the
full width of the shaft, angulated 15° with a shortemng of 1 5cm. Dislocation at the radio-ulmar joint.
Figs. 1119 1120 Same a3 Fipy 1117 and 1118, two moaths after thoroagh exclslon and open medalary
pafling with « nail of 12 cm. length 2nd 3 mm. thicknes.  Excellent position of the fragments immediately
after removal of the plaster cast. Decalcfication at the wrist joint.  Wide fracture lne. No calle
formation.

Figs. 1121 1122. Same s Figs 1119 and 1120 after 4 months, and 6 months after the operation  Fracture
apparently healed with good abgnment and a shortening of 1 cm. Therefore central distocation at the
dustal radio-ulnar jont.

the distal fragment, 1nstead of into 1t The nail selected must not be too thick so
that 1t can be readily retracted

Skin tncision over the radsus and prercing with the awd  In 1solated fractures of the
radius 2 2-3 am longitudimal incision 18 made over the dorsal surface of the radrus
2 am proumal from the wnst The bone 1s approached between the extensor
tendons. The soft tissues are spread by the self retaiming retractor and the bone 18
pierced with the awl

One may also enter over the styloid process of the radius (Fig 1103)

Insertion of the guide ware The guide wire 1.5 mm thick 18 inserted by means
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pewdarthroas may ensue 1 xtracton s uanlly eaaly accomplished and can be
camed out as a rule on the ambulant pitient under local ancsthcan I the nail of
the radius had not been bent up and therefore pocubly worked jte way into the bone,
evtraction may be very difficult
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Causes of 1 alture of Closed VMedullary Nalling in I oretrm Feactures

Operating under shock  This mny cause death Medulliny nuling
1« no emergency procedure

Operating m the presence of swelling or fever  Medullan nuling 1 no
emerpenay procedure

Operating in the presence of deep <hin abrasions or unhealed wounds on the
inyured arm or 1n other parts of the body 1¢ before 2-3 weeks have clapeed
unless the aperation could be pedormed in the firet few houre Medullary
nailing 15 no emergeney procedure

Operating 1n fracturce of both forcarm bones which are less than 6 em re
moved from the wnst and in 1<olated fractures of the radius which are less
than 10 em removed from the wnst jmnt

Operating without the required instruments (ample vancty of naits, ex
tractors ctc)

Operating without reduction apparatus

Operating wath one, instead of two \ rav machines

\cglecting to administer local anesthesia for the \ ray pictures because
these ean then not be focused satisfactonly

Neglecting todeterminc accurately thelengthand widthof themedullany canal.
Neglecting to protect against heat loss

Neglecting to fasten the small wooden table to the operating table

Failure to reduce the fragments and the dislocations accuratels

Neglecting to check the position after reduction by '\ ray pictures

Neglecting to insert the guide wire

Neglecting to use the fluoroscope while inserting the guide wire

Fluoroscoping without lead gloves and lead apron.

Faslure to bend the nail for the radius upwards

Faure to check earefully by fluoroscopy the progress of the nail after 1t
reaches the fracture site

Tailure to tahe \ ray prctures after the dnving of the nails

Failure to impact the fragments

Neglecting to exercise actively the fingers and the shoulder through the full
range from the first day on

Premature exerases of wnist and elbow joints and of pro-supmation 1e¢
before one week

Lxercises on the horizontal and vertical pulley ,
the fragments

Use of vigorous massage and forable passtve motion
delayed callus formation and to pseudarthrosis

this mey cause separation of

This mey lead to
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be bent (Fig 1169) so that 1t will not bury 1tself 1n the bone, otherwise, 1t 1s dufficult
toremoveit Maatz has also potnted this out
\ailing of both bontes  If both bones are broken they are both nailed 1n the
manner descnbed above  Sometimes nailing of the ulna alone 1s sufficzent. Nailing
of both bones 1s very difficult
Skin suture and pressure bandage  After the nails have been dnven, the wounds
are dosed with 1 or 2 shin sutures. A light pressure bandage 15 applied to prevent
hematoma
X ray pictures  Bi-planeX ray picturesare then taken to determine the position
of the fragments and the position of the nail
Impaction of the fragments  1f these pictures show a hiatus between the frag-
ments, the forearm must be compressed longitudinally between the hand and the
elbow
Supplemeniary external support  1f both nails were of the proper length and
thickness no plaster cast or splint 1s needed post-operatively  Othermise a castis
applied to the arm in mud-position of all joints as shown n Figs 392-3% E,
1 913-915
Exercises  The fingers and the shoulder joint are exercised actrvely through the
full range from the first day on  Motions mn the wnst and elbow jomnts particularly
rotation must not be started until after one weekh  Vlotion must remain within the
hmits of pain  Exerases on the honzontal or vertical pulley must be omitted since
they might cause distraction of the fragments
Useof ashing  Dunng walking the arm must be carmed 1n & sing for 3-1 weeks.
Since carrying of an injured arm 1n a shing has frequently caused marked stiffening
espeaally of the shoulder many call the shng the “bunal sheet of the arm and
want 1t eliminated. In my opinion, any injured arm must be carned 1n a shing as
long asit1s painful It 1s however necessary to exertise all jonts 1n the manner
described above \either the shng nor the patient 15 responsible for the stf
fenung but the one who fails to see to 1t that the proper exercises are carred out
daily according to a plan
Vigorous massage and forcible passive motson  The old dictum that these two
methods are most wjurious in all fresh as well as 1n most old 1njures (see page 1/37)
holds true for medullary nailing as well It may lead to pseudarthroms. The rule
Exercises must never cause pain
(see page I 31) applies equally after medullary naling
Subsequent obser-atron and natling record  After discharge from the hospital the
patient must return at least once a week for & check up  If he does not hive too far
away 1t 13 advisable that he return daily or every other day for group exerases.
After return to work he must report every 2 months for an \ ray chech up A
careful record file of nailed cases will prevent neglect or unmntentional oversight of
the follow up (see page 54
Extraction of thenail The nals must be left 1n mtu until the fractures show bony
consolidation 1.2 et least +-6 months. If they are removed too soon bowing or
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Fig 1126 a Lig 1120 1 Fig 1126 ¢ Fig 1126 d
Fig. 1126 a. The fractore of the ulna is expred.  The medullany nail is Interted through the fracture
surface into the prommal fragment and balges the lin over the olecranon where the dlin s inaeed.
Fig 1126 b. Comrectron of the shorterung th traction with & singlepronged bone-book,
Fig 1126 ¢ Correctimn of lateral diqlacement 1y tmcans of a hook.
Fig 1126 d \fter redocuon the nail is dnven into the distal fragment. The {razments are rmpacted.

Conira indications &1th regard 1o the patient  1f the general condition 1s poor
(rapid weak pulse pale appearance cold sweat) medullary nailing must under no
arcumstances be performed If the patient is In profound shoch as is
frequently the case in multiple injuries, medullary nailing must positively
be omitted, or the outcome may be fatal

If the gencral condition 15 poor a simple plaster cast (Figs 392-391 E T 913-
915) 15 applied and no transfixion cast (Figs 395100 E 1 936-941)

Conlra indications outh regard fo the soft tissues and the bone  Large wounds are
no absolute contra indication  Fractures less than 6-10 cm from the wnst must
not be nailed because the nail does not provide sufficent stability  In particular
{ragments extensively denuded of penosteum (Figs 1136 1137 and I 149 150) must
be excluded from natling because the stumps will be sequestrated if a medullary nail
or a wire occupies the medullary cavity (Figs 1140 1141 1142)

Detarled exannation of the patient  While the patient 1s hept warm the extent
and depth of the injury are accurately determined The fingers are cheched for
arculation and for a pale or bluish discoloration  Votion of the fingers the sen-
sation and reflexes are checked as well as the pulse at the wnst

It must be Lept in
mind that 1n shocled or etsanguinated patients the pulse 1s f

requently not pal
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25 Neglecting to follow up until the fractures are firm and the nail removed.
26 Neglecting to record nailed cases mn a specal file

27 Premature extraction of the nail

28 Neglecting to take X ray pictures at the conclusion of the treatment

Open Medullary Nalling of Fresh Closed Forearm Fractures

Like Ktntscher and Maatz my assocates proceeded very cautiously with the
nailing of forearm fractures and usually exposed only onc of the two broken bones
operatively and nailed it In the erroneous assumption that 1t is sufficent to grasp
but 4-6 am of each fragment only short nails, suitably bent, were used (Tigs. 462-
467 1119-1122, 1129-1132, 1154-1157) A hole was made 1n the shaft of the bone
with a round burr either in the operative wound or through an additional inasion.
Even on the ulna the logical entry through the olecranon was intentionally avoided
(Figs. 1129-1132) for fear as I heard later, of an olecranon bursitis which sometimes
leads to severe epifasaial purulent cellubtis  This however, does not follow aseptic
operations, but soiled accidental wounds.

Since usually only one bone was nailed and because only short nails were used,
a plaster cast 1n mud position of all jomnts was apphed post-operatively 1n all cases
(Figs 392-3%4 E 1/913-915)

Figures 462-467 show that 1t 13 not sufficent to nml the radius only If the
operation 18 imited to one bone 1t should be the ulna. Because of 1ts subcutaneous
location 1ts exposure 13 less dangerous  In contrast to the other bones we do per
form open nailing even 1n fresh closed fractures of the ulna  The technique 1s de
scribed on page 349  If a third wedge fragment 1s present, as in Figs 460 or 1180~
1185 a wire loop may be added

Rejection of Open Medullary Nalling In Fresh Compound
Forearm Fractures

In every compound forearm fracture there 13 danger of infectlon because the
fragments were cxposcd by the trauma. The question is whether this danger 18
mcreased or decreased by medullary nailing  Unti now I have rejected the usual
osteosynthesis 1n fresh compound fractures of the forearm because its use requires
broad exposure of the fragments and because 1t does not provide sufficlent stability
These two disadvantages are overcome by the use of Kilntscher s nail and therefore
I formerly permitted 1ts use 1n selected cases. But I have abandoned 1t agan
because 1n casc of infection the entire medullary canal becomes involved whereas
without the nail the infection remains localized to the fracture ste  Without nailing
1 never saw such large sequestra as shown 1n Figs 1140-1143  In markedly dis-
placcd fractures I now sometimes use a wire suture

If open nailing 18 contemplated nevertheless the following must be observed

General requirements with regard to the patsent  Medullary nailing may be per
formed only 1f the patient 15 1n good general condition

Local requirements with regard to the boxe  The {racture must be at least 6-10
cm distant from the wnst and the fragments must be covered with periosteum
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Me 131 Iie 1132 Iie 113 Fig 1134
\wil 28 1942 \upu 127 1992 Febmuary 1% {943
Fir 1131 Same asTig 1130 immediately after semaval of the first nail and insertin of a nes nail 4 mm
thoek which protrudes 2 mm. beyon | the ofecranem Thereupsmn plaster ca t ancluding the tpper arm for
4 werl
Fig 1132, Same a« iz 1131 after another 4 meek  an 1 8 months after the acckdent.  Increased callus
formation

Fige. 1133 1134 Sameas Tigs 1124 and 1128 fourteen months after the accdent and Smonths alter remaval

of the nall  The fracture thows bony uniem with an angulation of 15 all motions activels free  If merely

a plaster cast without nailing had been applied following exa fon healing woukd have been of tuned in a

much slmpler and kewt dangerous way and in & shorter time as well since the fragments coukl kave mote
readily moved together

There are cases of arm njuncs in which the hones are brohen and the shin and
muscles extensively torn so that they are connected only by intact blood vesstls and
nerve bundles  These can be saved as shown in Tigs 1/140-148 and I '149-157

Time of natling  \aihng must, as & rule be carned out only within the first
6-8 hours, before any inflammation devilops. Late operztion may be followed by
nflammation of the medullary canal and massive sequestratton

Instruments and apparatus  For open nailing the ecquipment for closed nailing as
listed on pages 22-26 1s needed as well as the imstruments shown 1n Figs 85-91
A reduction apparatus 1s not required but one \ ray machine 13 necessary

e
- “_ﬂﬂ
—r——— A et e e

Fig 1135
Fig 1135 Closed fracture of the forearm at the
upper end without duplacement. The nafl kas been
H i
uced l:::;)ufhthe olecranon  Thi provides good {mmobllizxtion and prevents such angulation as in :“:—m—
1M Courtery of A. W Frscher and Martz (Arch [ Llin Chir 263 \o. 4 1943) ®
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Fig 1127 Fig 1128 Fig 1129 Fig 1120
December 5 1941 January 5 1942 Aprl 27 1942
Figs. 1127 1128. Compound fracture of the left ulna in the proximal third, with a third fragment 11 x {3
mm.  Dutal fragment angulated forwurd by 15*  Suffered by a 40-yeur-old printer whose arm was canght
in & press.  The wounds were debnded immediately  The ulnz was opeed with 2 roand barr insertion of
2 medollery nall 13 cm. long and 3 mm. thick, apphcation of a plaster cast which was immedately apHt and
fenestruted.
Fig 1129 Samc ss Fig 1128 after 4 weeks, immediately after removal of the cast. Wounds healed
without disturbances. The fracture is gaping  Resumed wotk 4 weeks later

Fig 1130 Same as FIg 1129 after 4 months, The fracture iine has becomt much parrower and b partly
bridged by bone.  The nafl migrated cutwards and plerced the skin.

pable Its absence on the injured side only, 18 an indication that the mam artery 13
torn or blocked by a blood clot or compressed by a fragment

First local anesthessta  After this examination which should be brief, the frac
ture 18 anesthetized by the injection of 0 § per cent of novocaine solution between the
fragments by entering through healthy shin and not through the soiled wound
With the disappearance of pain the general condition usually improves and the
pulse becomes stronger and slower (see case history on page I 109)  Also brachual
plexus anesthesna may be used

Infuston and transfusion  If the patient does not recover in spite of warming,
hot dninks and local anesthesia he 13 given an infusion of 500 cc of 1sotonic solution
of blood serum salts and preparations are made for blood transfusion

X roy preiures  If the patient responds to these measures \ ray pictures are
taken 1n both planes to determune the type and extent of the bone injury It 1s
best to use a film 40 cm long for the survey of the wrist and elbow joints

Amputation of the snytired arm If the arm remains without sensation cool and
pale,andif the blood does not return after pressure upon the tingernails even though
the patient has recovered the arm must be amputated in time—f possible within the
first 6-8 hours—to permut closure of the stump Patients sometimes refuse am
putation because they can still move the fingers. If the nerves and tendons are
intact the fingers can be moved even 1f both main arteries are severed and the arm

not viable.
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Incrston aver ldna and insertion of nul 16 the ulna alone 1< haben the nul e
dnven from the frcture ate wte the provmal fagment untd 1t perforates the
alecranon and bulges the <kan, which 1 thanainaed The nail 1« dnven in further
untilit protrudesanly 0 5 1 em from the fracture <tump Roth fragmentsarc then
placed 1n apposition and hidd firm with a Lambotte clamp (L 89) shile the nul s
driven into the didtal fragment

Inasion aer the radis and prercing aith theal 1 ondy the radwsas bhroken a
2-3 em lonmtudinal incision 1« made on the doreal <urface 1-2 em prowimal to the
wnst  The bone 1< approached between the extenor tendons and prerced with the
awl  One mav alw enter through the sta Inid procese

Drimng the nas! - The nail wlich 1s hightly bent at the end 1s then drven in until
1t appears in the fracture  The frgments arc then held together wath a Lambotte
clamp and the nail is dnven further

\atling of both banes  1f both boncs arce broken, they are both nailed 1n the
manner desenibed above

Impaction of the fragments 1 the fragments are not in accurate apposition they
are carcfully impacted

\ rav pretures After the nails have been dnven, In plane \ ray pictures are
taken and developed with a rapud develaper (see page 35)

Insertion of dratns  1f the fragments are 1 good position drains are inscrted
into both fractures thes drains are carnied out through healthy shin and held with
a suture

Wound closure  1f no more than 6-8 hours have clapsed the shin and the shin
only 15 closed with sutures no ligatures (sce page I 113) or sutures are buried
Only 1n the case of severed nerves 1s an exception made to this rule

Pressure bandage  The wounds and nailing sites are covered with a hight pressure
bandage to prevent hematoma

Plaster cast  For immobilization of the soft tissuc wounds a plaster cast 18
epplied from the knuchles to the shoulder (Figs 392-394 L 1/913-915) this must be
spht and fencstrated immeduately

Remoral of drawns and open wound treaiment  Aiter 24-36 hours the pressure
bandage and the drains are removed and the wounds remam uncovered  The dramn
openings are covered with a small dressing  If fever redness and pain appear, the
sutures must be removed

Ezercises The fingers and shoulder are not exerased for an entire week

Removal of plaster cast  If no wound inflammation sets i and 1f the nails were
sufficently long and thick as in Figs 1103 1104 the cast may be removed after
3 weeks

\ ray prdures  After removal of the cast Iy plane N my pictures must be
taken immedsately and repeated every 2 weeks

Viagorous massage and forcible passive movements must be guarded against par

ticularly 1n compound fractures of the forearm because th
ey may lead to la
fection or pseudarthrosis (see page [ 37) Y e
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Determsmatson of the lengih and wsdth of the medullary canal  The length of the
bone 13 determuned from the well arm  This 1s mmple and reliable because the ends
of the bone can be readily palpated with the elbow at & nght angle  The nail should
usually be 3-6 m shorter than the broken bone  Until recently the nails that were
used were usually too short (Figs 462-467 1119-1122 1129, 1132)

The width of the medullary canal 18 measured on the X ray pictures. In adults
the narrowest area varies from 2-5 mm towards the ends 1t expands shghtly (Figs
3442 and 45-53)

Personne  One asaistant 18 peeded for the wound excsion, another for the
observation of the patient (appearance pulse and possible general anesthesia) an
instrument nurse and an X ray techmcian are hkewise needed

Second local anesthessis Tocal anesthesia serves best for wound exasion A
solution of 0.5% novocaine 1s infiltrated to the torn soft tissues and nto the
nailing mtes. For the dnving of the nail a short general anslgesa 1s frequently
required.  If brachil plexus anesthesin was used no further local anesthesia 18
necessary

Prolection aganst heat loss  Asn any operztion the patient must be protected
against heat loss

W ound excision  Within the first 6-8 hours the wounds are accurately exased
according to the rules given on pages I 106-130, where the procedure as to the skin
fescia muscles tendons blood vessels nerves and bone 13 detajled

The wounds frequently must be extended by adequate longitudinal incstons
both directions to afford access for the removal of all torn and soiled tissues  The
skin must never be incised transversely not even in transverse wounds because the
retracted muscle stumps will not then be found  Espectally the stumps which have
retracted toward the wnst are hazardous Sometrmes 1t 13 adwisable to leave a
bridge of skin ntact and to make a new longitudinal incison towards the wrist jownt

All devitalized tissue must be removed while the blood vessels and nerves are care
fully preserved and only the soiled adventitious tissue 18 removed from them.  Sotled
bone 18 removed with a chisel or rongeur  Fragments connected with the perios-
teum are not removed  To overcome large skin defects, 1t 1s sometimes advisable to
shorten the bones slightly  For thorough debridement one hour or more may be
required

Blood transfusion  1f the pulse and general appearance have not improved 1n the
meantime 2 blood transfusion of 460-500 cc. 1s admnistered.

Application of 6 simple plaster cast or of o double wire transfixon cost  If the
general condition of the patient does not improve or 1f the fracture 1s not swited for
medullary nailing because of avulmon of the periosteum (Figs 1136 1137 and 1/149
150), a mumple plaster cast 1s applied (Figs 392-394E 1/913-915) or a double wire
transfinon cast (Figs 395400 E 1/936-941 and 1,942 953) 1f there was marked
displacement or comminution

1f the radius alone 18 broken a wire through the distal end of the radius and ulna
1s sufficent.  As soon as swelling and pain appear the cast must be spht

Open medullary naviing  Tf the general and local conditions are satisfactory,
medullary naihing may be performed
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Iig 1140 Lig 1141
July 20 1942

Fiew 1130 1141 Same as Lipe 1136-1139 after 3 mont}
troded through the wound and were toile) and chillad revue trated
protaldy have heen smaller hecause the bone marnm woukl not have been destroyed

lig 1162
September

T 1143
1912
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Tig 1145

Tip 144
March 11 1943
Thore parts of the 2 bones which Fad pm

31

Withaat wire theee pleces woukl

\ umple wire

ratore of the radins would have served the purpene better amd amld have been applied much more quichly

Flge 1142, 1133, Same as Figs 11361139 after 4] menth

M the radius perionteal eallus has formed which connects the tno frgments.

Fig 1144 1145 Same a3 Fags 1136-11039 after 1D} momth
i tal frapment of ulna vnited to the radin

bridee  Angulatkm 20

s
Fig 1146 Fig 1147
July 14 1913
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Fig 1148 Fig 1149
Octolser 18, 1943

Tig 1150

Flg 1151

June 19 194

‘The necrntic rucce of the ulna v removed

Radial fragments united 13 narow callos
Ulnar defect pecudarthrous,
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Fig 1136 Flg 1137 Flg. 1138 Fig. 11%
April 27 1942 April 27 1942

Figs. 1136, 1137 Compownd fracture of the leit forearm in the dlstal third. The peoximal fragment of the
radios protrodes 5 cm. and that of the ulna 7 cm. through the wound. Both are badly soiled. The palse
can be patpated In the radial artery but not [n the ulnararters  Good circatation In the fmgers winch can
be moved actively  Saffered by a 46-year-cdd mechanic whose arm was caught in a machine.
Figy. 1138, 1139 Same as Figy 1136 and 113/ after thorough debridement of the wound and of the [ag-
ments with a rongeur and aiter medallary nailing.  Since the medullary canals were surprisingly parrow
only a 1.5 mm. nire could be used for the ulna and a 1 mm. wire for the radips. They were Introdoced
through boles drilled into the proximel fragments.  \ drain is vislble. Good position of the fragments.
After an mitially uneventful course, Light fever and suppuration occurred after 8 days.  Afebele from the
11th day on.

Fips 1146, 1147 Same as Figy 1141 and 1145 after 4 months, and 15 months after Infury  The frag
ments of the radius are unrted by s fairly strong eburnated bndge of bone.  Since thus seemed to be strong
enough, no mew plaster cast was applied.  Angulapon 25°
Figs. 1148, 1149 Same as Figy 1146 and 1147 after 3 months and 2 months after the application of &
pew cast.  The sclerosed, and therefore melastic, bridge of callus Lroke soon after the removal of the cast.
The fracture fine now grves the apperance of & psevdarthrosls.  Angulation 35°
Figa. 1150 1151 Same a3 Figs 1148 and 1149 after 8 months and 26 manths after the mjury The
pecudartbosis on the radlus iy brdged by booe and bas become stronger At the distal end of the alna &
Large cavity can be seen, the romnant of a Lone abscess w hich formed 15 months after removal of the wure in
the regon where the tiphad been  Defect prendarthrons of olos unchanged.  Bridge calius bets een sadius
and distal fragment of the nlna. - Sinus closed for several dayy. The fingers can be extended to 165° and
flexed to within I cm. of the palm. The thurnb can be flexed down to the metacarpo-phalangesl jolnt of the
ring fmger  Grip companatlvely stroag  If no medullary w ires had been eed in this case, no large masive
sequestre would bave scparuted.  If both wires had been removed m time the imgments could have moved
togetber and booy union might possibly have ensoed. Thus moald heve prevented the marked angulstion.
W tbout medullery wires, 0o late abacesa  guld ka ¢ formed at the distal end of the radius.  1f the previous
methods bad been used, a3 10 Fipy I/149-15¢ the same result would probably bave been obtalned m §
manths, w hereas the treatment with wires consumed 26 months.
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Ig 1140 hig 1141 hig 1142 hig 1143 Iig 114 Ig 1143
July 2 1912 September ¢ 1942 March 11 1943
Fip 1140 1141 <ame as Figs 1136-1139 after 3 month.  Thoee parts of the 2 bones which kad pro
troded through the wound and were sl and chilked requestrated.  Without mire  these pheces »nukd
probalily kave been smaller Ixcauee the bone marrow mouk! not have leen destroyed | mmple wire
suture of the radius would have served the purvre hetter and coukd have been appled much more quickly
Figt 1142 1143 Same as Figs 1136-1139 after 4} monthe.  The ncerotic puece of the ulna 15 removed
At the radius [xmosteal callas has formed which connects the two fragments.
Fip 1143 1145 Same as Figs 1136-1139 after 10} monthe  Radwl fragments united by narrow callus
bedge  \ngulation 20°  Dietal fragment of ulna uited to the radius Ulnar defect preudarthrosls.
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Fig 1152 Fig 1153 Fig 1154 Fig 1155 Flg. 1156 Fig 1157
February 26 1942 Febrmary 27 1842 Febraary 14, 1943

Figs. 1152, 1153 A +months-old fracture of both forearm bones above the middle. Bony consolidation
of the radial fracture  On the ulnn the fracture lme js ot visible Volar angulation of 20° uinar angule
ton of 25° Rotation about one-half restricted
Figs. 1154 1155 Same aa Figs 1152 and 1153 after operathve cxposure and severance of the mdlos and
after bloodless fracturing of the ulm.  After drilllng an openmg Into the dists] fragment with a roand burr
a nall 10 cm. long and 4 mm. thick was driven In.

Fign 1156 1157 Same as Flgy 1152-1155 after one year Both fi skow bony liclatl
The ulna shoms a volar angulation of 10*  All joints free,

Sgawn the rule holds true (see page, I 31) Exercises must never cause pain

Removal of sutires  If no wound disturbances occur the sutures should not be
removed before 3 weeks

Subsequent supertiston

use of a special record file and

the extraction of the natl are carried out 1n the sarne manner as 1n closed forearm
fractures (see page 342)

Complicalions Next to the loss of an arm the most senous complication 1s
infection and the separation of large sequestra (Figs 1136-1145) To prevent such
extensive loss of bone 1n cases with large wounds with wide exposure of bones de
nuded of periosteum no nails or wires must be mtroduced into the medullary cavity
because they destroy the bone marrow  The bone then obtains no nutntion either
from outside or msde and therefore sequestrates (Figs 1140-1143)  In such cases
1t 18 better to use a simple wire suture

Results  'We have to date nailed 6 compound forearm fractures  One case had
to be amputated the next day because gangrene set in The arm was wjured by 2
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Octoler 29 191 Janany 18 1943

Figs, 1158, 1159\ 1$months-old ma! united fracture of the keft radios and pacudarthrous of the ulnar
styloid procese.  The dista! fragment is displaced radially  Radial angulation of 30 and domal angulation
of 40° Central dislocation of the ulna at the distal radio-ulnar joint  Fingertip-palm dstance 4 am.
Retatron limited to one half  \fter exposure and ofxen ostentomy of the radius, a medullary nail 9 em. long
udImm thich wasinserted  The wedge which had been removed from the volar surface nas inserted into
the domal surface
Flgr 1160, 1161 Same as Figs 1158 and 1159 after 2] months. The lateral displacement of the dstal
fragment towards the radial side has heen corrected.  The angulation still perssts.  In the lateral view the
dortal angulatson has heen reduced from 40" to 200 Beginning callos formation

Fig 1162 Fig 1163 Fig 1164 Fig 1165
June 9 1943 June 10 1943
Flg. 1162 1163 Same as Fip 1158-1161 after 7 montks. Bomy consolidation of the fracture

Figs. 1161 1165 Same as Figs 1162 and 1163 after extrachon of the nail Normal rmotion of fingers
forearm rotatin one third Limited

transverse saw cut which had severed both arteries  These were sutured but even
with & medullary nail such 1njunes cannot be repaired  In one case large massive
scquestra and a late abscess formed at the lower end of the radius (Figs 1136-1151)
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This case was not suited for medullary nailing either for the reasons given above
In the case of Figs 1117-1126, a pscudarthroas developed although such fractures
usually heal firmly without nailing (Figs 407411 E 1/1002-1031) In only three
cases did bony union occur without wound disturbances although the nails used
were too short (Figs. 1127-1134)

Rejection of open medullary nailing of fresh compound forearm
fractures I have prolubited this procedure within my junsdiction because I
saw no advantages and only great disadvantages n it

Under the protection of pemsctllin nfections might possibly be avoided

Open Medullary Nailing of Fresh Gunshot Fractures of the Forearm

In contrast to gunshot fractures of the femur, 1t 1s comparatively easy to 1m
mobilize gunshot fractures of the foreanm wath a plaster cast  If a marhed tendency
to redisplacement persists, as 18 usually the case 1n gunshot fractures of the raduus
alone (Figs 395400 E, 1/936-941), good position can be mamntained by & wire trans-
fixion cast. For this reason there 1s no urgent need for nailing such cases Iam
mnchined to advise strongly against 1t in view of the unfavorable expertences met with
on fresh compound forearm fractures

Open Medullary Nailing of Infected Gunshot Fractures of the Forearm

Open medullary nailing should be rejected for infected gunshot fractures of the
forearm because masstve sequestra sumilar to Figs 1139-1142, will form of the
nailing 1s done 10 the presence of suppuration

Open Medullary Nalling of Old Forearm Fractures

Angulations of the forearm bones interfere with rotation and should therefore be
corrected if the local and general conditions permit  Riintscher’s meduliary nailing
has the advantagesthat with proper selection of the cases and with correct techmque
displacement will not recur and that the joints can as a rule be exeraised early, Le
after wound healing

The procedure 1s never urgent and must therefore be performed only 1f the general
condition 13 good and the skin normal.  If the shin shows any pathologic changes
one must wait until 1t has been normal for at least 2 months

Indscations for medullary natling of old forearm fractures The mamn indications
are delayed union marhed angulations narrowing of the interosseous space and
subluxation at the distal radio-ulnar jomt

Contra tndications to medullary nasling of old forearm fractures

1 Poor general condition  All internal organs especally of arculation must be

10 a healthy condition
2 Ageoveri0vears Only 1n exceptional cases should older people be operated
n.

3 gml nflammatory processes in the bone  Sinuses must have been closed

for at least 6 months
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Tz 1166 Fig. 116, Iig 1168 Fig 16 Fig 11,0 Fig 171
\ugust + 1943 \ugust 18, 1943 April 17 1944
Figs. 1166, 116 \ 4-ycar-old preudarthrons of both forcarm banes on the right side In the upper third
Inthe \ P view the dutal fragments are rotated 90° agalnst the proxumal fragments.  Ulnar angulation of
35 Central dulocation of the radlus by 12 mm. at the distal radw-ulnar jont.  Suffered by a 46-year-old
mwmill siperintendent who was struck on the forcarm by a guard-rail causing a cempownd fracture
Treated dscwkere
Fips 1168 1169 Samcas Figs 1166and 1167 after tr frasbening of the f after medultary
naillng of both bones, and wire suture of the ulne, A drain is inserted over the ulna.  Angulation corrected
The central dislocation of the radius at the distal radio-ulnar joint reduced to 4 mm.

Fige. 1170 11,1 Same as Figs 1168 and 1169 after 8 months. Slight secretzon of a few drops of pus from

sevenal sutare openings over the ulna without nse of temperatare. W ound over the radros remalned reac

bonless.  Since no caftus formed and the fracture line widened, the nalls and the wire were removed after 4

months,  The condition 13 pow worse than before the 1 I the § had been {reshened and

massive tibal grafts implanted, bony union wonld probably have ensued in 3 moaths, as In Figs. 1/1039-
1062

v""

4 Marked decalafication of the bones with simultaneous circulatory distur

bances Dystrophic himbs are particularly prone to post-operative infection

5 Sk pathology (inflammations, extensive adherent scars)

6 Marked impairment of the bones and joints

The length and undth of the medullary canal are determuined 1n the same manner as
in fresh closed forearm fractures (sce page 335)

{nesthesta Brachial plexus anesthesia 13 best swited (see page 1/101)

Exposure of the fragments  The ulna 18 approached from the dorsal surface the
radius 1n the distal and muddle thied from the radial mde  For the proumal third of
the radus either a volar or dorsal approach 1s chosen  The radual nerve must then
be carefully protected

Procedure wth pus pockets  If a cawity filled wath granulations or pus is met
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Fig 172 Fig 1173 Fig 1174 Fig 1175
Januery 12 1942 June 6, 1942
Figs. 1172, 1173 4 2 year-old pseudarthrosis of the ulna with dislocation of the radins (Monteggh) On
the ulna a dorsal and alngr angulation of 20° each.  Over the bead of the rading a copahaped ossification
of the capenlar lgaments 5 x 20 mm. Suffered by a $6-year-old workman who was knocked down by an
automohile. Treated dscwbere
Fige. 1174, 1175 “ame s Figs 1172 and 1173 5 montks after exposure of the uina and insertion of =
medullary nail 11 cm. longand 3 m. thick  The nail grasped enly the cortex of the distal fragment 2od
then perforated it.  The angulations are impeaved. The pacudarthrosis perasts.

Figs 1176 1177 Same as Figs 1174 and 1175 after 9 manths, and 14 moaths after medullary naitmg.
The nail s broken. The angulation ts the same as before the operatian.
Figs. 1178, 1179 “ame as Figs 1176 and 1177 4 months after ramoval of the broken nail, after freshenlag
of the fragments and imsertion of a new nail 15 cm Joog and 4 mm. thick, which in contrast to the first pall,
18 now located in the medallary canal of the distel fragment. The fragments are united by o longitadinal
wire suture and are in good appomtion but show no bony wnion. Probably this nall, too broke later

Fig. 1180 A 12 wecks-old leverage fracture of the ulas with S cm. nedge fragment on dorsum and volsr
dislocation of the head of the radius (Monteggta) Shortemng and 15° dorsal angulation of the uina.
Considerahle decalafication  Suffered by & 30-year-old man in an alrplane sccident.  Treated dsenbers.
Fig 1181 Same as Frg 1180 after wire tractson to the radios with 4-5 Kg for 2 weeks.  The volar dis-
location of the head of the radins persiats, but the central dislocation Is corrected.  The head of the redins s
20 mm removed from the humerus.  The ulna is straightened and the fregments are distracted
Flgv. 1182, 1183 Same a3 Fig 1181 after open reduction of the radius, and after exposure of the ulos,
medullary nahng, and supplementary wirng
Figs. 1181 1185 Seme as Fipx 1182 and 1183 immediately after removal of the medullary nall and 6
mouths after the operation. The head of the radnus 1y correctly redoced  The lna shows bony unlon.
mmhmhpmuryudﬁaﬁmmcvﬁmlhLhen-punu{mehndonhencﬁm,mbmadyl
sugrestion of rotatory motion of the forearm.  Elbow motion 65-110°
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Fig. 1146 Fig 1177 Fig 1178 Fig. 1179
March 16, 1943 July 19 1943
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g 1180 Fig. 1181 Fig 1182 Fig 1183 Fig 1181 Flg, 1185
Aug 15 1943 Auguat 29 1943 August 30 1943 February 23 1944
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Fig 1186 Fig 1187 Fig 1123 Fig. 18
October 3 1942 October 28 1942

Figs. 1186 1187 A 28-months-old pseudarthroms of the left ulna with dialocation of the head of the ndins
toward the volar and radial side (Monteggta) A wedge fragment 15 x 50 mrm. broke off the ulm which
shoms the typical angulations, 35° dorsal and 30° ulnar  No ligamentary ossifications are nothoeble arcand
the head of the radims.  In a 28-year-old man who fell from & motoreytle.
Figs 1188 1189 Seme as Flgy 1186 and 1187 after resection of the head of the radius, done drrmbers,
and after medullary nafling of the ulne.  An ulnar angulation of 20° periests becanse the nail is too thin and
too sbort  Relying upon the callus-stimulating effect of the mail, the fragmenty were not freahened.

Flgs. 1190 1191 Semc as Figs 1188 and 1189 after 7 months. The pscudarthrosls persots unchanged-
The onginal angulations recurred  The tip of the nall hus perforated the proximal fragment on the radial
side. Perjosteal appomtions have formed in this region
Figs. 1192 1193 Same a3 Figs 1190 and 1191 6 months after the first nafl was extracted elsrnhers, after
removal of an sdditional plece from the proximal end of the radiim, and removal of the wedge fragment of the

tlna, after freshening of the 1 and Introduction of & new Janger and thicker medullary mail, and
after uniting both banes with a wire suture.  The nall, which was origimally straight, has bent. No callms
formatlon vidble.

Figs, 1194, 1195 Seme ss Figs 1192 and 1193 after 4 months, and 10 months after the sccond operation.
The naul broke as well as the wire, The fractare Hne s wider
Flgs. 1196, 1197 Seme as Fipn 11941195 after removal of the broken nall and the broken wire Joop.
Ooe year after the second, £5d one and a balf yesrs after the first operation, and 4 years after the scosdent,
the forearm is 6 cmm. shorter  There is a defect pscndarthrods of the ulns and loss of the proximal end of the
ndo. Marked decaldfication.  The forearm 19 flafl and the arm is powerless, Before the operation the
tunetion of the arm was compantively good. In AMuarch, 1945 a 10 e osteo-periosten] graft was implanted
Into the alna. It took well and the function of the arm was again improved.
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Flg. 1190 Fig. 1191
May 24 1943
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Fig 1192

Fig 1193
N\avember 20 1943
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Fig 1197
May 6 194



Fig 1198 Fig 119 Fig 1200 Fg 1201 Fig 1202 Fig 1203
December 1 1942 February 14, 143 July 6 1943
Figs. 1198 1199 A 1§ year-old defect psendarthrosls of the left mdivs. A gap of § am. between the frag-
ments. The chstal fragment shows typical devintion towards the ulna and the dorsim with an angie of 20°
in each durection.  Central subluration of the radius in the distal mdio-ulnar jolnt, Gumabot {npury fn a
27 year-okd man.  Immediate debndemrent with removal of the sphnters.  The was freshened
slserchery and u 2 am. section of the ulna was resected as in Flgn I/1044-1047 Thereupon, medullary
nailing of both bornes with short nefla,
Figs. 1200 1201 Same as Figs 1198 and 1199 10 weeks after the operatlon  The {ragments are in good
+ppasition in both views. The sublumtion at the distal radio-ulnar jolnt Is encrected.  Good callms for
mation.

Figs. 1202 1203 Same as Figs 1198-1201 Immediately after extraction of the medaflary pall and 7

manths sfter operation.  Bony uslon in good positon  The radm! fregments show almost complete bony

consolidation. The ulnar fracture Line is sttll visible on the ulner side. Rotation rostricted one third, alf
other jolnts actively frees

duning exposure of the fracture the operation must be termimnated. Nailing
must then be postponed until 3-4 months after closure of the wound, otherwise,
nflammation may recur and sequestration may follow, as in Figs 1222-1227
It 18 best not to operate upon these cases at all

Fresheming the fragments  Only obhique or Z-shaped freshemng 1s permissible,
because transverse fresheming may be followed by delayed union or pscudsrthross
(Figs 1212-1221)

Exposire of the medullary camties  If these are not patent after severance of the
bone, they are opened with the awl or a gouge

The subsequent procedures are the same as in closed (see pages 339-342) and
compound forearm fractures (see pages 349-352), viz

Skin incsson oter wina and radius

drivang of the nasl

coapiation and stabilisation of the fragmenis unth Lambotte clamp

X roy pctures,
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Fig. 124 Fig 1205 Ig. 1206 I'ig. 1207 Fig. 1208 Ing. 1209
March 9 1943 March 10 1943 May 4 191

Fip. 1204 1205 A 10-montin-old defect pseudarthrosis of the dght mdims.  Gap of 3 om. between {rag

ments. The distal fragment shows the same typical deviation towards the ulna and dorum as Figs.

1198 end 1199 with a radial angulation of 30° and a volar angulation of 15°  Central subluration of the

mdim at the distal rafio-ulnar joint by about 20 mm. 5o that the entlre defect in the length of the radim

amoants toSem. Marked decaldfication of the radius and wrist jont. Comminuted gumhot fracture
fn & 30-yrar-old man the bone splinters were removed after 3 days.

Fige. 1206 1207 Same as Figs. 1204 and 1203 after operation performed dsewkere in whicha 3 em. section

was at first removed {rom the ulne.  The radial {ragments were then exposed and freshened transversely

The segment taken from the ulna was placed into the gap of the mdius and the 3 fmgments were then

united with a 14 cm medultary nail. A 12 e pall was used in the ulna.  Good position of both bomes.
The central sublexation of the radwus is corrected.

Figs. 1208, 1209 Same a3 Figs 1204-1207 after 14 months, and 3 months after removal of the medullary

milt. The transplant from the ulna thows bony unlen with the distal fragment of the radius, bat at the

Proximal juncture s, pscadarthrosis developed.  The radies is again bent with & radial angelation of 15°

The fragments of the ulos show boay unkon. The implantation of a manive tibhal graft into the radial

defect, a3.1n Figs 12281233 woukd have been = simpler and safer method, and the result more certain and
more rapd,

raprd deelopment
wmnsertion of drains
skn suture and pressure bandage
remo~al of drains
exercises
remo~al of sulures
subsequent supervision
keeping a specral record file
extraction of nadls and
\ ray prctures ot the conclision of the treatment
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In Figs 1154-1157, too short & nail was used, therefore a supplementary plaster
case had to be apphed a$ n Figs 392-394 E, 1/913-915  If the ulna had also been
nailed the angulation of 10° could not have taken place

In the case of Figs 1160-1163 better stability could not have been obtamed
even withalongernail. A supplementary plaster cast was apphed from the knuckles
to the shoulder 1n mid position of all joints.

Open Medullary Nailing of Old Fractures of the Ulna with Dislocaton
of the Head of the Radius

In fractures of the ulna with anterior or, less commonly, posterior dislocation
of the radial head reduction 18 frequently unsuceessful with many surgeons, but we
have always succeeded 1n reducing fresh cases (Figs. 378-380 E 1/864-874) with the
techmque described on page I/500 and illustrated 1o Figs 381, 382 E, I/861-863

These fracture dislocations cannot be reduced conservatively if they are a few
weeks old because the shortening can no longer be corrected by a smgle traction
maneuver and because the jomnt 1s filled with scars and connective tissue  Reduction
can be accomphshed only operatively  In preparation for this, the shortening of the
forearm must be corrected by continuous wire traction through the distal end of the
radius A sling around the upper arm acts as counter traction  The radial head
thus recedes from the humerus to the level of 1ts joint with the ulna. The anterior
displacement, however permsts The ulna strmightens and the shorteming dis-
appears (Fig 1181)

After this has been achieved, the radial head 1s exposed under plexus anesthesia
(see page 1/101) from an mamon on the dorsal surface A radial approach en-
dangers the radial nerve which, after & dislocation, does not cross the antenor sur-
face but the radial aspect of the bone  This inasion leads into the proxmal radio-
ulnar jomnt which 1s filled with the torn and scarred annular ligament. After its
removal the lesser semilunar jomnt surface can be seen. The radial head can then
easily be reduced by pressure from the volar surface The fracture of the ulna 1s
then exposed from the dorsal surfece  The medullary nail 1s dnven mto the proxunal
fragment from the fractured end until 1t perforates the olecranon and bulges the
skin, which 18 then mcised  The nail 1s next driven out further until 1t protrudes
only 051 cm. from the fracture surface  The two mam fragments are then grasped
with a Lambotte cdlamp and the nail 1s driven mto the distal fragment. The wedge
fragment which was left connected with the penosteum 15 then fastened with 2-3
ware loops (Figs. 1182 1183)  After wound suture, a plaster cast 15 applied 1n md
postion of all joints asn Figs 392-394 E 1/913-915 Ths cast must be spht.
immediately down to the skm along the ulnar or the radial mde and not along the
volar surface 1n order to retmin the radial head in 1ts reduced position.

Remoral of the cast and sutures and application of a new cast  After 8-10 days
the first cast and the sutures are removed. A new cast 18 then apphed which s pot

Lt.
¥ X-ray prcures  After the application of the new cast, a8 well as subscquently,
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\ v pictures must be tahen every two weeks i both planes so as not to overlook
a redislocation of the radal head as in Fig 1/875

Eserases After the new cast has been apphed, the fingers and the shoulder
yoint must be actively exercised through the full range

Reme~al of the plaster cast  The cast 1s removed after 8 weeks (Figs 1184, 1185)
By then the ulna 1s usually firmly umited  1f not, another cast must be appled
because this fracture shows a mathed tendency to non union

Excrases  Active exerasesof the wnist, of forcarm rotation and of the elbow are
then begun  Unfortunately, however a permanent restriction of rotation and of
flexon and extension of the clbow 18 common as in Figs 1184 1185 To restore
rotation, the head of the radius mav be resected after bony union of theulna ~ Since
a complete restoration of function 1s rarc 1n old cases, all efforts must be directed
at early recognition and reduction of this fracture dislocation

The subsequent steps are the same as in closed forearm fractures (sce page 342),
vz

Subsequent super-ision

teeprng a specral record file

exiraction of the nail and

\-ray prctures al the conclusion of the treatment

Rejection of Open Medullary Nalling In Pseudarthrosls of the Ulna with
Dislocation of the Head of the Radius

Fractures of the ulna with dislocation of the head of the radwus are frequentl
compound  If the wedge fragment 15 removed dunng debndement or by suppur-
ation a pseudarthrosis usually follows (Figs 1/895-897) It may, however also
follow closed fractures  The jomnt capsule over the dustocated head of the radius s,
asarule osufied (Figs 1172-1179and 1/875 876 1,895-897) In dislocationsof the
radial head 1 yuveniles (Figs I 877-880) and in fracture dislocations of adults 1n
which the radial head 15 displaced not only forward but also laterally (Figs 1186
1187) osafication of the capsule does not occur and flemon and extension of the
elbow may be free as shown in Figs [ 879 880 If the radial head 1s merely
displaced anteniorly and not radially as well the elbow can be flexed only to a nght
aggle  The strength and function are then greatly unpawed In closed fracturses
of the ulna bony union may take place (Fig 1/875)

_Iflpseudaﬂhmsls of the ulna 1n this type of case 1s wired as 1n Figs 1/895-
897 or1f & medullary nail 15 inserted as i Figs 1172-1179 and 1185-1197, bony
union does usually not come about because the fragments of the ulna cannot be
epproximated completely mince the radws acts as a strut. It 15 ijudicious to
resect the head of the mdius as has frequently been recommended and done 1n the
presence of a pseudarthrosis of the ulna because the arm 1s then entirely depnived of
118 support and because thie measure will only rarely contribute to bony healing of
the pseudarthroms.  Figures 1176 1177 and 1194, 1195 show that medullary nails
may break as may supplementary wire sutures
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Fig 1210 Fig 1211 Fig. 1212 Fig 1213 Fig. 1214 Fig 1215
Jannary 21 1943 January 22 1943 May 26 1943
Fip. 1210 1211 A 13-months-old defect pseudarthrosis of the left radins. Gap of 1 cm. betw en the frag
ments.  The distal fragment shows typcal deviation towards the ulos and domsum s In Figs. 1158, 1199
and 1204, 1205 Central dialocation at the dstal radio-ulnar foint of 1 cm. showing that 2 am. of the
radius are lacking Cnmpletedeuhﬁuﬂmoﬂhemdmndlumthtb:mmm}yuthinupapﬂ'
Marked decaldfication of the entire wrist, but good caldum content of the ulw. Suffered by & 24-year ol
man from gueshot infury  The bone splnters were removed after 2 weska.,
Flgs. 1212 1213 Same as Figs 1210 and 1211 after transverse freshening of both fragments of the radms
dsewhers with removal of & 2 cm. sechion from the ulna and insertion of same Into the defect of the rcos
and union of all fragments »ith 2 medullary nafls  Good position In both views. The centmal cudocation
of the rudrus is corrected.
Fim. 1214, 1215 came as Figs 1212 and 1213 after 4 monthe. No trace of callus formation visible.

In the hirst edition I recommended for cases of pseudarthroms of the ulna with
dislocation of the radius correction of the shortening by skeletal traction through
the distal end of the radius in the same manner as in old cases of this type followed
by open reduction of the head of the radius. Since rotation remamns markedly
restricted or 1s even completely ehminated nevertheless (Figs 1184 1185)
I am now advising aganst it Itis best to leave the radial head untouched toex
pose the ulna through a dorsal approach and to saw into each fragment a step
4 an long which only just exposes the medullary cavity leaving two-thirds of the
arcumference of the bone intact  Both fragments are then joined by a bone graft
with penosteum from the tibia The graft must be 8 cm longer than the gap n the
ulna It 1s fastened to each fragment with 2 arcumferentiel wire loops as n defect
pseudarthrosis of the radius (Figs 1228-1233) A cast 1s applied for 12 weeks 1n
md-position of all joints asm Figs 1 913915 It must be spiit immedrately and

changed after 10 days
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Fig 1216 Fig 1217 Fig 1218 Fig. 1219 Fig 1220 Fig 1221
Febomary 24 194 June 6, 1944 Janoary 5 145

Figs. 1216 1217 Saroe as Figs. 1212 and 1213 after 13 montks, The nafl in the ulna 18 broken
Figs. 1218 1219 Same as Figs. 1212 and 1213 immediately after removal of the medallary nails, 17
months after nailing and 30 months after infury  There Is now & pseudarthrosis of both bones.  The fore
arm dangles and #5 much weaker than before the operation. By implantation of a bone grait into the
radhus, bony mioa and good fanction could probably have been cbtained in 3 months es in Figs. 1228-1233

and st that in e simpier and Jess dangerons way
Figs. 1220 1221 Same as Figy. 1218 and 1219 37 months after the Injury and 3 moaths after the trans-
plantation of an 8 cm. tfhal graft into the radius and the ulna.  Both bones united firmly

Further treatment 15 the same as in closed nmhng of closed forearm fractures
(scc page 342)

A graft of sufficient length provides satisfactory stability 1n these cases and no
medullary nail must be inserted as has frequently been recommended and done
because 1t destroys the marrow and thus jeopardizes the taking of the graft The
nail alone can never lead to a bony bndging of the gap as Figs 1172-1179 and
1186-1197 show  On page I, 506 from lack of adequate expenence I recommended
the use of a short medullary nail

There 18 no other old njury mn which operative treatment with or without
nailing has shown 50 many ugnal fallures It 1s therefore most important to recog
nize and reduce this fracture dislocation carly It wall then heal 1n a few months
asin Tigs 381 382 E 1/864-871 and 1/872-874, and will not require treatment for
years asin Figs 1186-1197 only to be eventually worse than before the operation

Closed Medullary Nailing of Pseudarthrosis of the Ulna

Transverse conlact psendarthrosis of the ulna as shown 1n Tigs 1/868-871 and
1 970 971 causes no disability 2s & rule  Therefore 1t requires no treatment  If
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Flig. 1222 Flg 1223 Fig 1224 Fig. 1225 Fig 1226 Fig 1227
Janmary 22, 1943 January 23 1943 July 20 1943

Figs. 1222 1223 A 14-montha-old defect peeudarthrosls of the keft radlis.  Gap of 2 cm. between the frg

ments. Central suhlxation of 1 em. at the distal radio-ulnar joint, mdicating s 3 em. shortening of the

macine.  Only shght angulation because the fracture is located praximal fram the mddle. Marked decal-

afcation of the adius, espedlally of the 1 {3 while the ulna showy pormal caldum content.
Gunahot frecture in & 21 year-okd man the splinters were removed 2 wecks after injury  Free active
motion of the fingers.

Fipy. 1224 1225 Samc as Figs. 1222 and 1223 after operation performed dsswhbars anly 4 wecks after
dosure of the mpus.  First both radis} fragments were frahened by the resectxog of a 14 an. plece from
cach Thena 5 cm section was removed from the ulnae. A 10 cm. nafll was dnven Into the mdim.  Since
the naffing mte was too clase to the fracture the decalcified bane split and had to be beld together with two
crcumferential wire loops.  Another nafl was driven into the ulna.  The central subluxation persiste. The
bones are angalated.
Fige. 1226 1227 Same as Flgs. 1222-1225 after 6 memths. A violent mflammation followed the opera
tHon  Sequestra scparated from all four fragments. The forearm has become 7 cm shorter  Both ulna
and radros show & defect peeudarthross and the fingers are almost fmmobile.

pain appears however, closed medullary nailing may be taken into consideration
mnce this measure 18 simple and without nsk. To date, experience in this respect 13
lacking

Loose obligue non umon causing discomfort can be cured by thorough fresheming
and bone suture  In the first edition I still stated A medullary nail may be used
additionally Guded by my experiences mince then I now advise aganst it be
cause the medullary nail does not stimulate callus formation but retards 1t

Intentional Production of Pseudarthrosis of the Ulna for the Restoration
of Rotatlon of the Forearm

Forearm rotation 15 unpossible if an ankylosis develops mn the distal radio-ulnar
jomnt follomng compound fractures or gunshot fractures with infection, or if &
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Fig. 1228 Fig 1229 Fig 1230 Fig. 1231 Fig 1232 Fig. 1233
Auvguat 31 1943 September 2 1943 January 2, 1945
Flg 1228, 1229 A 2 yearold defect pseudarthrosis of the keft mdus. \ gap of 4} cm. between the frag
ments.  The distal fragment deviates towards the ulna and §s dislocated centrally by 2} cm. indicating a
total shortening of 7 ecm.  Gunshot fracture in a 24-year-old man the splnters were removed.  Marked
decaldfication of the radhal {; and of the wrmt.  The slnuses closed after one year  Nine months
later the extensive scar was cxcaed and an 8 x 12 e skin flap was transplanted from the abdomen
Figs. 1230 1231 Same us Figs, 1228 and 1229 after implantation of a tibal graft with periosteum, 14 cm.
loog and 1§ em. thick. This operation was performed 3 months aiter the skin gratting and oae year after
closure of the smuses.
Figs. 1232 1233 Saeme as Figy 1230 and 1231 after 16 months,  The bone graft healed In without wound
complications. It i firmly united with both frigments. The prominent distal end of the ulna was re-
moved.

I

o —

bndge callus has formed. This condition constitutes a great handicap for many
occupations and can be corrected by transversely resecting a 1~1.5 cm long plece of
bone mth periosteum from the ulna above the fusion of the 2 bones  Post-oper
atively a dorsal splint 1s applied for 2 weeks. Active exercises are then started
wthin the hmuts of pain  This achieves a considerable or even complete restor
ation of rotatory function (see page 1/599 and Figs 1242-1247)

Maintenance of Pseudarthrosls of the Ulna in Bridge Callus

1t occasonally happens that a defect pseudarthrosms (Figs 1248-1251) develops
from sequestration or debndement proximal to a bndge callus  This condition
must not be corrected because rotatory motions would be lost. [ wish to pomnt this
out because many such cases were referred to us for bone grafting or medullary
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Fig 1234 Flg. 1235 Flg. 1236 Fig 1237
May 19 1939 February 17 1940
Fige. 1234 1235 Comminution of the keft ulna for a distence of 6 coo.  Shell fragment Injury in & 23-year

old man  The wound was immediately excised dsachere. ARl splinters were removed and both fagments
v ed off transversely prodncing an 8 em. defect.

Figa. 1236, 1237 Same as Figr. 1234 and 1235 after 9 moatha. Both frscture stumps arc rounded off.

nailing and because I have seen that among those 1n whom the pseudarthrosis was
corrected the function of the arm was much worse than before

Rejection of Open Medullary Nalling in Pseudarthrosis of the Radius

Pseudarthroms of the radius alone 13 usuelly assocaated with a more or less pro-
nounced subluration at the distal radio ulnar jomnt because of shorteming  In pseu
darthroms of the distal thurd the pronima! end of the distal fragment usually deviates
toward the ulner and postenor aspect (Figs 1198, 1199) The hand deviates to-
wards the radial sde 1s flexed at the wnst and 1s markedly pronated  Supimation s
1mpossible Pscudarthroms 1n the proxmmeal third 18 ususlly not associated with
angulations worth mentioing (Figs 1222 1223)

Since the power and function of the hand are greatly impaired by this condition
we must try to correct 1t

Tn the case of Figs 1198-1203 operated elsewhere for & pseudarthroms of the
raduus, the mmtal result appeared good 1n the first edition I therefore recommended
& transverse resection of the ulna freshening of the radius and medullary nailing of
both bones I now advise strongly agamst 1t because a follow up revealed thet
pseudarthrosis recurred 1n the radus
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Fig 1238 Fig. 1239 Fig 1210 Fig. 1241

May 22 1940 Febreuary 26, 1040 June 4 1940
Fige. 1238 1239 Same as Figs. 1236 and 1237 3 months after the Implantation of a 15 cm. tiblal graft
with perk Tt nas implanted into the Tlous bone of the distal fragment and at the prodmal frag-

ent it was fistened with 2 drcumierenthal wire sutures which were first carned throngh drilfholes and
then wound sround 1§ times. Bony unon of all three fragments.
Fig 1240 Photograph to Fig. 1236 ‘The retracted scar indicates plainly the defect in the ulns.
Fig. 1241 Photograph to Fig. 1238, The shape of the forearm agaln spproaches the normal  Good fist
closure.

We now treat these cases as before by step-down shorteming of the ulna and
oblique freshening of the radius as in Figs 422428 E I/1044-1050, or preferably
by the transplantation of a long massive periosteal bone graft from the tibi

Rejection of Open Medullary Nailing in Defect Pseudarthrosis of the Radius

If the defect on the radius amounts to more than 3 cm., the ulna must not be
shortened 1n the manner shown in Figs 1/1051-1058 because the forearm would
become too short and sts strength greatly impaired

In exceptional cases of this type, one may correct the upward dislocation of the
distal fragment at the distal radio-ulnar jomnt by continuous wire traction as 1n
Fig 1181 if the fingers show good motion  Traction, however, must not be used
if extensive soft tissue scars are present or If the motion of the fingers 1s restncted
Extensive scars adherent to the bone must be excised and covered with a slin graft
from the abdomen Several months later both fragments are freshened for a
distance of 4 an A masuive perosteal bone graft of adequate length and strength
18 then {astencd to each {ragment with 2-3 arcumnferential wire loops (Figs 1228-

1233) A cast1s then worn for 12 weeks  The operation may not be performed
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Fig. 1282 Fig. 1243 Fig. 1244 Fig 1245
February 28, 1540 Aprdl 16, 1940
Figs. 1242 1243 An.ky‘lmuofthclmt]antﬁmlhnlﬂuh]m’y The Itmate, the triquetram and the
distal ends of the radim and nina are Inuted and Pro entirely bost. Rifleshot
Infury In & 23-year-old man.

Fip 1244 1245 Same a3 Figs. 1242 and 1243 after 6 weeks Alcm.wcﬂnnw:thlupdmlmmmre
maoved from the nlna near the distal end honcwbonerup-nduﬂadlnthupp. An\-ray picture 4 years.
Iater showed the same fndings.

until 6 months after the closure of all sinuses It 1s even better to wait until the
calaum content of the bones and the arculation in the soft tissues have returned
close to normal.

Not until after the graft has taken firmly, may the ulna be shortened by Z-
shaped freshening as 1n Figs 422428 E 1/1044-1050) My present experiences
cause me to advise against the use of 2 medullary nail in such cases, although I did
recommend 1t 1n my first edition A mmpler and better procedure than the shorten
g of the ulna in 1ts shaft 18 the resection of the prominent distal end of the ulns
(Figs 1232 1233)

Implantation of a section of the ulna into the radius I had occamon to
see & constderable number of patients who had been treated elsewhere by this oper
ation In nore did bony uruon develop  The best result was obtained 1n the case
of Figs 1204-1209 Bony union occurred on the ulna and between the transplant
and the distal fragment of the radius but the proxmal fragment did not unite 1n
spite of 11 months of supplementary 1mmobilization in a plaster cast.

In the case of Figs 1210-1221 a pscudarthroms of both bones resulted even
though a supplementary plaster cast had been used for 13 months  The forearm
was flafl asshownn Fig T 1036 Not until tibial grafts were used did both bones

umte
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Fig 1246 Fig 1247
Apil 16, 1940
Flgx. 1246, 1247 Photographs to Figs 1244 and 1245 6 weehs after resection of the ulne. A conslderable
degree of forearm rotation which was completely acking befote the operation has been regained.  \ccord
Ing to a written communication from the patient dated June 21 19H the rotation kas become normal

Fig 1248 Fix 1249 Fig 1250 Flg. 1251
Februsry 14 1944 Febraary 14 1944
Figs. 1248, 1249 A 2 year-old defect pscadartbroms of the left ulas In the distal
third, with partial bridge
alles.  Gunshot injury in & 23-year-old man.
Figs 1250 1251 Photograpks to Figs. 1248 and 1249 There is almoat normal rotation of the forearm

because of the pecudarthrosls of the ulna which developed frem removal of proximal bridge

sphnters

calhn. ll'.hebmeddtctlaecnm:cledlhh-mnthemﬂm‘ouldbcgrudymm:e:lh:ndtbe
function of the 2rm wore.
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Flgs. 1252, 1253 Comgound fractures of the 2nd—ith right pals. The distal [ of the second

and third metacarpal show complete lateral displacement towards the dorsal and ulnar side » {th shortening.

Caused by a heavy plece of fron which fell onto the hand of this 51 year-old draftsman.  Tmmediate w oumd
excision and introduction of stainless wires Into the fragments.

If infection supervenes asin the case of Figs 1222-1227, the arm and hand are
very seriously damaged  Before the operation the fingers were actively free, where
as afterwards they were almost immobile

In view of these expenences, medullary nailing for defect pseudarthross of the
radius must be rejected 1 particular the transplantation of a section of the ulna
because this frequently results in a pseudarthross of both bones

Rejection of Open Medullary Nailing in Pseudarthrosis
of Both Forearm Bones

In pseudarthrosis of both bones of the forearm the strength and usefulness of the
hand arc scnously impaired  We therefore endeavor to correct this disabihty,
provided the general and local conditions permut

Causes of forearm pseudarthrosss  With other long bones a pseudarthrosisis as
a rule an avoidable result of the treatment method on the forearm however, 1t is
frequently caused by pnmary loss of bone tissue

The most common cause however 1s the removal of fragments during the de
brndement of compound fractures and premature massage and passive motion 1o
closed and compound fractures

Excessive continuous traction 18 rarely used 1n forearm fractures and 1s therefore
a rare cause of non umon but 1f wire traction 1s used for forearm fractures pseudar

throsis 1s the rule  Consequently 1t must be rejected
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Fig. 1254 Fig 1255
February 20, 193
Fige. 125 1255 Same as Figs. 1252 and 1253 after 12 wecks. Booy unlon in good position. In the
fature we will provide such compound fractures not with medullary wires, but merely with a wire sature to
the second metacarpal as {n Fig. 1/1365 unce in case of infection the entire medullary canal might become
Involved.

In the first edition I recommended for the treatment of pseudarthrosis of both
forearm bones, nailing of both bones after transverse or oblique freshenming of the
fragments. From my present expenences (Figs 1166-1171), I must warn against it

In the first edition I also wrote that medullary nailing would have been simpler
than wire suture or bone grafting in the cases shown in Figs 182-185 186-195 E,
1/265-268 1 269-276 1 1051-1058 and 1/1059-1062 Now I must add It 1s
much more uncertain hazardous and time-consuming

Prohibition of medullary nailing in pseudarthrosis of the forearm
In view of the poor results following medullary naihing 1n pseudarthrosis of both
forearm bones as well as 1n that of the ulna and radius alone I have prohubited it
within my junsdiction

FRACTURES OF THE METACARPAL BONES

Rejection of Open Medullary Nailing In Fractures of the
Metacarpal Bones

In transverse fractures of several metacarpal bones with displacement by full
shaft thickness or more and with shorteung 1t 13 at times extremely difficult to
retain good postion after reduction This 18 particularly true of compound
fractures in which the cast must be fenestrated hecause of wounds. We therefore
provide such fractures with wire sutures (Figs 1/1365 a and b) Inone case Glittner
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Fig. 1256 Fig 1257 Fig. 1258 Fig. 1259 Fig. 1260 Fig. 1261
Juhy 10, 1942 November 11 1942 Januoary 13 1943

Figs. 1256, 125; \Msl-united fracture of the praxumal phatany of the right index fimger with dorsal angulation
of 20" and ulnar angulatson of 10° In a 12 yearold boy who suffered a compound fractore when
heavy cover fell on s fmger

Figs. 1258, 1259 Same as Figs. 1256 and 1257 4 werks after osteotomy and uniting the fragments with a
stainless stee! wire.  Good position in both views

Fige 1260 1261 Same as Figs. 1258 and 1259 after removal of the wire and 3 months after the operaton.
Booy unkm 1z good pesition.

introduced stainless wires from the prommal end  The result was good (Figs. 1252-
1255) In spite of thus we do not practice the use of the medullary wire in fresh
compound fractures of the metacarpal bones, since 1n case of infection the enfire
medullary cana) would be involved, whereas without it merely the fracture stumps
would be affected.

FRACTURES OF THE PHALANGES
Open Meduliary Nailing of Fractures of the Phalanges

In fresh fractures of the finger phalanges good posmtion can usually bere
taned with plaster and wire sphnts (Figs 552-555 E 1/1399-1402) Inold fractures,
this 15 frequently very difficult after operative correction of the mal-position (Figs.
572-573 E 1 1462 1463) In such cases the lateral displacement and angulation
can be prevented by the mnsertion of a longitndinal wire (Figs 1256-1261) In
addition a dorsal plaster sphnt and & wire splint must be apphed (sec pages 1/713-
715 and Figs. 541-543 556-550 E 1'1384-1395) It must be emphasized, however
that the nsk of infection is much greater than with the old methods

For fractures of the middle and terminal phalanges, medullary nailing cannot be
considered because the bones are too short and because they have no tendency to
become redisplaced.

Open medullary nailing should be rejected for the treatment of fresh compound
tractures of any of the phalanges.
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Abduction splint and callus formation 120 Iitidee callue 366 367
Absorption arvund tip of nail 140 Hrown tamor 213

at fracture stumpe, 92 Burms 9
Alrplane #plint and callus formation 120 Tlursa 138

Ampatation and medullary nafling 150
fresh compound {ractarcs femur 188

5 Calluy
Lm?& airplane plint 120
Ymerkeg 274 apparent stimulation by the medullary nail 128
Ancsthesa, 4 tanjo splint 124
foca] 26 bridee 266 267
Angle ruke 35 ap 136
Aopulation 3 defect preudarthrosh 144
and lateral diplacement 107 delay by medullary nall 139
correcthon of 197 excenslve 97
In folections 287 excessve continuous traction 9%
Anlk jolnt exryema 84 fracture 195
Apparates and Instruments 22 glolular 134 136, 313
Appositions periosteal, 6,99 130 131 159 histologic findings, 137
Apron, lead 34 inhibition by the medullary nail 139
Arihrosis, 280 medullary nalling 4
Awl, 36 protiermn 90-145
meudarthrosls 141
HibSography 17§ shoulder spice 120
Blister formation 9 Swedish massage 136
Blood, donor 219 tramsfiion casts 119
pictore 53 wire springs, 131
wedimentation rate 52 without medullry nailing 91
tranafusion In compound fractures femur 190 Causes of falture
humerus, 320 fernur fractures closed 185
Bone and medullary nafling, 4 old 223
drilling of Beck 289 298 forearm fractures 343
discases (Paget) 9 321 humerus fractures 313
goove for ockentation 220 284 326 lower kg fractures 265
mrros and medullary naillng, 4 Chemical compotition of medullary nail 89
mpltting 75 Clavicle dislocations 301
tumors, benign, 8 fractures 300
Toafignant 8

medullary cavity 21
pecudarthrosis 300

loxer kg pecndarthroals 290 Contlnuous traction

outtls Elxens eyation. 245 calhus formation 98 103
radhn, defect 363 deternunation of weight 103
uloa poendertt 361 dotrection 124
Bone ahortening for brechial ploxus paralysis, 246 GVtrophy 117
gumsbot defects 70 excemure sequelne 98 103 114 115 116,119 120
kg cqualination 68 femur fractures 180
nerve defects, 70 246 compound, 190
sclatic nerve paralyls 247 ol 219
vascalar defects 70 247 inflammation 114 115 116
H"r':f:l‘[;kt::nulbe;h 26 peeventlon of damage from distraction 124
y shortening 246 spiral fractures, 1083 110 114

Dreak
see frctare supplementary 48

381
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Contra-indications to medullary nalling 8
femnr fractures closed, 164
gunshot 210
malunited 225
old, 218
pecudarthrosh, 235

Jower leg fractores, fresh closed 249
fresh compound, 270
mal-onlted, 285
old 283
pecudarthrosis, 290

Corromon damage 92
Con vara, 49
Crown scquestra 153

Death after unfuries, 1
Decubltal ukers, 3
Defect pacodarthrons, 144
humerm, 313
radim, 369
tihoa, 299
Defiection of medullary nafl off gulde pin 79
Deterrmnation of weight for continuous traction 103
Development, rapid, 35
Drseascs, skin 9
systemic, 9
Dbsplacement of fragments, 118
Dutraction, ses continuons traction excemive
Drll, 36
Drilfing of booe (Beck) 289 298
Driving punch 36
Dystrophy 117

Embolism, fat 4 8
Eosinophilia, 53
Equafization of legs, 68 235 232
Essentials of reduction and retention 90
Exammation, histologic, of mflamed fracture 160
Excessive continuous traction ses continuous trac
thon

Exercscs after medullary nafling, 51

in compound fermur fractures, 194
Extractlon of medullary nail, 85, 56, 80

Fafture ses cuuses of fajlure
Fat emboliem, 4 8
Fatigoe fracture of bone peg, §

comminuted, 164
complications, 184

contra Indicatioms 164
duration of hospitalizatoa, 183
exercises, 182

gumbhot fractures, 212

bip contmacture, 245

hip spica, 182

indications, 164

medullary cavity measuring 166
oblique, 164

old, 164

ostitls fibrose cystica 243
reductton, 169

Teyalts, 185

spiral, 164

supplementary fmtion, 180 181
transverse 164

\-ray procedure 166 170, 172 178, 184
gumhot fractures, 197 212

results, 194
supplementary plaster cast, 192
traction, 194
wire suture 190
wound excrion, 189
sutore 192
X ray procedure 188 194 193
23

kg equalimation 235 242
medollary nailing 66, 236
Fever after medullary nalling 52

Fibula, Jocking effect, 84 139
osteotomy 289 298
resection, 139 261 286,289 298

Fhtulae, 2, 61 277

Fhafl foint, 63



INDEN

Fracture see also individaal hones shing 312
booe with medullary nail in situ 87 \ ray procedure 308 310 311
gulde pin 76 Hyperemia 101
Infected, 62, 65
malunited 64 Immobilization of fragments 70
medallary nail 65 83 Impaction of fragments 47 178 259 311 342
oid 63 Indlcations for meduflary nailing 6 71
ref{tacture with the medullary nail in situ 87 chvikk 8 300

spontancous, 3 244
stumps, ahsorpiion 92
Functional Joss 2

Future of operative treatment of fractures, 1

Gas pangrene 154
Gloves, lead, 34
Granulation timue 101
Gaide groove 220 284 326
Guide pin 36

fractare /6

wrong position 75
Gunshot fractures, femur 211

forearm 354

humerus, 324

lower beg 270

open medullary nafling, 62

shonlder Joint, 302

Hack aaw 37

Himmer 36

Hematoma 152

Hemoglobin, 53

Hip jownt contracture 245

Hip nail threeflanged 1

Hutology of Inflamed fracture 160
of callus cup 137

Hamerus fractures, 302-333
advantages of medullary naflmg 313
canses of faiture 313
closed medullary nailing 302-316
complications, 313
compaand, 317
contra-indications, 303 317
defect paeudarthross, 133
dehyed calloy forpmtion, 313
duraton of treatment 312
globalar calles, 313
gunshot (ractares, 324
Indxations 302
infected fractures, 324

rejection of open medullary pafling 316, 327 333

femmur 7 164 186 218
forearm 7 334 34 34 300
humerus 7 302 317 324
lowerleg 7 248 280 285
mal united fractures 64
old fractures 63
radhus 7 34
tibia 7 248 280 285
ulna 7 334
Infection 2
home 155
bone shortenmg 247
burns 146
compeund [ractures 155
correction of angulations 197
fatal 151
fracture site 146
humerus fractures, 312
lower kg fractures 260
medullary nailing 144 153
metastases, 151 152 240
naiting mte 143
nature of 153
prevention of 152 153
trestment, 163
Taflammation at fracture site 146
at pallingsite 145
Instruments and apparatus 22
Interposition of soft thsues, 58 96
Iradlation dapmage 37 172 256
Irritative calbus 133 136

Jamming of gude pin, 78

Jolnt damage femur fractures 215
spinal cotump, 3
uninfured leg 3

Jolnt fractares 299
suppuratica 60

Knee jolnt resection 299
Lanc plates 2,93

Late infection 150
osteomyelitia 159

Lateral diplacement and angulatioa 107

wpmificance 120
Lead spron and gloves, 34
Leg, 1e¢ alse Jower Jeg
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Leg lom of 2
equalization 68 235 242
Locking effect of fibala 94 139
Lom of function, 2
Lower leg fractures 248 268
amputation 274
ambalstion 260
ankle jolnt suppuration 271
callug, formation 264
fracture 196
closcd medullary nalling 248
complications, 263
compound 268
contra indxcaions, 249 270
driving of guide pin and pail 257 258
duration of treatment, 261 277
exercises, 260

fatlures, 265

fibula resection, 261

gumhot, 279

{mpaction of fragments, 259

indication 248

infection 260 272 276

Joint suppuration 277

length of medullary nafl 257

messunng of medullary cavity 25t

ostcomyefts, 277

plaster cast, supplementary 259

positioning for operation 254
after operation, 259

redoctlon 254

slnw formatien 273 277

statstics 60

wire sature 278

Marrow scquestre 158 159
Aamsage 136
Medullary cavity 11
clavicle 21
femur 17
humeros, 20
rudros, 21
tibla, 20
uloa 21
Afedallary cavity messuring of dimennans, 40
femur 189 219
forearm, 335 38 35§
humerus, 305 319
lower leg, 251 284
Medullary nafl
Lreaking of 65 85 139
compomtion 83
deflecton, 79
driving 46
extracthon, 55 85
difficalties, 56
inadents, 80

fatlgue fracture 139

fracture of nafl, 65 85

mgration of the nail 84 235 346,359

removal sec extraction

‘wrong position 75
Medallary nefling 1

bone shortemng 68

closed seeIndividual bones

compheations, 74

fat embolfsm, 4

fever 52

infected frectures, 62
mal-united {ractures, 64
old fractores, 63
open 57 ses also Individual bones
prohilntion, 277
pecudarthroshs, 65 290
tuberculosls, 54
\-ray procedmre 37
Medullary seqoestra 158 159
Metacarpal fractures, 373
Metastasts, 151 240
Metatarsal fructures, 92
Migration of the medultary nall 84
Monteggia fracture dislocation, 362-365
Mauxcke atrophy 3
interpoaition 58, 96
Aisculo spéral perve paralysis, 86

three-

Nerve defects, bone shortening, 246
gumhot Infuries, 70 246
Infectlons, 247

Non-umwoa see pecudarthroaks

Nall, absorption around tip, 140
fanged, 1

Ol¢cranon fracture 335
Open medullary mlling, ser indlvidual bones
Operatwoas, ses medullary nafling
Operating surgeon requirsments, 250
Orpnmation of traumatic surgery 127 234, 289
328
Orientation groove ses guide groove
Osteltls, res ostiths
Osteoclast 47 63 216 267
Osteomyeliths, 57 60 61 146, 151 153-158 277
Jower lkeg 277
pecudarthrosis, 291
open medullary naling, 155
Outeopathia fibross cystica 243
Osteosynthesis, 187
Osteotomy fibule 285 289 298
hip contractures 245
wedge determination 232



Osuth, ST 60
flroua cyatica 8 243
Owdation of medullany nafl 132

Paget s discase 9
fermur 163
humenire 321
Tanlysls of radul perve 86
Tarham-Puttiband 279
Fatbologh fractures 8 244
Tenosteal appositions 6,99 130 133 158
Phabinges, 344
Phelgm-Gocht osteoclast 4/
Tin-traction determination of weight 103
Pirogoff stumps 299
Plaster cast, femur 181 192, 242
forearm, 348
humerus, 311 320
Jower leg 49
spplementary 49
Plaster cuff (cylinder) 50
Plexus ancsthesha, 26

femur fractures 50 179
forearm fractures 31 342
humerss fractures 51 259
lover leg fractores 50 259
Protnactor rulke 35
Preadarthrosls 2,3 61
causes, 234 288, 328 363 372
clavicle 300
ferur 233
humerus, 327 332
Intentiomal 366
Jower keg 288
open medullary naillng, 65
ndm 368
scaphoid, 66
tibka 288
alna, 366
Paychic milwence upon arcuhation 91
Pulse in medullary naifing of femur 222
on dorsum of foot 187
Pus foci, femur fractures 221
Jower ey fractures 285

Radul head dulocation 362-363
Radu! paralyss, 86
Radiation damage 37 172 256
Radio-ulnar synostons 367
Radius, pscudarthrosls, 368, 369
medullary cavity 21
Redoction apparatos Bohler 29
Umpayer 26
Wittmoser 31
Reduction of fragments 15 90
Refractures, 114 118

INDEN

with medullary pailin ity &
Rejection of open medallany nufingin
dy Incation of clinrcle 301
fracture of clasicle 30
femur 1%
frgers 34
forearm 144 354
humerus 316 321 324
lower beg 268
metacarals 3/2
1t 268
Pirogn( stumpe 299
eudarthrocs of forearm 3,2
humenes 327 31
radius 368 369
tihda 288 209
ulna 363
tesection of joints 299
shoukder joint 301
Removal of medullary mail 53 80
difficultics, 56
fractured nail 85
instruments 55
Resection of fibula, 139, 289 298
of knee joint, 299
Results femur fractures closed 186
feomur fractures, compound, 195
forearm fractures, cormpound 352
Retention of fragments, 90
Rlce bodses 139
Roentgrnography see \ ray, fluoroxcopy
Rust damage 88, 135

Sew 37
Scaphold bone 92
peendarthross 66 134
Schultze Osteoclast 63
Scmtic nerve paralysss, 247
Screw traction apparatus 306, 307
Sedimentation rate 52
Sequestra, crown 155
medullary 158, 159
Shocl, 8,43 164 210 249 303 34
Shortening of femur 63 70 219 246
Shoulder joint 301 302
Shoulder spuca 120 302
Sinuses, 2 61 277
Skin, affections 9 250
inciwon in femur fractures 174
forearm 339 340 349
humeris, 309
lower keg 256, 285 287
sature {n femur gumshot fractures, 211
Sting for erm 311 312
Spinal snesthesls, 26
Spinal column, damage 3
Sponteneom fractures 8 244

1%
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Leg lomof 2
equalization 68 235 242
Lockdng effect of fibula, 34 139
Lowm of function 2
Lower leg fractures, 218 268
amputation 274
ambalation 260
enkle jolat suppuration 271
callys, formation 264
fracture 196
closed medullary nafling 248
complications, 263
compound, 268
contra-indscatrons 249 270
driving of guide pin and pall, 257 258
duration of treatment, 261 277
exercases, 260
fallares, 265
fibala resectfon 261
gumhot, 279
impaction of fragments, 259
indication 248
Infection, 260 272 276
Joint szppuration 277
length of medullary nail, 257
measuring of medellary aavity 251
osteomyelits, 277
plaster east supplementary 259
peositioning for oporation 254
after operation 259
reducton 254
sinm formation 273 277
statistics, 60
wire suture 278

Medaltary camty 11
clavicle 21
femmur 17
humerm 20
radhu, 21
tibu, 20
ulm, 21
Medullary cavity measuring of dimenslons 40
femur 189 219
forearm, 335 38 355
bumena, 305 319
fower ke, 251 284
Meduliary nail
breaklng of 65 85 139
compasition, 83
deflection, 79
driving 46
extracthon, 55 85
difficulties, 56
Incidents 80

fatigue foacture 139

fractore of nall 65 8%
migration of the nail 84 235 346, 359
removal ses extraction

booe shortening 68

closed, see individual bones
complicatlons 74

fat embollsm 4

fever 52

gunshot fractures 62
indications, 6,71

infected fractures, 62
mal-united fractures, 64
old fractures, 63

open 57 see alse individual bones

Medullary sequentra, 158 159
Metacarpal fractures, 373
Metastasis, 151 240
Metataral fractures, 92
Migration of the medullary nail, 84
Monteggla fracture dmlocatlon 362-365
Muscle atrophy 3

Interposition, 38, 96
Musculo-spiral perve paralyshs, 86

Nall, absorption around tp 140
three flanged, {

Nerve defects, bone thoriening 246
gumhot injuries 70 246
infections, 247

Non mlon, see peeudarthrosis

Olecranon fractare 335

Open medullary naflng ses Individml booes

Operationa, ses medullery nafllog

Operating surgeon, requirernents, 250

Organination of traumatic surgery 127 231 289

328

Orlentatlon groove see guide groove

Osteitls, res ostithy

Osteoclust 47 63 216 267

Osteomyrelitts, 57 60 61 146, 151 153~155 277
lower leg, 277

mecudarthroms, 291

open medullary nafling 155
Owteopathis fibrosa cystiea, 243
Osteosynthexis, 187
Osteotomy fibaim 285 289 298

hip contmctures, 245

wedge determination 232



Ol 57 60
fhroacy thea & 244
On dation of medultary nait 132

Taget s discase 9
femur 165
homerie 321
Tanalvan of radial nerve &6
Parham-Putti tamis 2,9
Tatholome fractures & 244
Perimteal appoutions 6 9% 130 133 159
Thalanpes, 3¢4
Phelps-Gocht octeoclast 44
Tia-traction determination of welght 103
Pirognff stumpe 299
Plaster cast fermur 181 192 242
forearm, 348
humoerms, 311 320
lower keg 49
suppkementany 49
Phaster cuff (v lmder) <0
Plexus anesthes 26
Posutlomng SO
fermur fractures 50 179
forearm fractures 51 342
humerus fractures 51 259
loner leg fractures 50 20
Protractor rule 35
Preodarthreshs 2,3 61
cawses, 234 288 328 363 3,2
chvide 300
fermor 213
humerns 327 302
Intentional, 366
lower kg, 288
open medulhary mailmg 65
ndim, 368
scaphoid 66
tibi 288
ulna, 366
Pyy chic influence upon chrcutation 91
Pube in medullary nallngof femar 222
on dorsum of foot 187
Pt foa, femar fractures, 221
lower keg fractares, 285

Radial bead drsbocation, 362-365
Radul paralyus, 86
Radiation damage 37 172 286

Wittmoser 31
Reduction of fragments, 45 00
Refractures, 114 118

INDIA 383

with medullary nafl in oltu 87
Repction of open medullars mailin= in
i Incation of clavicle 301
fracture of clavicle 30
femur 186
fingers 344
forearm 314 354
humerus 31¢ 321 324
lower feg 268
mctacarjal 3,2
1iia 768
Lirogn(T ptumps 299
preudarthrous of forearm 372
humerus 32, 333
radioe 368 309
tilka 28% 209
ulna 363
tescctinn of joints 299
shoulder joint 301
Removal of medullary nail 55 80
difficulties 56
fractured nail 8%
instruments 53
Rexection of ibaka 139 289 298
of hnee joint, 299
Results fernur fractures closed 186
femur fractares, compound 195
forearm fractures compound 352
Retention of fragments, 90
Rice bodies 139
Roentgenography ser \-ray fluoroscopy
Rust damage 88 135

Sax 37
Seaphord hone 92
pecudarthrosis 66 134
Schultze Osteoclast 63
Sciatic nerve paralyss 247
Screw traction apparatus 306, 307
Sedimentation rate 52
Sequestra cromn 155
medullary 158, 159
Shock 8 43 164 210 249 303 334
Shortenlng of femur 68 70 219 246
Shoulder Joint 301 302
Shoulder spica 120 302
Slnuses 2 61 277
Skin affectiom 9 230
inctuon in femur fractures 174
forearm, 339 HO 349
humerus 309
lower Jeg 256, 285 287
suture 1n femur gunshot fractures, 211
Sling for arm 311 312
Spinal ancsthesia 26
Spinal column damage 3
Spontancous fractures 8 24+



386

Spring scale 309
Statistics {ermur 59

jorearm, 62

humeras, 60

lower leg, 60, 61
Steel saw 37
Straightening of fragments, 47
Sargeon's quaBfications, 250
Swellng and medullary nalling 9
Synostosls, radio-ulnar 366 367
Systemic, dlscases, 8

symptoms, 32

Tabes, 8 9 165

Temporary fiation for transportation 231

Tension biehs, 250

Thoraco-brachhal splca, 120 302

Tibla, ses also boner Jeg

Tihia medullary cavity 20
pecudarthrosls, 288, 209

Tiseues, interposition of 58, 96

Trentportation, 211

Traumatic surgery organiztion, 127 234 289 318
Tuberculosis and medullary nafling 54

Tumor brown, 243

MEDULLARY NAILING OF KUNTSCHER

Ukcus crurts and medullary nailing 152
Ulna frecture with disdocation of the radie] hesd
(Montegyia) 362-365
Intentional production of peeudarthrosns in radio-
uluar synostosis, 366, 367
medalary cavity 21

Varkose veins and pkens, § 152, 153 250
Vascular defects, bone shortening, 70, 247

Wedge determination for ostevtomy 232
wooden 47
Voelght deterrmubmation for traction, 103 188
Width of medullary cavity 40
Winch of Kimtacher 23 80
Wire net, Jeschke 55
Whe suture femur 192 122
homerus, 320, 332
lower leg, 278, 290
Wound excrdon, ferrur 189, 211
forearm 348
humeras, 319
Wound Infection and medullary calhog 283
Wound suture femur 204
humerms 330
Wounds In other parts of body 9

\-~ruy apparatus, 34
damage 37 173 256
development, 3§
technique 37






