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SHFREVLR WF TURN—whether to the battichelds_of -%as <@t o the
cvvilian casualty ficlds of ndustry, the home, and the road—the human
spinc 1s today n constant jeopardy, sulfering injury as never before

Wounded lying on the battlefield Awplancs smastung to the graund
Parachuters bailmg out unsuccessfully Jeeps and tanks overturning High
speed submarine chascrs racing over choppy seas Commandos landing
i the dark The list 1s long with industrial speedups and blackouts and
road acadents adding their quota to the staggening total of potential, 1f
not actual spmal mjurics facing the medscal profession today

And so far as we have been able to ascertain, up to date there has been
no quichly assimilated source book on spinal surgery to which the busy
surgeon could turn for needed gwdance It was to help fill this gap in the
literature that Swrgery of the Spmal Colummn was undertahen Inats pages
will be found not only our own technies but in many instances the
technics of our colleagues which hase found wide acceptance with others
for the yardstich for mclusion throughout has been the judgment of
those whost opinion we consider worthy of respect although not always
concurred tn by us

It was the Senior Author s privilege i the last world war to see the
practice of bone graft surgery which he had sponsored so heartily since
1911 sprng nto prominence and achieve the envied role of saving
thousands of both lLives and limbs (He personally saw—or operated
upon—thousands of such cases ) In this current world war we expect
to see both old and new applications of bone graft surgery—particularly
as 1t applies to spinal surgery—play a sumularly stgnificant role

In the following pages appenr chapters on all the various phases of
spinal surgery as seem 1n our opinton pertinent to the reader s needs First
the hustory of spinal surgery 1s given to show the truly amazing antiquity
of this phase of surgery as well as its amazingly slow growth until the
advent of the x rays and modern bone graft instrumentation caused it to
outstrip withn the past two or three decades, the previous progress of
two or three centuries

Next comes a chapter on the armamentarum necessary for successful

spmal surgery Chapters on the anatomy of the spine laminectomy
ui



1w PREFACE

fractures and fracture dislocations of the spme tuberculosis of the spine
static deformuties  congenital deformuties and anomalies, low back pan
and affections of the lower bach, sncluding a full discussion of the herma
tion of the nudleus pulposus and slipping of the intervertebral disc,
osteomyelitss  spondylitts, tumors, and miscellaneous affections of the
spune follow 1n the order grven Technics applicable to more than one
phase of spinal surgery are discussed fully 1n connection with the opera
tive condition where most frequently employed, and reference made to
this section elsew here Because of the wide contemporary interest mn such
subjects as low back pan tuberculosis and fractures of the spine, unusu
ally generous chapters on these subjects have been considered advisable

It 1s hoped that the numerous dlustrations will add the necessary
graphic understanding to the text, and together the two will provide the
seching surgeon with all he requires to ameliorate the spnal suffering
within his own practice

We wish to acknowledge our debt to the varous sources listed n the
bibliographies following each chapter and to the several publishers who
so hundly have permitted the reproduction of drawings and other illus-
trattons from their publications It 1s 2lso a pleasure to pay tribute to the
Senior Author s son Fred H Albee, Jr and to Miss Dorothy Abel for
their nvaluzble ard sn the preparation of this book

Frep H. ALpEE
EarL J Powers
HaroLp C. McDowELL
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The History of Spinal

Spinal surgery as we hnow 1t today 1s a compound of ancient wisdom
and modern practice lts basic ongins and desclopment antedate history
and 1n ail likelihood, are as old as man himself Qut of the caves and
bunial grounds of prelustoric peoples have come sheletal remains showing
many of the same types of asscus lesions as afflict man today, as for
mstance—osteomy chitis, hypertrophic and destructive arthrtis  perio-
stitis osteiss, bone tumors and fractures Ruffer reports the finding of
an Lgyptian mummy show ing lesions belicy ed to be those of Pott s discase
(tuberculosts) with a coexisting psoas abscess

Definite evidences of sheletal surgery—frequently in the form of
finger amputations and trepination—nhave been connected with the neo-
hthic pertod duning which man first learned the use of metal, but it was
not until the nse of the Greeh crvilization, and the advent of the great
Alexandrran anatomusts of the 3rd century B ¢ that medtcine and surgery
fitstbecame a science and spmal surgery per se 1s known to have existed
Duning this penod, deformities of the spinc were made the subject of
major study and in the Corpws Hippocrates, an amazing collection of
books written by these first surgical masters sometime between the 4th
and 1st centurtes B c—and credited to the physician for whom they ase
named-—can be found many of the prinaples 1f not the methods now
1 orthopedic use

The Hippocratic school distinguished between deformities due to
trauma and disease and the many varieties of curvature of the spine—
even in persons of good health—caused by faulty habits and old age The
Hippocratic text was the first to suggest the possibility of a relationship
between spinal deformuty and pulmonary disease, and the difficulty of 1ts
cure was recognzed The role of the ligaments was known, and for this
reason dislocation without comncident fracture was considered improb-

able The sersous consequences of spinal deformity whatever its etiology
1



2 SURGERY OF THE SPINAL COLUMN

were also understood, and while correction was believed to be beyond
the range of possibility efforts to obtan it were tireless

For post traumatic gibbus, these early surgeons advocated the fasten-
g to the ground of a broad board with an oblong furrow in it, and the
stretching of the patrent thercon Repeated suspension—euther by the
armpits or by the legs 1n an wverted position—and prolonged recum
bency on a hard mattress was also practiced

With the decline of Greece, and the rise of Rome, the latter 1 turn
becarne the center of the suentific world Here tn the 2nd century AD
Galen made tremendous contributions in the fields of anatomy, embry
ology and neuroanatomy It was he who first suggested the treatment of
spinzl curvature in terms of actsve correction and he 1s credited also
with having comned the words kypbosis lordosss, and scoliosis As a step
toward the proper concept of vertebral tuberculosis he pointed out
cartes of the vertebrae as a cause of spinal deformaty

Paul of Aegina (625-690 A D ) made the next known contribution to
spmal surgery His treatise, which became a medical textbook for cen-
turtes included the first description—if practiced—of a stmple laminec
tomy Perceiving the possibility of grving relief in certain cases where for
wnstance a fractured fragment of the posterior neural arch was believed
to be impinging upon the spinal cord, he wrote having first given
warning of the danger we must if possible, attempt to extract by an
mncision the compressing bone

Four centurtes later as the Mohammedan-dominated Middle Ages
drew to a close i the 11th century a new scaience of European medicine
was born—free of all Eastern antidissection and antivivisection hin
drances Students flocked to the newly established universities of Salerno
and Bologna, there to learn anatomy as an essenttal basis for all surgical
practice and anatomical research as the sine gua non of scientific surgical
stud

\\”vxth the introduction of cannon shot at the Battle of Crecy 1n 1346
surgery agatn entered a new era But 1t was not until 1762 that Lows 1s
credited with being the first to operate upon a fracture of the spme caused
by 2 gunshot wound, and this was only a superficial operation on the
neural arches Surgery upon the spine m which the cord was exposed
proved unnersally fatal until the middie of the 19th century
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The actual begmning of modern spinal surgery dates from 1564 when
Ambrotse Pard issued his famous teeatise, the Drx Lat res de la Chirurgee,
i which he discussed the classic symptoms of cord compression and advo-
cated the procedure supgested by Paul of Acgma  Having made such
a prognostiche you may make an ncision so to tal ¢ forth the splinters
of the broken vertebrae (in cases wherein the neural arch was injured)
which driven 1 presse the spinal marrow and the nerves thereof

Paré also descnbed congenital scoliosts, and treated it much in the
Hippocratic way save that he added steel corscts—the forerunner of the
modem spinal brace and plaster jachet

Contemporary to some degree with Par( was Girolamo Gabnizio
d Aquapendente (1537 1619) who invented an apparatus for the correc
tion of torticollis and another for the gradual reduction of a gibbus Con
trary to the current theory of forcible correction of spinal deformities he
advocated gentle manipulations with repeated adjustments of the spnal
brace

Also of this century was Dalechamps a Trench surgeon, who two
centuries before Percnval Pott added a very important factor to the
understanding of vertebral canes by discovering its relationship to
paralysis of the lower extremities In 1632 Marcus Aurelwus Sevennus
restated Dalechamps observations that caries vertebrae follow the
formation of tubercles

The understanding of vertebral caries was further advanced by a case
described by William Tabrig of Hilden 1n a report published m 1641
Fabrig also published the first pictorial description of scoltosis from
studies he made of anatomic sections of a child s spine thus adding
greatly to the hnowledge of the complexity and progress of such spinal
deformuty

A little later 1n London, Richard Wiseman, the foremost British sur
geon of hus period (1648-1686) made an outstanding contributron to
surgical history by clanfying the numerous mamifestations of surgecal
tuberculosis and demonstrating their underlying unity

Meanwhile 1n Holland spinal surgery was also recerving considerable
attention dunng this century In 1685 Isactus Minnius performed the
first know n operation of tenotomy for wry nech. Henrich von Deventer
most important of the contemporary Dutch surgeons who had become
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tnterested 1n bone deformuties because of the many abnormal pelves he
encountered n his practice of obstetrics contributed greatly to the
understanding of such conditions by writing up his outstanding cases For
the correction of scoliosts he advocated the use of suspension apparatus
designed to take full advantage of the force of gravity

Fresh impetus to the study of curvature of the spine was given by
Nicholas André Professor of Medicine at the University of Paris who
tn 1741 cowned the word orthopaedra from the Greek roots orthos
(straight) and pars (culd) and wrote extensively on the subject. He
devised 2 system of treatment devoted largely to posturaf tramming and
based on his theory that in the absence of trauma or destructive disease
lack of symmetrical development of the human skeleton was due to
postural improprieties during the formative years resulting in improper
muscle balance.

Although since the time of Hippocrates the tuberculous nature of
gibbus spine had been suspected and recogmzed vertebral tuberculosis
in 1779 became Pott s disease as a result of Percival Pott s discussion
of the paralysis of the distal spine segments which may follow a gibbus,
or any case of vertebral disease not properly treated

Also of this period was John Hunter another Englishman who per
formed the first known bone graft by transplanting the spurs of a chicken
to1ts head and 1s thus credited with baving begun the science of modern
experimental surgery

Almost a century later 1n 1853 partial luxation of the Jumbar verte
brae recerved its name  spondylolisthests  at the suggestion of Kilian,
after Rokstansky had described 1t as a pathological entity tn 1839 and
mentron of 1t had been made by Herbineux 1 France during the previous
century In 1882 Neugebauer restudied 1t and published many papers
onit and since then—and up to the present tume—it has been the subject
of innumerable nvestigations

In compartively recent years much attention has been paid to the
pathological varations of the nucleus pulposus of the intervertebral
discs and to the discs themselves Roux, in France, pomnted out that
when pressure 1s applied to the ntervertebral disc, the nucleus pulposus
reacts 1 2 manner different from that of the rest of the cartilage In 1928
Schmorl of Dresden ¥uirred up a controversy by publishing the results of
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his study of the cffects of the hernration of the nucleus into the spongiosa
of the adjacent sertehral bodies if, under pressure, the fibrocartslagenous
coverng bursts—a condition, which, according to his findings occurs
often 1n apparently healthy spines Because of 1ts frequent presence with
out symptoms Schmrl w rote that its smportance lies in the necessity for
distinguishing st from less innocuaus lestons Latlier 1n 1922, Calve had
wamed aganst confusing calcification of the nucleus pulposus with the
lesion of Pott s discase

In 1911 Goldthwait in Boston and Middleton and Teacher in Glas-
gow, cach dependently reported a series of cases which had been
diagnosed as spmal cord tumors until operatine exposure disclosed their
true nature, and the fact that the intenertebral dises had ruptured into
the spinal canal caustng pressure upon the cord

During the past decade ntervertebral discs and nucler pulpost have
been gnen—and are being grven—a great deal of attention and a
number of operations have been performed upon them for the cure of
low back pain

Sir Astley Cooper (1768-1841) was the first to adsocate operation on
fractures of the spine Rogers 1n 1835 in speaking of a case of fractured
spine with depression of a spinous process and the operation for its
removal, says  Although all the cases of depression of the spinou
processes in which an operation has been performed have proved fatal [
think that 1n a case of simple depresston of spous processes without
any injury of the spinal cord we have a reasonable prospect of success tn
an operation In all events 1t 1s the only chance for the patient, and under
such arcumstances T recommend 1t

This attttude however was probably in advance of the times for we
find that as late as 1867 John Ashhurst Jr gathered statistics to show why
operations of this type should not be done and even in 1893 Cheever and
Manley published a paper advising against operation m fractures of
the spine

Modera methods of fracture therapy began with Hugh Owen Thomas
of Liverpool (1843-1891) who made early designs of most of the frac
ture splints now 1n use, including shoulder abductton spinal braces and
bead elevation apparatus and whose work represents according to Buck,

an emphatic retteration of those fundamental principles upon which the
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proper care of fractures depends, and from which, from tune to tiume,
brilliant surgery veers

As g forerunaer of the convex frame used 1n the treatment of sprmal
deformutres and fractures, Robert Chessher, an English country practs
tioner devised 2 double inclined plane for the treatment of spinal disease
and injuries

In 1852, Mathyjsen, s Flemsh army surgeon introduced the use of
plaster of paris bandages as a substitute for braces 1n the immobilizatron
or supportof skeletal injurses, and Lews Sayre of New York first adopted
this method as 2 support for the spinal column 1 cases of scoltosts and
vertebral tuberculoss

Since the tume of Paré, numerous operations had been performed on
spwnal curvatures for varous reasons—mostly however, cosmetic The
first real operative attempt to stay the progress of a spinal curvature was
made 1n 1891 by Hadra of Galveston, Texas He attempted to fix the
spine by tw tsting silver wice about the spinous processes of the sxxth and
seventh cervical vertebrae in 2 case of fracture dislocation. Lange, of
Munuch, substituted the first silk ligatures for the wire, and then tn 1910
advised the wnsertion of a celluloid plate bestde the spinous processes n
order to iromobilize a large area of the spinal column

The discovery almost a century ago that the anterior and posterior
roots of the sptnal nerves are motor and sensory 1n function was made
at about the same time by Sir Charles Bell and Magendie This constituted
an advance of far reaching tmportance 1n the surgery of the spme and
spial cord

It was not until 1911 however that any adequate method of fixation
of the spine was discovered and 1n that year not one method but two
were discovered almost symultaneously by Russell A. Hibbs of New Yorh,
and the senror author These two methods of fixation which have almost
completely revolutionuzed the treatment of spinal surgery although some-
what different 1n their performance tend to produce the same thing—
fusion of the spine

The Hibbs fusion ts an osteoplastic operation for immobilizing the
spinal column In this operation the periosteum s stripped from the pos-
terior arches the spmous processes are split and made to overlap the
interspnous spaces  fragments of bone are raised from the Jaminae and
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placed n the interlaminar spaces In addition cach intersestebral articu
lation 1s mdw idually curetted and denuded of cartilage

The Albee fuston 1s an implantation of a tibal bone graft along the
channel of the split spinous processes The incision s carsted through the
shin and subcutancous tissue exposing the tips of the spinous processes
The interspinous and supraspmous ligaments are then spht With a wide
osteotome the spinous processes are dissded 1nto halves the half nearest
the operator being broken laterally $0 as to present throughout a channel
for the graft which 15 tal en from the crest of the tibin—care being taken
not to fracturc the other half of the spinous processes The leg which has
been prepared for the tahing of the graft 1s flexed upon the thigh and
the asion 1s then made over the tibial crest until the antertor surface
of the bone 1s exposed The fength and shape of the desired graft 1s then
markhed off on the exposed tibit By means of the twin saw the graft 15
removed with the periosteum intact Tlus 1s placed in the channel pre-
pared for 1t along the split spinous processes, and 1s sccured there by
nterrupted hangaroo tendon and chromic sutures

Thus operation 1s thought by the authors to provide the best possible
type of fusion—first, because of the speed of its performance secondly
because 1t brings to the sluggish callus-forming bone of the spmous
processes bone which has a high asteogenetic ability and third because
1n the author s hands 1t has resulted s a remarkably high percentage of
successful fusions In contrast, the Hibbs operation, dealing with small
fragments of bone of low osteogenetic potentiality 1s 2 most tume-con-
suming and hence shocking procedure—so much so that men like Gallie
Robertson and others have given it up completely

At the present time the authors use spinzl fusion 1n Pott s disease, 1n
scoliosts—both rdiopathic and paralytic, in certain cases of fractures of
the vertebral body in congemtal deformities, the hernmtion of the
oudeus pulposus and slipping of the mtervertebral dises 1n spinal
asthritis and 1n many other diseascs of the spine itself

Thus we see that spinal surgery has made tmmense strides and how
new instruments—especially those driven by electric power together with

improved methods of procedure have simplified and extended surgery
of the spine and spial cord.
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placed in the interlaminar spaces In addition cach intervertebral articu
latron 15 mdvidually curctted and denuded of cartilage

The Albee fusion 1s an smplantation of a tibial bone graft along the
channel of the split spimous processes The incision 1s carried through the
shin and subcutancous tissue exposing the tips of the spinous processes
The tterspmous and supraspmous ligaments are then split With a wide
osteotome the spinous processes ate divided into halves, the half nearest
the operator bemg broken laterally so as to present throughout a channel
for the graft which 1s taken from the crest of the tibia—care being tal en
not to fracture the other half of the spinous processes The leg which has
been prepared for the takuing of the graft 1s flexed upon the thigh, and
the nasion 15 then made over the tibial crest until the anterior sucface
of the bone 15 exposed The length and shape of the desired graft s then
marked off on the exposed tibia By means of the twin saw, the graft s
removed wath the periosteum tact This 1s placed in the channcl pre-
pared for it along the split spinous processes and 15 sccured there by
interrupted hangaroo tendon and chromic sutures

Thus operation 1s thought by the authors to provide the best possible
type of fusion—first, because of the speed of sts performance secondly
because 1t brings to the sluggish callus-forming bone of the spinous
processes, bone which has a high osteogenetic ability and third because
tn the author s hands it has resulted 1n a remarkably high percentage of
successful fusions In contrast, the Hibbs operation dealing with small
fragments of bone of low osteogenetic potentiality, 1s 2 most time-con
suming and hence shoching procedure—so much so that men like Gallie
Robertson and others have given it up completely

At the present time, the authors use spinal fuston 1n Pott s disease, n
scoliosis—both idiopathic and paralytic 10 certamn cases of fractures of
the vertebral body i congenital deformities the herniation of the
nucleus pulposus and slipping of the intervertebral discs 1n spinal
arthnitis and 1n many other diseases of the spie 1tself

‘Thus we see that spinal surgery has made smmense strides and how
new mstraments—especially those driven by electric power together with
mproved methods of procedure have sunplified and extended surgery
of the spine and spinal cord
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We must remember however that surgery 18 no more static than hife
iself and as various modifications n operative technic are evolved, and
changes 1n suture matenal and surgical instruments effected, what today
may be the subject of justifiable crtiasm  may tomorrow be corrected as
vertebral surgery now in its comparative infancy learns to walk.
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CHAPTER [1

Armamentarium

Spraal surgersy 15 so highly specialized in its nature, and requres such
spectfic wnstruments for 1ts successful execution that few hospital surgs
cal departments are adequately equipped to handle such cases—despite
the increased attention now betng grven to bone surgery

A P;w_\; .

N,

Fig. 1 Albes for splitang spinous
(By conrtesy of RuyScheerer Company)
A complete armamentarium for the surgeon undertaking spnal sur

gery should contain the following
1 A fracture table—erther the Albee-Comper Fracture Table or one

ssmular in type
12
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2 An clectro-operatine hone outfit, with & non flexible shaft prefer
ably—as flexibility diminushes the versatile apphcation very matersally

3 Suttable retractors—sharp-pomnted and rake of varying sizes and
depth of tooth

4 Bone clamps

Flg. 2. Rongeur for widening the spinal opening. (Albee's Ortbopaedic
«nd Reconssruction Surgery W B Semuders Co )
5 Bone elevators (e g, Lane’s)
6 Kangeroo tendon of various sizes and materials for external and
nternal fixation
7 Sharp thin osteotomes of vartous widths The author never under
any arcumstances uses a blunt-edged chisel There 1s so little flexibility

10 bone that 1t crushes or breaks very readily under the chisel and for
that reason, & thin edged osteotome 1s preferable
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Fig. 3. Large rongear forceps for the removal of the spinous processes. 1}2/3. (Elshers.)
(From Albce Oribopordic and Recoxsiraciion Surgery W B Sexwders Ce )
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8 A lammatome

9 Rongeurs of various types and sizes—x 34 (Elsberg) for wideming
the spinal opeming, and the large rongeut forceps, x 24 (Llsberg) for the
removal of the spinous processes

10 Lion jaw forceps

Fig. 4 Honley splne forceps X2/3  (Elsberg.)

11 Aheavy mallet This should be large and of solid metal although
one of Lignum vitae 15 very good

12 Switable materals for external fixation dressings The importance
of this should be emphasized It 15 believed furthermore that every
surgeon having anything to do with bone surgery should thoroughly
master the plaster of pars technic.

13 ‘The Balkan Frame

14 Skull traction apparatus
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The Lleciro Operatsve Bone Msll—and Techmic of Its Use

In modeling & bone graft into dowels wedges and mlays, and n mak
g use of the different well known mechanical devices such as tongue
and groove jomts, dovetail joints, mortices etc. 1 spinal surgery, the
motor outfit 15 indispensable In many instances, an accurate cabinet
maker s fit may mean success where the ordinary crude coaptation would
speil farlure

Fig. 5 Albcebooedrlh.pmmq-peofdxurpmmumﬂm ‘This h an instrument
vhichlmemy[mxmdyinmu.ngmfu. they be of the inley wype

peg type ete. It {s used similarly to the carpenter s nail sct. (Fros Albee Boss
Graft Swrgery in Disease Injury and Defermity D AppletonCeutnry Co., New
Yerk)

It 15 only when the most precise cabmet malker s type of fit has been
secured, that the full value of what 15 called Rowx's Jaw of frictional
sttmudation to osteogenests 1s obtamned—a most smportant factor in
stimulating callus formation and securing uaon As has been sard

Electrrcally Draven Circwor Sasis and Drills

Tip. 6

Bone Graft Sxrgery * “The entire process of union and the survinal
of the graft depend on the establishment of vascular connections be

* Bone Graft Sargery by P H Albee W B. Ssunders Compery Philsdelphia 1nd New
York, 1913
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NON STERILE

Fig. 7 In assembling the motor the surgeon bolds the recipient skell (its orifice

uppermost, like s goblet) both the shell and the surgeon s hand being sterile. An

assdstent (whose hands are non-sterlle) inserts the shaft of the motor (which has

nat been sterilized) fnto the recipient shell xnd turns it to the right untll it can

:;mmedmfu:dxermdlheumwunlhenbeﬂmmuinlbewhhdnmon
motor
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btween the graft and the host fragments the rmpidity of establishment
and the degree and permanence of vasculanization vary directly with
closeness of coaptation and rigidity of immobilization these depend
on accuracy of fit The necessity for the greatest precision mn the mechan-
1cal procedures needs no further argument ideal conditrons can be pro-
duced 1n no other way thaa by the use of automatic power driven tools
which can be adjusted to cut with mathematical exactness both the graft
bed and the graft which 1s to fill 1t with glass stopper preasion.

The tdeal electromotor outfit should measure up to the followng
requirernents

1 It should permit of the thorough and rapid stenlization of every
part which comes 1n contact with the surgeon or the field of operation
including the electric cable for transmitting power

2. It should permut of ready application to all types of osteoplasty
whether situated superfiaally or 1n a deep wound whether tvolving
the procuring of & graft, the preparation of its bed, the drilling of holes
the removal of bone for the correction of deformuty or the curing of
disease or to permit the proper approximation and alignment of bone
fragments 1n cases of fracture.

3 It should permut accurate control and gutdance of the motor cut
ting tool i all wounds and at all angles The flexible sbaft formerly
used in dental outfits, but given up some years ago 1s not sutable for
transmutting the power of the cutting tool, becuse it causes the cutting
tool to vibrate or chatter and does not allow 1t to be directed m every
concevable direction A flexible shaft strong enough to dnve a twin
saw satisfactorily through the adult tibwal cortex no longer remans
flexible enough for versatile surgical application

4 It should permut easy and convement control of the electric current
and speed of the cutting tool

S It should be light 1 weight small 1n bulk, and permit of eas
transportation

6 "The motor should be of a unrversal type, and adapted to ali kinds
of motor electric currents

7 The motor instruments—saws of different types drills lateral cut
ting and end mulls dowel shapers etc. should be held 1n place in the
motor by an automatic catch faclitating their speedy nterchange
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8 The motor cutting tools should be constructed like those long used
by the artisan for working hard matenials They should be of a variety
sufficient to meet ey ery requirement of bone carpentty or machine work
and should nclude all hinds of automatic tools The twin saw for inlay
work should be so constructed that the gloved hand of the surgeon at the
operating table can readily adjust st to the fraction of a millimeter

Motor Attached fo Mimature Lathe and Screw Cutting Device

o
— L—~_
] =
Ferer < .~ =3 ‘}
3 s g
=
Drils er mste cutrers p".:.'f.b.-.::. T Dreading

R Bone Grafr made by cutfer Mo f (W) wall autormaticall
and srcararely fit infe » drill kele made by drill Mol (M2,

Fig. 8. Motor attached to miniarure lathe and screw-cuttdng device
(Dy cexrtesy of Rmy-Scheerer Company )}

Dow el-shapers should have interchangeable cutters of szes vacying suf
ficently to meet all requirements  Various motor driven dies should
allow threads to be put on pegs of any size, thus transformng them into
screws Corresponding size dnlls and taps make the threaded holes for
the reception of the bone graft screws

9 The motor should furnish enough power to drive a twin saw or
lacge drill through the thichest cortex of human bone rapidly and with-
out any tendency to stall The motor tool 15 best attached ditectly to the
motor shaft To enable the surgeon to hold the motor 1n his hand while
the tool 1s cutting the motor should be covered by an adjustable steriliz
able shell 1ts weight—four pounds—has been found to be an advan
fage, rather than a drawback m its application
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The Albee Comper Fracture Table

Due to the stress of recent times with increasing motor accidents,
mushaps in sports industrial injunies and various infections 2 wider
field of corrective spinal surgery bas developed, with more specaluzed
demands in the matter of surgical equpment The greater part of this
type of surgery betng of a major nature, cannot be performed on the
surgrcal operating table because of the lack of tractional facilities and
many other essental features and fracture tables being designed pr
marily for the reduction of fractures are completely lacking 1n many of
the essentials for operative procedure This 1s particularly true in spine
work, where the demands are manifold in their variety and most exact
ing 1 thetr precision requirements

The Albee Comper Fracture Table was created to meet the need for
a unrversal surgtcal table combining 1n one compact, self-contamed unit
the elements necessary for promoting the success of all hinds of general
surgery as well as traumatic and orthopedic work. This table while
conforming to the long established and well tried principles neverthe-
less departs entirely from the conventional standards of fracture table
design The essenttal features of the operating table have been adopted
and to these have been added simple and efficient mechanical mnova
tions including 2 crank-operated crane and unlimited faalities for
accurate x ray examination before, during and after the operation

The Albee-Comper Fracture Table 1s mounted on large substantial
wheels making 1t easily movable from Plaster Room to Surgery Floor
lock and Trendelenberg angle for spmnal anesthesia or treatment of
shock during the operation are combtned on the same control at the end
of the pedestal The one piece overhead frame 1s mstantly removable
and fully adjustable. It has a {ateral tilt controlled by 2 crank and «
variable height range controlled by a hydraulic pump—precisely as the
modern general sutgical operating table Removal of the table panel at
the foot end enables the assistant surgeon to stand betw een the patient s
legs 1n close relation to the operating surgeon The construction of the
table permuts unparalleled approach for anteropostertor radiographic
or ﬂz‘omscoplc examination of the spmal column in hyperextenston
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The controlling mechanism 15 housed 1n a pedestal base as an entirely
mdependent unit, resting on casters which may be loched at will To this
pedestal 15 attached another completely independent unit—a superstruc
ture comprising the table top, traction apparatus permneal post and sacral

‘U S
T 1' 1 zi‘ 37, WY

"y
_....kj.ai.‘.d A LRI P11 I d&..u"
Fig. 10. Table in Trendelenburg sngle for spinal anesthesta or treatment of shock
during the operatioe. (By coxriesy of Comper Alanwfacinring Compsny )

rest Consequently, when lateral tilt for instance 1s applied, no distor
tion or dimtnutson of traction 1n relation to the patient occurs and the
perineal post and a conventional body support prevents any tendency
of the patient to slide out of posttion on the table
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In thus superstructure are embodicd the following mechantcal aids to
the management of cvery desired orthopedic postute of both extremities
as well as the spinal column, whether for open surgery or closed reduc
tion The telescopic traction rods unnersally adjustable for both upper
and lower extremities arc of new design They embrace the author s
lateral adjustment of the upper end of these traction rods i accordance
with the size of the pelvis or ntra ap joint distance of cach ndnidual
patient to insure their being hinged immediately under the hip joimts
The amount of traction thus remains constant throughout the cxcursion
of the traction rods regardless of the degree of abductton or adduction
applied

In the hyperextension treatment of fractures of the spine (Davis etc.
positions), a winch with canvas shing 15 placed n sochets on the table
top and when the patient s legs are attached to the overhead frame
the table sections may be removed and hyperextension obtained by
slackening canvas, through control of the winch Precision control of
desired posture and crane control 1n a vertical direction at the foot of
the camvas enable the shing to hug the symphysis closely for accurate
application of a plaster jacket Ample space 1s provided under the
abdomunal region for management of ohese patients in hy perextension
and for x ray or fluoroscopic examination n any plane without disturb-
ing the posture or immobilization of the patient

Other fracture tables wlich have their advocates are the Hawley
Scanlon and Bell tables The latter 1s reputed to be particularly adaptable
to the application of hyperextension casts by esther the sling or hammock
method

Matertals
PLASTER OF PARIS

The plaster of pars used n surgical work should be of the same
supertor rapid setting type as that used by dentists (The authors prefer
that manufactured by the S S White Dental Company ) It should be
packed 1n arrtight tin patls to prevent hydration from the air To further
prevent hydration the pails—in the intervals between use—should be
stored 1n dry locations and when 1n use the hand mtroduced into the
pail should be perfectly dry
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Occasionally because of some acaident during the process of manu
facture or from a break in the hermetic seal a particular speamen of
plaster will not harden properly Such a speaimen should be returned
at once to the manufacturer, or put through a slow baking process to
effect dehydration

‘When such kermetically sealed dental plaster 1s used, the additron of
salt to the ymmersion water 1s not only superfluous but undesirable,
because 1t causes the plaster to become brittle

Crmolin  Although a variety of fabrics—gauze, dextrin gauze, flan
nel etc—have been used for impregnation with plaster of parss, it has
been found that crinolin (gauze sized with some stiffening substance)
1s by far the most satisfactory material for this purpose. An unszed
bandage 1s worthless in this connection as 1s a bandage with too much
sizing which prevents the plaster from setting Many of our largest
clinics have found by expenience that the bospital crinolin labelled H'
and manufactured by the H B Claflin Corporation, ts the most satis-
factory It comes tn 12 yard bolts and its mesh should number 28 to 32
threads to the square inch

Preparation and Storing of Plaster of Paris Bandages The bolt of
crinolin should be divided 1nto two equal sections—each st yards long
The selvages should be torn off and then each portron torn into roller
bandages three to eight inches wide, as required. After these strips are
rolled loosely the ravellings on the edges can be removed by rubbing
the point of a parr of scissors over the ends and pulling away the loose
threads thus distodged Crnolin should never be cut with a knife or
scissors unless cut obliquely after having been rolled because of the
difficulty of following threads (It ss impossible to remove short ravel
lings from an unevenly cut edge )

Impregnation of Crinolin Bandage with Plaster This 1s best done
by placing a pile of plaster upon a smooth board—such as a bread
board—and drawing the crinolin bandage through 1t rubbing the plas-
ter into the meshes with the hand at the same time By holding the
bandage to the left of the pile and unrolling it slowly this can be
managed wthout too great difficulty The meshes should be rubbed just
full—and no more No additronal plaster should be sprinkled on after
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wards and care should be taken that the bandages ate not wound too
tghtly for storing

Stortng The completed plaster of pans bandage 13 wrapped m a
single layer of morsture proof paraffin paper and secured with an
clastic band—or for lack of these materials in two or three Tayers of
newspaper or weapping paper and packed i tin pails with accurately
fittmg covers Such pails should be kept 1n the driest place available
Plaster of paris whether loose or 1n bandages should never be stored 1n
abasement If for any reason the artaght seal of the parl becomes broken
and the plaster fails to harden well and quickly 1t can be restored by
plaaing the tin container with the cover off 1 a very slow oven for a
period af several hours after which the cover 1s replaced and the con
tamer sct away n a dny place

Requirements of a Plaster of Panis Bandage The crinolin should
be of such quality that the bandage when apphed can be made to con
form smoathly ta the irregulantics of the pact to which t1sbeing applied

The bandage should be so wound and so tmpregnated with plaster
that when properly immersed in lukewarm water—on end—it will 1m
mediately become saturated and, during the process of application will
mot telescope I too tightly wound or too full of plaster it will have
dry spots from the uneven penetration of the water If too loosely wound
the center will push out during application—in other words, 1t will

telescope.  Duning its immersion 1n the lukewarm water the upper
edge of the roll should never be squeezed as this will prevent the escape
of arr and penctration of the water from beneath As has been sard the
strongest and most efficient bandage ts one that contamns just enough
plaster to fill the meshes of the crinolin—and no more

The plaster should harden en masse with sufficent raptdity so that
when the surgeon has completed the final layers the bandage will be
of the right consistency to give good splint support and yet be malleable
enough to facilitate molding at the same time  stay1ng put

Padding Cotton sheet wadding stochinette and flannel have proved
acceptacle for padding The authors however prefer to use sheet wad
ding purchased i large rolls and torn 1nto strips varying from 4 to 12
inches mn width and rolled nto bandages One of the advantages of
cotton wadding 1s that 1n removing the cast 1t yields to Stille s cutter
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a way that other materials do not. Emphasts should be put upon the
importance of the even application of this wadding, due regard being
paid to the protection of all superficially placed bony promnences, at
the same tsme that even distribution s being preserved elsewhere The
authors prefer to hold the wound dressing (postoperatively or other
wise) by means of the sheet wadding bandage, rather than by applymg
a gauze bandage durectly over the sheet wadding bandage, as practiced
by some surgeons because general swelling after any operation may
cause the edge of the gauze bandage to become taut, and to act as a Jocal
constriching band causing further swelling at this point

Saturation of the Plaster of Paris Bandage Tepid water 15 generafly
used always in & contamner—preferably a pal—of sufficient depth so
that the bandage standing on end will be enticely submerged. The higher
the temperature of the water—within certain limuts—the more quickly
the plaster hardens The wrapper if it 15 permeable by water, may be
left on or removed, as preferred  The authors prefer sts removal The
bandage placed on end in the water s allowed to remam standing
unti air bubbles have ceased to rise indicating 1t 13 ready for use. Time
15 no guide to the completion of saturation, absence of air bubbles 15
the only catenion

Attempts to hold or squeeze the bandage while 1t ts submerged with
the 1dea of making st absorh water more rapidly cause agglutination
of the ends of the bandage, and prevent escape of air and the water
from penetrating to the center

After the bandage has been removed from the water it should be
held by each end—the object beng to prevent so far as possible the
escape of flud plaster It should then be very gently wrung out by a
half turn of the bandage, so that when handed to the surgeon, it 15
the shape of a flattened roll with about six mches unrolled. The satu
rated bandage should never be squeezed in the center or vigorously
wrung, because thereby too much plaster 15 lost, and frequently the
bandage 1s telescoped

Applicatson of Plaster of Paris Bandage It 1s difficult to guve clear
and comprehensive directions for the application of an ideal plaster of
pars bandage Dexterity can only be acquired by actual expersence
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The best method 13 to allow from six to eight inches of the bandage
to be unrolled 1n advance of its actual application Great care should be
tahen to have the bandage smooth, without wrinkles and with its first
layer so placed that shight, even compression 1s exerted throughout the
extent of the sphint The plaster should be constantly rubbed n during
the application

The area 1s first entirely and cvenly bandaged with two or three thick
nesses By giving a larger arca for drying this insures a more uniform
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Fig 12 Juty mast. (Taylor)

Flg. 11 Plaster jachet with Jury mase,
intt applied. Note tllting back of bead,
The stockinet hanging down will be
turned up gver the jacket and sewed
1o ltself ot the top (Taylor)

(Albec’s Orthopaedic and Reconstruction Surgery W B Sanmders Co )
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whils allows a2 space mto which bending can take place As gradual
bending by means of the turnbuckle continues compression of the body
s substituted for lateral pressure Care must be taken duning bending
of the jachet to discover and rclicve all new pressure points and the
plaster edges should be bevelled

Fig. 13. A, Hibbs-Risser Ferguson tumbuckie jacket cast. B. Correction of a mid-

curve completed. Casts, with the exception of those for high cervicodorsal
cunes, usually extend to the knee on the side of the turmbuckle

In two or three weeks when the jacket 1s bent over about 90 degrees
maximum correction s obtamned This amount of correction s accu
fately determined by x ray examination ‘The jacket ts then remforced
by means of basswood plaster-covered struts and the tuenbuchle and
Postertor hinge are removed An inner layer of plaster 18 applied to the
body 25 2 vest where the Jjachet has been spread which gives added

immobilizstion A posterior window 1s then made exposing the opera
tve area (Russer )
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Removal of Plaster of Paris Thus 15 best done with a Sulle cutter
If this 1s not accessible, a saw or a heavy jadiknife will serve the purpose.
Hot water or vinegar may be used to soften the plaster after the surface
to be cut has been scartfied with a knufe. After cutting the gutter, the
plaster 1s spread with a special clamp

In removing a cast which has been applied for postoperative fixation,
the field of operation should be carefully avoided

Plaster Corset If it 15 desired to make a removable plaster corset
the dressing ts cut from the symphysis up the audline of the ahdomen
and thorax to the sternal notch, then sprung off the trunk, and hooks
and eyes and the covering of the corset applied so that 1t can be laced
together like an ordinary corset



ARMAMINTARIUM 31
BIBLIOGRAPHY

Awnrr T H  An Eledro Motor Bone Outfit and Technique of Its Usage
Boston M &S J, August 19 1913

Awrrr F H “A New Tracture Orthopedic Operating Table  Surg Gyn &
Ohbstet., June 1918 page 683

Atprr ¥'H  An Elcctroc Operative Bone Camp N Y M J, May 18 1918

Awsrr F H Onhopedic ard Reconstraction Surgery W B Saunders Company
Philadelphia and London, 1921

Awsir, F H “Pscudarthross and Treatment by Automatic Machinety  Proc, of
the Fifth Intenat Med Congress for Acadents and Discases Budapest 1928

Awsrr F H  “Automatic Machinery in Bone Susgery  Rchabilitation Rev May
1929

Awser F H  Bone Surgery with Machine Tools.  Saientific Amenican Apnl
1936

ALere, F H  Injaries and Diseases of the Hip Paul B Hocber Inc New York,
1937

Apre, F H  “The Improved Albee Bone Mill Am ] Surg March, 1938 39
(NS) No 3 657

AWBEE, F H  Bone Graft Sxvgery m Disease Inyury and Deformity D Appleton
Century Company Inc, New York and London 1940

CaurariL, Wittis C Operatrie Orthopedics C. V' Moshy Company St Louts
1939

Lexce, E. “Ober Gelenktransportation  Med Khin,, Berlin 1908 4 817

SHANDS, A. R Handbook of Orthopedic Srgery C. V Mosby Company St
Lows, 1939

WHmuan R Abduction Treatment of Fracture of the Neck of the Femur
J Bone & Jont Surg 12 11 1930



CHAPTER III

Anatomy of the Spinc

The Stnne as a Whole

The spine or vestebral column consists of 26 superimposed bones or
vestebrae, classified accosding to their regrons as 7 cervical, 12 thoraac
5 lumbar, the sacrum and the coccyx. In the male, the length of the
average spine 13 approximately 71 centimeters in the female, approxi
mately 61 centumeters The cervical regron m the male measures about
12 5 centumeters the thoracic, about 28 centimeters, the lumbar about
18 centumeters and the sacrum and coccyx about 125 centimeters
together

The spuae 1s the central pillar of the body and functions as two seg
ments—the supersor, long flexible portion supports the head and carcies
the thorax and sbdomen while the inferior short, rigid pelvic portion
carries the lower extremuties ‘The spinal column 15 enveloped 2nd bound
together by 1 senies of well distributed and strongly resistaat ligaments
and the vertebrae are balanced one upon the other by a strong actne
musculature

Viewed in profile, the normal adult spine has four anatomical curves—
two with thewr convexsties forward sn the cervical and lumbar regrons
and two with thewr convexties backward 1 the thorsac and sacral
regions The upper three curves merge imperceptibly mto one another
but the lumbosacral junction presents a marked angle promunent on the
anterior surface of the column at the sacral promontory Viewed from
behind the vertebral column is vertical The normal curves vary how
ever according to age In the newbom, the vertebral columan shows two
prunary cunves, both concave forward—the upper extending from the
head of the peluss the lower affecting the sacral region. When the child
begns to sit crect, secondary curves appear the first of which ¢ a for
ward convexity in the cervical region and later as the chuld begmns to

32
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stand and walk 2 forward convexity appears 1n the lumbar region. It 13
due to the development of these secandzry curves that the spinal columa
15 able to transmut the weight of the truok to the pelvis in such ¢ way
that bttle or no muscle effort »s needed to maintan the erect posture.
In old age the spue tends to assume one great curvature with an ante-
rior concavity The lumbar curvature 1s greater i the female than m
the male, and therefore makes a more marked anterior prominence at
tts junction with the sacrum.

Movements of the Spine Although the increments of motion be-
tween contiguous vertebrac are small, i the aggregate they are quite
extensive and on the whole, the normal spine 1s capable of a wonderful
degree of flexibility It 15 capable of rotation of lateral, badkward and
forward bending, and of arcumduction These movements are to a great
extent made possible by the compressibdity of the mntervertebral fibro-
cartifages The widest range of motion s n the segment where the
discs are best developed It may be sard here, however that it ss duc to
the articular processes that the spine possesses its stability and capability
of sustamning weight for without these braces, the column would be too
yielding to give proper support

The cucves and planes of the acticular facets are also important factors
in determining the character and extent of the movement between the
vertebrae ‘Thus i the cervical region, there 1s a wide range of all move-
ment In this regron the artrcular surfaces are oblique and approxumately
plane, allowing for 2 forward and backward flexton of about 90 degrees
Lateral flexion although not favored by the obliquity of the artrcular
processes, 1s possible through & constderable extent to about 30 degrees
by the combination with torsion or rotation where one of the upper
processes ghides downward and backward whule the other glides upward
and forward on the corresponding surface of the subjacent vertebra.

In the thoraac region the articular processes are practically vertical
and thercfore ventral and dorsal flexion ace opposed These movements
are further restricted by the attachment of the ribs sternum and the
umbrication of the spinous processes This, however, gdds to thoraac
stability and preserves respiratory functron.

Lateral fexion on the contrary 15 much more free although it 15 cur
tailed to some extent by the attachment of the thorax There 15 a fair
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amount of rotation permutted in this segron and particularly so in the
upper part of the thorax whete a combmation of lateral flexion and
rotatron ar tarston may take place

In the lumbar segment, the unfavorable factors presented by the ver
tical position and anteroposterior concavity of the articular processes
do not prevent a quite extensive antenor postenor and ltateral flexion
This 1s duc to the looseness of the capsules of the articulation and the
thickness of the intenvertebral discs, permitting a gliding of the jomt
surfaces upon cach other, together with the lumbosacral articulation
Fornard flexion reaches its maximum i the lumbar spine while rota
tion on the other hand 15 precluded, although a combenation of the
varous forms of flexion may gne nise to circumduction In the sacro-
thiac synchondrosts, there 1s only a very shight mobility  Thus 1s character
istic of such joints which later 1n hife become synarthroses

In general 1t may be said that the greatest mobility or movement of
the spime occurs where one type of vertebra changes to another, and
those parts of the spme having the convexity directed forward at the
place where the nters ertebral discs are thichest Pathological exaggera

tions of the anteroposterior cunve and deviatrons from the normal
vertical plane are

1 Scolsoss—Ilateral deviation
2. Kyphosis—exaggerated posterior consexity
3 Lordosis—exaggerated anterior convexity

In general it may be sard that the basic underlying factors i these
devations range from faulty atttudes or postures to traumabic and

diseased processes.

General Charactersstics of the Vertebrae

The vertebrae making up the flexible and flexuous vertebral column
which extends from the base of the skull to the mferror extremuty of
the trunk ace classified as stated previously according to ther topo-
graplucal reg-on as the cervical the thoracic, the lumbar and the sacro-
coccygeal The first three groups comprise the superor segraent of the
spine the fourth forms the inferior segment
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Morphologically, the component vertebrae are equivalent. Each verte-
bra consists of two essentral parts an anterior segment, the body, and
a posterior segment, the vertcbral or neural arch, which completes the
sptnal foramen, the articulated series of which constitutes the vertebral

Fig. 15 Typical vertebra, sixth thoradc, from sbove. (Frew Sargery of the Sphue
and Spinel Cord by Ches H Frazler—D AppleronCentury Co )

Fig. 16. Typical vertebra, sixth thoracic from side. (From Sergery of the Spine and
Spinel Cord by Ches H Frazier—D Appleton-Centnry Co )

canal The neural arch has two pedicles two lamiac and seven proc
esses—four articular two transverse and one spinous The pedicles have
vertebral notches above and below which with those of the vertebrae
above and below form the intervertebral foramen The laminae are
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TABLE SHOWING THE CHARACTTRS OF TY PICAL VERTLURAL
OF EACH GROUP

{Feom Gerrishs Anatomy Lea & Vebager)

Crrvicar

Tnonaac

Luunar

Bodres Small transyersely clon-
gated sloped downward
and forward, lipped Lt

crally No costal facets.

Heart shaped. Deeper be
tund Necatly equal trans-
vercly and an ero-po-
tenwotly  Costal facets

Large  Elongated trans
serwely Ne cotal facets.

Pedicles  Pass ootward and hack
ward, Notches above and

below neatly equil

Pasy hackward  Infenor
notches deeper than su
perior

Pas ba kward and shight
ly cutward. Inferror

notches deep

Liminse Long, slender flat encd

Broad short, jmbr eated

Shart decp and thick.

Spaoss  Short, strong, bifid and
precesses huphly horzental

Long, projeting down
ward and overlapping.

Quadrate  honzontal of

melium length.

T amire se Short, slender  directed
processes cuward and forward

Long, strong. Propecting
outward and backward,
Articulate with tubercles
of rib1,

Rudimentary as “acces-
S0y process

Costal Slender flat, ossified to

A sepanate bone (1 e, 2
rib)

Osyfied to wer chea. Flat,
thin, “transverse proc
]

process e vertebra and traps.
Yeric process.
Sape ~
artnm ar sl ghtly backward
Processes

and sligh ly outward.

Flit, directed upwaed aad Tla, dicscted bzkward  Slighldy concave direted

mward and slightly
backward

Inferror  Flat, directed downward Flat, directed forward and Slightly convex. Directed

entaler s0d shighly forward
’V“ﬂl'l

-

Spinal

foramen

Large, tangular wide

shightly inward.

Sruller, arculir

outward and shghtly for
ward.

Larger than in the thor
acic Tnangular Wide, -

—_— e T Wide
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broad expansions from the pedicles fusing belund n the muddle Line,
and prolonged at their junction nto the spmous processes ‘The trans-
verse processes are outward projections from the pounts of junction of
pedicies and lamunae The asticular processes comprise an upper and

Fig. 17 Posterfor view of the cervial vertehrae. (Callender's Surgical Anatomy
B’ B.Sawsders Co.)

lower pair from the roots of the transverse processes and articulate with
those of the vertebrae above and below

Cbaractersstics of Peculiar Vertebrae
The Atlas The atlas or first cervical vertebra 18 so named because it
supports the globe of the ead Its chuef peculiarities are that 1t has no
body and no spinous process. It s ning like and consists of an anterior
and a posterior arch and two lateral masses
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The lateral masscs are the large, solid pottions of the atlas which
support the weight of the head Each has two articular facets—one
superor, the other ferior The superior facets are large 1n size and
approach each other i front, but diverge betund  Each forms a cup for

Amberior %
Flp. 18. Adlas, from sbave (Swrgery of the Spine and Spinal Cord
by Chas H Frazier—D AppletenCestury Co )

) Articuier facel for
Asterier tubercle

precem
Fig. 19 Atlay, from below (Frem Swrgery of the Spine and Spinal Cord,
by Chas H Frazier—D Appleton-Centary Co )

the corresponding condyle of the ocapital bone, and 15 well adapted to
the nodding movements of the head. The inferior articular facets are
arcular 1 form shghtly convex, and directed downward and medial
ward They articulate with the axis and permit the rotary movements
of the head.

Durectly below the medial margin of each supertor facet there 1s a
small tubercle to which the transverse atlantal ligament 1s attached
Thus ligament stretches across the ring of the atlas dwviding the vertebral
foramen into two unequal parts The posterior part of this foramen 1
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of considerable size transmutting the medulla spinalis and its mem-
branes It 1s much greater in size than is required for the transmusston
of the medulla spinalis and hence lateral displacement of the atlas may
occur without compression of this structure The anterior or smaller
portton of the vertebral canal recetves the odontord processes of the axis

The antertor arch which 15 much the weaker of the two arches, con-
nects the antero-medial parts of the two lateral masses The aaterior
surface 15 convex, and at its center 1s the antensor tubercle where the
longus coll: muscles attach The posterior surface is concave and presents
a arcular atticular facet (fovea dentis) for artrculation with the odon
toid process of the axis.

The posterior asch, which 15 by far the larger of the two arches, ends
behind 1n the posterior tubercle 1t 1s from this tubercle or rudimentary
spinous process that the rects capitts postertores minores have their origin
Behind and above, the posterior arch presents a rounded edge where
the pasterior atlantoeaipital membrane attaches Just behind each supe
rior articular process 1s a groove (sulcus arterae vertebralis) This
groove represents the superror vertebral notch and serves for the trans
mussion of the vertebral artery and the suboctapital (first spinal) nerve
There are two shallow grooves on the under surface of the posterior
arch behind the articular facets These are the infertor vertebral notches
The lower border provides a pomt of attachment for the posterior at
lantodxtal Ligament which connects 1t with the sxis The transverse
processes project downward and lateralward from the lateral masses
and are quite large To them are attached the muscles which assust in
rotating the head

The Epistropheus or Axis The axis or second cervical vertebra 1s 50
named because 1t forms the pivot upon whuch the first vertebra carrying
the head rotates. The most distinctrve characteristic of this bone 13 the
strong odontord process which projects upward from its body

The body 1s decper 1n front than betund and presents a median
longttudinal ridge i front separating the two lateral depressions for
the attachment of the longus collt muscles The undersurface 15 convex
from side to side and concave from front to bach

The adontord process represents the body of the atlas fused with that
of the axis It exhibits a slight constriction at the nech where «t joins the
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For alar Ligamenls

For trane ligament of adar

Superior articular
surface

Spinons process

Fig. 20. Second cerviaal vertebra, of epistropbeus, from above. (From Grays
Andtomy Lea and Fchiger Company )

Roxah surface for alar lipament

Grooce for transterss atkantal [ipament

\  Troarserse
Infenor onticalar process

Fip. 21 Second cervical vertehra, eplstropheus, or axis, from the side.
F)
Audomy Les awd Febiger Company ) ’ (From Grays
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body The facet on its anterior surface 1s an oval or nearly circular facet
for articulation with that on the anterior atch of the atlas On the back
of its nech 15 a shallow groove for the transyerse atlantal ligament, which
Leeps the process 1n position
The apex 1s rather ponted, and 1t 15 here that the apical odontord
ligament 15 attached Below the apex the process 1s somewhat enlarged
and presents on cither side a rough impression for the attachment of
the alar ligament This ligament connects the ocaipital bone with the
process
The pedicles arc strong and coalesce 1 front with the sides of the
body and the root of the odontord process The lamunac are strong and
thich, and the vertebral foramen although lacge, 15 smaller than that
of the atlas. The transverse processes are small and each ends 1n a single
tubercle, and cach 1s perforated by the foramen transversarum The
spinous process 1s large and strong deeply channeled on sts undersur
face and presents 2 bifid extremity The tnfertor artscular sucfaces have
the same direction as those of the other cervical vertebrae. The superior
articular surfaces are shightly convex and round, directed upward and
lateralward, and are supported on the body, pedicles and transverse
processes The superior notches are shallow and lie behind the articular
processes The inferior vertebral notches lie in front of the artscular proc
esses as 1n the other cervical vertebrae
The Vertebra Prominens The seventh cervical vertebra, otherwise
called the vertebra prominens owes tts name to sts most distinctive chac
actenstic—the existence of 2 long and prominent spinous process This
process 1s nearly horzontal in direction, quite thich and not bifurcated
It terminates 10 a tubercle to which the lower end of the ligamentum
nuchae 15 attached
The transverse processes are of considerable sze and these together
with 1ts transversely expanded body make this vertebra much greater in
breadth than the preceding one The foramen transversarium 1s gener
ally smaller on one or both sides than in the other cervical vertebrae
It may, however be as large—sometimes double 1n size and it may even
be shsent The vertebral artery and vern usually pass i front of the
transvetse process of this vertebrs, and not thrpugh the foramen. The
anterior root of the transverse process occasionally attains considerable
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The five sacral segments of which the sacrum 1s composed remain
distinct and arc separated by thin ntenertebral discs until about the
fiftcenth year Between the fifteenth and twenticth year they undergo
fusion, but, however, distinct rematns of the lines of union are usually
present until the twenty fifth year and bony nidges subsequently mark.

Fig. 25 Fifth lumbar vertebea, from above. (From Gray's Axalomy
Lea and Febiger Company )

off the onginal segments The transverse processes and rib elements of
the sacral vertebrae also undergo fusion and form the lateral masses
The anterior or pelvic surface of the sacrum 1s slightly concave at
the sides and top In the female the curve 1s more acute below the third
segment. The anterior surface of the sacrum 1s crossed by four transverse
nidges These are the hines of union of the fused sacral vertebrac The
portions of bone between the ridges are the bodies of the sacral vertebrae
The body of the first segment 1s the largest and each successive one 1s
smaller than the one next abave st They are concave m front and con
vex behind and are curved 50 as to accommodate themselves to the
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protmnent nidges of bone which gine ongmn to the prrformis muscle
The postertor surface 1s rough and convex trom sbove downward, and
1s modeled by a series of projections more or less fused into a common
ndge The cnsta sacralis media or middle sacral crest 13 surmounted by
three ot four tubercles These are the rudimentary spinous processes of
the upper three or four sacral vertebrae On ether side of the crest 1s 2
shallow groove, the sacral groove The floor of this groove 1s formed
by the unted faminac of the corresponding vertebrac From this groove
anses the multifidus On the lateral aspect of the sacral groove 1s a
series of tubercles These are produced by the fusion of the articular
processes, and form the indistinct sacral vertebrae Occasionally, those
of the fourth do not meet behind, and thus a hiatus 1s formed m the
postertor wall of the sacral canal

Below the lincar series of tubercles which form the sacral articular
crest, the tubercles are prolonged downward nto diverging prominent
processes—the sacral cornua, which bind the incompletely closed verte
bral canal and bear the infertor articular facets of the fifth sacral verte
bra for articulation with the coceyx. Just lateral to the articular processes
are the four posterior sacral foramina, somewhat smaller than the ante
rior processes These transmit the posterior divisions of the sacral nenves
Just lateral to the posterior sacral foramina 1s a serses of tubercles repre-
senting the transverse processes of the sacral vertebrae and forming the
lateraf crest of the sacrum The transverse processes of the first and
second sacral vertebrae give attachment to the horizontal parts of the
postertor sacrothac ligament, while the transverse tubercles of the third
vertebra grve attachment to the oblique fasciculi of the posterior sacro-
thac ligaments and the tubercles of the fourth and fifth vertebrae grve
attachment to the sacrotuberous ligaments

The Base of the Sacrum (Basts oss sacrs) The base of the sacrum
or the expanded upper surface of the bone includes the medually situ
ated body and the lateral fan shaped expansions ot the alae. In the
muddle 15 a large oval articular surface, which artrculates with the
fifth lumbar vertebra through the medsum of an tervertebral dise Just
behund thus 18 the lasge teiangular orifice of the sacral canal This canal 15
completed by the lamnae and spinous process of the first sacral vertebra
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comerted 1nto a foramen by the transvetse processes of the first seg
ment of the coccyx Through this passes the anterior division of the fifth
sacral nenve

The thin lower half of the lateral surface also gives attachment to
the sacrospinous and sacrotuberous ligaments and to some fibers of the
coceygeus m front and the glutacus maximus behind The apex of the
sactum at 1ts lower end 1s formed by the antenor surface of the small

Trawercree procees of
At tnal wertebra

frevere
1arral vertebea

Fig. 28. Sacrum, lateral aspect. (From Sxrgery of the Spswe cud Spinal Cord
by Cbas H Frarier—D Appleton-Cemtury Co )}

body of the fifth sacral vertebra and artsculates with the coccyx through
the medrum of an intervertebral disc. It 1s directed downward, and 1ts
articulating facet 15 oval

Differences tn the Male and Female Sacrum The differences m the
male and female sacrum are quite apparent. In the female the sacrum
18 shorter and wider than i the male and presents a less regular curve—
the lower half forming a greater angle with the upper half, and having
more curvature than the upper half which 13 nearly straight The con
cavity 1n the male 1s deeper and more uniform than 1n the female where
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the anterior surface 15 almost flat from the promontory to the muddie
of the third segment, from which level to the apex the curve 15 more
acute The sscrum 15 also duwected more obliquely backward in the
female than in the male, thus mcreasing the se of the pelvic cavity
and rendering the sacral vertebral angle more prominent.

Posteror swrface
Fig. 3% Cocoyx. (Frem Gray's Asciomy Les and Febiger Company )

The Coccyx (03 coceygss) This bone is usually formed of four, and
sometimes five, rudimentary vertebrae Occastonally the number 15 re-
duced to three A rudimentary body and artscular and traasverse proc
esses can be traced throughout the first three segments which are destt
tute of pedicles lamunae, and spmous processes The first of these
segments 15 the largest and resembles the fowest sacral vertebra—and
often exists as a scparate vertebra  Often after middle life, all the seg
ments are fused However the first coccy geal vertebra quite frequently
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remains scparate, fusing neither with the second nor with the sacrum

The anterior surface of the coccyx s shightly concave and marked
with three transyerse grooves which indicate the junction of the differ
ent segments To 1t 15 attached the anterior sacrococcygeal ligament and
the lesator ant which helps support the rectum Its posterior surface 1s
convex and marhed by transverse grooscs similar to those on the antersor
surface However, on either side of this surface, there 1s a hinear row of
tubercles These are the rudimentary articular processes of the cocqy geal
vertebrae

Those of the supertor patr are quite large and are called the coccygeal
comua They articulate with the cornua of the sacrum and complete
the foramen for the transmission of the postertor diviston of the fifth
sacral nenve The base of the coceyx has an osal sutface for the articula
tion with the sacrum The apex 1s rounded and to it 1s attached the tendon
of the spluncter am externus The lateral borders of the coccyx are thin
and present a sertes of small eminences which correspond to the trans-
verse processes of the coccygeal vertebrae The borders of the coccyx
grve attachment on erther side to the sacrotuberous and sacrospinous
ligaments to the glutaeus maximus behind the ligaments and to the
coccy geus in front of them

The Artsculations of the Vertebral Column
There are two sets of articulations between the vertebrae
‘ 1 Those between the bodtes of the vertebrae which are amphiarthro-
12]

2. ‘Those between the articular processes These are connected by higa
ments and are true arthrodial drarthroses

ARTICULATIONS BETWEEN THE BODIES OF THE VERTEBRAE

1 The Intervertebral Discs There are 23 intervertebral discs unit
ing the vertebrae above the sacrum Each consists of an external tough
fibrous portion and an wnternal spongy elastic, somewhat pulpy por
tion, with a central synovial cavity This latter 1s the nucleus pulposus
1t represents the modified remams of the notocord and 1s most often
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eccentnic in s position, Jying mostly behind the middle of the dise. It
may, however, lie centrally and occastonally 1t lies in the antertor patt
of the disc. The aggregate thicknesses of all the discs 13 about one fifth
that of =il the vertebrae above the sacrum |

Structurally, the entue disc 15 composed of fibrocartilage arranged
w more or less concentrically disposed lamellae—except for the super

Fig %0, Saguesd section of [amber spine. (From Swrgevy of the Spine axd Spisa
Cord by Char H Trazier—D Appleies-Ceninry Co )}

fical portson, and the central spongy pulp or nuclews pulposus The
latter consists of a fine fibrous matrix contaming angular cells unsted to
form a retrcular structure

Functionally the mtervertebral fibrocastddages form important shock
shsorbers and gne elasiaty to the spmal calumn The highly elastic
nucleus pulposus under pressure becomes flatter and broader, and pushes
the more resistant fibrous faminae outward 1n alf directions

In the past decade, the intervertebral discs have become of great
mportance surgically for st has been found that they are often the
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offending factor 1n low back pain (Sec Chapter I on Low Back Pain—
And Affections of the Lower Back )

2. The Anterior Longitudinal Ligament—also called The Antertor
Common Ligament This 1s a strong band of fibers lying over the ante
nor portions of the vertebral bodies and extending the entire length of
the spmat column 1t s continued above as the antertor atlantodeaiprtal
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Fig. 31 Meduan sagicial section af two lumbar vertebrae and thele Hgaments.
(From Gray's Anatemy Lea and Febiger Company )

and anterior atlantodxial ligaments and below as the anterior sacro-
coceygeal ligament. Its function 1s partly to limit the extension of the
spine

3 The Postertor Longitudinal Ligament—often called The Poste
rior Common Ligament This hes within the vertebral canal on the
dorsal surfaces of the vertebral bodies and extends the length of the

spinal column being continuous above with the posterior occipttoaxial
lipament.
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ARTICULATIONS OF THE VERTEBRAL ARCHES
These fouits ace of the arthrodial vaniety and are enveloped by cap-
sules fined by synovial membranes The leminae, transverse and SpInOUs
processes are connected by ligaments, as follows

Fig. 32. The ligamenta flava of ihe lumbsr reglon. Anterlar sipect. (Frow Gray's
Asatomy Lea and Febiger Compeny )

t The Ligs Fliava (Lig Subflava) These connect the
laminae of adjacent vertebrae from the axs to the first segment of the
sacrum. They consist of yellow elastic tissue, and because of their marked
elasticily serve to presenve the upright posture of the body They also
21d the vertebral column wn cesusmng an uptight posture after flexson.

2. The Interspmous Ligaments These ligaments are fibroclastic
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membranous sheaths nd estend between the adjacent borders of the
SpInous processcs

3 The Supraspinous Ligament This 15 a continuous ligamentous
band over the tips of the spinous processes, and connects the apices of
the spinous processes from the seventh cervical vertebra to the sacrum
Above 1t 1s continued as the ligamentum nuchac

4 The Ligamentum Nuchae This s a fibrous membrane, and 1n the
nech represents the supraspinous ligaments of the lower vertebrac It
extends from the spinous process of the seventh cervical vertebra to the
external occipital protruberance and median nuchal line In man 1t 1s
merely a rudimentany structuce

5 The Intertransverse Ligaments  The steuctures of these higaments
are such that they cannot be considered as definite ligaments but rather

as mtermuscular scpta They are interposed between the transverse
processes

ARTICULATIONS OF THE ATLAS WITH THE AXIS
OR EPISTROPHEUS

The articulations of the atlas with the axis compnse no fewer than
four distinct yornts The ligaments which connect these banes are

1 The Anterior Atlantofixral Ligament Thus 15 a strong membrane
fastened above to the border of the anterior arch of the atlas, and below
to the front of the body of the axts

2 The Postenior Atlantodxial Ligament Thus 15 a broad membrane
attached at tts superior end to the low er border of the posterior arch of
theatlas Below 1t 15 attached to the edges of the laminae of the axis

3 The Two Articular Capsules ‘These connect the margins of the
lateral masses of the atlas with those of the posterior acticular sucfaces
of the axis

4 The Trunsverse Ligament of the Axis This 1s a strong band like
membrane w hich arches across the ring of the atlas and retamns the odon
toid process in contact with the antertor arch It drvides the nng of the
atlas into two uncqual parts—a posterior or larger portion which serves
for the transmussion of the medulla spinalis 1ts membranes and the

fecessory nerves and the smaller or anterior portion which contains
the odontoid process



58 SURGERY OF THE SPINAL COLUMN

All four of the jomnts between the axis and the atlas have a synovial
membrane

Movements The movement in this articulation allows for the rota
tion of the atlas upon the axis and, of course of the skull with it The
amount of rotatton 15 hmited primarily by the alar ligaments,

Fig. 33. Ardculatdon berween odentoid process and wilas. (Frem Gray s Asatemy
Lea and Febiger Company )

The Artsculation of the Vertebral Colupn With the Cramum
The higaments which connect the vertebral column with the cransum
are of two types

1 Those which unite the atles with the ocupital bone.
2 Those which connect the axss with the ocaipital bone

THE ATLANTOOCCIPITAL ARTICULATION

This arteculation or joint 1s sometimes refetred to as the upper articu
lation of the head It compnses four articulating surfaces two bemg
furmshed by the condyles of the ocuipital bone, and two by the lateral
masses of the axis These are condyloid josnts and the ligaments con
necting the bones are

1 The Anterior Atantobecspical Membrane This membtane or
ligament 15 quite broad and 1s composed of densely woven fibers It passes
between the anteror margin of the foramen magoum above and the
upper border of the antersor arch of the atlas below In front it 1
strengthened by a strong rounded cord which connects the tubercle on
the antertor arch of the axis with the basilar part of the oceipital bone
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2. The Posterior Atlantoocapital Membrane This membrane or
ligament 15 connected abosc to the posterior margin of the foramen mag
num and snferorly to the upper border of the postenior arch of the
axis In front it 1s m relation with the dura matee of the sectebral canal
while behind 1t 55 mn relation wath the recti capitts posterores minores
and the obliqui capitis superiores

3 Two Lateral AdlantoGcaipial Membranies These Iigaments are
directed obliguely upward and medialward  Above they are attached
to the jugular process of the ocapital bone, below to the bases of the
transverse process of the atlas

4 Two Arucular Capsules These capsules surround the condyles
of the ocarpital bone and connect them with the articular processes of
the atlas

Movements Extension and flexton are the motions permitted by this
foint Thus we have the ordinary movements of forward and backward
nodding and the slight lateral motion of the head to one side or the
other

LIGAMENTS CONNECTING THE OCCIPITAL BONE
WITH THE AXIS
There are three ligaments performung tlus function

Nemboana iriovss, divudrd  wd rrpeend

R
S5t | npmerct serm rane

Fig. 34 Memb tectorta, end alar li
Lea and Febiger Company )

(Frem Gray's Anatomy
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below from the posterior surface of the body of the axis, and 1s attached
sbore to the basilar groove of the accipital bone in front of the foramen
magnum

THE SACROCOCCY GLAL ARTICULATION

Tus 1s an amphsarthrodial jont formed between the oval surfaces
at the apex of the sacrum at the base of the coccyx and connected by
the following ligaments

1 The Anterior Sacrococgygeal Ligament This ligament ts con
nected to the antertor surface of the sacrum and to the front of the coccyx

2, The Postertor Sacrococcygeal Ligament This ligament anises
from the margin of the lower onfice of the sacral canal and 1s inserted
mto the posterror surface of the cocyx It completes the low er and back
part of the sacral canal

3 The Lateral Sacrococcygeal Ligament This ligament connects
the transi erse process of the coceyx with the lateral angle of the sacrum

4 The Interarticular Ligaments These ligaments unite the carnua
of the two bones There 1s a disc of fibrocartilage betw een the surfaces of
the sacrum and the coccyx somewhat different from that between the
bodies of the vertebrae 1n that its center 1s firmer 1n texture

Movements Between the sacrum and the coccyx movement 1s for
ward and backward and very limited 1n extent During pregnancy the
extent of this movement increases

The Nertes and Blood Supply of the Spine

Nerves The tiny nerves which supply the spine arise from the pos-
terior pimary duvision of the spmnal nerves

Blood Supply The small arteries which supply the spine are derrved
from several sources In the cervical region the branches which supply
the spine are derived from the oceipttal the deep cerviaal the vertebral
a0d the ascending cervical artery In the thoracic lumbar and sacral
fegions the branches which supply the spine are the mtercostal the
lumbar and the lateral sacral artertes

Many of these small arteries which supply the vertebral bodies and
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below from the posterior surface of the body of the axis, and 1s attached
abare to the bastlar groove of the occaprtal bone i front of the foramen
magnum

THE SACROCOCCY GEAL ARTICULATION

This 1s an ampluarthrodial jomt, formed between the oval surfaces
at the apex of the sacrum at the base of the coceyx and connected by
the followtng ligaments

1 The Anterior Sacrococcygeal Ligament Thus ligament 15 con
nected to the anterior surface of the sacrum and to the front of the coccyx

2. The Posterior Sacrococqygeal Ligament Tlus ligament arises
from the margin of the lower ortfice of the sacral canal and 1s mserted
into the posterior surface of the coceyx It completes the lower and back
part of the sacral canal

3 The Lateral Sacrococqygeal Ligament This higament connects
the trans\ erse process of the coccyx with the lateral angle of the sacrum

4 The Interarticular Ligaments These Ligaments untte the cormua
of the two bones There 15 a disc of fibrocartilage betw cen the surfaces of
the sacrum and the coccyx somewhat different from that between the
bodies of the vertebrae, 1n that its center 1s firmer 1n texture

Movements Between the sacrum and the coccyx movement 1s for
ward and backward and very limited 1n extent During pregnancy the
extent of this movement increases

The Nerves and Blood Supply of the Spine

Nerves The tiny nerves which supply the spine arise from the pos-
terior primary division of the spmal nerves

Blood Supply The small artertes which supply the spine are derved
from several sources In the cervical region the branches which supply
the spine are derived from the ocuipital the deep cervical the vertebral
and the ascending cervical artery In the thoraci, lumbar and sacral
regions the branches which supply the spine are the intercostal, the
lumbar and the latera! sacral arteries

Many of these small arteries which supply the vertebral bodics and
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be adopted. This 18 probably best accomplished by selecting for 1dentifi-
cation the spuous process about the middle of the contemplated
laminectomy

The use of the seventh cervical or vertebra prommens as a starting
point 1n the cervicothoracic region, and the last thoracic vertebra in the
thoracolumbar region 15 advisable. The successrve spines are counted
from the landmark until the desired one 15 reached. Thus 15 then marked
1 the following manner A strp of metal or other opaque substance 1s
fastened to the skin at the destred level, and 2 roeatgenogram, prefer
ably a lateral one 15 made. The latter will show with precision whether
the first calcalation was cotrect

When the sdenttficatson of 2 given spinous process has thus been
determmed the overlying skin at the spot where the metal has been
placed 15 marked indelibly with caustic silver or 2 suture superfically
placed 10 the skin Unless these precautions are taken there will be
danger of mistales n localization 1n cases without kyphosis—patticu-
lacly 1n heavy patients

Preoperative Preparation  On the day before—or two days before—
the operation, the operative site and 2 generous area of the surrounding
skin 15 shaved and scrubbed vigorously with green soap All traces of
the sosp are removed with water and the site 15 washed with benzine
to remove as much sucface ofl ar grease as possible, A 0 per cent solu
tion of alcobol 1s then applied After this dries the region 1s painted
with a 314 per cent strength tincture of sodine and covered with sterile
tonels In the operating room these towels are removed, and the site 15
agamn pamted with the same strength of tincture of iodine One hous
before operation, an adult patient 15 given 10 mg (176 gram) of mor
phune sulfate, and 045 mg (1/130 grain) of atropine sulfate. Children
are given doses in proportion

Operative Consideragions  The authors do not favor the no hand
contact technic of Lane ot the procedure of dampmg towels or other
matersal to the wound edges by which in hus opinion as much or more
5 lost than gamned. This 15 true not only i spinal surgery, but m all
bone surgery where an excess of mstrumentation 1 often necessary The
skin edge of the wound 18 likely to be devitalized by the crushing of
the clamps and the deying effect produced by the fabnic We believe

\
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arachoed space

Fig. 37 New oscillaung electrical laminatome attachment to Albee bone mil] guard
#s introduced Jaro srechnold space sad & path is cut through the desired mmber of
Lammas above and below this polnt. (Frem Albee Boxe Graft Surgery in Disease
Injary and Deformity D Appleten-Century Company New 3 ork.)

Fig. 38, Afbec s oscrllating saw attechment for use In laminectomy
(Dy comriesy of RKmy-Scheerer Cempany )
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that the operatrve hazard of mfection 1s minimized when the following
pounts are observed

1 Thorough preoperative preparation

2 Adequate approach with minimum rough retraction

3 Reasonable speed with mimimum traumatization

4 Use of as Little absorbable suture material as will answer for both
the closure of the soft parts and the fixation of the bony element.

5 Avoidance of hematoma by 2 continuous length link suture of
#1 chromic catgut. Such a ligature brings pressure upon the soft tis-
sues 1n every dimension 20d elimingtes multiple knots

6 Closure of the skin by a conttnuous link suture of #0 plain catgut

7 Thorough puddling of the suture holes, as well as the inc of mna
sion by smashing 314 per cent tincture of sodine 1nto them by repeated
sharp blows with the gauze of a sponge stick ”

8 Proper immobilization

Anesthesta In most 1nstances the operation 1s carried out under gen
eral anesthesta, using nitrous oxide-oxygen-cther as the anesthetic. There
are some, however who recommend the intratracheal insufflation
method of Meltzer Occastonally local anesthesia should be resorted to
notably when the patient s vitality 1 greated exhausted by disease, and
when s 1n trauma of the lower cervical cord with paralyss of the inter
spinal and abdominal muscles there 1s a great risk of pneumonia There
1s nothing special to be stated about anesthesia in spinal surgery, except
that spinal anesthesia about the mud-dorsal region, has proved unsatis-
factory 1 the authors expentence

Bilateral Lamnectomy

This 18 the procedure employed by the majority of surgeons dowg
spinal surgery at the present time Since it entuls the removal of an
unnecessanly large amount of bone, 1t has a tendency to weaken the
sptnal column, and 15 thercfore, a less desirable procedure—in the optn-
1on of the authors—than that of hemilammectomy particularly in the
cervical region where the bone structure 13 frail However where a wide
exposure of the spmal cord 15 necessary a bilateral operation 1s the one

\
\
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Fig. 39 Length and relation of the semilupar Indsicn in the skin (o the spinous
peocesses for 8 laminectomy to fnclude the tenth, eleventh, acd twelfth thomdc
and fiest and second Jumbar vertebrae.
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of choce, and, if necessary, weakness can be overcome by placing tibual
bone grafts on etther side of the lammectomy gutter

Techme After exposurc of the field of the operation by a gencrous
incison—generous enough to permit the operation to be done easily—
and by separating all soft parts from both sides of the spinous processes
they are removed 1 fofo from the vertebrae selected for operation down
to the neutal arches, by means of a large rongeur or bone forceps The
laminae 10 midlne under the stumps of the spous processes are then
removed by spinal rongeurs or the Albee clectrically-daven lamma
tome as the surgeon decides

Holes for the admussion of the laminatome are made by the spinal
rongeurs on either nide of the spimous processes stumps, and parallel
cuts sufficently far apart are made by the lammatome so that the inter
\enuing strp of bone consisting of the bases of the sptnous processes
and the adjosning portions of the laminae can be removed as in the
undateral proceduse, or the bases of the neural arches and the stumps
of the spinous processes may be partially removed by one cut of the
lammatome, and then the opening enlarged Jaterally by means of the
rongeur bone cutters to expase the cord or its membranes sufficiently

Hemostas:s in this operatron 1s of prime smportance and can hardly
be stressed too much, and espeaally «f the dura 1s to be opened Trauma,
and its preveation s Iikewse of equal importance It 18 the authors
belref that socalled spinal shock 1s caused not by the escape of the cere-
brospinal fluid—which has recerved the credit for this for many years—
but rather to umproper hemostasts and unnecessary trauma.

After completion of this operation the muscles are sutured to the
perispinous and interspinous tissues, with interrupted sutures of #1
cbromec catgut The use of two three, or even four intercupted small
kangeroo tendon sutures m this layer is of added value 10 adding strength
to the closure The aponeuross 1s closed with 2 continuous suture of #1
chromic catgut, and the skin with a continuous suture of #1 plamn cat
gut. No dramage 15 employed A large firm stenle dressing 13 applied
and retaned by adhestve steips and a binder (plaster of pans 15 rarely
ased) , and the patient 1s kept 1 a lateral or prone position resting on
R air or water mattress for from five to eight weeks usually OFf course
fio general rule can be laid down as to the period of enforced rest 1n bed
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for 1 many instances, the patient 1s already paralyzed before the opera
ton and the question of his becomung ambulant depends more upoa
the pacalysis than on how many lamunae, etc, were removed at the
aperation

After Care The condition of the patient after the operation 15 seldom
one to grve alarm. Although the pulse may be accelerated, the tempera
ture subnomnal, 1t 15 quite unusual to have to treat a patient for the con
dition of surgical shock or eollapse In most cases with the exception of
morplune for the relref of pan, hittle or no medication 15 required, and
because the sphuncters are frequently paralyzed, and smce the dressing
may become sotled by leakage, proctoclysis 15 scldom employed.

Fig. 41 Right hemilaminecromy Erectoc spinze muscles retracted, expotng oeursl
arches of vertcheae. A secuoa has been removed from oae lamuna by mesns of
boae {orceps aod roagrar to permlt of wtroduction of the suthor s laminatome.

Hennlanunectomy

In any condition where there 15 2 conflicting w eakness of the spmal
column the authors believe that hemilammectomy ss preferable to b
lateral lammectomy In the first place the spme 15 not weakened to
nearly the degree that it would be by bilateral lammnectomy Secondly
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it preserves the spinous processes thereby permitting the casy insertton
of a bone graft at once or at some future date 1f such a delay 1s necesst
tated by some such condition as a fracture of the spine which fails to
unite firmly  (In several instances the authors have found 1t nccessary to
msert the bone graft on account of farturc of unson ) In the third place
1n the condition known as kiimmell s discase (»huch, of coutse s not

Fig. 42. Right bemilamincctomy The senior author s motor-deiven Iaminatome
bxs cut a path through the two laminae shown in the upper portion of the field.
The Instrament will ext be reversed to cut through the laminae In the Jower part
of the field, along the dotted lines. The details of the laminatome are shown in the

wmall upper figure. (From Ortbopaedic and R
o i C.S pacdic econstruction Surgery by F H Albee

sctually 2 disease, but a mucroscopic disintegration or a communuted
condition of the vertebral body severe enough to cause compression
of the cord) a combtned operation would be indicated—for decompres-
ston, and for support and immobilzation to prevent fusther deformuty
Agan 10 a2 case of Potts disease complicated by compression of the
rd similas conditions are present and should be met by a combined



bone-graft imserted
processes are split and the

geaft Inserted as for Potr s discase st the

» corresponding spioous processes. The splaous
f the bemilaminecromy or later if found necessary to support or immobllize

3. Right bemilaminectomy of five vertebrae with & tbial
broken on opposite slde (left) and
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Fig. 44 A cenviaal vertebra. The broken lines show the amount of bone removed in
order 1o widely open the 1pinal canal. (Elsherp.) (Ortbepacdic and Reconstruction
Swrgery by F I Albee W B Sewnmders Co., Philadelpbis and Lowdon 1921 )

Fit. 45 A dorsal verrebra (broken lines a3 in Fig. 46) (Elsherg.) (Oribopacdic and
Recomstruction Surgery by F H Albee W B Sewnders Co 1921 )
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Fig. 46. A lumbar

bra. (Elsberp.) (Ortbepeedic and Reconsirustion Surgery
by F H Albee W B Saxnders Ce., 1921 )
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Fig 47 Laminectomy The divlsion of the Interspunous lipameots.  (Elsberg.)
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Fig. 48. Leminectomy I The divisoa of the interspinous ligaments, (Elsberg.)
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Fig. 49 Technic of laminectomy Removal of the spinous processes. (Frazler )
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operattop—hemilammnectomy for decompression of the spinal cord and
an inlay bone graft for stability and treatment of the Pott s disease.
Technic Alfred S Taglor of New Yorh claims originality and prior
ity m the performance of umilateral laminectomy, which he first per
formed n 1908 and which consists of the removal of portions of the

Fig. 50. Lamineciomty 1L The removal of the spinous processes. (Elsberg.)

laminae of one or more vertebrae on one side of the spinous processes
only The use of the sentor suthor s electrically-dniven fammatome has
greatly stmplified the performance of this operation in selected cases
The site of the proposed laminectomy 15 exposed by a long curved
masion, such as 1s desceibed 1n the Albee operation for Potts disease
Ths should extend down to the supraspinous ligament and tips of the
spinous processes By blunt dissection and the use of a periosteal elera
tor the muscles are separated from the lateral aspects of the spinous
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Fig. 51 Techaic of laminectomy Removal of the laminse. (Prazier )

81
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processes and the dorsal surfaces of the laminae and retracted outward
Hemorrhage should be thoroughly controlled—this can be greatly faalt
tated by the use of hot saline compresses. The neural arch 1s prerced by
means of a spinal rongeur to make 2 hole of sufficient size to admt the

L tuseel 1015

Fig. 52. Laminectomy 1V The dura exposed. (Elsberg )

electrically-driven laminatome with which a path 1s cut through the
desired number of laminae above and below the orgmal hole The
authors find that by this method, the spinal canal can be entered quickly
and safely within a very short tune and with a mmynum amount of
hemorrhage The surgeon may however choose to use the spinal rongeur
for the whole lammectomy

If a bone graft 1s necessary at this time the spinous processes are then
split on the side oppostte the exposure and the graft ts mserted as 10
Pott s disease This however, may be done at a later date 1f the condi
tion of the patient precludes additional surgery at ths time.
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After completion of this operation, the supenimposed soft tissues are
carcfully reuntted as described in the technie for bilateral laminectomy
and postoperatine management 1s the same

Fig. 53. Laminectomy VIII The suture of the muscles and fascra. (Elsberg )
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CHAPTER V

Fractures and Fracture-Dislocations
of the Spine

About 2500 Bc, when a person suffering injury to his spine was
found to be  unconscous af hus two arms, hus two legs and speechless,
he was considered to be suffering from an edment which could not be
treated. Later Hippocrates recognized such a condttion as not enturely
bopeless and began the first systematic treatment by recumbency and
traction However, the treatment of fractures of the spue has progressed
very slowly, 2ad st was not until the controversy between Str Ashley
Cooper and Str Charles Bell as to the value of laminectomy that the
profession. became stunulated to develop rational therapy Walton tn
1889 described his method of  retrolateral flexson maneuver with rota
kion  and this method has formed the basts of our present treatment of
fractures of the cervical spme ®

The expertence gained 1 treating fractures of the spme during World
War I and in World War II and the appalling mcrease m the number of
acadents caused by our modem way of life, has given great impetus to
the treatment of these fractures X rays have been of mnvalusble aid 10
the early recognition of the problems involved Immediate skiflful treat
ment 1s demanded in those cases mn whuch there 15 evidence of encroach-
ment upon the spinal cord and nerves Despite the rapid tncrease 10 the
incrdence of spinal injuries 1 recent years prompt recogmibion of the
problems mvolved, and early treatment, has decreased the number of
fatalitres

Mechanisms and Causes Fractures and fracture-dislocations of the
spine are due to disect of indirect violence, or a combination of the two
A direct blow over the vertebrae may cause a fracture of the lammnae
spious processes ot any portron of the posterior arches but such in-
Juries are not common, and therr treatment 15 quite simple By far the

*Cole J Acch Surg 35 328

R
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greatest number of fractures of the spine are compression fractures of
the bodics of the vertebrae, and 1n most cascs, one or more of the pos
tertor bony processes are usually fractured, although this 15 not always
demonstrable by x rays In most instances, 85 per cent according to
Rogers the itenvertebral disc 15 ruptured and never agamn functions as
2 hydraulic cushion between the affected vertebrac * Injury to the spine
by ndirect violence 1s much commonet than by direct force This indi

Fig. $4 Position for Spinal Puncrure. (Frem N O Boargue Diagmesis & Treatment
of Head and Spine Injnries Laketide Clinic awd Post-Groduate Hosplial Chicage )

rect violence may be transmitted through skull, sacrum pelvis or os
aalas Compression fractures of the bodies of the vertebrae are usually
caused by forcible flexion or hyperextension such as falling from a height
and landing on the buttocks the feet, or directly on the back

In the cervical spine, the vertebral bodies and articular processes are
almost horrzontal This predisposes this area to dislocation, more so than
the thoracic and lumbar regions where the articular processes are more
vertical The commonest causes of fracture and dislocation of the cervical
spine are force applied to the head with the nech in acute flexion, hyper
extension, or 2 sudden severe twist.

Fractures of the lower dorsal and upper lumbar spine are very numer
ous and are most often due to mdirect violence The combination of a
forward dorsal curve and a backward lumbar curve m addition to the
meeting of the almost immovable thoracic spine with the freely movable
*Rogers, Wm A Ao ) Surg., 399 37
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lumbar spine, undoubtedly accounts, to a great extent for the large
inadence of fractures in this region.

Fractures of the pedicles lamunae and articular facets are usually due
to torston plus hyperflexion or extension, with sudden ligamentary pull
Fractures of the transverse processes usually result from muscular con
traction or direct or indirect violence and are almost always confined
to the lumbar region.

The result of mndtrect violence upon the vertebrae 1s dependent on
two groups of varable factors 1 The architecture of the vertebrae, the
supporting structures and their mobility 2 The type of force, its direc
tion, duration and point of impact In dealing with fractures of the verte
bral bodies the fact that the bodies are weight bearing structures must
be kept constantly i mund. If the deformty 15 permanent, the line of
weaght-bearing 1s altered, and the normal spinal curves may be radi
cally changed Falure to correct the deformty subjects the muscles and
ligaments to undue exertion, and causes stramn which 1s often very
disabling

Each vertebra consists of two parts which are quite different 1n struc
ture and react differently to violence The anterior portion of the verte
bra, or body, s made up of relatively soft cancellous tissue but the
postertor portion, the neural arch and articulating processes 1s much
more compact—firm bone Although the anterior portron of the vertebrae
must bear the brunt of the force the posterior portton 1s much the stronger
and more resistant Therefore the architecture of the vertebrae deter
mines to a great extent the effect of a blow, and this accounts in some
measure for the frequency of compression or wedging of the vertebral
bodies However this fact 1s not entirely responsible for the greater
susceptibility of the vertebral body to injury because the commonest
point of impact 15 1n front of the center of gravity and the mobile cerv
cal and lumbar curves are the regtons of least resistance

Extenston fractures are rare but extension 1s usually the mechanism
responsible for fracture dislocation of the odontoid process of the axis,
and also for commemnuted fractures in the lumbar region n which the
anterior ends are separated When a blow 1s applied anteror to the
vertebral axis as on the forehead or face extension of the cervical
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region may result When the force 15 apphied to the shoulders or pelus,
extension 1n the lumbar spine 15 the result.

The causatrve agents 1n the production of fractures of the spine are
vety numerous and varied Therefore, 1t 15 important that the spine be
examed carefully for ngury whenever there s 2 hustory of traums
Changes 1n structure of the vertebrac and the entire trunk may go on
mn the column for years Some changes are found n all cases but they

i ard
Fig. ;&“ﬁmﬁ? which Spinal Fig. 57 Endc::d(iwmw);‘edu!h
(From N O Bosrque Dsugmesis smd Treatment of Head and Spine Isjuries
Lakeside Clinic «nd Post-Graduete Hospltal Chrcage )
are maximum when treatment has been nzdequate Whenever mnjury
1s suspected x rays of the entire spine should be taken in two planes.
Many surgeons recommend the oblique plene 1n an effort to detect frac
tures of the processes Great care should be taken to show the first and
second cervical s ertebrae and the seventh cervical, because these vertebrae
are often not well visualized 1n the ordiary x ray exammation, and dam

age to these vertebrae are most often overlooked

Incidence of Fractured Vertebrae Approxmately six per cent of
all sheletal fractures are fractures of the spinal column, and about one
in ten 1s accompanied by spinal cord inury Compresston or wedging
of the vertebral body 1s by far the most common mjury occurring in
about 90 per cent of the cases reported
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The levels at which fracture dislocations most often occur are the
most mobrle portions of the spine namely, the first and second cervical
the fourth, fifth sixth and seventh cenvical the cleventh and twelfth
dorsal, and the first, sccond, and third lumbar In the cervecal spine the
fifth and sixth vertebrae are the ones most commonly injured and
the dorsolumbar regions the twelfth thoracic and first lumbar Approxi
mately 50 per cent of the dorsolumbar fracture-distocations occur at the
first lumbar and 25 per cent include the cleventh and twelfth thoracic
as well as the second lumbar

First Aid The treatment of fracture and fracture-dislocations of the
spine must begin where the mjury occurs The correct handling of a
person with mjury to the spine, or with suspected injury often has a
direct bearing upon the ultimate result—the extent of damage, espe
cally to the cord the prevention of hopeless crippling and often
the actual saving of life In no other fracture of the sheletal system 1s
proper first aid so important The time honored dictum  “Splnt them
where they lse” deserves its most literal translation in such cases

Recently much has been done in an effort to educate the laity as to
proper handling and first axd It 1s not necessary to make a defintte
dragnosis of a fractured spine at the site of accident The history of an
automobule acardent, a fall upon the buttochs or feet from a conssder
able heght, or any direct or indirect force should make one consider
spinal wjury Trvial anjuries such as a slight twist or spramn should
be considered as possible spine mjuries and proper handling from the
site of acadent 13 essental

The foremost cause of fractures of the spine 1s forcible flexion of
the spinc upon ttself of jack hnufing regardless of the force applied, and
therefore the onignal handling must not compound the yury by for
instance throwing the person imnto the back seat of a car or msisting
that he make an effort to stand

In transporting a patient with suspected cervical injury great care
should be taken to place him 1 a supine position with slight hyper
extension of the cervical spine and slight traction This may be done by

the hands alone or by a simple sling of canvas passed under the chin
and ocaput. This position must be mamtamned untd after a defintte
diagnosis of the injury has been made with x rays
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A patient with a susPCCth fracture of the thoracic, lumbar sacral, or
coccygeal segions should alnays be transported in the prone, hyper
extended position He may be put on a stretcher with a folded blanket
under hts chest to increase the hyperextenston, or, if a stretcher 15 not
avatlable, he may be placed on a blanket, care being taken to place him
i the prone positton The blanket should then be Iifted by its four
corners, thus producing the necessary hyperextension Shock should be
combatted by keeping the patient warm with blankets and hot water
bottles X rays taken without removal of clothing, and m the hyper
extended position are desuable

Fig. 58. Dangerous method of tramsport. Tbenpiuc!:fmdlnwﬂalanmd"
there is a fracture or fracture-dislocation the displacement must

(From Watsow-Jenes Fractures and etber Doue amd [olnt Itfnln Williams
& Wilkins Ca  Ballimore )

It 15 fortunate that fractures and fracture-dislocations of the cervical
spne are not first in frequency But the slightest suspicton of smjury to
thts region demands transportation from the site of acadent prompt
duagnosis of the problems mvolved, and adequate treatment—as the
most vital past of the spinal cord both from the standpomt of life and
function 15 erther being affected or seriously threatened.

Recently there has been a revival of interest among members of the
profession 1n the treatment of these fractures Thus 15 probably due to
the realzation that adequate reduction of the dsplacement 1s often
followed by complete recovery ar marked reduction i the amount of
permanent disabihity

1n no other fracture 15 proper handhing, from the scene of atadent
to the time of reduction and immobdization more important The recent
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education of the latty, especially the ones such as ambulance drivers and
State police who are most Iikely to handle such patients during teans-
portatton to a recognized hospital, has fortunately begun to show results
But 1n a large measure mjured persons are still subjected to transporta
tion methods which although it 1s impossible to prove in many instances
are 1n all probability responsible for loss of life or permancnt paralysis

Because fracture-dislocations of the cervical spine are almost invariably
the result of indirect violence they are often assocrated with cerchral
trauma This adds to the difficulty of transportation as a conscious per
son because of pan will supervise Ius handling 1n such a way that the
mjured parts arc held practically immobile It also increases the danger
of further spinal cord mnjury

On admussion to the hospital the patient should recerse a thorough
examination to determine the general condition and to rule out the pos-
sibihity of fractures elsewhere tncluding the spine as spinal fractures
may be multiple The possibility of spinal cord or spinal nenve njury
should be carefully determined before % ray exammnation 1s attempted
If there 15 definite suspicion of fracture or evidence of cord mnjury the
taking of x rays should be carcfully supervised and the techmicran warned
of the dangers of undue manipulation The pamn and muscle spasm
accompanying cervical injuries 1s a protective reaction and any attempt
to move the head away from this fixed position should be carefully
avorded untif after a definite determunation of the extent of the mjuries
It 18 often advisable to proceed with the x rays on a stretcher or a bed
moving the tube to the desired angle In an effort to save time the

genml examination may be carried on during the development of the
lms

Treatment of Fractures of the Cervical Spine Without
Cord Involvement

When exammation reveals there 1s no clinical evidence of njury to
the spinal nerves or cord the first consideration 1n treatment 1s the
prevention of damage by proper handling and treatment However 1f
there 15 evidence of 1njury to the cord or spinal nerve roots utmost care
15 necessary to prevent further damage Prompt reduction of these frac
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tures 15 essential, as Brookes has aptly stated  Accurate and absofute
ymmobilization s the cardinal principle of early care *

Treatment mn these cases must begin at the first examination, but 1t 15
mpossible to sct forth a definite routine of treatment that will apply
to every case, as the problems involved vary so greatly i each case The
type of treatment must also vary according to the cquipment avaslable
and the expenience of the operator However, the treatment selected
should be one lcast likely to cause damage to the cord or spinal nerves

During recent years with the introduction of improved methods of
reduction the treatment of cenvical spine fractuse-dislocations has de
parted rapidly from conservatism but variations of the Walton manipu
latne method for unilateral dislocations and the Taylor method for
bilateral dislocations, continue to be used 1n many hospitals

Skeletal Traction Recently several methods of skeletal traction have
been devised which are not only comfortable, but permit the accurate
controlling of the strong traction so often necessary By these methods
1t 15 possible to reduce many fracture-dislocations which were formerly
mpassible to reduce by stratght traction alone, because of the ncreased
amount of tractson which can be safely applied The old Glissen shing
method 15 not only extremely uncomfortable and its traction difficult
to mamntain 1n certain instances, as the adjustments are within easy access
of the patient but because the sling dertves ats pull from the chun and
ocaput, 1t quite often may be responsible for permanent disfiguration
by dislocation backward of the lower jaw

The reduction of a complete unilateral or bilateral interarticular dis-
location by smmple extension 15 difficult to accomplish Manipulative
methods quite often fail and are extremely dangerous unless in very
competent experienced hands

The authors are of the opimion that skeletal traction 15 the method of
choice Strong traction consisting of spproximately 10 to 15 pounds
should be applied to fracture-dislocations of the upper spine above the
fifth cervical, and 20 to 30 pounds for those below the fourth Ths
amousnt of tractron 15 usually sufficient to accomplish reduction w ithin
2 few minutes to scveral hours As soon as reduction ts satisfactory the

Brooke, Duslocation of Cervical Spine £
Assoc, 1930, 27 579 (report of 50 cases) Jour Missoun Med
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wesght 1s reduced to from six to ten pounds and in some cases a plaster
of pans cast 15 applied immeduately If for any reason 1t 15 considered
advisable to continue traction the minimal amount of traction to main-
tain reductton 1s used to prevent damage to the soft hssues

Rarely do we find 1t necessary to resort to open reduction 1n cases

Fig. 62. An x-tmy check during hyperextensica by means of the Albee-Comper
F:mre Table. (X ray apperains by conriesy of the Westingbewse ) ray Com-
paxy Inc., Long Islond City N Y Tbe Albec-Comper Fractare Table (booliet)
Comper Allg Ce., Pittsfeld Mass )

without cord damage Bone graft fusion of the vertebrae mvolved 15
the most satisfactory method of preventing further complications
Crutchfield Technie Crutchfield was the fisst to use sheletal traction,
in 1933 for complete forward duslocation of the second cervical
vertebrae The results were satisfactory and he was stimulated to con
tinue tts use and devise specal traction tongs and drill points He does
not recommend its use 1n cases of extremely thin or diseased skulls, or
where the scalp 1s infected He regards skeletal traction as the most
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Correct tion of the points of the tonps. When applred In this manner
l:l-ﬁ'g:himed d.n?lt;-dnpcdally cing the first few days the tongs will not putl
out. The skull thould oot be drilled bliadly except when wsing a dell point
with & fixed guard. (Josrual of Bone and Joint Swrgery )

Fig 65 The patlent may be turned
elther side while tractfon fs in force.
Change of poaitdon not only adds to
the padent’s comfort, but s extremely

Fig. 64. The trecdon sppacuus is of necessary fot the prevention of pres-
slmple comstruction end does not wute sores, eapecially when the spinal
blnder the routine care of the patent. cord is severely njured.

(The Journel of Bone and Joint Surgery W G Crwtchfield )
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Fig. 66. Fracture dislocation of the fourth und Bfth cervical vertebrae (Elsbere.)
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satisfactory method of dealing with the majority of fracture-dsslocations
of the upper cervical spine but feels that lammcctomy or manual reduc
tion may somettmes be necessary

Fracturcs below the fifth cervical vertebra are very hard to reduce by
traction alane, and Crutchficld in hus early publicitions states that counter
pressure may be necessary agawmst the spines of the pastertarly displaced
vertebrae, after traction has produced the unlocking of the mterverte
bral articulations However his recent expenence has proven that these
fracture-dislocatrons arc often reducible by sheletal tractron when suff
aent force 15 applied and he advocates the use of a maximum of 25
pounds of weight to be applied to the middle and lower regions He
prefers the minimum amount of force to accomplish reduction because
of the danger of injury to soft tissue

Crutchfield states 1t 1s possible to relieve many cases of tractable
pain without open reduction or mtradural section of central nerve root
by the use of skeletal traction

Method of Application The tongs are applied transversely to the
vertex of the skull in a vertscal plane The mastoid tips are approxt
mately within this plane and serve as satisfactory landmarks

The tongs are destgned 5o the traction bar can be used as a guide for
correct placement of the tong pornts. The traction bar is turned down
and placed agamnst the scalp with the arrow pornting to the midline of
the skull. The tong pomts are then lowered to the scalp and the ponts
of contact are marked with a dye to indicate the level of the proposed
stab wounds

The scalp 15 injected with novacatn and stab wounds large enough
to admit the tong pownts are made down to the skull Perforations of
the outer table of the skull are prepared by using a small drill pount
about two millimeters 1n diameter and foreing it to a depth of approxt
mately three millimeters A special doill point with a fixed guard three
mullimeters from the pomt has been employed to prevent excessive
penctration After the openings have been prepared the tong ponts are
fitted 1nto the bony perforations and made secure by adjusting the thumb
sa;;s b‘:;umgs are applted and should be changed frequently
mcn:n . 10:dthe bed ss then elevated about twelve nches, and the

pplied The amount of traction to be used depends an the
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individual case, and the experience of the operator In high dislocations
ten pounds of wetght are generally used 1n low, from 20 to 25 pounds.
Traction 15 left in force for from a few hours to a few days depending
upon the rapidity with which reduction occurs When reduction has
been accomplished, the weqght 15 decreased from four to sx pounds
and after reduction has been maintained for some time, a plaster cast 15

Fig. 67 Barton toog. A, Tummbuckle B, sleeve € drill €, drill enlarged D set
wrewn  (Frem Surg Gywec & Qbs Vel 67 1938 )

applied Those patrents with little or no cord injury are smmobtlzed
1n plaster a5 soon as curcumstances w il permit and those with complete
transverse cord lesions are hept n fight traction until at least they have
passed the ten-day critical perrod

Barton Technue Barton who feels that sheletal traction for fracture
duslocation of the cervical vertebrae has been demonstrated to be a
method of practical value, has devised specual tongs for this puspose
He applies the tangs at the pomt of greatest convexity of the pacretal
bone—a pownt he estimates to be approximately one inch above the
pinna of the ear He selects this pomt because a greater amount of force
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f a fragment of
can be applied here without the danger of evulsion o

bone fmripthc external table of the skuil He feels, that with the Crutch
ficld tongs, the amount of force should necessanly be hmited because
of the acute angle at which the prangs penctrate the bone The usc of

|

|
|

- -

Fig. 68—Lnd view of Barton frame show Flg. 69 Side view of frame show

g mechanism for relsing in vertical ing mechapism for rabsing in ver
planc.

dea] plane,
(From Sarg Gymec & Obs,, Vol 67,1938 )

wires passing through twin holes i the skull is not recommended b
cause of the danger of detaching the bridge of bone to which they ar
attached

Method of Application A stab wound 15 made through the scalp t
the bone on each side of the head st the points selected the sleeves ar
mserted tnto the wound and the tongs closed by means of the turs
buckle until the sleeves are firmly m contact with the bone, The dril
are inseried in the sieeves and drilled 1n until the shoulder an the oute
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end of the drill 15 1n contact with the sleeve The drills are Ieft place
and secured from slipping by means of set screws and the traction
applied by a special frame attached to the head of the bed This frame
has a transverse bar carrying a trolley through the lower pulley of which
1s passed 2 cord leading from the wises to the weaght for tracton To

Fig. 70 Skull alipers for skeletal traction of the cervical spine with lockiog
ktg.md small trephine, (From Waisen [enes Fracintes and Otber Bane and Jaint
Injuries Willlams & Wilkins Co., BAtimore )

alter the line of traction and to facilitate reduction, the transverse bar
with its trolley may be raised or low ered by a threaded shaft The lateral
movement of the trolley on the transverse bar enables the patient to move
from side to side and to be turned on his side for nursing care without
mterfering with the tractron

Manipulatve Methods In the cervical spine, fractures and disloca
tions may be independent or associated In esther case the dislocations
may be unilateral or bilateral For the umlateral type, the \Vx’llton method
of manipulative reduction is extensively used Vorts, McKenzie John-
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son and others have developed a simitar technie, which conststs essen
tially of adminsstrating a general ancsthetic and increasing the deform
1ty by rotation of the chin further in the direction already assumed, and
slowly fiexing the bead laterally and posteriosly so as to cause a slight
hyperextension toward the side of dislocation

For bilateral dislocations the Taylor mampulative method of reduc
tion remains a method of chotce in many hospitals In this a generat
anesthetic 15 gren, and a head halter, sunilar to 2 Glissen sling 15 ap-
plicd Slowly hyperextension 15 produced and when the articular facets
are thought to be dislodged with reduction, a cast 1s applied mmmed:
ately This 15 worn for approximately three or four months and then
1s follow ed by a Thomas or Dell collar

Immobilization  Most authorities agree that the most satisfactory
method of primary immobilization of fracture-dislocations of the cervi
cal spine, 1s a plaster of pans cast, carcfully applied However, this
method 15 not always feasible, when thete 1s extensive spinal cord dam
age and traction must be continued for a constderable period to allow
for proper nursing care.

For fractures and dislocations of the upper cervical spine a cast should
extend over the head and down to include the 1liac crests Fractures
below the fifth cervical may be immobilized by casts which are carefully
molded around the chin and occiput, and extend over the tliac crests
The cast should be made of sufficient strength to permit 2 window to
be cut over the abdomen.

The tmmobilzation in plaster should be continued for approximately
three months and followed by a Thomas collar for a varmble period
of time, depending upon the case and the x ray findings It should be
remembered that it 15 advisable to remove all support as soon as pos-
sible, both because of the damage to soft tissue and the mental effect
u}}l)on the pailhent When removal of all support 1s considered advisable
the support should be remov
ldrmu[:sl:c)rcd ed gradually and physical therapy carefully
uoﬁ:::;gigﬂhc;tcr remains the most satisfactory method of immobiliza

on, recurrence of the deformity may develop soon after

its removal or may gradually increase, The deformity may tecur ot
increase even while the support 15 being worn
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Many fractures and dislocations of the cervical spine are very eaaly
reduced  Often they reduce spontancously The greater the ease of
reduction the more easily the deformity recurs and for this reason the
authors recommend spmal fusion by inlay tibial bone graft mto the
spmal processes as a primary treatment immeduately following reduc
tion in many cases  The authors feel that practically all multiple fracture
dislocations should be fused—as well as every one which tends to recur
Fuston 1s often necessary n those late cases which complain of muscle
spasm and atractable pain

Fusion 1s indicated

1 When more than one of the bony structures are severely injured

2 In multiple fractures—as a rule.

3 In fracture of the odontord even though there 1s no demonstrable
vertebral 1njury

4 When deformuttes recur following reductions i spite of careful
tmmobslization.

5 For high cervical lesions with paralysis of nech muscles due to
cell involvement of the antefior horn of the spinal cord.

Fracture Dislocations of the Cervical Spre With
Cord Involvement

Fracture of the cervical spine with evidence of cord mvolvement
presents the most difficult problem of all fracture-dislocations of the
vertebrae When the area mnvolved 15 1n the upper cervical, the mortality
continues to be about 80 per cent, and many do not even reach a hospital
for treatment. The mortality in the cases of complete transverse lesion
of the cord 1s almost 1 direct proportion to the height of the segment of
the cord njured Thus, 1n tnjunes of the cervical region above the fourth
vertebra death 1n many stances 1s almost snstantaneous This may be
due to mnjurtes of the vital centers 1n the medulla but 1s chiefly due to
injury of the phrenic nerve.

Although the mortality 15 very high, many cases with cervical spmne
mnjury do reach the hospstal for treatment The treatment of patients
with complete transverse cord lesions 1s very unsatisfactory and discour
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D E r
Flg. 71 Fracture-dislocation of the fifth cervical vertebra on the sixth, showing the
inittal deformicy and the varions stages of reductlon. A Deformity on admlysd

‘The articular facets ace locked. B After ten minutes of tracdon. € After twenty
mioutes of traction. D After thirty minures of tracdon. Tbe articalar facets have
separated and the deformity Is less. B The deformity Is corrected. The articular
facets have unlocked. F The Gatch bed has been elevaied and the traction lowered,

and tho weights have been reduced from twenty-five to elght pounds, allowing
byperextension of the neck and engagement of the articular facets in their pormal
positlon, Before reducth !

there was ¢ ic block. I dintel
after reduction, the test was repeated and the block was found to have been
completely relieved.
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cture. beee
72 F -dislocxtson between the fourth and fifth cervical verrel

5"5'“15 w:“llllﬂu of the curd. (Elsberg.) (From Orthapaedic and R!rvl;lrli;;llﬂ
Swrgery by D H Albee W DB. Saunders Co., Philadelpbia snd New Y o7, )
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aging, but everything possible should be done promptly, n an effort to
relieve the compression and to prolong hife The generally accepted
theory that the cord 15 instantancously destroyed or rumned, 1s true 10
most cases, but a complete transverse leston of the cord cannat be
diagnosed at once either by x rays or ncurologreally

When tt 15 suspected that the patrent has suffered damage to the spinal
cord 1t 1s very important that neurological examination be repeated at
frequent ntervals If anything 1s to be accomplished by treatment, carly
recognition of progressive loss of function 1s imperative

A complete transverse leston of the cord may be deduced from an
carly persistence of complete loss of all cord function below the level of
injury The findings are flacad paralysis loss of sensatton in 1ts various
forms particularly sharply defined anesthesta, loss of both deep and
superficial reflexes especally the knee jerl., retention of urine often
priapism 1ncontinence of feces vasomotor paralysss, with severe swell
ing of the paralyzed parts tympamtes and loss of all sensation

When any evidence of cord function below the level of mnjury 15
present, such as demonstration of a Babmskt sign  preservation of deep
sensation, or 2 deep tendon reflex the damage to the cord should be
considesed severe, but not a complete transverse lesion In these cases
some hope of improvement may be expected.

In these cases 1t 15 often difficult to determine whether the complete
loss of function was mstantancous because of the accompanying cere
bral trauma The mtellect 15 often hazy 1f not completely lost, and
progressive spinal cord involvement 1s difficult to determine. However
the level of damage can be determied clintcally to within one or two
segments and complete roentgenograms are invatusble

In the conscious and cooperative patient the level may be determined
by sensory examination If sensation 10 any form 1s retained below the
level of damage motor function may return as continuity of the cord
15 established.

The complete loss of function i fracture dislocations of the cervical
spine may be due to bony pressure laceration hemorthage or edems
The edema or hemorrhage may have gradually developed before the
first exammation, and since 1t 1 mmpossible to definitely state the cause
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of the compression, the authors advocate decompression of the cord by
laminectomy or hemidammectomy

Treatment In all cases of suspected cord mvolvement, every effort
must be made to prevent further damage ‘The authors feel that the
immediate application of sheletal tractran is essental Reduction of the
dislocation often decompresses the spinal cord and relieves a certam
amount of edema by reopening the spinal canal When reduction 18 sais-
factory a mote favorable condition for retumn of function exists, and
nerve root pam 15 also often relieved. Resptratory and cardiac stimu
lants are often necessary and artsficral respsration esther manual or i
arespirator if available, may make the difference between life and death.

Every effort should be made to determume if the wnjury 15 partial or
complete. Repeated neurological examnations should be carefully done,
and the Queckenstedt test 15 often of value

Progressive lesions of the cord, and those cases which do not show
umprovement should be subjected to lamunectomy In the cervical region,
a hemulaminectomy 1s usually sufficient for the decompression, and Inttle
weahenung of the vertebral column 1s experienced If a complete lams-
nectomy s done a tibial bone graft on either side of the laminectomy
gutter 15 necessary Following the operation, sheletal traction 1s mam-
tamned to facilitate nursing care Plaster casts are not recommended be
cause of the danger of pressure sores

The authors feel that mampulative methods are poorly tolerated
cases with cord injusy and increase the danger of further damage Many
fracture dislocations are reducible by skeletal traction alope When
lammnectomy 15 indicated and properly carried out st 1s not a shocking
procedure

Complications In no other type of case with the probable excep-
tion of pneumonia s proper nursing care more important Recovery
of cord function 1s often retarded or prevented by myelttts resulting
from absorption of toxuns from mfected bed sores bladder or hidneys.
Death 10 most cases that do not succumb to the wtial shock of the
accident 15 due to ascending pyelonephriis For this reason every effort
must be made to prevent the almost wnevitable cystitis mncidental to
catheterrzation and the lowered resistance of the bladder walls Because
of this many surgeons advocate a suprapubic cystotomy with dranage
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as 1t can be done through a small mxision with httle anesthesia and
by doing away with the frequent catheterizations s less likely to pro-
duce qystitss. The mtroduction of a retentton catheter will relreve the
distention and often answers the purpose very well Tidal dramage 15
often a useful procedure. The bledder should be ungated often with
saturated bone aod soluton This 15 especrally cequiced after each
catheterization A suprapubic cystotomy tube should be changed at fre
quent intervals Urotropin or suffamilamide medication to heep unne as
aseptic as possible should always be carried out Installation of one
ounce of freshly prepared ten per cent argyrol once darly 1s of value

Bed sores are 2 great annoyance and are lihely to tahe form within
the first few hours after mjury These can usually be prevented if, at
the very fimst sign of redness pressure at this point 18 relieved The
sheets must be kept taut, free of loose particles and perfectly dry A
mattresses should be used, and the patient must be turned from hus back
to first one side and then the other at frequent wmtervals Air rings
placed under the sacrum and heels are often of value The heels must
not be allowed to come m contact with any support—this may be ac
complshed by placing a pillow under the calves of the legs When
turned on hus side, the pattent s feet should be suspended by placing a
pilow between the knees, and another under the lateral aspect of the
dependent leg As a skin conditioner alcohol followed by a dusting
powder s to be recommended, but after the skin sloughs, an astringent
such as balsam of Peru should be tried. Cod liver oil dressings often
sumulate healing The tendency of pressare sores 1s to increase 1 size,
and they heal with great difficulty because of the trophic disturbances
in the affected tissue

With paralysis of the thoracic muscles, breathing 1s carried oq mamnly
by the action of the duaphragm. Abdomuna! disteation 15 often very
distressing bevause of the pressure on the diaphragm and should be re
lieved by datly enemas or the rectal tube, Dasly enemas are also very
mportant to relieve any toxacity

Pncumonsa, to which these patients are particulacly susceptible 15

another frequent cause of death Every precaution should be taken to
prevent its occurrence
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Fracture Dislocations of the Atlas and Axis

The usual cause of fracture of the atlas s a fall or blow of consider
able force upon the head. The force 1s transmutted through the skull
to the two lateral articular masses of the atlas, causing them to be
forcibly separated The separation places stramn upon the antertor and
posterior arches and they fracture because of their weakness How ever
this injury 15 not necessarily fatal, and approximately 50 per ceat are
not accompanied by cord wvolvement.

Fig. 73. Fracture of the stlas due to a fall oa the head. The force Is tranamutted
through the lstera! masses which are dnven apart so dnt the arch fracrures at
lts weskest ponc. (After Jefferiem Frecture of Atlas Vettehra.) (From Wasen
Jomes Fractares amd Otber Bone and Joint Injuries Williows & Wilkins Co,
Beltimere )

The atlas may be dislocated when the head 1s forcibly flexed and ro-
tated, but a forward dislocation of the atlas 1s tmpossible unless the
transverse Iigament which secures the odontoid process of the axis to
the atlas 1s ruptured or the odontord process 15 fractured at ts base.
When there 1s a fracture of the base of the odontord 2ccompanying the
dislocatson of the atlas the cord 15 not commonly compressed because
the odontoid being firmly attached to the atlas moves forward with
the atlas However the mortality 1s very high when the transverse liga
ment 15 ruptured without fracture of the odontord In such cases the
neurocanal s narrowed and the cord 1s compressed by the odontod
pressing upon the posterior arch of the atlas

The posterior arch of the atlas 15 most commonly damaged by erther
1 force applied directly to the skull or forcible hyperextension to the
head Vialent hyperextension of the head may cause fracture of the pos-
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terior arch of the atlas, or, if fosce s sufficient, the arch of the axts may
also be fractured The resulting posterior dusplacement of the aaterior
fragments often causes severe cord compression

Treatment The importance of careful roctgenograms cannot be
overemphasized when mjury 1s suspected m this 1egon Tractute-dis-
locatrons of the atlas and axis are often overlooked, when they are not

" '.
m
Flg, 74. Forward dislocatioa (firxt puce) and fracrure-dislocatdon (secend fguee)
of atlas. If the odontodd s doplaced forwards there bs less daoger of cord com-

pression and survivel Is common. (Frem Watsow-Jenes Fracinres and ather Bewe
nd [esni Injuries Williams & Wilkins Co., Baltimore )

accompamed by compression symptoms and later due to nadequate
treatment may produce severe cord damage

As an ymmediate treatment, the authors recommend skeletal traction
for the majonty of fractures s this region—and espeaally for those
accompansed by paraplegia

Fractuces of the arch of the atlas and those of the odontord without
evidence of cord wnvolvement, may be unmobilized s plaster within
sevesal days following the injury or when reduction 13 accomplished
‘The cast should extend over the head and down to include the crest of
the dum The cast should be worn for approximately three months The
ld opinion that the odontoid unites only by fibrous tissue 13 not true
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1f satisfactory reduction 1s obtaned and sufficient tmmobilization 1s mam-
tamned. Nonunion, however 1s not rare.

Those cases which present immediate or progressive evidence of
cord wvolvement, and farl to show improvement within several hours
after application of skeletal traction should receive immediate hem:

W E Gallis of
Fig. 75-A. \upof:mmfn}meopeﬂlcdnponbyﬂr
bl Toronta, Camada (illustration persondlly loancd to the awibers)

laminectomy or laminectomy as the case requires ¢ and Turner
find 1t necessary to remove the pos crior arch o ¢ ac.omplish
decompression of the corr - t
Reduction of the disloc casily  traction
’ = eral h rn-e of
alone withmn from a fev eral ho:
the wau ~d

the deformty frequently ¢
, oW
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or may ncrease even while the plaster cast 13 worn Many cases develop
cord mvolvement several months—and sometimes as much as 20 years
—followng the mnutral injury which had affected only the bony struc

A7
N

W

Fig. 75B A dmgram demonstrating Gallie s technic. It shows a large graft whi
bhay been taken from the crest of the illum and mordsed into the spinous p:

of the axis and o0 o the posterior and 1oferfor surfaces of the ceatmal portion of
posterior arch of the atles and held In place by fine wire.

B

rocessex

3

ture at the ime In one patient, paraplegia recurred on four different
occasions from repeated dislocations

This problem has engaged the attention of many surgeons and the

majority agree that the answer lies 1n spinal fusion Gallie 15 convineed

that one can foretell from x rays which cases are likely to have a tend
s
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if satisfactory reduction 1s obtamned and suffcient immobalzation 1 mam.
tamned Nonunion however, 1s not rare

Those cases which present immediate or progressive evidence of
cord snvolvement and fail to show improvement within several hours
after application of sheletal traction should recesve immediate hem

Fig 7%A X-tays of « succcssful ase apereted upoa by Dr W E Gallie of
Toronta, Canadz (Hiustration persomally loaxcd 1o the axthers)

lamunectomy or lammectomy as the case requres Cone and Tuemer
find & necessary to remove the pos.crior arch of the atlas to accorplish
decompresston of the cord i some cases

Reduction of the dislocation s often easily accomples ed by trachion
alone wthin from z few murutes to several hours, but re-urrence of
the deformity frequently develops when the traction is discontinued—
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or may increase cven while the plaster cast 1s worn Many cases develop
cord mvolyement several months—and sometimes as much as 20 years
—followng the 1nitial mjury which had affected only the bony struc

Fig. 75-B A diagram demonsteatiog Gallie s technic, It shows » large graft which
has been teken from the crest of the {lium and mortised into the spinous proceases
of the axls and on to tbe posterior and inferior surfaces of the central portion of the
postedor arch of the atlas sod beld in plece by fine wire.

ture at the time In one patient, paraplegia recurred on four different
ocrasions from repeated dislocations

This problem has engaged the attentron of many surgeons, and the
majonty agree that the answer lies 1n spmal fasion Gallte 1s convinced
that one can foretell from x rays which cases are likely to have a tend

14
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cacy to recur following removal of plaster supports and advises 1m-
mediate fusion 1n such cases to save ttme Cone and Turner have come
to the conclusion that all cases of fracture of the odontoid even though
there 15 no other demonstrable vertebral 1njury, should be fused

Fig. 75-C. Diagram seen from the rear with graft and wires in place.

Albee Method of Fusion of Upper Cervical Spine  The technic
of this operation 1s symular to that described for Pott s disease on page 183
The authors use a solid tibial graft, shaped to fit the curvature of the
ocaiput mto which 1t 15 carefully laid through the outer table The
inlay 1s just posterior to the foramen magnum around the immediate
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nm of which the skull tables are amalgamated The graft 1s so angu
lated that 1t fits into and 1s also inlard into the split spinous processes,
and should mclude at least two vertebrac below the fracture The soft
tissue, ncluding split supraspinous and interspinous ligaments are care
fully sutured over the graft in layers, and st 15 not necessary to anchot
the graft with additianal sutures, tn most cases I 1t 15 necessary to
anchor the graft to the occput, kangaroo tendon 1s mtroduced through
dnil holes 1n the outer table Skeletal traction should be mamntained
durmg the operation to prevent recutrence of the distocation, and fol

Fig. 76, Albee method of stuping tibhal bone-graft for cervico-occpital fuslon
o prevent dislocadon of the atlas, (Albes Bone Grafs Surgery in Disemse Infwry
and Defermity D Applaien-Century Co., New Yeork )

lowing the operation this type of immobilzation 15 very satisfactory
The skeletal traction may be discontinued after the first six weeks of 2
cast 1s desired.

Fracture of Dorsal and Lumbar Vertebrae Wath or Without
Cord Involvement

Fractures of the body of the dorsal and lumbar vertebrae ere due to
violent hyperflexion. Injunes to the bodes should always be suspected
when there 15 2 history of 1 A blow upon the head 2 A fall from
1 distance with the patient landing upon the feet, buttocks or head
3 An automabile accrdent with symptoms of back inpury

The three types of vertebral body fractures usually desceibed are smple

wedge which 15 the commonest comminuted fracture the rarest and
fracture-dustocation
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Simple Wedge Fracture Usually more than one vertebra ts mvolved
and there s a reduction 1n the antenior vertical duameter with forward
bulging of the cortex at the upper and lower angles Ths bulging may
be apparent in several vertebrae, or the obvious 1nfury may be confined
to only one vertebra, but with actual measurements of the adjacent
bodtes showing shight dimmution Fractures of the 20CESSOIy processes

Fig. 77 A. Case 1 Crmh fracture in- Fig. 77 B. Case 1. Post-mortem specimen.
volving the posterior wall of the
centrum of the fourth lombar vertebra.
Mild wedge-shaped compression frac

ture of the centrum of the second lum-
bar vertebra.
(W A.Regers Joxr Boxe and Joint Surg )

are often not demonstrable by x rays and no one interarticular jount dis-
locatton 1s apparent

Communuted Fracture The force producing this mjury s usually
more acute or localized. The antertor angle of onc of the vertebral bodies
1s forced mto the middle of the adjacent body by sharp angulation at
the mtervertebral disc level The intervertebral disc 1s often ruptured
and forced between the fragments Narrowing of the intervertebral disc
space 1s mose commonly seen n this type of njury than any other frac
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ture of the spine, but rupture of the disc promotes bony ankylosis be
taecn the adjacent vertebrae and persistent pain foltowing mcomplete
reduction ts pot uncommon

Fracture-Dislocation  When the forceful hyperflexton ts not spent
when the body fractures, dislocation of the vertebrae occurs This njury
s pumanly an mntenertebral dislocation, and 1s possible only after the
tearing of the ligaments about the vertebral body The antenior long:
tudinal ligament which often remains intact m fractures, i3 probably
always torn to some degree n dislocation and with the trauma to the
neural arch the upper segment of the spine ships forward The damage
to the neural arch may be a bilateral dislocation at the nterartrcular
jomts fracture of the pedicles or laminae, or a combination fracture and
dislocatson of the accessory processes Cord injury mn this type of trauma
15 frequent, and 1s due either to narrowing of the lumen of the neural
canal by bony drsplacement, or hemorrhage or edema of the cord

Treatment of all cases of suspected fracture-dislocations of the verte-
bral bodies must begin at the scene of the acudent Correct handling
during transportation and smmediate, or as soon as feasible, determna
tion of the extent of mjury by x rays are essential The modern prmeiple
of treatment for most vertebral body fractures 1s reduction by hyper
extension and later fixation m a plaster cust However, all authonties
do ot agree at what time this should be attempted when there 15 evt
dence of severe dislocation. To accomplish a satisfactory reduction, the
spine must be hyperextended to its physiological limits, or slightly be
yond Reduction depends upan the tenston on the anterior longttudinal
ligament  but 1n fracture dislocation this ligament i3 often lacerated
partially or completely and the danger of hyperextenston producing
further damage to the cord 15 increased as the internal splintage of the
extemnal Jongitudinal higament 1s lost to a great extent

Correct reduction of the wedging 15 extremely important, as changes
m structure resulting from fractures may go on for many years pro-
ducing severc pamn Persistent pain may even be severe after the frag
ments have united in relatively good position and n those cases 1

which reduction has been nadequate or delayed severe persistent pam
15 3 common complaint
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Changes i the spinal column ate demonstrable 1 every case of frac
ture, but these changes are maximum when reduction and fixation have
been inadequate, and munimum when the treatment has been correct.
The changes to be expected are 1 Those occurning locally at the site
of fracture 2 Those of the entire spinal column as 2 whole

1 Local Changes (a) Narroued Imerrertebral Disc There may
be a nacrowiag of the mtervertebral disc space above and below the
fractured vertebrae, because of the rupture of the nucleus pulposus or
the replacement by fibrous tissue of the damaged mtervertebral disc and
subsequent weight-bearing This may account for a shight kyphosts, but
this 1s not an mportant source of persistent pam, although there may
be slight local pamn or tendemness

(&) Spur Formation The formation of bony spurs at the antersor
margns of the vertebral bodies, and increased bone density at the end
surfaces does not scem to be a source of extreme patn Most authorities
agree that it 1s not evidence of arthntic changes These prolferations
of bone are more commonly found 1n cases which have been inadequately
reduced and smmobilzed. Spur formation may develop due to sub-
periosteal ossification n the attachment of the antertor longitudinal
ligament, but 1s not & source of persistent pan When the spurs are
large, they are usually the result of unreduced fragments of the fractured
body

(¢) Nerie Root Pressare This 18 a very common cause of persistent
pam, and 1s due 1s many instances to erther the setthing together of the
vertebrae with a narrowing of the foramen at the mtervertebral notches
or to excessve callus formation Excessive callus 13 prone to develop
when there bas been mcomplete reduction or alignment and madequate
tmmobilization

() Calasficatron of Ligaments The narrowed intervertebral space
may be bridged completely or partsally by caletficatson of the surround
ing Ligaments This occurs even when alignment s satisfactory and 1
not 4 usual source of pamn

(¢) Prolapse of the Nucleas Pxlposws Trauma of the inten ertebral
disc may prolapse the nucleus pulposus wnto the centrum, or a portion
may be extruded nto the neural canal, giving rise to cord or nerve root
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:ymptoms——but ths 15 uncommon However, when there 1s a prolapse
of the nucleus pulposus the cushion cffect between the vertebrae s
lost, and the herniation 1nto the centrum 1s soon surrounded by dense
bone.

2. Changes 1n the Spinal Column as a Whole The changes m the
spinal column as a whole from fracture of the spme arc of extreme
cimal importance When the normal cunves of the spine are altered
the line of weight bearing 1s changed, and the normal stress upon the
ligaments and muscles 1s mcreased producing symptoms w hich are often
very severe. Prevention of the alteration 1n the normal spinal curves can
best be accomplished by complete reduction and careful immobulrzation

VARIOUS METHODS OF REDUCTION

Many methods of reduction have been devised during recent years
for treating the cushed vertebral body They are all based upon the
principle of hyperextension and adequate fixation but vary considerably
as to technic,

Dawvis Method This method was first described during 1927 and
1s now extensively employed by the profession  The authors have used
this technic successfully on many occasions, and the Albee-Comper Frac
ture Table has been so devised as to include this method

Davis describes certarn features of spinal anatomy which have been
utilized as agents 1n reduction, and interprets them as follows

1 Strength of the Anterior Longrtudmal Ligament All crush frac
tures whether cervical thoracic or lumbar, with or without dislocation
or neurologrcal signs, depend primanly upon the anterior longitudinal
ligament for their reduction (In all Davis cases the anterior longttudinal
ligament was regarded as the chedh to any possibility of overhyperexten
sion Cadaver specimens were studied to determune the strength of the
anterior longitudinal ligament and the findings showed that this liga
ment 15 almost non-elastic and will withstand an average tension of 337
pounds.)

2. The Falcrum of the Posterior Spinal Jomss

3 The Intervertebral Discs The firm attachment and relatrve myul
nerability of the mtervertebral discs together with the firm ncorpora
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ancsthetic 1s given, and optates only tn sclected cases Those cases which
present prolubttive complications, such as shock cerebral mvolvement
or multtple fractures, are extended or partially extended on 2 frame,
not hyperextended, or the patient 1s hept prone, with permission to
tase humself on his clbows until adequate treatment 1s considered
advisable,

Those cases which appear to require laminectomy are first placed in
plaster shells with the spme 1 hyperextension Davis states that since
hyperextension tacreases all drametees of the ntraspinal space, hyper
extension 15 becomung recognrzed as a better decompressor than lam
mectomy

Technic for Fractures of Lumbar and Lower Thoracte Vertebrae

1 Fust aud treatment Patient should be rolled into the prone position
at the site of the acadent

2 Anx ray should be taken as soon as advisable. The Albee-Comper
Fracture Table 1s designed especally to facilitate the talung of all destea
ble x ray exposutes

3 A neurological examination should be made and if there 1s nene
wvolvement careful analysis should follow (Partial paralysis was re
hieved 1n a number of cases ated by Davis )

4 In cases with no paralytic symptoms fracture should be reduced
mmmedzately by the foot suspenston method, and a three poiat pressure
jacket, extending from the clavicle to the pelvis applied The usual
bead suspension apparatus 1s used to completely elevate the lower ex
tremities until the pelvis clears the table by several inches The suspen
ston 15 done 1n an upward and footward direcion The center of sus-
penston 18 placed about 12 nches distal to the foot, aad the knees are
flexed to an angle of 45 degrees rather than 90 degrees thus obtarming
borzontal traction as well as hyperextension Minimum pressure 1s ex
erted on the posterior arch of the involved vertebrae After sufficient
suspension has been gawned 1n those cases 1n which the knuchle remains
promunent, manspulation s made by several quick but measured down
ward thrusts at the side of the gibbus, i an effort to disengage the

IMnactton  reditre dielocmtine e mmeemomd b
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tion of annulus fibrosus with the antenor common ligament and ept
physeal plates msure restoration of arcumference and general contour

4 The Density and Resistance of the Lateral Masses The thickness
and resstance of the cortex of the accessory processes are sufficient to

{'—...::" e rare—— ””""‘"‘”""‘“”‘1

]

Fig. "8, Albere-Comper Tehle showing the patent in hyperextension (Davis posi
tion) The winch-controlled anvas hl.mmo;k, but oot the mn;:-djmln;m:
dropped fn its socket, so that there Is nothing in the way to prevent the patlen
beiag tolled over from & wheel-stretcher face downward onto the cenvas. Tbecn:;
head frame ks then dropped In place on the crank-controlled crane the canvas bol
stmached 10 it and drawn tra by the winich, and patient es solidly on the table, s
dnnrhﬂehrlepmbdngmpendeil‘{uuh{rwp&amdlawenwohbcm

2nd, with center panels, may be d I jon also shows cxse

with which flucroscope and x ray checkups an be made durng h)‘P"“"“;‘:’"

(The Albee-Comper Fraciwre Table (bookles) Comper Mg Co., Pltisfeld Masr)
oppose the fracturing force, and are likewuse strong enough to with
stand the stress of reduction

Davis does not feel that 1t 1s necessary to watch the pattent for symp-

toms or signs of tmpending paralysis or root pressure during suspenston
and does not consider roetgenograms necessary during suspenston No
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ancsthetic 15 gven, and opiates only in selected cases Those cases which
present prohibitnne complications, such as shock, cerebral jnvolvement
or multsple fractures, are extended or partally extended on a frame,
not hyperextended, or the patient 1s hept prone, with permission to
raise himself on his clbows until adequate treatment s considered
advisable.

Those cases which appear to require lamenectomy are first placed i
plaster shells with the spine 1n hyperextension Davss states that sice
hyperextension increases all diameters of the intraspinal space, hyper
extension 1s becoming recognized as a better decompressor than lam
inectomy

Technic for Fractures of Lumbar and Lower Thoracic Vertebrae

1 Furst ard treatment Patient should be rolled into the prone position
at the site of the acadent

2 An x ray should be taken as soon as advisable The Albee-Comper
Fracture Table 1s designed especally to facditate the taking of all desira
ble x ray exposures

3 A neurological examination should be made and if there 1s nenve
mvolvement careful analysis should follow (Partial paralysts was re
lieved 1n a number of cases cited by Davis )

4 In cases with no paralytic symptoms fracture should be reduced
immediately by the foot suspension method and a three pomnt pressure
jacket extending from the clavicle to the pelvis applied The usual
head suspension apparatus 1s used to completely clevate the lower ex
tremities until the pelvis clears the table by several inches The suspen
sion 1s done 10 an upward and footward direction The center of sus-
pension 1s placed about 12 inches distal to the foot and the knees are
flexed to an angle of 45 degrees rather than 90 degrees thus obtainng
borrzontal traction as well as hyperextension  Mintmum pressure 1s ex
erted on the posterior arch of the mvolved vertebrne After sufficient
suspension has been gatned in those cases i which the knuckle remains
promunent, manipulation 1s made by several quick but measured down-
ward thrusts at the side of the gibbus in an effort to disengage the
tmpaction reduce dislocation, or correct alignment
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5 On the next day a check up roentgenogram should be taken If
this shows tnsufficent reductson, remanspulation using thrust «f neces
sary should be instituted

6. Another chedh up roentgenogram should be taken

7 The patient should be hept recumbent for six wechs free to change
position, but not to sit up

8 The jacket should be shortened at this pomnt, or, if there has been
loss of wetght, the jacket should be changed Results sbould be checked
agan with x rays,

9 The patient should be allowed to be ambulatory for srx weeks The
vibrational mfluence of walking serves to induce the strengthening of
the necessary perpendicular structural trabeculations

10 The jacket should be removed, and careful detatled Bucky x rays
tahen The patient should be wamed agamst lifting heavy weights m
the stooped position and should be grven exerases to develop the ab-
dominal muscles.

Dunlop Methed In this method the principle of traction and hyper
extenston 1s also employed 1n compressed and impacted fractures The
molding of the fragments mto position 1s accomplished by the com-
pression of the surrounding ligaments and muscles when put on ten-
sion Dunlop stresses early attempts at reduction, and advises the use
of oblique roentgenograms more frequently Perfect restoration of the
normal height of the vertebral body 1s possible, except in those cases
where comminution 15 present the expanding force of the intervertebral
disc has injured the upper or lower plate of the body or the antertor
sptnous ligament has been torn so as to loosen 1ts grasp on the fragment
Reduction of the compressed and impacted fractures high m the dorsal
regon above the seventh or eghth vertebra are sery difficult and some
times impossible to reduce

Technic for Compressed and Impacted Fractures

1 Patient should be placed on an ordinary flat top table and his
entire trunk enclosed 1n 2 snugly fitting stockinette, mside of which
have been placed lengths of muslm bandages to be used later as leaders
for gauze scratchers

2 Ancsthesia should be grien preferably avertin and gas
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3 An assistant should balance the legs while another balances each
arm

4 The body 1s then carefully brought to the desteed amount of
hyperextenston Dunlop accomplishes this i three ways, by grasping
the body, around and under, with the arm, by using a sling and block

Fig. 79-A. Case 3 Roentgenogram

Fig. 7%B. Cme 3. Correction ob-

oa admision, showing fracture-dis- tained by traction-extension. The dis-
locztion of the cleventh and twelfth location hay not been reduced
thotnac vertebrae

pos-
terlor replacement of the eleventh
thoracic vertebra kas not

(W A.Regers: Jesr Bome and [oint Surg )

and tackle (the easiest way) or by passing a folded sheet beneath the
body and tying it over the operator s shoulder Very little force 15 re
quired in the average case, and the operator can easily gauge the amount
being 2pplied

5 Following sufficient hyperextension, the patient 1s placed on the
padded Goldthwart frame care being taken to mamntamn the hyperex

tenston. Previous to the mamipulation the irons of the Goldthwart
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frame are bent, so as to bring the height of the curve Just at the level
of fracture The spine 1s automatically molded mto 1ts cocrect align-
ment when the patient settles on the frame

6 Lateral x rays should then be made to determine the exact post
tion of the fragments If the correctron 15 not satisfactory the hyper
extension 1s agun applied Seldom s it necessary to make more than
two or three attempts (The Albee-Comper Fracture Table designed since,
Dunlop s work 1s of westimable value o carrying out all the details of his
technuc, and 1s particularly valuable for the taling of x rays in any plane )

Fig. 80 Diagram showiog the effect of extemion fn fracture-divlocation when the
posterior arucular processes do not engage normally If the processes do pot lock
to prevent furtber extension, cord or root infury may result from the oancuver
by eocroachment of laming and processes on the ncucal cansl (07 A Regers
Josr Bowe and Josn: Surg )

7 When the position 1s considered satisfactory a plaster jachet 1
applied with the patient still on the Goldthw st frame The cast should
extend from the nedh to the pelvis.

8 The cast 1s trunmed after 1t has completely set, and the steel bars
are removed A window over the epigastrum 1s considered advisable

9 The patient 15 hept 1n bed—not even allowed to turn fully on his
side and never on tus face. He 1s hept 1n this position for from 14 to
16 weeks At the end of this time full activity 1s alloned or 2 Taylor
brace 1s worn for a few months.

Technic for Fracture of the Vertebrae with Lateral Displacement
When the alignment of the spmnal column and the articulations between
the adjacent sertebrae are completely destroyed, the problem of care
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18 very different from when thete 18 a simple compression Paralysts 1s
present, and sts degree depends upon the amount of damage done to
the cord and spinal nerves Regardless of the degree of paralysis the
patient should be grven the benefit of every doubt and an attempt should
be made to realign the fragments Dunlop advises that they be treated
as follows

¢

Fig. 81 One of the methods of producing hyperextension. Th pauent is placed
on the Goldthwait frame. He 1 balanced by ooe assistant who holds the legs,
1mnd by two others who halance the shoulders by means of a folded sheer pansing
to the opposite axilia, A folded sheet is passed under the body at the level of the
fracture and 13 tied over tho shoulders of the operator who then lifts the apin
mto the amount of hyperextension necessary to pull out the Impaction of the
vertebrac  When this Is accomplished, the padent Is lowered to the bars of the
frame and an x ray film is made to note the success of the maneuver and of the
moulding of the spine on the frame. If the result is satlsfactory the plaster cast
l;wd)en applied without further moving the padent. (From American Jowrnel of
g1y )

1 The Goldthwait frame should be prepared, with special attention
to the curves of the bars—or the Albee-Comper Fracture Table as the
surgeon prefers may be used.

2 The patient should be Iifted very carefully onto the frame or table,
and during the process as much traction should be applied on the arms
and legs as possible

3 Strong traction on the legs and arms should be continued by as
sistance or by the use of folded sheets under the axillae The body 15
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slowly Lifted into hyperextension several times to bring the fragments
mto alignment.

4 Roentgenograms—anteror, posterior and lateral views—should
then be taken If the realtgnment 1s not satisfactory, a molding process
may be continued several times until suffictent reduction has been effected
to relieve pressure.

Fig. 82. Another method of producing hyperextensson, devised by De. John Wiight
of Pasadena, Calif. It is essier on the operstor in controlling the amount of
hypertemion. In other respects it s exactly the same as the method indicated
in Figure 84. (From American Josrmel of Surgery )

5 A plaster cast 1s then applied while the patient s still on the
frame (or table)—just as 1n compressed fractures

6 When the cast 1s set the patient 15 removed from the frame (or
table) The cast should be sufficiently firm before the bars are removed
The bars may be left in for a few hours without harm

7 Every case with paralysis should have the advantage of reduction
Special care of the paralytic patient 1s very important ‘The deformuty
should be reduced as soon as possible, and the cast applied properly
and well padded If the paralysis 1s complete, the cast should be split
into anterior and posterior shells Every cffort should be made to avod
pressure and the limbs should be Lept 1n neutral position The patient



Fig. 83 Upper Cotrect position for postunl redaction. Aliddle Incorrect posi-
tloer. The lower able extends beyood the grolns sad prevens the pelvis from
Ultng forward. The lombar spine Is incompletely extended. Lewer Incarrect
Posluon. The patien is roo close (o the upper tble, The thoracic spine Is lacom-
Dlctely extended and the facket cannot be carried high enough. Displacenrent will

17

recut (Frem Joursal of Bone and Joint Sorpery }
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should be turned frequently, and all skin areas should receive rmmacy-
late care Paralytic bladders become infected very easily, and catheten
zations must be carefully done The bowels should be cleansed daily
by enemas

Warson Jones Postural Reduction Method The unsupported trunk
finds 1ts own Limit of hyperextension. Reduction depends on the ten-

Fig. 84 Incorrectly applied plascer Fig. 85 Correctly applied plaster cast
ast It Is cut too high at the groim extending from the groins sod the
and oo low over the chest. Displace- sympinysis pubis to the clvicle The
ment of the fracture will recur lumber spine cannot be flexed. (From

Jonrnal of Dege and [ernt Sxrgers)

ston of the anterior longitudinal Iigament. It s not enough that the
spine be extended, 1t must be hyperextended to 1ts normal limit to pro-
duce suficent tension on the anterior longttudinal ligament to com
plete and mantain reduction Only f this lumit ss reached and man
tamed 1s 1t impossible for the vertebral body to collapse whether or
not the patient 1s ambulatory

The nonmal mnge of extension movement varies in every patient
The Ligament may be taut at 20 degrees n the short thick type but
60 degrees of hypesextenston may be required to reach the limit n an
other Controlled or fixed degrees of extension by slings or curved
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surfaces arc smperfect The trunk should be entirely unsupported so
that 1t sags mto space to the hmit of the patient s extension movement

The paticnt 1s placed prone between two tables—the trunh unsup-
ported the pelvis tilted fornard, and the spine sagging to 1ts limut of
hyperextension A general anesthetic 1s not advised unless the case 1s
of long standing and then the Davis method of reduction 1s consid
ered more convenient High thoracic fractures are very difficult to re-
duce regardless of the technic employed Tor this fracture the pump-up
Lidney bar on an operating table 1s used to produce pressure under the
kyphosts

The plaster cast must be carcfully applied and should remarn on for
from four to six months. The cast often becomes loose, and 10 many
cases should be changed with the spine in hyperextension, after from
four to eight weehs followng the oniginal reductron Often an excel
lent pamary treatment has been wasted, because the jacket has been
removed too soon Crushed vertebral body fractures are slow 1n con
solidating and 1t 15 unsafe to allow flexion movement 1n less than four
months The comminuted fracture 1s very slow m umting and in such
cases the jacket should be retained for six months It 1s a mustake to
use 2 posterior spinal support at any stage of the treatment, as thus
cannot prevent collapsc of an unsoundly consolidated fracture, and gives
a false sense of secunity to both surgeon and patient

Bone Graft Fusion for Fractures of the Spie
Without Cord Involvement

Fractures of the upper cervical spine very frequently require fusion
to prevent damage or mcreasing damage to the cord and all fractures
of the cervical spine which tend to recur during the wearing of or fol
lowing the removal of the support should be fused Many authorities
agree that all fractures of the odontord should be fused, even though
demonstratsble vertebral myury 1s not present. Patients complatnung of
latent pain regardless of the region ivolved should recerve the benefit
of fusion, as this 1s the only mesas of relief

Bone graft fusion 1s often ndicated as primary treatment 1n selected
cases of fractures 1n the dorsal and lumbar regrons without evidence

'
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of cord damage Considerable ime and discomfort s often saved, and
the possibility of latent pam 1s greatly decreased by such fusion In
cases where the patient must earn hss livelihood by hard manual labor
the authors believe the advantages of early spinal fusion should be ex
plamned, and the decision for or against the operation left to the patient.

Todlustrate Thesentor author was called to see the patient of 2 young
orthopedic surgeon The patient, a polo player who had recently fallen
from his horse, was suffering from a severc compression fracture of
the dorsal region The young surgeon had recommended spimal fusion
as the pnimary treatment of chowce but a consultant, called 1n on the
case did not agree. The sentor author, after reviewing the case carefully,
recommended to the patient the following two courses of choice 1 Treat
ment by the conservative method of hyperextension. 2 Immeduate spinal
fuston If the conservative method were chosen, the sensor author pointed
out the fact that 1t would probably require six months of 1mmob:lization
in plaster before 1t would be safe to remove the support following
the removal a considerable petiod would have to be devoted to physical
therapy to strengthen the atrophied spinal muscles also the patient
mught develop constderable Jatent pan which would necessitate a spinal
fuston later If immediate spmal fusion were decided upon, he would
not necessarily be required to wear any form of support, and withm
three months he should be able to nde his horse agamn, and within a
few more months play polo agan The patient chose mmediate
spwnal fusion with a perfect result.

Several salient factors should be considered 1n recommending spinal
fusion for fracture of the spme

1 Adequate x rays should be taken to determine the exact extent of
damage to the column Lateral x rays should always be tahen and oblique
roentgenograms are often necessary

2 Fuston 1s not usually advisable 1n elderly patients as an early re
corery 1s not expected but the danger of pneumonia must be consid
ered dunng the long mmmobilzation The patient should be told of the
possibilities of the operation

3 Younger patients not domng hard labor do not usually requure fusion
but they should also be told of the aperation and allow.ed to make therr
own decision
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4 The operation may be advisable i many young pattents who must
continue to carn their Inelibood by hard manual labor, as they are re
turned to their occupation much sooner, and the possibility of latent
pain 1s decreased diminished or rendered neghigible

5 ‘The bone graft must be considered a possibility i all cases which
have been treated by the usual consenative methods and continue to
have patn and symptoms after from three to six months and especially
for those cases which have pain, even though they are wearing a brace

6 Bone graft fusion must be considered 1n all cases of fracture of
the upper cervical spine without cord damage, cspecially in fractures
of the odontotd where non union 1s so apt to occur and those which
tend to recur, esther during or following the removal of support

7 Spinal fusion 1s the means of relief for all cases of fractures of
the spine which complasn of latent pain, regardless of the region involved

Fracture Dislocations of the Lumbar Dorsal Spine With Cord
or Canda Lquna Intoltement

Reduction of svertebral dislocation may be very difficult and should
not be attempted until a complete study of the case has been made,
both clinically and roentgenically However valuable time should not
be lost before attempts at removal of the cord pressure 15 undertahen
by the procedure of choice

Complete clinical determmation of the extent of cord damage 15 1m
possible m most instances espeaially during the early steges Paraplegia,
due to loss of conductrvity from compression traction or contusion,
with the nerve cells or fibers intact may present the same picture as in
an 1njury producing complete loss of continuty Repeated clinical and
radiographic examunations will often be of value m the determination
of the probabulities of the extent of cord damage but may not give a
positrve diagnosts

Early examunation often reveals & flacaid paralysis with complete loss
of both skin and deep sensation, and often an area of hyperesthesia at
the actual level of the cord imyury There may also be a complete absence
of superfial and deep reflexes with incontinence of urine and feces
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kxammnation of the cerchrospinal flud may be of value, but a nega
trve response to the flud pressure test after jugular vein compression
(Queckenstedt s test) does not exclude the possibility of marhed dis-
placement at the ime of 1njury The presence of blood 1n the fluid may
indicate a severe intraspinal injury

Radiographic examination taken m three planes, whenever the con
dition of the patient permits, may make 1t possible to determune whether
transection of the cord 1s likely, although the posttion of the vertebrae
at the tume of examunation 1n all probability 1s entrrely different from
that assumed at the scene of the acadent Because of improper handhing
many cases have suffered irreparable damage to the cord before reach
wng the hospital Others may be reduced simply by placing them upon
a flat table

Fracture-dislocation of the vertebrac 1s the injury most commonly
assoctated with paraplegia. In the upper thoraac spine, the cord prac
tically fills the neural canal and 1s held almost stationary by the nene
roots and ligamentum denticulatum Therefore, the slightest forward
displacement of the upper segment will compress the cord, producing
irreparable damage In the lower half of the dorsal regron, the danger
of cord damage s slightly less Displacement of the fragments mn the
lumbar region 1s possible to a great extent without causing permanent
cord damage This 1s due to the large caliber of the Jumen of the canal
and the relatrve mobibity of the nerves of the canda equina The perves
of the cauda equina are capable of regeneration and when fractures
below the first lumbar are reduced promptly 2 large percentage may
expect recovery

Wedge compression fractures and comminuted fractures of the body
do not often produce extenstve cord damage. However when they are
incompletely reduced, delayed paraplegia and pain from root pres-
sure may develop because of callus formation and increased deformity

Treatment When symptoms of cord damage are present degen
eration of the cord may follow so rapidly from pressure or ischemea
that treatment must be instituted without delay The cardinal prnciple
of early treatment 1s removal of cord pressure, but the profession con
tinues to have varying opmtons as to how this should be accomplished
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Flg. #86. Recurrent laterarticular joint subluxation. Three years aftec injury there
Is 21ill severe roxk pain (fiese Agure)  After extension of the neck and operative
fusion the symptoos were relieved (second fipure) (Trom W atsen-Jomes Fracinres
and Other Bowc and Jeint Infuries W rlliams & Wilkims Co  Baltimere )

Flg. 87 Recurrent interarncular joint sublixation after operative fuslon with
tbial bone graft, showing the range of movement which is possible (same case

a1 Fig. 39) (From Watsen-Jonss Fraciures and Otber Bone and Jolut Infuries
Willlam & Wilkins Co., Baltimeore ) !
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Fracture-dislocation of the bodies of the vertebrae are often comph
cated by fractures of the accessory processes The articular processes
may be loched and any attempt at hyperextension will necessarily n
crease the damage to the cord Rogers has shown that injury to the cord
1s possible during reduction even though there was no evidence of

-

= Y |

Fig. 88A This is a case of fracture of a cervial vertebr with bone fragment
Impingmg on the cord. Fragment not demonstrated by x rays as shown in AP and
lateral views. (Albee ce )

cord of oot pressure at the tune of mjury He suggests that when thece
1s lateral displacement no attempt should be made at extension until
the articular processes are in line

The roentgenograms may show only moderate displacement of the
sertebrae at the time of exammatton while the cord 1s completely sev
ered or the cosd may be only contused from marked displacement
Qlmcal examnation cannot gne positne evidence as to the extent of
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cord damage, and the Quechenstedt test 15 not nfallible  The authors
are of the opimion that lamincctomy should be undertahen even though
« rays may indicate scvere compresston of comminution of the column
The operation when correctly done 1s not dangerous, and such fracture
patients are not often in shock unless from other injuries An opern

~

Fig. 88-B. Same cuse as Fig. 88-A. Lateral view Fragment oot shown,

tion not only often relicves the patient of unnecessary immobilzation
and smmplifies nursing care, but prognosis can be more accurately de
termined 1n this way and if the cord 1s found to be trrevocably damaged,
the patient can be told definutely what to expect and will make the
necessary adjustments more readily

In selected cases seen late, lammnectomy 1s also indicated The patient
and the famuly are told that no result can be promised bat some 1m-
provement may be expected in rare istances The authors have had sev
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eral cases n which there has been marked return of functron after many
weehs No fatalittes from the operation have been encountered and the
famultes have been satisfied that everything possible has been done.
Open reduction has been recommended by several authors recently
for those cases with locking of the articular processes This 15 a very

hete
Fip. 88-C. Same cate ms Tigs, 88-A and 88-B Sbowing arex of lamj .
h bone fragment was removed which was Impinming upoa m

difficult and dangerous procedure, and 13 often impossible without ex
asion of one or both of the articular processes It should not be at
tempted by those not adequately equipped. ;
Rogers well states that at present open reduction 1s the safest an
most efficient method of treating those cases in which the vertebral
body 15 displaced fornard and the articular processes are not i hne.
He considers extension dangerous Open reduction employing flexcon



1 RACTURLS AND FRACTURT DISLOCATIONS OF THE SPINT 137

rotation and extension 1 the order mentioned, 1s the course of pro-
cedure Tor those cascs presenting lateral displacement of the centrum
traction and manipulatine replacement medially with or without ex
tension, 15 ndicated—as the articular processes arc often fractured and
probably will not loch A general ancsthetic should not be given, as
it 15 mportant to watch the patient for further cord damage dunng
reduction  Distocation of the upper thoracic vertebrae should be sub-
jected to immediate open reduction

Watson Jones advises his usual routine of postural reduction and
immobilization 1n a plaster cast for fractures ot the lumbar region with
paraplegia Every precaution 1s taken to prevent pressure sores and a
new cast 1s applied as soon as recovery from the nerve lesion permuts
In those cases in which carly recovery from the paraplegta 1s not ex
pected, the treatment used for dorsal injuries with complete paraplegia
15 suggested Fractures in the dorsal region may be reduced by laying
the patient face down on a firm table, with the spine extended by pil
lows and sand bags The leg suspension method of Davis may be used
if the general condition of the patient permits

Follow ing reduction a postersor plaster shell 1s made of quich setting
plaster The shell 1s well padded and the patient 1s placed in the shell
and immeduately turned on his back Agam every precaution 1s taken
to prevent bed sores and the use of sheletal traction with Braun s splints
1s advised If the paraplegta disappears within a few weeks the ordinary
cucular plaster cast 1s applied but 1f the nerve lesion remains complete
or no hope of recovery 1s expected the immobtization 1s diszontinued
after from eight to ten weeks In those cases of lumbar fracture-dislo-
cation with bilateral dislocation the lateral shifting of the spine may
lock the articular processes An open reduction with excision of one or
both of the processes 1s indicated

Lamunectomy 1s indicated in early cases, 1n those rare instances in
which the lamina or spinous process 1s driven into the neural canal
producing cord compression and symptoms In several cases the x rays
did not show this condition preoperatrvely Lamiectomy may also be
justifiable 1n cases of early cauda equina paralysis which fail to show
eacly recovery In the later stages laminectomy may be indicated for



138 SURGERY OF THE SFINAL COLUMN

the untreated communuted fracture nvolving the neural canal and pre
senting delayed paraplegia

Dunlop feels that every case with paralysis should have the advantage
of reduction, 1n the hope that permanent damage has not yet taken place
The procedure of manspulation and fixation should be planned for each
case, and every precaution should be taken to determine the cause of
the paralysts before treatment 1s undertahen

Complications The problem of after<care when there 1s paraplegi
15 of utmost importance, and the danger of complication 1§ most 1mpor
tant withm the first few weeks of ijury See page 72 for detals of
such care.

It 1s very umportant to heep up the patient s morzle, and rehabilita
tion must be started as soon as possible The continued use of braces
and supports when not essenttal prolongs the disabdity

Fractures of the Transverse Processes

Fractures of the transverse processes are quite common, and usually
result from indirect violence as 1n unusual muscle contracture Rarely
do they result from direct force The immediate pamn and local tender
ness are quite severe but it 1s often advisable not to tell the patient he
has 2 broken back because of psychological effects

The x ray tnterpretation of fractures of the transverse processes may
be difficult, due to the frequency of anomalies i this regton A com
mon error ts the interpretation of shadow at the edge of a muscle or
an accessory b or an anomaly of fusion as a fracture This 15 m
portant from a medicolegal angle, and can be differentiated by the smooth
clear-cut Iine of cleavage rounded character of the bone edges and the
sclerotic changes at the periphery of the anomalies as compared to
the jagged line of fracture, also by additional x rays with the anode
of the x ray tube differently placed

The authors contend that these fractures rarely unite due to the low
osteogentc power of vertebral bone and in only five per cent of the
cases can unton be certamn to occur although they lie in favorable sur
roundings that 15 tn vascular muscle

Damage to the soft tissues with the resulting hematoma maj be
scvere but the mnury s usually not grave However duc to the low
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osteogenests 1 this region, a circular plaster cast ts advisable for from
four to six wechs, allowng the pattent to be ambulatory after the first
three weeks On removal of the cast, physical therapy and excrases
should be nstituted

Such injunes arc of a minor nature and firm adhesive strapping re
newed at five day intersals, with rest 1 bed for one or two wecks 1s
advised When several processes are broken exercises should be started
when healing 15 well advanced—usually in two or three wecks and a
belt should be worn for from one to two months

Dunlop adviscs rest 1n bed with special instructtons to heep the legs
quiet $0 as to prevent muscle pull on the detached fragments Confine
ment 1n bed for from two to three weeks for single fractures, and for
from four to seven wechs for multiple fractures 1s considered necessary

Fractures of the Spinous Processes of the
Lumbar Dorsal Region

Fractures of the spmous processes may be the result of direct or
direct violence, and are often associated with more severe damage to
the vertcbral column When there 1s a complete fracture at the base
they do not unite i many mstances duc to the low osteogenesss of verte
bral bone and 1t 15 for this reason that the sentor author has always advo-

cated the fracturing of only ene-half of the process, when inlaying a graft
for spmnal fuston

Fractures of the Articular Processes

Fractures of the articular processes are not nnusual but therr detec
tion 1s often dificult Mensor has shown by the use of oblique x rays
that many such fractures may be demonstrated and that farlure to rec
ognize them may be the cause of persistent low back pains

Articular process fractures may occur alone or may be assocrated with
more severe vertebral damage Suspicion of such a fracture should be
aroused when there has been a flexion or extension 1njury accompanted
by torsion of the spine

Spies found from an extensive survey that fractures of the artrcular
processes rarely unite, and this 1s confirmatory of Willss contentton that
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Fig. 89-A. Tonion m,

followed by fracture of the inferior articular facet of &

Iumbar vertehra. (From ], of Bowe & Jaiut Surg., } ol 19 1937}
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Hg. 89-B. Disgram of x ry preceding to show the Irregularity of the fracture,
to show the rota b md
P e Sx::n; sod displacement of the caudal fragments. (From Jonrnal of
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vertebral bone has a low power of osteogenesis. Malunsons are very
difficult to diagnose 1o this region—and often mpossible to diagnose
due to the resemblance to anomalses but when persistent patn fails to
respond to conservative treatment spinal fusion may be necessary

Suspicion should be durected toward the articular facets and attempts
made to determune the complete extent of damage by oblique roentgeno-
grams Longitudinal splitting fractures are seen especually 1n the lum
bar region and the tearing of the ligaments may be extensive

When the fracture 1s uncomplicated rest 1n bed for three or four
weeks 15 usually sufficient Suturing of the lacerated ligaments s not
often necessary If there 1s evidence of moderate dislocation or frac
ture of the articular facets hyperextension with the application of 2
arcular plaster cast 1s required Physical therapy should be mstituted
immediately upon the removal of the cast

Fractures of the Sacrum

Fractures of the sacrum are usually the result of direct violence Nene
root damage 1s rare, because the apertures are much larger than the
nerve roots The entrre spine should be examined for fractures elsewhere,
commonly due to ndtrect violence

Rest 1n bed with partial tmmobslzation 1s usually sufficent for munor
mjurses Traction and the strapping of the lower back with adhesive,
may be necessary For the more severe fractures a double spica cast ex
tending from the crest of the thum to the knee may be necessary for
from six to eight weeks Open operation ts rarely necessary

Fractures of the Coccyr

These are the result of direct violence and are often accompanied by
severe disability Early treatment sl.ould include rest 1n bed and exter
nal heat Manspulation of the fragments sto position followed by rest
n bed 15 often of value Excision of the fragments may be necessary
i late cases However uniformly good resuits are rare from operative
procedures Phystcal therapy wcluding massage by drotherapy hot sitz
baths gentle mantpulations and mstruction m correct sittng posture
will often gre relief
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Gunshot and Stab Wounds of the Sprue

The subject of gunshot and stab wounds of the spine 1s a very general
one and shall be dealt with accordingly Two factors are of prime 1m
portance 1n consideratton of such wounds 1 Has the spmal canal been
opened?® 2 1f 5o 1s there mjun to the contents of the spinal canal?

y ——— -~

Flg. 50-A. \ rays of lumbosacral region of the spine showing bullet in the
srachnoid space In this ipstance the lumbar and sacral plexuses were partially
permanently damaped, resulting in partal paralysis of the weipht-bearmg abductor
muscles ar both hips, No relicf from removal of the bullet. Locomonon much
mproved h P

by booe-geaft lenpthening of inesiol hip levers upon which
these anudes function. (Albee case )

In those cases 1n which the sptnal canal 1s opened without injury to its
contents there 1s always the danger of hemorthage and menmgitis How
€ver in the majority of cases, the cord 1s damaged to some extent Added
to this, vertebral fractures from a bullet wound are compound and are

;';CO""P‘“lﬁd by all the attendant dangers of nfection from such 2 wound
'~ 1 bl e PO " I . PO
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15 often severe concussion and shoch. In many mstances, a large 1exsel
15 torn with fatal hemorrhage From a medicolegal standpount, st 15 well
to note the size of the bullet its pomnts of entrance and exst, and the
presence or absence of powder maths.

Treatment Most mititary surgeons are of the opinion that 15 best o
leave a bullet wound alone, merely panting 1t and 1ts surroundng skin

Fig. %0-B. Same aase a5 Flig. 50-A.

with rodine and applying a sterle dressng No attempt 15 made to exteact
the bulfet if the cord 13 not m danger and there are no symptoms. In mast
of these cases where there 13 no urgent necessity, 1t 15 probably better to
defer operation Howeses x rays should be taken i every case and if
the x ra}s reveal the presence of bone sphinters and there are attendant
symptoms of cord compression, operation should be performed Tt should
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Fig. 91 A. X-rays showing bullet between fourth and fifth lembar vertebexe. In
place 14 years. Shows almost complete fusion between the two vertebrae with no
cord damage (Albes case )
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always be realized that the x rays are not as dependable tn such cases as
1n ordinary fractures of the column because fragments of largely cancel
lous (low density) bone may be carried mto the canal and may not be
shown. Therefore 1n those cases where the cord may be destroyed 1t 15

Fig. 91 B. Same case as Fig. 91 A,

best to perform a laminectomy to remove the bullet and bone splhinters.
The prognosts 1n these cases depends directly upon the extent of damage
to the cord and the incidence of infection Inall these cases st 15 also of the
utmost importance to give maximum prophylactic doses of tetanus antt

toxin.

Stab Wounds

Stab wounds penctrating the spine are rare, but 1t occasionally happens
that a sharp mstrument fractures a portion of a vertebra even entering the
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te the perforation of the dare oa the

astensor aspect of the cord between the roots in the center of the lesloa.

ond Celic )

Fig. 92 Bﬂnmnlmhmoldrcﬂn&w:zdubytplmoflhnpncl Petimdicuiar
No

hematome  destroctive lenon of the

(Liry
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always be realized that the x rays are not as dependsble 1 such cases as
1n ordinary fractures of the column because fragments of largely cancel
lous (low denstty) bone may be carried into the canal and may not be
shown Therefore, m those cases where the cord may be destroyed, 1t 15

Fig. 91 B. Same case a3 Fig. 91 A,

best to perform a lamumectomy to remove the bullet and bone sphinters.
The prognosis in these cases depends directly upon the extent of damage
to the cord and the ncidence of infection. In all these cases it isalso of the
utmost importance to give maximum prophylactic doses of tetanus antt
toxin

Stab Wonnds

Stab wounds penetrating the spine are rare but it occasionally happens
that a sharp instrument fractures a portion of a vertebra, cven eatering the



147

TRACTURFS AND FRACTURT DISLOCATIONS OF THEL SPINE

Flg. 92. Bilatera! secuon of the cauda equinz by a plece of shrapoel. Periradicular
hemaome  desuructive lesion of the cord. Nate the perfocation of the dum o the
anterior aspect of the cord between the roots in the center of the leasfon. (Léry

and Cotse )
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canal and severing the cord Each case from the operative standpotnt
presents 1ts indrvidusl problem. For this reason an x ray exammation 1
of prime tmportance Lumbar puncturing 1s also of value 1n revealing the
presence or absence of blood 1n the spinal fluid There have been a few
cases of osteomyelitis resulting from bullet or stab wounds reported tn
the literature
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CHAPTEP VI

Tuberculosis of the Spine

Enology

Tuberculosss of the spine (Pott s disease or spondylitis tuberculosa)
was first accurately described by Percrval Pott in 1779~hence the name
Pott’s disease 1t was not, however until 1882 after Robert Koch had
made his discovery of the tubercule bacillus, that 1ts etiology was definttely
determined. At present the term includes only those cases of kyphosis
where the deformity 1s due to a tuberculous infection of the bodies of the
vertebrae, and does not indude angular deformuty due to other diseases

Age and Sex Tuberculosts of the spine 1s essentially a disease of early
chiddhood, and occurs most frequently between the ages of 5 and 10 It 1s
slightly commoner in boys than 1n girls, although sex is of Little 1n
portance as an etiologtcal factor

Predispositson The spine 1s more often the seat of tuberculous dis-
case than any other single bone or jomnt

Heredity Statistrcs vary considerably on thus point, and can be only
estimated, although there 1s undoubtedly some hereditary tendenqy or
predisposttion.

Injury In & certain number of cases, there is 2 hustory of #a injury or
trauma, although too often this history 13 more magmary than real, for
the mnjury quite often would never have been noticed of 1t had not been
for the sensttiveness from tuberculous disease already exsting i the spine

Pathology

The tubercle baallus carrted by the blood stream finds lodgment
2nd sets up the tuberculous process practically always mn the cancellous
trssuc of the body of the vertebra Occastonally however the tuberculous
process begins mn one or more of the component parts of a vertebra The
darsal region of the spine s the part most frequently affected and the

130



151

TUBLRCULOSIS OF THT SPINT

Flg. 93. Destruction of the bodies of Fig. 94. The deformity corrected
the third, fourth, fifth, sixth, snod showiog the ares of the destructive
seventh dorsal vertcbrae partial de- process. (Aleward )

structlon of three others. (Alenard )
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eighth to the twelfth dorsal vertebrae are those most often mvolved m
the tuberculous process, of which there are four chuef hinds

1 Central Vartety ln thus type, by far the commonest, the tubercu
lous process 15 1n the body of the vertebra,

Fig. 95 Tuberculosls of the spise and of the rght bip, of unumal charactes
Flir;imddurmhyo(thchlpmduwlumwlatdo‘hufmchwmhyd;:
tbelldnomtbtdmedmmduwubmgbrhwﬁma::muwhhth-in:ﬁ_‘
kyphasis of the lower docsl spine froa the polnt indicated by the arrow

to the tip of the kyphos.

2 Epepbyseal Variety The mfection m this vanety begins m the
epiphysis of the body close to the imtervertebral disc, and from there
spreads into the disc, or mto the body of the vertebra
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3 Anterwor or Peripheral Varsety In thus variety the pnmary focus 15
located n the anterior part of the body beneath the anterior common
ligament

4 Appendageal Variety Thus type 1s quite rare, although occastonally
the appendages ate the seat of the mvolvement, and this 1s especually true
of the transverse processes

Structural Changes The essental pathological process 15 much althe
in all vancties The central variety being the form most frequently met
1t will be described as the typical picture.

As 2 resylt of obliterating endartentis consequent upon tuberculous
toxemuz the primary change 1s a disturbance of nutrition of the vertebral
body The marrow changes from red to a pale myxomatous structure
providing an 1deal soil for the grow th of the tuberculous follicles These
follicles ncrease 1n size coalesce, and central caseation occurs The gray
myxomatous marrow of early malnutrition takes on 2 different aspect—
the central yellow caseous area 15 surrounded by a gray zone Limuted by 1
thm penipheral shell of red congested marrow ‘The lamellac become
recefied, and varying degrees of absorption occur 1f they become 1solated
before absorption 15 completed they form sequestrae A strhing phe-
acmenon during the elaboration of the tubesculous focus 1s the constant
tendency of the masrow to become fibrous Subperiosteal new bone 15
practically never laid down except i the later stages of the disease.
Tuberculos:s seems to mhibtt new bone formation, n contrast with the
formation of subperiosteal new bone 1n all other infections. When the
centrum of the vertebral body becames caseous, the superimposed weight
of the spimal columa 1s borne by the fragile peripheral shell of compact
bone With the fulcrum (the articular processes) and the long arm of
the lever (the laminae pedicles and transverse processes) imtact, and the
short arm (the body) diseased, the latter grves way and descends, while
the long intact arm ascends causing the tips of the spious processes to
be separated widely and produang the angular deformity common to
this defect a5 2 kyphosis The leverage action 1s arded and the deformty

tncreased by overaction of the wrntated anterior muscles lying on each
stde of the spine
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Accompanying Changes Although the kyphosts 18 the essential de-

formuty there are compensatory curvatures and lateral deviations of the

vestebral column which also occur and quite often mechanical changes

L}

e .

g

3 ,: . *'A*t\
Fig. 9%6. R of the dorsolumbar spine showing the bodles of the

vertebrae B end € completely obliterated and one directly above and below thloned
and wedge shaped due to the tuberculous process. The roulting kypbotre angie
of the spine thus produced should be noted. The principal feature however of iy
roeatgenogram Is that no repais by bone proliferation 13 sbown, altbough the
destructve lesion 10 this case bad cxsted for not fess thaa three years, The need
of the impl jon of boee Is

in the thorax and pelvis as well as frequent abnormalities of the heart
and great vessels

Kjypboss The character and the amount of the kypbosis depend upon
two factors—the number of discased vertebrae and the location of the
disease If only a single vertebra ts tnvolved the angulanty 1s sharp and
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the deformuty shight If, on the other hand, several vertebrac arc diseased,
the dorsal prominence 1s rounded and the deformity greater The char
acter and degree of the kyphosis 1n the different regrons of the spine arc
as follows

Figs. 97 A a5d 97 B. A very acute case of tuberculosls of lumbar spine—three
months after boac graft was Inserted. The excellent spinal function is shown by
first figure which illusermres static posture and second figure, flexdon posture
(Frem Albse Boue Graft Surgery in Disesse Ininry and Deformity D Appleton-
Cenixry Company New York )

1 In the Cervical Region Slight deformuty The roots of the pedicles
prevent inflexion of the spine Hyperextension however 1s possible be
cause of the constderable space between the postersor arches

2 In the Dorsal Region Here the greatest deformuties of all occur
The reasons for this are that the physiological curve 1s postertor and the
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location of the pedicles in the posterior surface of the vertebrae gad the
close approximatton of the lamnae and spunous processes prevent hyper
extenston

3 Inthe Lumbar Region The deformuty of kyphosis 1 this regson 1s
scldom marked as the large intervertebral spaces between the bodes, and

Fig. 97-C X mys Results 33 yesrs after  Patlent has not had spinal symptoms
fm&themilmu.mdamefurm—axmlmdmtadewmluewhnhuhmd
be safe for bim o go Into milimry service. I was. The graft in the abave {lasers
woa Is extremely weil

the wide intervals between the laminae and spines of the adjacent verte-

brae readily permit of hyperextension. There 1s usually some vertical

shortening of the spine,

Compensatory Carves 1 In Cervical Disease The compensatory
curve i this region s a backward curve with alteration in the axus of the
skull
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2 In Dorsal Discase The compensatory curve here 15 a cervical and
lumbar lordosis

3 InLower Lumbar Discase There 1s 2 compensatory hy perextension
of the hips m this type Lateral curvature—most often resembling a
simple non tuberculous scolrosis—also occurs at times and 1s occasionally
found complicating kyphosis This ts caused by two factors—untilateral
disease of the vertebral bodies, and when 1n the collapse of the discased
vertebrae the upper do not fall true upon the underlymng vertebrae.

Changes m the Thorax Here, too there are three vasieties of deform
ity depending upon the location of the disease and the kyphosts

1 Where the curve 1s high up m the dorsal region the true ribs are
held at 2 greater angle than normally thus displacing the sternum down
ward, and diminishing the anterior posterior diameter of the thorax

2 When the disease 15 low down in the dorsal region the chest 15
barrel shaped and 15 held n the position of inspiration, with the sternum
and the ribs raised and the antersor postertor diameter of the chest
lengthened Patients with this type of disease are most often short of
breath because their breathing 1s draphragmatic

3 When there 15 involvement in the lumbar regton, the whole thorax
tends to sink forward and downward the ensiform cartidage approxt
mates the symphysis pubts and the lower ribs may override the pelvis

Abnormalitses of the Peltis Due to the angulation of kyphoss n the

lumbodorsal and lumbosacral regions, the following compensatory pelvic
deformities occur

1 In Lumbodorsal Disease There 1s a rotation of the sacrum—its
upper half backwards sts lower half forwards There 1s also & flaring of
the thac crests and an ncrease n the anteroposterior and transverse
diameters of the pelvic mlet with the dumtaution of the pelvic outlet by
the encroachment of the lower half of the sacrum causing the pelvic
cavity to become funnel shaped

2 In Lumbosacral Disease There 15 a rotation of the sacrum on its
transverse axis and the pelvic outlet 15 dunsushed because of the en
croachment on 1ts cavity by the lower half of the sacrum Thus the normal
obliquity of the pelvis 1s greatly diminushed i some cases and there 15 &
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marked decrease in the normally acute posterior lumbosacral angle, which
places the long axis of the lumbar spine and the sacum more nearly 1n
the same vertical plane

Abnormalities of the Heart and Greai Vessels In tuberculous dissase
of the mid-dorsal regton, the heart 13 quite often affected. Usually hyper
trophy occurs as a result of the sinlung of the aorta with the consequent
constriction Ultimate dilatation of the left ventricle follows

Fig. 98. Tuberculmis of the spine showing the progressive diuntegration and
collapse of the vertebrul bady primarily affected, the infection of the coatiguous
vertebrae by coatact, and the mode of production and growth of a prevertebral
1chor pocket (cold abscers) (Afier Cabot )

Effecis on the Spinal Cord Even m cases where there may be a great
angular and kyphotic deformuty pressure symptoms on the spmal cord
are most rare If compression paraplegta does occur 1t will be found most
often to be due to packy mentngitis or the encroachment of tubercular
granulations, an ichor pocket or to partsal dislocation of the vertebrae,
or the pressure of a sequestrum

Abscess Formatson or Ichor Pockets A rchor packet (cold abscess) 15
the commonest complication of Pott s disease It occurs 1n approximately
20 per cent of the cases The term schor packet was first suggested by Dr
Achilles Rose of New York, and was first used by Dr H L. Taylor Jtss
used to designate fluid debus, An chor pocket or tuberculous abscess 15
formed by the perforation of the mvesting shell of bone or by the dis-
semunation following collapse of the vertebral bodtes The course which
an schos pochet or sbscess will follow 15 determuned by the planes of
fascia and other anatomical structures n 1ts vicamty as



!
99-A. Tuberculosls of sccond cervical vertebra, (Dr Reginald H Sayre.)
ﬁfmd distortion and c’x[reme corticollis. (From Albee Oribepardic and Recon
struction Swrgery W B. Sawmders Co., Philadeipbla.)

Fig. 99-B. Atntude of hesd In cervical Potts Discase. (Bradford and Locett )
(Erom Albse Ortbapecdic amd Reconstenction Surgery W B Samwders Co.,
Philadelpbia.)
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1 In the Cervical Regron An schor pocket or abscess n this region 15
directed entirely by the disposition and arrangement of the deep cervical
fasciz, and may appear s follows

(#) Tt may collect between the anterior surface of the cervical verte-
brae and the prevertebral fascix. It may bulge forward as 2 retropharyn-
geal ichor pocket. Or 1t may spread laterally to the posterior edge of the
sternomastord muscle.

Fig. 100. Cervical dusesse, A cunaerste atdnde (W hmen.)

(5) 1t may penetrate the prevertebral fascia and may appear in the
mouth or around the esophagus and the trachea It most frequently how
ever gravitates downward to the medrastnum or wallae

(¢) It may he between the spines and the ligamentum nuchae on the
wnnes side, and the postertor cervical muscles on the outer side.

2. Inthe Dorsal Region In this region the abscess 1s usually small and
found in various locations

(a) It may reman betw een the vertebral body and the anterror com-
mon ligament or it may follow the same course as was grven for pockets



TUBLRCULOSIS OF THE SPINE

Fig. 101 Pscas abscess. (Bradferd & Lecets )

Fig. 102. Lumbar abscess, (Biadford & Lerett )

161
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of the cervical region. This 1s particulasly so 1 the upper four dorsal

vertebrae
(5) 1t may perforate the anterior common ligament, and invade the

posterior medigstinum

A

n| [

L 1
' T
B e S A
the spine.
(¢) It may extend laterally and come to lie beneath the pleura or
penctrate nto the pleural cavity and form a tuberculous empyema
(d) It may gravitate downward and appear 1n the lumbar regton
() It may extend backward between the transverse processes
(f) It may extend forward with the intercostal vessels |
(g) It may follow along the nerve trunks, paralleling the mternal of

external branches of the posterior primary drvisions
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3 Inthe Lumbar Regon An tchor pochet ansing in the lumbar region
1s durected prinespally, and has its focalrzing posnt as follows

(«) It may follow the sheath of the psoas muscle beneath Poupart s
ligament, and pornt at either the mner or outer side of the femoral vessels

(&) Itmay follow the sheath of the psoas muscle for a short distance,
and then extend outw ard under the sltac fascra and point as an hiac abscess
or tchor pochet

{¢) 1t may extend forward, behind the aorta and downward, follow
g the great vessels and ultimately follow along the external diac artery

Fig. 104. The three usual causes of paralysls in Potts disease, (#) Dislodgmen
nfld]ﬂntegundfrlgmm(ufvmebrdbodymdpmmndni:{mmupmtb:
coed the same effect would be produced by posterior dislocation of the esnre
veriebeal body (both causes rare) (8) The escape of an {chor pocket into the
:ph:lwdl:pu'v'tndmmpm:knoftbemrdbcmrmi:md(hencmduch (c)
P caused by joo of infectloa from the subjacent osseous lesion.

to ponts 10 the thigh or along the internal duc artery to pomts 1 the
pelvis or it may open into the rectum or tnto the great sacrosciatic
foramen.

() Jemay follow the sheath of the quadratus lumborum and potnt m
Pettt s triangle

() It mey extend along the dorsal branches of the lumbar arterses
appearing dose to the spine and the last rib

(f) Tt msy extend between the planes of the abdomunal muscles and
appear in the antersor abdominal wall

(g) 1t may extend along the nerve sheath t
(B o may e 0 & poimt some distance
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Rare Forms of Tuberculosis of the Spiue

Although tuberculous disease of the vertebral body, as discussed
above, 15 the predommatine leston other unusual tuberculous mvolve-
ments do occur, namely

1 Spondylarthrits This 15 tuberculous disease of the occrpito-atlord
and the atlo-axord articulations It begms as a synovial tuberculosis but
soon spreads to the adjacent bony structures

2 Tuberculosis of the transverse processes

3 Tuberculosts of the costal vertebral articulations

4 Tuberculosss of the spinous processes

5 Tuberculous wivolvement of the jotnts of the articular processes

Duscussion of the Physical Signs and Symptoms of
Tuberculosss of the Spine
Although the greater number of cases of tuberculosts of the spine
present no great difficulty in diagnosis there are times when all the
drgnosttc pomts vary tremendously It 1s for this reason that when the
patient first presents humself for examination, one must and should go
into the greatest detadl as to present dlness and family history This should
be followed by the most complete physical exammnation that can be grven
with a detailed x ray examyastion—mduding the taking of anteropos-
teror lateral oblique and rtereoscopic views—as the final step
‘The following 1s 1 summary, grouped by regrons of the mast frequent
sigas and spmptoms which occur and when found together with or with-
out x ray evidence are almo~ -onclustve evidence of tuberculosis of the
spine
Signs and Symptoms of Disease 1n the Cervical Regron

1 Muscle spasm with consequent difficulty in moving the head

2 Pam which may be local over the spine, or may be referred to the
back of the head and along the upper cervical nerve

3 Pan an pressing upon the vertex

4 Deformuty—quite often resembling wry nedh

s Abolttion or mutation of nodding and rotation of thehead

6. Obliteratron of the suboccipital hollow 1n some cases
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7 Supporting of the head in the hands because of great pain

8 Ichor pockets, if present of the retropharyngeal or suboccipital type

9 With cord symptoms, the usual paralysis of the arms and then of
the legs If the odontoid process becomes disintegrated, dislocation of the
head will follow—then death

Signs and Symptoms of Disease in the Cervical and
Cervicodorsal Region

1 Marked ngidity assoctated with wry nech, shortening and angular
kyphoss

2 Diminution of the anteroposterior drameter of the thorax The ribs
are held vertical

3 Pam if present, following the branches of the cervical and brachial
plexuses

4 Ichor pockets if occurring of the retropharyngeal subclavicular or
medral spinal types

5 Cord symptoms 1f present, first affecting the arms and then the legs

6 Nerve pressure symptoms

(4) Pupillary symptoms (meosis or mydriasss) from pressure on the
sympathetic nesves

(6) Recutrent pharyngeal and vagus symptoms (coughs slow cold
vomitiag etc.) !

7 Charactensstic attitude—head and body turning as one to look at an
object

8 Breathmg of 2 grunting type because of pressure on the intercostal
nerve

Signs and Symptoms of Disease 1n the Dorsal and
Dorsolumbar Region

1 Muscle spasms and the characterstic kyphos

2 Pam radiating to the outer side of the thigh

3 Neuntis affecting indrvidual groups of muscles

4 Localized vertebral thickening

Signs and Symptoms of Disease tn the Lumhosacral Region
1 Deformity usually slight rarely a spondylolisthess
2 Pelvis deformed—funnel shaped tn chuldren
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3 Vertebral thickening
4 Neuntis, if present, of local distribution
5 Pain referred to the outer side of the thigh

Dragnosts

When there 15 a marked kyphosis present, there 15 usually hittle diff
culty in dugnosing the disease However, many of the most puzzling cases
are those in which there are compression symptoms without any vertebral
deformuty A history of local and referred pains particularly tn the arms
or legs or in the anterior midline, and which are erther sternal or epigas-
tric, are highly suggesttve of the disease The phystcal exammatson usually
reveals muscular spasm—active or passrve—and an aggregation of signs
of the above kind 1s strongly indicative of Pott s disease Ichor pocket
formations may be present, and may be one of the first signs of the dis-
ease. An early spastic paralysis may be an mnutral sign of the disease. The
tuberculin test 15 of constderable value in diagnosts and lastly there 1s
the mdisputable evidence revealed 1n x ray exammation
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SURGERY OF THE SPINAL COLUMN

Treatment
The unsversally accepted theory of the treatment of general tubercy-
losis, regardless of parts affected, 1s complete rest This 1s especially true
of the osseous system It 15 axiomatic 1n orthopedic surgery that an ad

168

Fig. 105 Vlew of a dog s vertebrs Into the splnous proceys of which a porton of
his ulna bad been fngeséted by the author six moaths before, A B and € lodlare
the outlines of the graft, which has become firmly grown intd the split spinoos

E s artlculas facet, (Frem Albes Beome Grafs Surgery in Disesse Infory

process.
and Deformity D AppleienCentury Company New Y ork.)

vanced destructive tuberculous leston 1n a jount can never be said to be
cared except where ankylosis has taken place Without ankyloss, the

danger of 2 relapse 1s always present
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It was this need for a technic of ankylosis that led the sentor author 1n
1909 to undertake rescarch on the trustworthiness and permanency of the
implantation of bone mto the animal spine Having observed how nature

Fig. 106. Longitudinal sectlon through spioous

process with cross-section of
(mhdbtmlﬂxfwdlhmmths fmmllowpowe.rpbommlc'\)gno %
of 2 cified specimen. Numerous blood vessels can be seen, under

procers. From Albese Bome Graft Swr, i D,
and Defoermity D AppletonCeninry Company N{w 1 -‘1'23 isease Tnhery

1n rare nstances produced fusion and arrested disease by su
pplying new
bone, the author deduced that 1t might be possible for the I::',urgt:gon to

duplicate this method by inserting the necessary bony bridge Upon
experimentation it was found that the implantation of a part of the tibia
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of a dog nto the spinous processcs of the same antmal, 1n the absence of
violent infection, produced universal fusion

Next came the step of catrying the work to the human, 1 whom now
for over 35 years the bone graft method of fuston has proved most de-
pendable—not only 1n tuberculosis of the spine, but equally 1n alf joints
wnvolved 1n @ tuberculous process

Fig. 107 Decalafied scrtion through long axis of spioous process with croes-
.cé‘émoltbemh;nfg;lxmoududmlponimofmmlmj‘;ﬂ
bad been grafted Info splnous proceses. A careful microscopic study frive
sectivas and all ochers had falled o discose dead bone cells. Tlrm;ln:: 1 e
gm&uelnd!uxedbyabwdc(dh-mlaomeme{m) (From

Graft Sxrgery in Disease Injary and Deformity D Appleton-Century Company
Newr Yeork )
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So 1t was that surgreal smmobilization came into betng and with 1t 2
new phase mn the treatment of all tuberculosts including pulmonary
Because the osseous system 15 much more favorable for the production of
complete immobiltzation, and more trustworthy conclusions could be
drawn from the clincal observations, laboratory findings, and x rays con

5 s

A?;: B

-

Fig. 108. Photograph and roentgenograms of an ulna autogenoas graft, AB six
weeky after belng inserted Into the spinous processes of a dogs verteheae. The
roentgenogram show firm union and no osteoporosls or of the

degeneration goafe
Frem Albse Boss Grafs Sargery in Disease Injury end Deformity D Appleton-
Centwry Compony Now Yeork.)

cerung it the value of the bone graft was recognized first. But why surgs
cal methods to immobulrze pulmonary tissue were so much slower 1n being
generally adopted by the profession, 15 difficult to explan Artifical
pneumothorax which corresponds to a splint in the treatment of tuber
culous joints, as a means of producing tmmobiltzation was first sugpested
n 1822 by Dr Carson of Liverpool but 1t was not until 100 years later
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cause of the omussion of efforts to control an mapient pulmonary lesion
1n the same patient

How ever, since the profession has learned more of the care of tuber
culous patients and has applied the principle of surgical immobilization
1n the form of thoracoplasty and the bone graft, the mortality from all
forms of tuberculosts has declined from second place in 1900, with a
mortality of 201 3 per 100,000 population, to suxth place with 53 6 per
100 000 1n 1937

In planaing treatment of tubctculosis of the spme it 15 of exteeme
signuficance that anatomucally we are dealing with joints under such un
controllable mechanical influences as respiration  tnvoluntary muscle
spasm and voluntary muscle action Thus fact contributes greatly to the
spread of the tuberculous process and operates against cure It not only
makes 1t more difficult for nature to set up a protective ankylotic process
but also presents increasing difficulties to the surgeon who attempts to
bong about immobilzzation by non-operative, conservative means

The authors are convinced that the advantages from good surgery are as

great in bone and joint tuberculosts as 1 pulmonary tuberculosts and the
rationale 1s the same,

GENERAL TREATMENT

All measures which are used 1 the treatment of general tuberculosts
should be included 1n the treatment of osseous tuberculosts and espe
aally 1n tuberculosis of the spine These should include a diet of whole
some food carefully prepared hygiensc living condittons  proper clt
mate and heliotherapy

Diet In all forms of tuberculosts there 15 usually 2 continuous loss of
wcight. This can be counteracted to 2 constderable extent by a properly
planned diet Actual forced feedings are unwise in that the enforced lack
of exercise induces a derangement of the digestion with anorexia

The 1deaf diet 15 one 1 which fats and carbohydrates predomunate,
with 2 considerable quantity of albumunates included as well

If fever 18 present a flyid or semisolid diet must be given until the
temperature returns to normal

The tubercalous patient should recesve adequate quantities of milk,
cream butter eggs and fresh red meat The mik should be stertlized or
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pasteurzed unless the owner or the hospital has 1ts own herd of cows
which are constantly checked for tuberculosis and other milk borne dis-
cases Oanly 1o such instances, may pasteurnization be omitted

Cream 15 more readily assimilated 1f diluted with hot water Green
vegetables should be given 1n sufficient quantities to maintan the patient s
vitamin and mmneral supply Recent expenments have brought forth
valueble information concerning the value of vitamins and the patient
should be given the benefit of this knowledge.

The ultra modern practice of insuring vitamin content by gving atten
tion to the production of the food, 1ts muneralization, proper storage and
preparation, as well as to its planning, should be followed. It should be
realzed that contact with the air during coohing destroys the vitamins
present and therefore all vegetables should be cooked by the closed
method whereby all air 1s kept away from the food while cooking thus
reducing oxidation 1o a minimum

It has been found that patients suffering from chronic debilitating con
dittons such as tuberculosis often show a deficiency of vitamn C. Blood
and urine tests should be made frequently to determune whether or not
such a deficiency exssts In cases of defiaiency, the diet should be adjusted
to include the addtional vitamin requirement with or without the grving
of the vitamin 1n concentrated form

Cod liver o1l may also be grven 1n constderable quantities, both for 1ts
high vitamin D content and for 1ts benefiaial nutnitional properttes due to
its hugh percentage of fat.

Hygtenic Living Condstions In many cases it 1s necessary that the
patient recewve a considerable portion of his treatment at home, and
such instances specral attentzon should be pard to his surroundings Of
primary importance 1s bus need for freshar An out-of-door life night and
day and 1n all kinds of weather should be enforced Such patients espe-
cally children, develop a considerable tolerance to cold and 1t 1s remarh
able the amount of cold weather they can stand Clothing should not be
unduly heavy or 1l fitting

Proper Climate It has long been recognized that climatic conditions
play a major role 1n the treatment of tuberculosts of every type, and espe
cially n the treatment of osseous tuberculosts Even 1f a radical change of
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climate 15 not possible the benefical effects of a change of air and scenc
are alw ay s apparent, especially in the carly stages

Hehotherapy The actinic rays of the sun not only act as & powerful
germiade to bactena brought under their tnfluence, but exert a most
beneficial effect upon cases of susgscal tuberculosis Cate hawever should
be tahen to rule out any active pulmonary leston before the patient 15 ex
posed to severe sun treatment. The importance of hehotherapy 1s empha
sized by the large madence of the disease in countries such as Norway
Sweden and Denmark, as contrasted with the phenomenal recoveries in
such places as Switzerland, Californta, Arizona, and Florida, and n fact
the actual ranty of surgical tuberculosts 1n Florida.

Meteorological measurements and vestigations have shown that m
metropolitan centers such as New Yorl., Pittsburgh St. Lows and Cin
annaty, there are from two to four tons of dust per cubic mile constantly
overlaying the aty sufficrent to filter out every vestige of the actinic and
ultraviolet properties of the sun s rays

Whenever possible all cases of Potts discase should recetve helio-
therapy The body should be exposed to the actinic rays of the sun for an
increasing period each day until several hours of exposure can be
tolerated, Remarhable improvement has been noted in the general condt
tion of the patient and chronic tuberculous sinuses have been found to
granulate more rapidly when treated 1n this manner

When 1t 15 not possible for the patient to recerve sun treatments 1t 1
advisable for hun to be expased to ultraviolet srradiation by means of
cither a carbon arc or mercury quartz lamp

LOCAL TREATMENT

The profession has always attempted to secuge smmobilizatjon of the
tuberculous vertebrae by external means to the end that pature mght
repatr the lesion by substituting fibrous co tissuefor the caniaus
portions of the vertehrae Except i rare instances attempts to secure this
result by various mechanical supports have proved unsuccessful as usually
1t has been found mpossible to effectrvely mmobilize a series of short
uregular bones to which are attached muscles acting in coordination with
the involuntary muscles of respiration
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Because of the large size of the trunk and the fact that 1t includes withn
1t the respiratory and gastrotntestinal organs which are 1n constant motion
and causing continual change 1n the diameter of the thorax and the abdo-

men, ’E"'_igb,mc_ﬂd plaster of paris jackets are at a great disadvantage.
An added objection to these imperfect attempts at immobilization ts that

if a cast 15 applied to sccomplish the cure, 1t serwusly restricts the move-
ments of these organs and interferes with respiration, oxidation and
autation upon which so much depends in the treatment of any form of
tuberculosis

If a cast 1s applied to & child during the growing pertod the tendency
to produce muscle and bone atrophy by prolonged recumbency and nac
trvity 1s most unfortunate anstomucally and physiologically and 1in the
opton of the authors far outw eighs any objectton to submutting s child
to an operation of shight magnitude with such an outstanding curatrve
wnfluence. Then, too scemingly successful results from prolonged con-
servative treatments are so often followed 1n a year or so by 2 relapse.

The ate-cod results of cases m which the bone graft apesation for
Pott s disease was performed m carly childhood have heen so favorable,
and the senior author has seen so many tragic cases of unsuccessful results
from long conservative treatment where operation has been sought too
late that he stands emphatically for early operation. Recent literature
shows that more and more surgeons are inclining toward ths view

The Bradford Frame and the block are not open to all these objectrons,
but they have their own disadvantages the most smportant of which 15
the protracted inactrvity of the patient and the fact that one can never be
certuin that there will not be a relapse so long as there 15 no boriy
ankylosis.

As the body of the vertebra 1s made up almost enturely of spongy bone,
and since the tuberculous disease 1s confined largely to this cancellous
structure, 1t follows that this portion of the vertebra 1s 1nvolved to the
exclusion of the dense or vertical bone that makes up the lateral masses
and the spinous processes thus producing the increased angular deform-
1ty or kyphosts so noticeable 1n these cases

Nature tn her endeavor to protect the spine when attached by tubercu
losts resorts to immobilization of the diseased area by the only means
at her command—nvoluntary spasm of the spmnal and abdominal mus-
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cles In spite of external supports this usually increases the crushing effect
on the diseased vertebral bodies, with sncreased collapse of the spine and
an extensive kyphosts

Tt 1s  rare exception for cases of Pott s discase, treated by the conven
tional methods of externally applied fixation, to produce solid bony
union between the partially destroyed vertebral bodies And when actual
firm bony fixation 1s not accomplished, the case cannot be considered
permanently cured

Before internal smmobilization by operatne means was devised
methods designed to accomplish this were

1 _Recumben¢y This removes onc of the chief exciting factors the
superincumbent weight of the body, but must be mamtaned during
the long period of activity of the destructive process

2 The appligation of plaster jackets or braces, as a-furthes-means of

fixation, during or following months of compulsory rcuunbmﬂ on a
Bradford Frade or fracture bed
J7OfC “rame or tradue

Clingcal evidence that vertebral bone has a low degree of reparative
potentiality 15 shown by the Tollowing phenomenon When the lateral
process is broken, although the fragments may lie 1n perfect apposition,
and surrounded by vascular muscle they do not unite 1 more than five
pet cent of the cases According to the studies of Spies fractures of the
attrcular process practically never unste Secondly the progressive lysis
of tranmatized vertebrae, as evidenced 1 Kitmmell s disease, suggests
that the bodies have little recuperative osteogenetic power and the
progress of tuberculosts in the vertebral body 15 apparently not hun
dered by an adequate reparative process of an osteogenetic nature

Furthermore marked lack of reparative action 15 shown when the
vertebral bodies are 1volved 1n tuberculosis In many mstances the
authors have seen as many as e1ght ot ten vertebral bodies enturely disap-
pear without any apparent cffort on nature s part toward bone replace-
ment X rays revealed not only the complete disappearance of these
bodies but no associated bone growth or callus whatsoever
gl b of v S ot e T

ertebral bone 15 de
tved from the ectoderm 10 which tissues of higher differentiation—
1



178 SURGERY OF THE SPINAL COLUMN

such as the optic nerve, the nerves of hearing and those of the spmal
cord—all have theur origin, and are sumilarly weah 1 reparatrve ability

Although the fact that vertebral bone has a low degree of osteagenests
may operate to great surgical disadvantage i instences such as tuberay
loses, for Nature s purposes in general 1t ts much safer than if its osteo-
genests were high With a low degree of osteogenests, spmal bone when

fanctl

Fig. 110. Schematic rep fon of the supporting snd vascul
of the graft. The section shows the side of the gotter on which the half-spmey are
left intact (D) The circulstioa In the graft has linked up with thet of the
bealthy

revascolarirzauon becaose the halfspine has been fractured (at €) and has not
reanited. This fs illostrated t0 show the disadvantge of fracmrmg the second
half elther by accldent or by devign. (Frem Albes Bome Graft Swrgery iw Disease
Isjxry awd Defermity D Appleten-Century Cempany New Yerk.)

involved 1 other disease or fracture does not pour out callus which
might encroach upon the spinal cord, which 1t 15 designed to protect

Because of this madequate callus-forming capability of vertebral bone,
1t 15 clear that n order to secure immeduzte strong fusion, 1t 1s more trust
worthy to sert 2 stroag single graft from a long bone of high osteo-
geness than to depend upon local bone. Furthermore, a massive bone
graft inlard mnto the spinous processes and thewr ligaments, provides
almost immedsate immobilrzation of the affected vertebrae

I3
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Whea the sentor author first used this spinal graft he used autogenous
bone from the pattent s tibia, for the following reasons which seemed then,
and he 1s convinced still are 1 accord = ith the best biologacal pricrples

1 The tibia combrnes the greatest inherent osteogenetic potentrality
with a high degree of reparative power When mlasd mto the spinous
processes, 1t not only provides excellent internal immobalization, but
because of its own osteogenetic pow et and that of the spinous processes
fuses immediately with the spinal column

2 An extremely mportant curatrve factor 1s the md to vasculariza
tron of the tuberculous portions of the vertebrae furnished by the vascu
lar canalezation of the massive tibial graft which thus brings blood from
the healthy vertebrae on each side to those diseased

In the long bones 75 per cent of the blood supply 1s conveyed by
means of the marrow and endosteum In the case of such flat or 1rregu
larly shaped bones as the vertebrae, this relahonship may be somewhat
changed, but 1t 15 roughly 1o this proportion Therefore, the 1deal prc
cedure 15 to contact the graft generously with the cancellous nteric
of the bone of the spinous processes as well as of the rest of the vert
brae, & process which should be brought about with a mintmum ¢
disturbance 1n the arculation of the host bone.

It was with these constderations 1o mund that the author designed t
autogenous inlay graft for the treatment of Potts disease and oth
affections of the spine

In this operation the spmous processes as well as their embedde
ligaments are sphit with the scalpel and osteotome as nearly as possib
to the median raphe, and nto this cleft or gutter the massive graft
wmserted

The authors believe that the amalgamation of diseased vertebrae wil
the healthy ones on either side, influences the reparr of the disease
vertebrae in at least two ways namely increased stress with its stimuly
to metabolisma 18 thus brought to bear upon the undiseased portions ¢
the involved vertebrae with complete tmmobilization of one vertebra |
another and the bony bridge produced by the graft acts as a vasculan
g agent, bringing blood from the posterior parts of the uniavolve
vertebrae to the posterior parts of the diseased vertebrae
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Such an autogenous graft 1s put mnto the split spinous processes n
inttmate contact with the vascular system of the vertebrae under the
most favorable conditions for the vasculanzation of the graft and s
linking with the mternal vascular system of the vertehrae

&
—

-~

o
g

‘ =

Fig. 111 A and B Casc of tuberculosts of the Jumber spine first operated upoa
December 1911, when patient was 8 years old There were abscesses In the groin
and back und two fod of disease between the second and third lumbar vertebrac,
and between the fourth and fifth lumber verrchrae. In these x-tays, thirty yeess
after first graft is clearly visualzed s is the fusion between the second end third
Jumber verrebme, and between the third 20d foarth lombar verebrae, Thb
patlent selected a life on the sea and rose 1o & eapaaincy io the merchant marine.
He is oow io the cavy His back never Intecfercd with any sctreity a3 a salloe—
such as cimbing shrouds, etc. (Albee rore )

The immedrate and profuse vascularization of the graft inserted for
any condition whatsoever has been 2 most strrking phenomenon, and
the authors believe 1t to be largely responsible for the extremely benef
aul action of the bone graft mlaid mto the spme or other tuberculous
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jotnts, such as the hnee This fact, therefore emphasizes the need for
accuracy of fit of the graft into the host tissues and also the importance
of using a massive graft of ample length, as such a degrec of beneficial
vascularzation could not be accomplished by bone chips, especially
those taken from the vertebrae themselves

Flg. 11 B

Under such conditions the haverstan canals of the graft rapidly be
come canalized and (crease n size precusely in the same way as when
an important blood vessel has been cut or occluded, and a collaterat
cairculation 1s established

Because tuberculous involvement dimunishes even further the mher
ently low osteogenetic potentiality of the vertebral bone and because
the osteogenetic potentialittes of different mdividuals vary widely, and
are sbsofutely impossible to determine even at the operating table 1t 1s
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incumbent upon the surgeon to play the game as safely as possible, and
to select oot only an ample amount of bone in the form of a complete
splint, but to choose bone of the greatest known osteogenetic potentiality

It should be hept i mund that practically the whole spious process
13 covered with Ligamentous and musculsr attachments and consequently
there 1s very little actual peiosteumn available To rely upon the low
osteogenetic potentialities of vertebral bone, particularly i the form
of chups 1s to face an uncertain result. This uncertainty 1s heightened by
the fact that this time-consuming method mvolves dealing with 2 num
ber of small pieces of bone which have to be secured 1n a posttion favor
able to final bony ankylosts and faidure to produce ankylosts between
any two vertebrae necessanly results n failure of the whole

Thus fact was clinically demonstrated 1n a series of 203 tuberculous
spine cases treated by a Hibbs fusion which Dr Mather Cleveland re
ported recently * and from which he deduced an mncadence of at Jeast
ten per cent of failure of fusion may be expected 1n the hands of expers-
enced surgeons and with lesser expetience, the madence will be
higher  From the authors expersence, this seems a most conservatrve
statement, a fact further borne out by the statistics of Bechett, Howorth,
and Garber presented at the 1942 meeting of the American Medical
Associatron, which showed that of 600 Hibbs operations for spnal fusion
performed at the New York Orthopedic Hospital from 1931 1935,
14 per cent resulted 1o failure, 2 figure which was increased to 18 per
cent 1 the mnstances of spondylolisthesss at the lumbosacral junction

Anatomycally and mechanically as the spie flexes and extends the
vertebrae move through an anteroposterior plane with the articular
processes serving as the axis The processes betng separated by the crush-
ing of the vertebrae, & fulcrum 1s afforded at the lateral facets The
graft 1s put mn posterior to this fulcrum and serves to hold together the
sptnous processes or the posterior (lever) arm of the vertebrac, thereby
relieving all eroding pressure from the vertebral bodies which arc
mechancally speahung, the anterior lever arms It s a fortunate arcam
stance that the bones mvolved 1 this fulcrum or lateral mass, as well
as the spinous processes 1n which the graft 1s implanted are because of

¥ Cleveland, Mather “Trestment of Taberculosss of the Spine ] Bonce & Joint Sarg
July 1940
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therr cortscal content, practically never affected by the tubcrculous process

An important constderation 1n such cases 1s the length of time required
for an operation, and the consequent shock An operation that consumes
little time and nduces comparatively little shock, may obviously be
undertahen when the operative resistance of the patient 15 not of the
best. The bone graft operation may be completed m as little as 15 min-
utes m a favorable case, 1f one s operating team 1s thoroughly familsar
with the routine and the special instruments required

Flg. 112, The mechenica! advantge of the intay graf when placed 1n the tips of
the sploous processes. The brosd fulerum through the latesal facets b indicated
the location of the graft, and the Jeverage sction of the spinous processes. (From
Albee Bone Graft Swrgery mm Diease Isjxry and Deformity D Appleion-
Ceninry Company Now Yeork.)

Rough bandling of the tissues and violent retraction at operation
undoubtedly add to the shock of any operation The munimum of shock
produced by the bone graft operation 1s due not only to 1ts simpliaity
and consequent shortness of duration but also to the fact that it does
not tequire excessive retraction, and there 1s no necessity to operate more

ot less blindly in regions dufficult of access with consequent traumatiza
tion of the tissues

INDICATIONS AND CONTRAINDICATIONS FOR OPERATION

Tt bas been the practice of the sentor author for over 32 years to operate
upon any patient, at any age provided the surgical nsk was good The

surgical rsk n operations for tuberculosis of the spine depends upon
several factors
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1 General Condjtion of the Patient The authors consider the bone
graft operation safe if the pattent 1s fit for any major operation, par
ticularly of the surgeon 15 shillfel and rapid and working m suitable
surroundings

Paraplegua, prevertebral and psoas abscesses provide addittonal mds
cations for operatton.

High temperature, due to secondary pyogenic infection 18 a contra
indication, Befose operation the bacteriemia must be allowed to subside
A transfusion of blood masy help

Pyrexia, due solely to the tuberculosts 15 not a contraindication to
operation.

2. Muluple Lesions The presence of tuberculous foa eclsewhere
often has to be taken into consideration 1n determining operability The
authors have observed frequently especially when the focus 15 1n the hid
ney testicle or epididymus that a spinal lesson goes on to a successful
wssue following the operation, altbough the general resistance of the
patient 1s msuffictent to prevent the progress of # sevond focus or foar
etther to the point of destruction of the affected regton, or to the neces-
sity for extirpation

The authors have observed these same favorable results after opera
tions on articular jomts o the face of tuberculosis elsewhere The pres-
ence of a second tuberculous focus, even if it 15 progressive, 1s not 2
contramndication to opetation

3 Field of Operation The presence of sinuses 13 ot a formidable
obstacle unless they are situated near the spimous processes or within the
ficld of operation. Fortupately the anatomic cleavages are so placed
that 1t 1s rare for & cold abscess 1chor pocket to pownt i the regron of
the spinous process although 1t may point close enough n the lown to
the field of operation to demand specisl care The skin must be thot
oughly prepared, and the sinuscs sealed with a collodran tampon befose
the operation 1s begun  The wndication for operation 1s increased when
an abscess or sinus 15 preseat. In several cascs, the autbors unexpectedly
encountered an ichor pochet deep down 1n between the spinous processes
In none of these cases did 1t interfere with the unton of the graft or the
course of convalescence
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4 Age of Pattent The bone graft operation has been more readily
accepted by the profession for adults than for cluldren It has been held
that since the bones in a child are smaller and not fully developed the
operation should be postponed  The authors position s that the child
should be g en the advantage of an immabilizing operation at the eack
est possible moment In a case of acute, progressive spinal disease in a
child, one often observes excessive hinge motion at the center of the
kyphosis accompanying respiratory movement This indicates that the
underlymg vertebral bodies have disintegrated the respiratory thrust
has been concentrated into the area left without the immobilzing sup-
pott of the intact vertebral bodies and a victous cycle 15 set up the
greater the mobility the more rapid the destruction, and the greater
the destruction the greater the increase m mobility The bodies melt
away progressively

1t 15 dear that this process must be cheched as soon as possible and
1t 15 equally clear that frames and braces cannot be expected to meet
such demands—operative treatment 1s the only solution If a continu
ous bone graft bridge 15 inserted at the powt of greatest mechanical
advantege—1n the distal portion of the spinous processes—the munute
the sutures are tied the immobihity 1s favorably mfluenced.

ALBEE BONE GRAFT FIXATION OF THE VERTEBRAE

The detailed steps of the author s technic—the preparation of the
graft bed together with the removal of a switable graft and 1ts implanta
tion are as follows

Prelimmary Preparation After ruling out any contraindication to
operation the first tmportaat step 1s the marking by lateral roentgeno-
grams of the exact vertebrae mnvolved n the discased process This 1s
done 1n every case by placing a small piece of lead at the apex of the
kyphosis or 1f no kyphosis 1s present, at a point near the arez of disease
previously determuned by x rays A corresponding marker one which
will not be removed by later preparation of the shin 1s placed on the
skin surface ‘The authors prefer a small black silk suture 1nserted into
the skin directly under the lead marker A stlver nitrate caustic may be
used but with this there 15 2 danger of erosion and nfection.
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On the day previous to operation, or two days before operatson, the
site of the operation, including the lower left leg, should be carefully
prepared by shaving, cleansing with benzine, and panting with tincture
of 10die aad 70 per cent alaohol. The parts are then wrapped n stenle
towels which remamn on until the patient 1s placed on the operating
table when they are removed and the parts agamn paated with tincture
of 10dine and alcohol

Position In every instance the patient 1s in the prone posttion with
head overhanging the table and held by a special rest.

Incision Thus 1s semulunar in shape, usually six to erght inches i
length, beginning well above the site of the lesion, swerving 1 an arc
slightly to onc side of the mudline at the level of the diseased vertehrae
and returning to the midline at a pont well below the diseased area By
having the free edge of this semilunar skin flap away from the site of
operation, the engrafted structures are guarded from contamination 1
the event of shin or suture nfection

Exposure After dissecing and reflecting the skin flap the tips of
the spious processes lie directly exposed Hemorrhage, usually slight,
is best controlled by compression with towels wrung out of bot salme
solution A small amount of serous exudate and blood 15 considered
advantageous to carly nourishment of the graft.

Preparation of the Graft Bed With a scalpel the supraspnous iga
ment s sphit mto halves longrtudinally over the tips of the spinous proc
esses of the involved vertebrae, as well as one or two healthy ones above
and below The interspmous ligaments arc treated lhewise Muscular
and Ligamentous attachments to the spinous processes must not be other
wise disturbed

With the Albee thin sharp 114 ch osteotome—its cuthing edge
parallel with the tips—the spmous processes are split into halves to 2
depth of from 24 to 3, of an mch or nearly down to the neural arches.
One half of cach spinous process always on the same side 18 fractured
completely at sts base and set over 2 distance varying according to the
thickness of the graft which 15 to be implanted Care must be taken to
prevent breaking the remaining spinous process halves and to presene
thetr full leverage action Bleeding should be checked by ligatures or
hot saline compresses
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The graft bed thus prepared presents a median longitudinal gutter
on one side of which arc the cut surfaces of the unbrohen halves of the
spinous processes (with the cut surfaces of the bisecting suprasprnous
and nterspinous ligaments with thetr osseous attachments undisturbed)
and on the other side the cut surfaces of the fractured halves of the
spinous processes (with their corresponding bisected ligaments at
tached) It1s to be noted that the muscular and ligamentous attachments
are undusturbed save for the splitting fracturing and spreading et

Fig. 113, The flexible probe bent to confotm to the spinal kyphoals a0d used s
a pattern in removing the curved graft from the antero-internal sutface of the
tibla. (Frem Albre Bowe Greft Surgery in Disease Impry «nd Deformity D
ApplesonCeniury Company New York.)

dental to bisection of the spinous processes This leaves the anteropos-
terior diameter of the spinal column unduninished and unweakened
and preserves the full leverage actrvity of the spinous processes as pos-
terior arms of the vertebral levers

It should be constantly bomne m mind that the spine 15 a composite
of a senes of levers each one of which has its short (antenior) arm the
vertebral body and its long (posteror) arm the spinous process

The length and shape of the required graft s determimed by calipers
and a flexible probe applied to the gutter bed which 1s then protected
?hyc:;:;: salme compress tightly packed awatting the preparation of

Removal of the Graft The patient being 1 the prone posttion, the
prepared leg 15 rawsed from the operating table and flexed to an acute
angle with the thigh A skin masion 1s made along the antero-internal
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surface of the tibia Thus should be long enough to allow 2 generous
exposure of the tibis for the removal of the graft, and so placed that
1ts closure will not bring the skin sutures over the bony cavity produced
by removal of the graft. The ska 15 dssected up from the perosteum

Fig 114 A sew-cots In the antero-ntermal surface of the tibla for cbuioing
. Ided graft B a Jonglradinal view and € & cross-section of the seme at ity
stroog central portion. (Frem Albee Home Graft Surgery iw Diseare Injary
and Deformity D Applesen-Century Company New York)

(but the latter 15 not disturbed), and the muscles freed from thewr
attachments to the auter side of the tibral crest.

The seze and thickness of the graft required depends upon the seg-
ment of the spine to be immobilized and the amount of strau to be
placed upon the graft. In general such 2 graft should include the total
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thichness of the tibial cortex (penosteum, endostcum, and martow),
and 1ts width should be three or four times this amount

Using the molded probe as a pattern, the required geaft 1s outlined
on the pertosteum with a scalpel ‘The lower three fourths of the antero-
internal surface of the tiba 1s selected because of its strong, dense cortex

If the graft 1s to be straight it 1s best to remove 1t from the crest so
as to obtain the required width If 1t 15 to be molded for a moderate
kyphosts the central or fulcrum portion of the curved graft should
mclude the crest of the tibia, and from this portion each end should be

TINAL @RArT
N pLACE

€ e pEcTION
oF TIBiAL GRAFT
AT A

Fig. 115 Method of placing graft so that {5 marrow surface will coatzct marrow
of intact half of spunons process. (From Albee Bene Graft Swrgery i Discase
Injnry and Deformsty D Appleisn-Cenixry Company New York.)

cut obliquely upward and downward on the antero-internal surface of
the bone The advantage of this graft lies in the dense thick cortical
tibual crest bone which forms its central portion where the greatest
stress will be placed upon 1t.

Sharply angular kyphosis and those of short duration, particularly 1n
children, are amenable to varying degrees of correction. In molding
the graft, its pattern should be that of the gutter bed after moderate
correction has been applied by manual pressure on either side over the
lateral masses

To obtain the straight graft, the tibial cortex 1s cut through to the
marrow cavity with the motor arcular saw following the periosteal
outlines of the pattern This includes a saw cut just to the outer side of
the tibiaf crest, and at night angles to the one previously made on the
antero-internal surface This cut must be made the whole length of the
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graft, 1f a strarght one and if a molded one, only to clude the middle
or central portion. At either end, beyond this central or crest portion,
the graft overlies the marrow cavity, and the saw cuts, therefore, need
be made only on the antero-internal surface to free the graft.

The graft 13 freed at esther end by cross cuts made with a very small
motor saw It 1 then loosencd 2nd pried out by a thin osteotome ntro-
duced 1nto the longitudimal saw cuts Although a thin chisel and a mallet
may be used without the motor saw to remove a bone graft the motor
saw has very distinct advantages, particularly in the case of very dense,
brittle bone in adults where the tibia or the graft might be easily cracked
with mallet and chusel Other disadvantages of the latter method are
the possibilities of traumatism of the graft, maccuracy n the moldug
of 1t and postoperatrve pain in the leg

The graft 15 immediately transferred from the tibia to sts spinal bed
all unnecessary handling being avoided by using clamps instead of the
operator s fingers for its transference

Inlaying the Grafc In instances where the graft s straight 1t 1s held
1 place by strong sutures of kangaroo tendon, passed through one-half
of the split supraspmous ligament at one side of the gutter, thence up
over the graft at its central portion and out through the opposite split
half of the supraspinous ligament. After these sutures have been tight
ened and tied, the two halves of the split supraspmous ligament are
thus approximated over the central portion of the graft The extremuties
of the graft are then secured i like manner The sutures should be passed
deeply enough to get a firm hold upon the ligament and close to the
sptnous processes (either above or just below them) so as to obtam the
most ntimate contact possible between the graft and the raw surfaces
of the bisected spinous processes

In some cases in order that the supraspinous ligament may yield and
completely cover the graft, 1t 1s advisable to place the sutures 1n the
ligament midway between the spous processes or at a varymng dustance
to the side of them. This ligament in the lumbar regron (particularly 1
adults) may be so dense and tense as to require masion of the vertebral
aponeurosts on cither side just external to the line of the sutures to
permit of tts being drawn together to cover the thich graft.
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The graft must, in every nstance, be long enough to mclude the spines
of two healthy vertebrae above and two below the diseased area, It must
be borne 1n mind constantly that because of the natural obliquity of the
SPINOUS PIOCESSES In certain fegions (particulacly the dorsal) the x ray
appearance of their tips well below the hortzontal planes of their cor
responding bodies may muslead the operator imnto cutting the graft too
short to mnclude the requsite number of healthy spines, ot of placing
it too low 1n the spine. A sausfactory lateral radiogram should always be

Fig 116 Mmldtd‘;nh(uri‘ou-dhaseh tace with the kangaroo tendon
satures In process of being imserted. (Frem Albee Bene Graft Surgery in Dis
eaie Injury ond Deformity D Appleton-Cemtury Company New Yeork.)

obtained as much to confirm the diagnosis as to serve as a guide
wserting the graft. In the 35 years since devising this operation the sentor
author has seen hundreds of cases where this precaution was not taken,
with the result that the graft was esther too short or wrongly placed
Before fixing the ends 1n position their sharp corners are removed
by rongeur forceps and the fragments placed about and under the graft
ends before the latter are secured with sutures The removal of these
bone fragments from the ends of the graft on 1ts posterior edge-surface
by means of the rongeur cutter avouds the formation of hygromata from
the trritation of the sharp corners as well as gives the graft a roughened
surface which helps it ta hold better thus preventing its springing back
ward through the ligaments sutured over it. The fragmented particles
furnish added foct for bone proliferation and enhance the amalgama
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graft if a straight one, and 1f a molded one, only to include the mddle
or central portion At erther end, beyond this central or crest portion,
the graft overlies the marrow cavity and the saw cuts, therefore, nead
be made only on the antero-internal surface to free the graft.

The graft 15 freed at esther end by cross cuts made with a very small
motor saw It 15 then loosened and pried out by a thin osteotome ntro-
duced into the longrtudinal saw cuts Although a thin chisel and 2 mallet
may be used without the motor saw to remove a bone graft, the motor
saw has very distinct advantages, particularly 1n the case of very dense,
brittle bone 10 adults, where the tibia or the graft might be easily cracked
with mallet and chisel Other disadvantages of the latter method are
the possibilities of treumatism of the graft maccuracy in the molding
of 1t, and postaperatrve pain in the leg

The graft 1s inmeduately transferred from the tibra to 1ts spial bed,
all unnecessary handling betng avotded by using clamps nstead of the
operator s fingers for 1ts transference

Inlaying the Graft In mstances where the graft is straight, 1t s held
mn place by strong sutures of kangaroo tendon, passed through one half
of the split supraspinous ligament at one side of the gutter, thence up
over the graft at its central portion, and out through the opposite spiit
half of the supraspinous ligament. After these sutures have been tight
ened and tied, the two halves of the split suprasptous ligament are
thus approwumated over the central portion of the graft The extremities
of the graft are then secured in like manner The sutures should be passed
deeply enough to get a firm hold upon the ligament and close to the
spnous processes (&ither above o just below them) so as to obtam the
most mtumate contact possible between the graft and the raw surfaces
of the bisected spinous processes

In some cases n order that the supraspinous ligament may yield and
completely cover the graft, it 1s advisable to place the sutures in the
ligament midway between the spinous processes, or at a varymng distance
to the side of them Thus ligament tn the lumbar regron (particularly 1n
adults) may be so dense and tense as to require maision of the vertebral
aponcurosts on esther side just external to the bine of the sutures, to
pernut of its beng drawn together to cover the thick graft
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The graft must in every nstance be long enough to include the spines
of two healthy vertebrae above and two below the discased area It must
be borne 1n mind constantly that because of the natural obliquity of the
SPLNOUS Processes 1n certin fegions (particularly the dorsal) the x ray
appearance of their tips well below the horizontal planes of their cor
responding bodies mav muslead the operator into cutting the graft too
short to nclude the requisite number of healthy spines or of placing
it too low tn the spine A satisfactory lateral radiogram should always be

Fig 116 Moulded gmft for Potts disense in place with the kangaroo tendon
rutures in process of belng mserted. (Frem Albee Bene Graft Surgery in Dis
ecse Injury and Deformity D Appleton-Century Compuany New York.)

obtained, as much to confirm the diagnosis as to serve as & gwide 1
wserting the graft. In the 35 years since devising this operation, the sentor
author has seen hundreds of cases whese this precaution was not taken
with the result that the graft was esther too short or wrongly placed

Before fixing the ends 1n posion, thewr sharp comers are removed
by rongeur forceps and the fragments placed about and under the graft
ends before the latter are secured with sutures The removal of these
bone fragments from the ends of the graft on 1ts posterior edge surface
by means of the rongeur cutter avoids the formatton of hygromata from
the imtation of the sharp corners as well as gives the graft a roughened
surface which helps 1t to hold better, thus preventing 1ts springing back
ward through the ligaments sutured over it. The fragmented particles
furnish added foa for bone proliferation and enhance the amalgama
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tion of the graft ends and the contacted spinous processes “The rest of
the graft 15 then secured with hangarao tendon sutures placed in the
manner st described

If a strasght graft wath transverse saw cuts made on sts marrow surface,
two-thirds or three-quatters of the way theough s thickness, 15 to be
bent, 1t should be obtamned from the lover two-thirds or three fourths
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o Disease Inptry aud Defermity D AppletonCeminry Campany New Yerk )

of the antero-internal surface of the tibia where the cortex 1s thick, and
may ar mRy not mnclude the crest, as the operator deades If the graft
does not mclude the crest the use of the twin saw hastens its removal
and insures ts uniform width throughout. If it mcludes the crest, cuts
st right angles to each other on cach s1de of the crest are necessary The
graft 1o the latter case includes two pertasteal surfaces, and 1s therefore
foore achive osteogenetscally and stronger mechanseally This 1s called
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the bent 1n graft, and as the saw cuts naturally weaken 1t the molded
graft previously described should be used mstead whenever possible

In making the transverse saw cuts to allow the graft to bend (as s
carpeater cuts 4 board to bend 1t acound a curved surface) the graft 15
held secucely by the operator with two strong clamps, one at erther end

Flg. 119 Excellent resule 26 years after spioe fusion for Ports disease of lumbar
st two fock Patent is a scaman engaged 1a the most stremuows type of

activity Note absence of fet. in two 3 of formesly
disented vertebrze by osseous unlon and firm incorporaton of booe grafts with
the trabecular syacem of the processes. (Frawm Albee Beme Grafs Swrgery

spinous
in Diseese lujxry and Defermsty D AppletomContnry Company Now 3 orh)

An assistant holds the motor firmly on the instrument table with the saw
overhanging its edge The current {under the operatar s control by means
of a foot switch) 15 turned on The operator presses the graft up from
below agamst the rapidly revolving saw By holding the graft as directed
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he can regulate the spacing and depth of the cuts, and can test sts flext
bility and judge very accurately when he has rendered 1t sufficiently flex
ible to conform to 1ts bed and span the deformuty, without being obliged
to place the graft repeatedly 1n position to determine this point

The bent 1n graft 1s laid 1n 1ts bed with the medullary surface (scored
with saw cuts) downward (anteriorly), the periosteal surface upward,
and 1ts edges in contact with the cut surfaces of the gutter side and the
split spmous processes In other words the bent i graft 1s not placed
between the split spinous processes edgewse but with its wide diameter
laterally

Suturing 15 performed as for the other types of graft, except that the
bent mn graft 1s firmly sutured first at one end and then at the muddle,
allowing the other end to project freely Thus free half is slowly bent
by consecutive suturing from the central point of the graft outward to its
projecting end thus obviating the danger of fracture which might result
if 1t were held bent 1n place by one embedding suture at each end while
the intervening ones were added.

Whether or not fracture occurs 1n the graft, 1t 1s well to reinforce this
graft by plaaing along each of 1ts sides, at the pornt of maximum curva
ture, thin strips of cortical bone cut with the motor saw from the tibia
where the graft was obtaned

As an alternative—and one preferred by the authors for its ease of
execution—there 1s the bundle of reeds, or bent shingle, technic.
It should be understood that such bent grafts are used only when a

molded graft of sufficient curvature cannot be obtaned from the tibia
or pelvis

“BENT SHINGLE” TECHNIC OF SPINAL INLAY BONE GRAFT

For cases of sharply angular kyphosis or those of great extent where
it 15 impossible to cut a molded graft of sufficiently angulanty from
the tibta or the pelvis the authors have devised the following procedure

The graft bed 1n the spinous processes 1s prepared as for the other
types of graft just described. The leg 15 given the customary preparation
and the mncision for the graft 1s made 1n the usual manner With the
single motor saw two cuts (each about stx inches 1n length) are made 1n
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the antero-ternal surface of the tibral cortex—one close to the external,
and the other close to the wternal lumit of the medullary cavity With
the same saw, the itervening cortex 15 now cut into strips, each about
1/16 to 15 1nch 1 breadth These strips are released by the small cross-
cut saw One of these strsps 1s cut 1ato halves One of these halves 1s
lard, on 1ts flat side, in the spinal gutter at the lower extremity of the
kyphosis One of the Jong thin strips of bone 15 then placed on top of
tt, tts lower half exactly above the short prece underneath, the remamder
projecting Upon this projecting end another long thin strp 15 fad in
sumular fashson This procedure 15 repeated with each of the strps, just
as 2 carpenter shingles a roof Cate must always be tahen that each
succeeding  shingle  overlays not only the projecting end of the preced
1ng one, but also about one third of the undermost one—n other words,
so that there will be three thicknesses of bone strips at each pomt of
junction, When the upper extremuty of the kyphosis has been reached
the short half prece of bone strip (its other half having been used to
start the shingling process) 1s slid beneath the last two  shungles lard.

Sutures of small szzed kangaroo tendon or other materual, are passed
through the spmnal ligaments at the points of unction of three  shingles”
and at such other points as seem to be indicated.

The remainder of the technic and the postoperative treatment are the
same as 10 the Albee spinal inlay operation previously described

Remarks The technic above described 1s applied to the bone graft
umplantation into all segments of the spune. The anatomical vanations
of the spinons processes of the different segments must be borne 1n mind,
25 well as the degree of stramn and leverage action of the different seg
ments For imnstance 1n the cervical or upper thoracic region, the strau
placed upon the graft 1s much less than lower down, from the mid
thoracic regron to the sacrum. The stran and leverage action of the col
umn as a whole mereases matertally toward the sacrum so that a graft
implanted mto the lumbar region will have a greater amount of stram
to resist than one at any segment above, not only for this reason but
because of the greater flexsbiltty of thus segment of the spine In this
regton the general leverage that 1l have direct bearing upon the graft
ndudes not oaly the weight and force apphied throughout the entire
{ength of the spinal column above the unplanted graft but also the force
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of the leverage action from the muscle pull of that portton of the trunk
and low er ltmbs which extends below the graft

ALBEE “BUNDLE OF REEDS TECHNIC
Parallel sterps of bone are tahen from the tibia, 2s m the bent shingle

Fig. 120, “Bandle of reeds™ technic. Intermedizte cuts fall short of transverse
sxw-cuts so that graft remains intact and grester flexibility is obtained. (From

Albee Beme Graft Sargery im Disease Infury and Ddrr-lty D Appleton
Century Company New Yerk )

techmic except that each graft 1s long enough to span the entire diseased
ares of the spine The bundle of thin grafts 1s easier to bend than the

shingle graft, and the authors use this technic 1 many cases of marked
kyphosis where 1t 15 possible to obtamn strips of sufficient length
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Fig. 121 Flexible graft placed edgewise in spinal gucter (From Alber Bome
Graft Surgery is Disease Injnry swd Deformity D Appleton-Centnry Compaony
New Yeork.)

2

Lateral niew
f "bundle of reeds” graft by boae chips, 1
I:gmmrhflziﬁumo g the “bundle of reeds” In split lplmmmpwwunf j };&:’d
In place by booe chips at A. (Frem Albee Boue Grafi Surgery iu Dhrease In)
awd Deformity D AppletonCeninry Company, New Yerk)
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Closure The shin wound 1s closed 1n the usual way and sterile dress-
ings are applied. Thich pads of gauze and cotton, varying n thickness
according to the degree of the kyphosis are placed on each side of the

Flg. 123. Method formerly practiced by suthors for bending the graft. 4 the
manner of holding the graft while making the transverse saw-cuts to Increase
its flexibllity B transverse saw-cuts at equal intervals and over three-quarters
through the dlameter of the graft on its marrow surface. C testing for the desired
amount of curve in the graft obmained by making the transverse sxw-cuts before
applying it to the kypbesls of the spine. (From Albee Bewe Graft Swrgery in
Disease Ininry and Defermity D AppletanCentury Company New York )

grafted area to prevent pressuce sores on the apex of the grafted kypho-
s1s The dressings and pads are then secured in place by broad strips of
anc oxide adhestve plaster It 13 not safe, cven with this dressing to



200 SURGERY OF THE SPINAL COLUMN

allow a patient with & promnent kyphosts to lie upon the back Such 2
pattent must be restrained upon the side, or obliquely upon the badl
duning the postoperative recumbent pertod.

Fig 124 Disgram showing altemate metbod of molding graft into bed

POSTOPERATIVE TREATMENT

Immedrately following the operation the patient 1s transferred to the
fracture bed and recumbency upon the back 15 mamntamned for a mum
mum of six weeks for an adult and eight weeks for a child, in favor
able cases No cast splints or extemal fixztion of any kind 15 applied
except 1n the case of young chuldren or others whose condition render
this necessary Then a towel 15 pinned about the thorax and fastened to
the bed and four broad muslin bandages are attached one end to the
towel and the other to the four comers of the mattress This will pre
vent the chuld from sitting up or rolling from side to side, and espeaually
from turming while asleep

However 1f a marked kyphosis 1s present it ts best, 1n addwon to
the thick pads already 1n posttion over the wound to secure the patient
in lateral oblique position to obviate undue pressure on the kyphotic
grafted area, and consequent necrosis of the skin flap Tor these same
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Fig. 125 Lateral roentgenogram of a spine of a man twenty two years old, which
1 {llustradve of the extreme degree to which an adult tbial bone graft (4 C B)
can be bent. € indicates the saw-auts in the marrow side of the graft. (From Alker
Bene Graft Swrgery im Discase Injxry and Defermity D Appleion-Century
Company New Yerk )
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reasops, it 15 unwis¢ to employ the Bradford Frame with sts riged canvas
coverung, or the plaster of pans jacket immedutely following the
operation

Dunng the enture convalescence, these patients should be under a
careful general regime of bodily sest, wholesome feeding sunlight, and
fresh aur Adults although they often enjoy complete relief from symp-
toms and repeated x rays show arrest of the actrve disease should refrain
from work for at least six months or mote followtng the opetation and
chudren should be encouraged to Live an out-of-door ife—with daily
rest pertods and exercise subject to supervision and restraut

The authors recommend external supports only when a patient 1s
obliged to be moved from his bed too early or when there 15 a marked
kyphosts necessttating the mnsertion of a graft with transverse saw cuts,
or one bent at 2 very acute angle or whenever the symptoms persst In
such exceptional cases, a plaster jacket or spinal brace 1s applied and worn
for a few months just as in other cases where erther of these 1s indicated

7
REASONS FOR FAILURE OF THE GRAFT TECHNIC

Recently the sentor anthor had the privilege of reviewing roentgeno-
grams of a sertes of bone grafted cases at a large orthopedic hospital which
had been wrttten up and published as indrcating that the graft had
brought no higher ratio of success than in cases not operated upon As
2 result of careful x ray study, it was found that the majonity of the
farlures could be attributed to the fact that the diseased area had not
been carefully marked before operation resulting i one of the following
fatal errors

1 Graft too short. The graft should always include at least two verte
brae above and below the diseased ares

2 Graft naccurately placed, not mcluding the diseased vertebrac In
some instances the graft was longer than necessary but still did not
mnclude the diseased area,

3 Graft too weak and small In such cases the graft broke and as
1n other instances, of course had no beneficyal influence This was true 1n
70 per cent of all the cases wn this particular serres
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GIRDLESTONE § TECHNIC OF THL COMBINED LAMINECTOMY
AND GRAFT OPERATION

The maston g5 shightly to the left side s0 as to heep the scar avay from

the spimous processes, and w1 order that the motor saw may be used un

C
Fig 126. Gledlestone s cechale. 4 motar-saw cuts 1aco ¢ spiocus process. B saare
of affairs after reflection of osteopersosteal faps in the area of the laminecrooy
C grafts bedging defect left by laminectomy with thelr Iateral csteogenctic
bosts, (By conrtesy of Prof G R. Girdlestewe ) (From Albee Bexe Greft Swrgery
in Dissase Injury und Defermity D Appleten-Cewtury Company New York.)

hampered by retractors on the surgeon s side The shin and subcutancous
tissue are Lifted from the deep fasca and reflevted away from the sur
geon beyond the line of spinous processes  the shin edges ace closely and
smoothly covered with fine towcls

Then a0 incision 1s made on to the apex of each spinous process and
carrted by a dip of the pont of the kmife through the mterspinous liga
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ments over an area covering the three spmes of the laminectomy aces,
two spunes above and two below As the line of processes 1s often de
ranged by carses, and as it 15 best to make the maston run exactly over
the apex of each process, it 15 helpful to define each process as the inc-
ston seaches 1t by gripping it between the pomts of a pair of dussecting
forceps held in the left hand. The motor saw 1s then taken 2nd two ma

Fig. 127 A Diagrammatc coroual section of spinous processes and graft, with
vertebree and ares of lami indicared grafts

A well supported on spines
B area of Iaminevtomy B, showing grafts es supported oo spines above and betow
sres of lamincctomy (By cesrtesy of Praf G R Girdlestome ) (Frem Albee
Bewe Graft Swrgery tn Ditewse Injury and Dejormity D Appleten-Cestury
Company, New Yeark.)

stons are made into each spinous process forward and slightly outward
to the right and to the left They start 1 the knife cut and separate 2
thick flake of bone from the spinous process on each side. When each
pracess has been dealt with in this way the saw 15 lad aside and an
asteotome 114 nches wide, 15 used to complete the separation of the
lateral flakes of bone from the central part of each spious process and
then to carry these flahes outw ard, together w1th the perosteum of the
bases of the spmes and laminae (An osteotome very broad so that it
cannot possibly get between the lamunae and so sharp that st can be used
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gently without distutbing the carious centra, 1s recommended ) Each
time the osteotome travels outward, the space between 1t and the spinous
process 15 pached with gauze so that by the time the upper end 1s reached
there s a thich packing all the way up that side The other stde 15 treated
inthe same way It should be sad that the laminae are only fully exposed
where they are to be removed In the case of the two spines above and
below, the displacement of the flake of bone and periosteum docs not
go beyond the base of the spinous process

The laminectomy 15 then performed It 1s essentral to make the lami
nectomy opening of full width and long enough to relieve all the pressure
present or at all Iikely to occur  In the authors expertence, 1t has never
been necessary to remove more than three lamimae for Pott s paraplegra
The dura 15 not opened but rather, the surgeon sechs  around 1t, and
sometunes evacuates a mass of debrs from the side of the theca.

Next comes the graft The length and shape of the grafts required
are recorded by bending a probe, and two grafts about 3§ of an inch wide
are cut from the tibua. These can generally be straight, If so, they are
put 10 with the periosteal surface deep, that 1s with the smooth limtting
membrane tumed toward the theca If the spine 1s straight or only mod-
erately kyphotic, this gives plenty of clearance at the site of the lesion
becanse the grafts are carned faurly high up on the spinous processes
above and below If, on the other hand, there 1s much angular curvature,
one of two methods must be used

1 Shaped grafts, to fit the angulation. This means using the broadest
part of the tibia and not spaning the crest

2 Flexsble grafts (bent n or bundle-of reeds technic) When the
goafts are firmly 1n place, and one has made certamn that there 1s plenty
of space between their deep surface and the theca the edges of the sapra
spuous ligament, carrying with them the lateral flakes of bone from
each spinous process are sewn together over the grafts Just previous to
this 1f there are one or more promimnent spinous processes they are
nipped across with bone-cutting forceps and bent under the suture line
This makes for comfort and safeguards the skin from pressure The
Operation is completed by suture of the shin of the back and the leg *
*G R Gurdlestone, Bt J Surg., Jaly 1931 19 121 141
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HIBBS OPERATION

Hibbs conceived the 1dea of removing the pertosteal structures from
he spinous processes, dividing the latter at thetr bases, and so placing
hem longitudinally in the interspinous spaces that their ends touch the
yases from which the processes have been removed This operation
herefore, attempts fusion at five different points—the laminae, the
articular processes of the facets on each side, and the spine i the midline

Technic A longitudinal incision 1s made directly over the spinous
processes, through the skin supraspinous ligament, and perosteum to
the tips of the spinous processes The pertosteum 1s split over both the
upper and low er borders of the spinous processes and the laminae, and
stripped back from them to the bases of the transverse processes The
spmous processes are then transposed and pactially fractured so that they
may contact the fresh bone the base of each with its own base, and the
up with the base of the one next below The adjacent edges of the
taminae being absolutely free from perosteurn a small prece of bone 1s
clevated from the edge of the lamnae and placed across the space be
tween them, its free end 1n contact with the bare bone of the lamina
next below 1t. The lateral walls of periosteum and the split supraspinous
ligament are brought together over these processes by interrupted chromic
atgut sutures The shin wound 1s closed by silk and a steel brace 1s
applied with the space between the uprights of the brace increased
somewhat at the site of the wound so as not to exert pressure upon tt
In some cases the gaps n the periosteum removed from the spmous
processes and laminae have been closed by suture thus establishing 2
continuous pertosteal wall mmediately

Hibbs advises absolute rest 1n bed for from esght to ten weeks sitting
up for the following four weeks and walking at the end of 12 weeks
‘The brace 1s continued for another month, when 1t 1s removed for a part
of each day until gradually it 1s left off entirely In the case of children
under five years of age the brace should be worn for six months

ALBEE AND HIBBS COMBINATION METHOD

Stewndler and others have at tunes used a combination of the Albec
and Hibbs technics with slight variations The principle of the opera
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tion 15 & subpenosteal dissection of the spmous processes from the
laminae down to the pedicles and a gouging out of the mtervertebral
articulations, particularly i cases involving the lumbar spine In the
dorsal spine, some prefer to omst this latter procedure Stemndler removes
two grafts from the tibia, of the destred length and sze, and places
them over and i contact with the denuded laminae and spinous proc
esses. These grafts are then held n place with catgut sutures

YOUNG'S OSTEOPERIOSTEAL METHOD

This procedure includes exposure of the spinous processes of the
lamnae subperiosteally and reflection of the soft tissues laterally care
being taken to remove every vestige of the ligaments from the spinous
processes Two osteoperiosteal grafts of the destred length are tahen
from the tibia and placed so that their raw surfaces are 1n perfect contact
with each lamina and base of the exposed spinous processes

If there 15 a marked kyphosis 1 the thoracic region, Young advises
the removal of the tips of the spinous processes This 15 done to decrease
the visible deformuty

MECHANICAL OR CONSERVATIVE TREATMENT

Pott s disease 15 a distinctly surgical affectron and operatrve treatment
should, when possible, be grven precedence over all therapeutic meas-
ures It cannot be expected that purely external means wiil be sufficient
to accomplish the complete immobrization that 15 so necessary nor ud
1n the revascularzation of the discased vertebral bodies—the two mmpor
tant factors ta the treatment of tuberculosis of the spine

Mechanical Treatment Thes should occupy & mmor posttion and
should be employed only

1 When the patient refuses to submit to an operation Then a con
servatrve attempt to tmmobilize the spine ss the only alternative.

2 As a postoperative adjunct, in some cases of marked kyphosis and
m other special cases where indscated.

3 In cases that are not good surgtcal risks. To be used untif the gen-
eral condition of the patient has improved under speaial care
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4 As 2 temporary measure
(4) In cases of general mfection and bacterremua.
() In cases of exanthema and other complications
(¢) Whete there 15 an infected field of operation

Mechanical treatment 1s administered 10 three ways, according to the
progress of the patient

1 Recumbent—during the stage of acute symptoms

2 Ambulatorp—after the surgeon feels that symptoms have subsided
to the pornt that the patient may be allowed out of bed with support.

3 Convalescent—when the gradual removal of support under super
viston 15 mdreated.

Recumbent Treaument This type of treatment removes the super
ncumbent body weight from the diseased vertebral bodies, with relief
from acute symptoms 1 many cases Such treatment s indicated m all
cases of postoperative fixation, or when the patient refuses operation
and s 2 temporary method of relieving acute symptoms, when a tempo-
rary complication preventing operatton exists.

The Bradford Whitman Frame This ss an effectrve and convenent
support and conssts of a rectangular frame made from gas pipe, 114 feet
longer than the patent, and of 2 width equal to the intermaxillary dis-
tance The frame 1s covered with heavy canvas, drawn tzut by means of
corset laces on 1ts undersurface The canvas may be made 1n two sections
with an mnterval between to allow for the bedpan To prevent pressure
and possible excoration 1t 15 advisable to sew two felt pads about seven
inches long of suffictent width, and about 34 mnch thick to the canvas
where the tip of the kyphosis comes mto contact with the canvas The
pattent 15 held mn place by a front ptece or apron secured to the mdes of
the frame by straps and buckles As soon as the patrent becomes accus-
tomed to the restramnt, the hyperextension of the spime 15 increased from
time to tume by the beading of the frame upward benesth the kyphosis
Thus tends to separate the vertebral bodies relieving them from pressure
partially for the time being

In the case of children, the clothing should be made large enough
to include the frame, thus avoiding the necessity of removal from the
frame for change of outside clothing
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4 As a temporary measure
(2) In cases of general mfection and bacterremta,
(#) Incases of exanthems and other complications
(€) Where there 18 an mfected field of operation.
Mechancal treatment 1s admunustered in three ways, according to the
progress of the patient
1 Recumbent—dunng the stage of acute symptoms
2 Ambulatory—after the surgeon feels that symptoms have subsided
to the pont that the patient may be allowed out of bed with support.
3 Convalescent—when the gradual removal of support under super
vision 1s wndicated

Recumbent Treatment Ths type of treatment removes the super
mcumbent body weight from the diseased vertebral bodies, with rehef
from acute symptoms 10 many cases Such treatment 1s mdscated n all
cases of postoperative fixgtion, or when the patient refuses operation
and as a temparary method of relieving scute symptoms, when a tempo-
rary complication preventing operation extsts

The Bradford Whitman Frame This 15 an cffective and convenient
support and consists of a rectangular frame made from gas pipe, 134 feet
longer thaa the pahent, and of a width equal to the mtermaxiliary dis-
tance. The frame 15 covered with heavy canvas, drawn taut by means of
corset laces on 1ts undersurface. The canvas may be made in two sectrons
with an interval between to allow for the bedpan To prevent pressure
and possible excorration st 18 advisable to sew two felt pads about seven
inches long, of sufficent width, and about ¥ ch thick to the canvas
where the tip of the kyphosis comes into contact with the canvas The
patient 15 held i place by a frant piece or pron secured to the sides of
the frame by straps and buckles As soon as the patient becomes accus-
tomed to the restramnt, the hyperextension of the spine 15 increased from
tmme to ttme by the bending of the frame upward beneath the kyphosis
Thus tends to separate the vertebral bodies relieving them from pressure

ly for the tune
P‘;’:""m{: case of chlldrb:yngthc clothing should be made lagge enough
to include the frame, thus avording the necessity of removal from the
frame for change of outside clothing
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The patient should be hept upon the frame constantly, except for a
once-daily removal to permit inspection for excornations, alcohol rub
and general care ‘The frame should be replaced as soon as possible and
great care should be taken during all handling to make sure the pattent
never assumes a vertical position

When the disease 15 located in the cervical upper dorsal or last jum-
bar vertebra, special supplementary traction appliances must be used
In very acute cases 1t 1s sometimes impossible to relieve the symptoms
completely with the frame and a light plaster jachet or brace may be
necessary as well

Remarks on Frame Treatment Pan and discomfort often disappear
within a few days after the patient 15 secured to the frame If the con
servative treatment s to be followed, the treatment of choice m all
acute cases 15 the honizontal frame However as thus ts not complete
unmobilezation, only the best mechanical procedure possible, sooner or
later ambulatory fixation becomes necessary

Duranon Frame treatment may last for nine months or it may last
for from exght to ten years the perrod of recumbency for disease in the
upper dorsal region, being the longest Indications for the discontinu
ance of a frame i favor of ambulatory treatment are the relief of all
symptoms and the apparent arrest of all local disease, as ndicated by
physical findings and x rays, and by the mncreased freedom of motion
and restlessness when removed from the frame for routine care. In alf
cases recumbency should be continued until

1 All pain disappears.

2 Deformity 1s stationaty or absent.

3 Evening temperature fails to increase for several months.
4 Body weight increases

5 X mys show defintte formation of new bone.

Ambulatory Treatment When m the optnon of the surgeon the
pattent ts considered able to get about, the spmal column must be sup-
ported by either & brace or a plaster jacket, with the additron of some
type of head support, for discases above the ninth dorsal vertebra The
plaster jacket 15 recommended for ctuldren, as it 1s not so casily thrown
out of adjustment as the brace which 1s better sutted to adults Ambu
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latory treatment should be continued for approximately two years n
most cascs

Esseauals of Efficient Spinal Supports

1 A fixed pomt—prefecably at the pelvis—from which constant
pressure may be exerted.

2. Construction permitting the exertion of pressure along the trans-
verse processes on each side, especially 1n the region of the kyphosts

3 Nothing to compress the lateral chest walls

4 Construction to produce compensatory pressure on the upper por
tion of the anterior chest wall, pubic and pelvic regions

5 Extenston of support in front and above the shoulders of the dis-
case 15 located betwcen the erghth and tenth dorsal vertebrae.

6 Inclusion of the head mn the support 1f the disease 1s above the
munth dorsa] vertebra.

Plaster of Paris Jacket This 15 & simple splint of the whole spine
and only partially fixes the individual segments It can be expected oaly
to hold the spine 1n general alignment Its efficiency depends upon accu
rate and smooth applicatron over the body trregulanties and upon its
teverage above and below the diseased area
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The shin should be prepared for such a jachet by first bathing with
aleohol and dusting with talcum powder, and then by applying a seam-
less jersey shurt or stochmet with suffiaent length to allow for sts bemg
tumned up to form an outer cover for the jachet

The Albee-Comper Table 1s best used, as illustrated in Figure 129

Fig. 132. A Long Taylor spine brace with srtachment for support of cervical spine.
B cerviaal spice brace chmn piece removable. (From Operetive Ortbopedics by
Wills C Camphell C.V Alesky Ce., 1939)

page 209 to apply traction to the head, or 1f the table 15 not avaslable,
a Calot or Sayre suspension apparatus 1s adjusted about the head with
the patient m 2 standing positron Sufficient traction should be apphed
to lift the heels from the floor The antertor superior spine, the crests of
the lum and the sternom should be protected by padding and the
spnous processes of the kyphosis by a strip of felt on either side to
prevent exconation, and to perrmit the application of greater pressure
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and fixation at the diseased area. In adolescent and adult females the
breasts should be protected with cotton

The patient 15 held carefully m position by assistants, to prevent
swaying, and the plaster bandages are applied smoothly The jacket 1s
made of uniform thickness, and should extend above to the sternal notch
and below to include the superior 1liac crests, allowance being made for
tnmmung Before the plaster sets 1t 13 molded to increase its leverage,
and trimmed to allow motion of the shoulders and fiexion of the thighs
However, one or both thighs may be included for acute and pamful
disease Jow down or for psoas spasm If the disease 1s above the ninth
dorsal vertebra, the head should be included m the jacket, to lengthen
the leverage above the pomt of disease and to ard in holding the upper
porton of the spine 1n hyperextension

Taylor Spine Brace This conssts of two 34 inch parallel steel up-
ughts gauge 8 to 12 one on each side of the spinous processes extend
g from the buttocks to the seventh cervical vertebra, with pressure
pads adusted to the undersurface of the uprights These permut greater
pressure for fixation and correction of the deformuty at what 1s the ful
crum of the brace lever when the upper and lower ends are fixed to the
shoulders and pelvis To the [ower ends of these uprights 15 fastened
a pelvic band of steel reaching from one fliac spime to the other Oppo-
site the second dorsal vertebra two shoulder pieces of Lighter metal
extend over the shoulders to about the middle of the clavicles which
are padded, and from their ends a stzap 15 passed under each arm and
fastened to the uprght at about the level of the angle of the scapula.
Additronal fixation may be obtained by applying an apron to cover the
abdomen and securing 1t in place with buckles and straps

Treatment of Complicatons
The two chief complications of tuberculosts of the spine are

1 Ichor pocket or abscess formations
2 Paralysis

ICHOR POCKET OR ABSCESS FORMATIONS
This 13 the commonest complication of tuberculosts of the bone The
term schor pocket 15 applied to the primary circumscribed collectson of
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tuberculosis detritus formed from the disintegraton of bone and fat
tissue, plus granulation exudate It 1s felt that this term 15 the more
accurate, and the word abscess 1s used only when secondary mfection of
thts ichorous materal has occurred

Conservatve Treatment It should be remembered that, as a rule 2
collection of tuberculosts ichor usually causes no symptoms even when

Fig. 133. Old tuberculous sbscess with cal depotlt, compliaating
Fott s disease of spine,
forming beneath the shin. If the 1chor pocket 1s left alone 1t frequently
will be absorbed, provided 1ts origin, the bone or jomt leston 1s coft
trolled by appropriate treatment. Therefore as a general rule the 1chor
pocket should be left alone unless its sze demands celief
Operative Treatment This consists of

1 Aspuation
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2 Inasion

Aspiratton 18 the operation of choice whenever operative interference
is required Indications for such interference are

1 Discomfort from size and tension

2 Mechanical 1nterference with the function of locomotion

3 Evidence of pressure necrosts and thinning of the walls with danger
of sinus formation

4 Evidence of secondary snfection with mflammation and fever

Rules to be Observed When an 1chor pochet demands operative
interference the following rules should be observed carefully

1 Recumbency and gravitation prior to operation.

2 Rugid asepsis

3 No mstrument 1ntroduced into the ichor pochet.

4 Avoudance of mjury to the granulations lining the cavity, to pre
vent postoperatrve hematoma, a more favorable culture medium for
bactenia than the mnocent tubercular ichor Expression of the contents
of the pochet to be made gently

5 Suture of the mcsion, carefully 10 layers using absorbable materual

6. Application of a large, even compress to prevent reaccumulation
of 1chor or formatton of blood clots

7 Inasion through the thick part of the pocket wall (never through
the thin part)—long enough to allow fibrous clots to be expressed.

8 Recumbency to be msisted upon for two weeks after snasion, to
prevent gravitation from causing the wound to break down

9 Helotherapy after operation whenever possible, to aid 1 the
granulation.

10 When the 1chor pocket pomnts in two localities dramage of the
one on the higher horzontal plane, to avoid pressure on the sutures and
danger of wound necrosis from gravitation of the ichor

Aspreation The patient should be requured to reman 1n the recum
bent position to allow the ichorous matenial to return to its powmt of
ongin A thick portion of the wall should be selected and the needle
wtroduced gently and obliquely The obliquity of the needle lessens the
danger of sinus formation 1n the needle tract
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Incision  The authors recommend inciston only when 1t ss necessary
for the removal of fibrous clots impossible to remove by aspiration. The
danger of secondary infectton following nciston 1s greater than that
follow.ng aspiration, despite the utmost care 1n the technic of operation
and subsequent dressings.

SPECIAL SPINAL ICHOR POCKETS
For vertebral ichor pockets potnting in the following localities special

treatment 1s required
1 Retropharyngeal or prevertebral cervical rchor pochet
2 Supraclavicular rchor pocket.
3 Prevertebral thoracic ichor pocket,
(@) Rib resection
(6) Costotransversectomy
4 Lumbar ichor pocket
(<) Subcostal 1chor pocket
(%) Ichor pocket 1n Petit s triangle
5 Tlrac rchor pocket

Retropharyngeal or Prevertebral Cervieal Ichor Pochet (Cold
Abscess) Inasion should never be made through the mouth as the
danger of infection 1s too great The mcision should follow the upper
third of the postersor border of the sternomastoid muscle care being
taken to avord the spinal accessory nerve emerging from the posterror
border of the muscle The musde 1s retracted forward exposing the
splenws and levator angult scapulae. If freer exposure 1s necessary the
muscle 15 partially severed near the mastord Stnce the ichor pochet lies
10 front of the transverse processes, access to 1t 15 gatned by passing the
finger inward slong their antertor surfaces displacing forward the
jugular vein which lies in front of the pocket

If the schor pocket extends across the nech to the opposite side, 2
second opening should be made behind the opposite stemomastord

These cases should be watched carefully ss edema of the glottss
occasionally occurs

If dyspnea and dysphagia afe urgent symptoms an incsion may be
made through the mouth The head 1s allowed to bang well over the
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Fig. 134. Disense of the lumbar spine with old abscesses (Ichol
¢ pockets) goavitatlng
;d..m:dd: under Poupart s ligament on the right and posteriorly through the grest

Fig. 135 Psoas lbscuxs (Ichor pockets
) orlg!md.u! from lumbar Pott s disense
and gravitting downward in the proas muscle sheaths. ‘
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edge of the table (to avord taspiration of pus) end the jaws are held
apart with & mouth gag After opening the ichor pocket, the pattent s
quickly turned upon hus face and kept tn this position unti] the wchar
pocket has been completely evacuated. It 1s advisable to use an ante
septic mouthwash freely aftec this procedure

Fig. 136, C y foe drail of aubercalous abscess of dorsal spioe.
A Midlipe indsloa, B Bickham fndsion. C Kochen inchlon. (Frem Operdice
Ontbepedics by W € Camphell—C. V Mosky Co,, 1939)

Supraclavicular Ichor Pocket (Cold Abscess) In disease of the
muddle cervical vertebrae, tuberculous ichor passes between the trape
zs and sternomastoid muscles and points 1n the posterior triangle of
the neck, sbove the clavide Inasion should cotrespond with the Jower
two-thirds of the posteror border of the sternomastord muscle care
being taken to avoud the specusl accessory nerve The sternomastord 15
retracted inward untul the outer edge of the scalenus anticus s in ViE®
The interval between the scalenus and longus colls muscles 1s enlarged
with fingers forceps or sussors to cvacuste the ichor pochet
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Presertebral Thoracte Ichor Pocket (Cold Abscess) A collection
of tuberculous 1chos n this location, between the medistinal pleura
and the vertebral bodies, usually preseats no objectrve signs, or sub-
jectve symptoms. Occasionally, pressute symptoms on the esophagus
trachea left recursent lacyngeal necve, or the spinal cord demand opera
tive mtecvention Reltef 15 obtained by one of the following procedures

Rtb Resectron 'With the patient 1n the sermprone position, healthy
side downward, an sncision 15 made parallel with the spinous processes
of the affected vertebrae, about 114 inches from the midline, exposing
the articulattons of the rbs and transverse processes The periosteum s
divided and elevated over the postertor surface of one of two ribs These
i turn are drvided and one or two nches semoved from them. The
antersor costal persosteum 15 then mased and the dissection 1s carried
inward and fornard along the antersor surface of the transverse proc
esses and 1n front of the vertebral body to open the schor pochet

The disadvantages of this operation are the naccessibiity of the
leston, the imperfect drainage obtamable, and the danger of injunng
the pleura

Costotranst ersectomy (Costotransterse Excisron) A straght vertical
1ncsoa 1s made close to the spine, and the soft tissues separated out
ward as far as the tubercle of the mb The transverse process of the
affected vertebra 1 first resected, then the head and neck of the rib
The finger 15 introduced the pleura s stripped from the side af the ver
tebra, and the schor pocket 1 penetrated

Instead of a vertical incsion, Kocher begins at the most prommnent
spme and follows the rib to be resected downward and outward

Bickham varies the foregomg technic by using a four inch vertebral
nasion one-half inch from the mudline the center of the masion beng
over the affected vertebra. He then carries a second 1nciston parallel with
the course of the ib to be resected from the center of the first masion
downward and laterally Thereafter bis technic follows that just de-

Lumbar Ichor Pocket (Cold Abscess) Ichor pochets from tubercu
fous fumbar vertebrae appear in the lom and usually pont esther be

tween the erector spinac muscles and the last rib or above the iliac crest
n Petit s tnangle,
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Subcostal Ichor Pocket (Cold Abscess) For an ichor pocket n this
locality the inaston s made along the lower border of the last rib from
the outer edge of the erector spmae The latissimus dorst and serratus
posticus infertor are drvided, and (at a deeper level) the outer fibers of
the quadratus lumborum and the middie layer of the lumbar fascia, After
evacuation, the wound 1s closed at once.

Ichor Pocket (Cold Abscess) 1n Petit s Triangle The ichor pocket
of this type extends mnto the sheath of the quadratus Jumborum, pierces
the lurabar fascia, and ponts above the thac crest An oblique meison 15
made downward and outward exposing Petrt s tnangle Such an schor
pocket usually lres i front and to the outer side of the transverse processes
of the fourth and fifth lumbar vertebrae.

Hiac Ichor Pocket (Cold Abscess) An inciston 1s made paralle! with
and about one 1nch above Poupart s lIigament, and of a length commen
surute with the size of the chor pocket The fibers of the external oblique
and transversalis are split, and after dissection close to the anterior
superior tliac spime, the transversalis fascia 1s exposed near 1t$ juactron
with the iliac fascia, and behiod the iliac fascra the ichor pocket If the
pocket 1s prolonged downward into the thigh, 1t may be necessary to make
a second 1ncsion just below the antertor supenor ihac spine, and along
the cuter border of the sartorius which 1s retracted and the pocket entered
through the fasca over the 1liopsoas mternzl to the tendon of the rectus
femons The pomt of election however should be the less dependnt
location, near the antertor supertor thac spine Al masions should be
carefully closed.

Treatment of Sinuses Tuberculous stnuses often appear due to the
spontaneous rupture of an ichor pocket However they are more fre-
quently a sequel to ill advised inasion followed by dramage tampons
There ate no symptoms directly referable to sinuses but they serve to
continue the secondary mfection and demand treatment on that account
They may be prevented by guarding agamst secondary infection of the
wchor pockets and by aspication before the thinning of the abscess wall
and spoataneous rupture.

Such stnuses are very dufficult to cure because of their tortuosity and the
consequent impossibility of excision together with the nability to obtain
pnmary closure  The authors feel that the treatment of these sinuses



TUBLRCULOMS OF THE SPINE 223

should be pallative The general condition of the patient should be main
tained at 1ts highest level by means of repeated transfusions The treat
ment of choice 15 the use of autogenous bacteriophage, instilled nto the
ramifications of the siuses by means of catheters, 1n conjunctron with
infrequent dressings

PARALYSIS

Paralysis due to tuberculosis of the spine 1s merely a symptom and not
an independent affection The treatment therefore s treatment of the
condition producing 1t

‘The patient should be placed in absolute recumbency with the spine in
hyperextension on a Bradford Whitman Trame This 1s cspecially 1m
portant 1f the case 13 an eacly one and the deformuty remediable. While
1n this recumbent positron, trophic disturbances in the form of bedsores
must be carefully guarded agawnst and any deformities ansing from
muscular contractures should be treated by traction or other appropriate
measufes.

The authors prefer immediate bone graft fixation of the diseased por
tion of the spine as the best treatment for this complication (The proce
dure of the bone graft operation has been described previously in this
chapter )

Laminectomy Removal of portions of the laminae has been tered for
many years as a means of relieving pressure on the spinal cord due to
tuberculosts exudate However the results follow ing this procedure have
been very unsatisfactory and the mortality high, as the postertor part of
the spial cord 15 exposed rather than the site of the disease, and removal
of the lamimae further impaurs the already weakened osseous structure
of the spine. The weakening caused by the lamunectomy may contribute
to  relapse of the tuberculous osteitss It 13 more advisable to perform a
bemilaminectomy and snsert 2 bone graft 1nto the spinous processes at
the same time. Laminectomy 15 rarely mdicated except when the lesion

has been complicated by trauma sufficient to bring pressute upon the
spinal cord from fracture
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Static Deformities of the Spine

Scolrosts

Scolwsis 15 a lateral devistion of the spine, with rotation of several or
all of the vertebrae away from the sagittal (snteroposterror) plane, This
15 one of the most common of deformuties ranhing next to bowlegs m
frequency according to Whitman. More than 50 per cent of the cases
appear between the ages of 7 and 14 and heredity 1s unquestronably a
factor 1n a certain percentage

For purposes of description and organization of treatment, scoliosis
15 here classified i two ways

1 According to etsology—although this classification 15 bound to be
somewhat unperfect as our knowledge of the etiology of scolwosis 15
meager Klenberg figures that probably between 89 per cent and 85 per
cent of such cases fall within the sdiopathic group

2 Acrording to clunscal types, the level and shapes of the curvatures

CLASSIFICATION BY ETIOLOGY

Congenital Scoltosss Congemstal anomalies of the spine are quite
common, partraarly numerscal vanations m ts coastituent parts, as
unilateral sacralzation of the fifth lumbar vertebra the reduction or in
crease 1n the number of vertebrae a cervical rib on one side super
numerary half vertebrae  fused vertebrae  congenstal clevatron of the
scapula (Sprengel s deformuty }, etc. It 15 rare for a chuld ta be bom
scoltotic wrthout several bony anomaltes The usual behavror of congent
tal scoliosts 1s 2 latent bony anomaly at berth—w tthout spinal deformity—
the clinreal picture appeaning at a subsequent date

Acquired Scolionis 1 Idwpathsc or Constitutronal Forms. This group

constitutes the vast majority of all scoltotics—probably 80 to 85 per cent
226
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Such scoliosts ocouts n children in thewr  teens and 1s most commonly
seen in those of overgrown stature The condition 15 often assocrated with
lach of sptnal resistance, and 15 usually accompanied by relaxation of
other jomts causing flat feet or genu valgum Muscular tenston 15 also
defective, and the child 15 often anemic, weak, and apathetic Raprdity of

Fig. 137 Ph h and habiral scoliosis with
upmmmpm:dmu[-tboﬂacmmmubylhmbumn:;?o;
degrees. Compensation holding after four years. (Frew Jonrme! Boxe and [oint
Swrg., Jen. 1941 )

growth and the changes maident to puberty, outdsstance the development
of the musculo-lingamentous apparatus. It 1s difficult to determine which
force predominates since muscular and skeletal deficiency are interde
pendent.

2. Forms Caused by Excessive Malleability of the Bones If a child has
nckets the usual method of carrymng 1nfapts on the flexed forearm,
thereby tilting the pelvis may contribute to the production of a total
postural cunature the prunary deformity appearing as an anteroposterior
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curvature later 2 lateral curve, and finally developing tmto an organic
curve When such a curvature 1s fully developed, it includes fumbodorsal
or marhed lumbar kyphotic scoliosts, high cervicodorsal curves and
multiple curvature with marked deformuty of the thorax

The generalized kyphosis sundlar to arthrtis deformauns precedes the
lateral curvature, and when 1t occurs 1t 1s severe and ntractable. Scolosis
may also follow dislocetion of the vertebrae or myury to the epiphyseal
cartilages

T -

Flg. 138. Deformity of the thomx in seoliosls, (Heffa.)

Other forms of bone softenung of the vertebrae which may fead to
scoliosts are osteomalecia ostestis deformans tuberculosis syphilis and
malignant disease.

3 Occupational Forms In certatn occupations a scoliosis may develop
through long conttnued matntenance of a faulty positton or habit In this
form there 1s often a mental as well as a phystcal basis—the sense of
balgnce or equulibnum may be faulty Hod-carners, school children,
joners and pursemards are among those prone to such curvature

4 Compensatory Curvature of the Spine This 15 2 frequent form
caused by the static obliquity of the pelvis. The underlying cause of such
obliquity 1s an mnequality of the lower extrermttes and the convextly of
the curve 1s usually toward the shorter limb although varmtions may
occour Howeser pelvic obliquity 1s tiot always accompanzed by scolios:s



STATIC DETORMITIES OI' THL SPINE 229

| the tone of the spinal muscles 1s good, and the sense of upright position
s not defectne The factor of flat feet in the production of scoliosts 1$ not
clinscally important.

5 Type Cansed by Unequal Hearing Torsion of the head resulting
from unequal hearing may react upon the spinal column

N

S

Fig. 139 heelshaped projection of lefe ribs due
o 4;- (11'"1“) 10 rotaton unmasked

6 Type Caused by Unequal Vision. Especially in chiddren, unequal
vision 18 an ebological factor

7 Type Caused by Loss of an Arm. Ao asymmetrical posture of the
trunk caused by the loss of an arm may cause a lateral curvature

8 Neurological Affections Unilateral paralysis or weakness of the
mtrnsic muscles of the back or of those which normally mamtain its
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equilibrium, are common causes of scoliosis The follow ing nervous ds
orders are factors wn this respect

(a) Anterior Poltomyelstis This produces scolsosts in the following
ways by paralysis of one arm by the shortening of one leg, by unevenly
distributed paralysis of the trunk muscles and by the most tmportant

factor of causing paralysss of the abdomunal muscles and trinsic spial
muscles

f‘::{‘%mwh%ww Of;:s:;‘:{s-:gn cxdscd‘V the opening pever dmrtld “dll‘;:
18 years is sclll discharging. Padent 15 now 23. (Tarloc)

(#) Multiple Neunitis.

(¢) Progressive Muscular Atrophy

(d) Spastic Paralysis

(e) Tabes Dorsalis

(f) Syrngomyelsa

(g) Fredresch s Ataxia

(4) Tumor of Cord and Meninges

(7) Soatica.
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9 Diseases of the Chest As a result of the cicatrization of the affected
pleural cavity, empyema and pleurisy may cause a curvature, with curva
ture towards the healthy side There 15 shight or no vertebral rotation
Congenttal heart discase m children, and chronic pulmonary tuberculosis

Fig. M1 Scollode spine secondary changes in vertebrae and ribs, (Taylor )

because of the fibrosts and crcatrrzation of the fun
as 1n em, d
pleurisy may be causes of scoliosis ¢ prema s
10 Nasal Obstruction If persistent this often lea
ds to contracted
thorax, kyphosis and finally scoliosis 1n this order *
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11 Cieatrices from Extensive Burns These followed by contracture
1n the regron of the thorax and am are also etrologrcal possibiliies 1n
some istances

CLINICAL TYPES OF SCOLIOSIS

Funcuonal Variety Thus 1s a type of scoliosts 1 which the structural
changes are mapient and remedisble It 15 a type seen frequently in

Fig. 142. Scoliosis. Measurement of rotstion of the ribs in the borizontal position
by the levelling trapenium. (Schulthes)

children of school age and the curvature can be corrected voluntacly as
the conditzon 1s caused by the frequent assumption of a faulty posttion
There are no structural changes 1 any part of the spine

Structural Vartety This 1s the type of scoliosis 1 which the organ¢
changes are well established in the vertebrae, discs ribs shoulder girdle,
and pelvis Its various forms are

1 Tatal Scoliosts.

2 Lumbar Scoliosts
3 Dorsolumbar Scoliosts.
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4 Simple Pumary Dorsal Scoliosts
5 Cencodorsal Scohiosis
6 Compensated Dorsal Curves

RECORDING OF CURVATURE

A great number of instruments and methods have been devised for
recording the curvature of scoliosss One very simple and practical method
1s to marh the tips of the spmous processes the iliac crests and the angles
of the scapulae with a blue penail, and then to photograph the patient s
bach through a thread screen, with the screen placed close to the back

Steindler determines the angle of curvature by large x ray plates which
include the whole chest He passes straight lines across the plates parallel
to the vertebrae or intervertebral discs of each curve, and determines the
number of degrees in the angle of the curve Since this method also serves
as a record, and an 1ndex of the progress of the deformuty, or improve
ment after treatment, 1t 15 considered by the author to be the method of
choice

TREATMENT

Preventive Treatment Because any predisposing factor should be
eliminated as soon as possible eatly recogmitton of scoliosis 13 essential
A careful and systematic observation of every child s physique for the
detection of cryptic physical anomalies should be encouraged The dis-
covery of & beginnung curvature 13 often delayed until a dressmaker a
schoolteacher or a school physician comes upon 1t acaidentally Parents
should also be advised to correct bad habits of sitting or standing

During school hife, frequent changes i the work routine plenty of
exercise and fresh air supplementing the working hours and avoidance
of espeaually long sitting and standing periods should be the rale The
:oatunl mdu:iatnor; for the spinal column to bend to the left should be

me in mind and a constant writin re whi
o b g posture which favors this positron

The general physical condition should be watched carefully and kept
at 2 high standard. The duld should have sufficient sleep and general
muscular weakness should be met with specual and ample exercise It 15
wwportant to mamntain the mobility of the spine and to strengthen the
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weaker groups of muscles with the proper exercises The diet should be
well balanced and should 1nclude all vitamuns i the natural form v here
possible. Where the vitamins and munerals cannot be supplied adequately
in the diet this deficrency should be adjusted by the grving of them
prepared form. At puberty, the child must be protected agamnst both men-
tal and physical exhaustion Unilateral defects in the hearing and sight
should be corrected and i all forms of developing scoliosis the child
should be examuned carefully at frequent mtervals, over a period of years

Ruckets demands prompt and systematic specific treatment, and the
avordance of faulty attitudes especially while the bones are 1n a malleable
state

Treatment for Functional Scoliosis In this type of scoliosis there
are no structural changes 1n the bones or soft parts the condition requining
correction 15 essentially one of faulty posture Such a curvature, which is
seen only 1n children, can be corrected voluntarly by the child humself
since tt 15 caused by 2 faulty posture which the chuld tends to assume
frequeatly and for long pertods of time Treatment ts ndicated 1n this
type of curvature, lest the faulty posture become the charactenstic atts
tude, and the scoliosts develop into the structural type as happens in a
small percentage of cases

The treatment of thus type of case naturally must be of two kinds

1 General Treatment Every possible cause should be removed The
patient s habits should be studied carefully and sf faulty corrected
Phystcal defects such as defectsve vision or heaning or a short leg should
be corrected If the child 1s undernourtshed an adequate dret and a tonic
should be furnished Clothing 1f improper should be adjusted to allow
free motion of the spie trunh, and extremities. Mental and physial
fatigue should be avorded and an out-of-door life encouraged

2 Corrective Treatment This should include gymnastic exercises 0
develop and increzse the tone of the muscles and i some cases, speaial
excrcises to strengthen a particular group of muscles to promote the
habit of bolding the body erect and tn the proper spmmetrical posttion
Elaborate pieces of gymnastic equspment are not essentsal in the strength
ening of the musculature but the patient s willingness to work under
supervision 1s essential
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Treatment for Structural Scoliosts The treatment of 1diopathsc
scoltosss, and all forms of structural scoliosts has challenged the
genutty of the orthopedic surgeon for many years and the treatment 15

Fig. 143-A aad 143-B. Albee modification of a Bradford frame for the correction
of scollosis in children with the patient In the reclining pomition. Two broad bands
of beavy ducking are placed on one side, with ooe on the oppoaite side. Cotrection
peessuce i3 spplied by buckles at ends of metal posts indicated. (From Orntbspaedic
and Reconstruction Sxrgery by F H Alber—W B Saxwders Ce., 1921 )

unfortunately still very uncertamn i many clinics The number of failures
encountered and the variety of theapeutic corrective procedures devised
confirm this conviction
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The problem of scoliosts has been characterized as one of the stum-
bling blocks of the orthopedic surgeon, and a review of the treatment of
scoliosts of the structural type does present  gloomy picture When a
conservative method 1s employed, the ultimate result 1s ajways question-
able Por this reason, the fusion technic has proved a godsend Before the
mnception of such operative work, the surgeon was absolutely helpless m
the majonty of cases To have a coBperative chuld and hus parent come
month after month sometimes year after year for treatment—ooly to
sec the deformuty graduslly increase after everything known had been
done—was too often his panful expertence.

The sewor author was ultraconservative at first i recommending the
bone graft for scoliosis But as time has passed, the great advantage of
the graft has been increasingly realized, and 1t 1s now the authors firm
conviction that the graft 1s 25 trustworthy for scoliosts as for tuberculosss,
and 15 deserving of the same enthusiastic use.

Once 1t has been determined that a conservative treatment will not be
sufficient to prevent further deformuty if the deformity 1s great the
patient should be placed in bed for & few weeks and the deformaty cor
rected as much as possible by a tutnbuckle cast See Figure 13 Following
this 2 bone graft is inserted through 2 window 1n the cast The autbors are
convinced that 1n scoliosts the grest amount of bone needed for the pre-
vention of increasing deformity is mose than that available locally and by
the removal of the spinous processes to obtain bone the influence mhibit
ng rotation 1s lost and the leverage actron causing derotation 18 removed.

Even 35 years after sts insertion the bone graft has been found to hold
rgidly

The scoliottc deformity being produced by the synchronous nteraction
of abnormal postures their fixation by the constant operation of the
fundamental cause inceeased by the supermposed weight of the upper
trunk, shoulders, head and nech and loss of tone of the spinal muscles—
local treatment must be directed at the simultaneous breaking of all the
Iinks m ths vicious chain

Corrective treatment in the follow ing forms proves most effective

1 Mauntenance of the general health
2 Daily periods of recumbency
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3 Postural training to give the pateent an educated muscle sense, to
procure istinctr ely correct attitudes

4 Exerase both actne and passive, supplemented by physiotherapy

B

Figr. 144-A and 144-B. A, A caase of panalytic scollosls before correction and imser
tioa of graft. B Same case az A—ooe year after the imsertion of & graft into the tps
of the transversc processes of the apex of the convex side of the worse curve. The
graft incdluded the thoracic vertebrae from the fifth tn the twelfth incluslye The
marked stralghtened condition and 1acreased stubility of the back is most grrufying.
anBZOIr;bM:nJRtuunrﬂlu Swrgery by F H Albee—W" B. Sennders
..,

If the foregoing methods—severally and collectrvely—prove unavail
ing resort must be made to

5 Rapid correction by manipulation, supplemented by operative cor
rection by means of the strong inlay bone graft—in conjunction with the
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turnbuckle cast, used for 1ts preoperattve corrective influence and for o
postoperative fixation

6. Pallatve spinal support 1n intractable cases

A critrcal susvey of the therapy of scoliosts 15 warranted, since, i many

hospitals, 2 mtional system of treatment of the structural type of case has
not developed. The sentor author s extensive expenience gawed i the

Fig. 145 A Idlopathic scoliosls. Spine at ontet of conservatlve therapy B cotk
screw spine after prolooged tremment by corrective exercites, braces, plaster
jackets and traction. (Froms Albes Bowe Graft Swrgery in Disease Injary and Dt
fermity D AppletonCeninry Company New York.)

operative treatment of spinal discases and deformuties for more than 25
years forces hum to indict cestain therapeutic measures as unsound funda
mentally Many of his cases were especually tnstructive because of pre
vious abortive attempts at treatment—particularly the mjudicious use of
braces casts or plaster jackets. Time lost by thesr application n many
cases seriously nterfered with a satisfactory realignment of the spine by
surgtcal means at & lates date for unfortunately the offending structures
in early 1diopathic scoltosts the muscles tendons and ligaments are
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weahened by the suppression of the stimulus of function It should be
remembered that 1 trcating curvatures with a brace, onc attempts to
correct the spine mdirectly through pressure on the thorax The ribs are
elastic structures, and a great deal of the force exerted will be spent
merely on increasing their angulatton, or in changng the relations at the
costal vertebral junction When the brace 1s remaved the spine collapses
like an abandoned accordion, as Whitman has stated Obviously 1t 1s
treacherous to remon & the brace, and both patient and physician cling to

Fig. 146. Same a3 Fig 145 Four years after operstion showing boae haldin
mrdylbemmmdpoduonofn‘b:dmlbeymamgmdﬁoﬁpdﬁf
at operadon. Ulnron with centh rib st A, Note increased density of tenth rib—
aiso hypertrophy of spinal graft. Full correction nat srmined because of extreme
contracture of soft tissnes on conaave side following extended conservative therapy
;hhﬂ%h;mﬁg%%imtzmmhdu&ngghdngmdmh
T e Graft Surgery in Dhease In and Deformity D
Century Compamy New York ) ey ormiy Appleten

1t in desperation Furthermore the uttlization of the brace n 2 mild case
of scoliosts will often weaken the 1nactve muscles increase the angle of
deviation, and set up a vicious cycle converting a non progresstve spinal
deformuty into one of active increase

Lemesurier Technre An interesting method of cotrecting the primary
curve 1a scoliosis before performing the fusion operation 1s reported by
A. B Lemesurier of Toronto He places his patient on the side 1 2 ham
mock made of ordimnary fish net with a one inch mesh and Iittle yreld The
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Fig. 147 A. Panent suspended in hammock, ready for applicion of plaster
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two ends of the hammoch are then slung to the celling as shown i
Figures 147 A, 147 B, and 147 C, 1n such a way that the body 1s bent
rather sharply in a direction to correct the primary curve. The Ppatient 15
placed 1 the hammod. for increasmgly long daily periods until he be-

| A

T

S S

Fig. 147-C. Completed jacket from the back. (From Jeursel of
Bowse and Join: Surpery )

comes used to the positon While he 1s hanging n such a position, a
plaster extending from the head to one foot 1s applied, and a window cut
in the back to permut the operation After the operation, the pahent
remains 1n this plaster for about 314 months

The main advantages claimed for this method are speed of execution
and decrease of tume required for preparing the patient for operation
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EARLY TREATMENT

The treatment of carly idiopathic cascs by corrective medical gymnas-
tics 18 rational therapy Curvatures arc overcome by strengthening the
musculature not undermining 1t In this manaec carly non progresswve
cases are easily eltminated

Postzon 1n Regard to Operation If the spine shows a tendency to-
ward increase of the deformuty, after corrective medical gymnastics with
out braces have been carned on with periodic X ray examunations to
determmne the progress of non progress of the lesion operative correction
and stabilization of the spine 13 recommended Before the employment of
the bone graft such cases were universally disappomnting to the surgeon
who with hands completely tied was forced to watch the progressive
development of such deformities

It was duning 1908 that the senios author conceaved the technic of pro-
ducing extra articular arthrodests of the spine by means of the bone graft
and since that time clinical expertence has proved the fundamental bio-
physiological soundness of this method Although the profession was
quick to adopt the operation mn the treatment of Pott 5 disease 1n prefer
ence to conservative therapy there has been a marhed hesitancy about
following a ssmuar course i the case of scoliosts despite the sentor
author s success with this method over a period of 25 years

The routine attempts at fusion of the scoliotic spe without the use
of the autogenous bone graft in early cases, in vogue 1n certain cases has
been opposed by the authors chiefly because of the magpstude of the apera
tion and the uncertainty of fusion In the most competent hands the
operation often requires from 60 to 90 minutes Since the chain of arthro-
desed articulations 1s no stronger than its weakest link, when marked
rotation of the vertebrae has occurred, many of the asticulations are in
actessible, and thus the mechanical basts of the operatton 18 icorrect The
complete fracturing of the spinous processes at their bases, 1n the Hibbs
type of operation, tends to encourage further rotation and flexion as the
center of gravity passes anterior to the bodies of the vertebrae 1n the

dorsal region and the tendency of the spine to forward flexion 1s coun
;m:;' th; ‘I:thdmtmtom structures (the interspinal and supraspinal
o the spmous processes Furthermore there are im
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Fig. 148-A and 148-B  Self-suspension, illustrating the effect of tractbon in Jessening
deformity induced by parafysis. (Giboey ) In soch eases suppont 10 muniain the
correction is essentizl, and the (ibfal booe graft 1s of great valoe. (From Ortbopardic
and Recomsirmction Swrg., by F H Albes—T" B Saswders Co )



STATIC DEFORMITIES OF THEL SPINE 24%

portant muscle attachments smvolved—the multifidus semispinahis and
sacrospinalis groups Denuding and fracturing the processes, and re
leasing the favorable action of these muscles and ligaments, tends to
encourage rather than to correct further deformity The extended period
of postoperative traction on a Bradford I'rame, followed by a cast and
brace for approximately 1% years (as practised by some) does not mvite
recourse to surgery

The incidence of failure of fusion when the Hibbs technic has been
employed 15 high according to recent figures, as high as 47 per cent
according to Brogden *

‘The Albee technic 1s calculated to encourage corrective biomechanice
and mobulizes the maximum ostcogenesis In contrast to the fragmented
sluggsh osteogenetic chips of vertebral bone used n the Hibbs procedure
the tibual graft used n the Albee method 1s an active osteogenic brace
and splint which remforces itself by proliferation of bone at points of
greatest stress, according to Wolff's law It 1s interesting to note that when
the graft 1s implanted tn the spinous processes, fuston occurs early and
proliferation of bone s great This 1s entirely m heeping with the
mechanics of the vertebral articulation The tip of the process 1s sub-
Jected to the maximum stress, or vice versa and the greatest corrective
effort 15 applied at the greatest distance from the fulcrum (the tip)
Although this 15 not always possible the Albee operation utilizes the
potential leverage to its maximum Thes leverage splint action of the
strong tibial graft serves in two ways when being implanted, as it
furnishes the surgeon with a potent means of correcting the rotary and
lateral defarmuty of the spine by effectve splintage of the column stself

IDIOPATHIC SCOLIOSIS

In severe cases maxumum cortection 1s first obtatned by the use of g
tumnbuckle cast (see Fig 13) Thus may require only o few weeks or
1t may sequire a few months Following this an operation 1s performed
through a window cut n the cast over the area of the primary curve to be
fused The cast s mantained 1n position for approxmately three months
sfter operation. Physical therapy 1s then instituted If the area of the
* Brogden. W E., Journal of Bore & Joint Surgery 18 1027 1938
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spine 1nvolved 1s extensive necessitating the 1nclusion of both curva
tures withun the field of operation then a second cast 1s applied After the
primary curve has been corrected and fused, the second curve 15 corracted
w the satme way by means of a turnbuckle cast and a second bone graft
usually about four months after the operation for the first aurve. How

»
wl gt
B

Fig. 149 A, Patlent A N Idiopachic scolionls. Spine st onset of (ra:,l:':
B after wearing plasper of pans jacker comenily for one year (Frem
Bowe Graft Swrgery in Discase Iufury awd Dejermity D AppletonContary
Cempany New York)

ever, control of the primary curve 15 usually sufficient and 2 second operz

tion 1s necessary 10 only ten per cent of the cases

PARALYTIC SCOLIOSIS

Dunng the mitial febrile stage all the general rules of treatment apply
ing to all types of infantile paralysis should be followed that s restramt
1n bed, or on a gas-pipe frame to restrict motion of the vertebrae of the
wnvolved area of the spine Followng the febrile stage external supports
such &s plaster of pars corsets braces metal frame, self suspension by
the Sayre apparatus should be applied, together with corrective excr
ases, until no further improvement 15 noted thus iducating that the
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Fig. 150. A same as Fig 149 Correction of Jumbodorsal curve with rurnbackle
utnbuckle not Com|

and hinged cast. Tu pue with Fig. 14-B B

groogram
fuslon operation. The lower pole of graft B was Interlodked with upper pole of
sraft A at C #0 25 to abolish articnlation, coastract an uoyielding boay ridge and
a3 well o inrure :mmdon.Notebypcmﬂ:yo{gnf:A.(Fr--
Alkee Bene Graft Swrgery in Discaie Injary and Deformity D Appleton-
Centxry Company New York.)
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paralysis still persists and reaidual spinal deviation 18 a result of perma
nently destroyed motor nerve cells

Often mn the severely affected cases st 15 impossible to mamtam cor
rection of the spwal deviation by means of outside support, and when
the patient stands, the spine collapses into an $ curve inside the brace
because of deficient muscular support The tability to mamtamn the

Fig. 151 A Paralytc scollosls. B Four mouths after spine fusion with tiblal
greit showlng permanent correction of curvature, (From Albec Bene Graft Surgery
it Discase Injury and Deformsty D Appleioen-Century Company New York)

correction by external means 1 due to a combmation of the following
factors

1 Thelarge size of the thotaciccage 1ts constant movements and ever
changing volume under the mnfluence of respiration

2 The fluctuation 1 the degree of distention of the abdomen and its
contents

3 The location of the spine in the extreme posterior portion of the
trunk

4 The physical impossibility of immobilizing externally ndividual
vertebra, one with another on account of the aggregation of 24 moving
vertebral bodies each a umt of relatrvely small size
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In such instances, on account of the unbalancing of muscular forces,
and the marked tendency of the deformuty to relapse 1t 18 impossible to
mamntain a general alignment of the vertebral segments

Atter two years have elapsed the surgeon must decide whether the
muscle weakness and the resulting curvature are sufficient to warrant the
wmplantation of a more corsective and trustworthy bone graft support

Fig. 152. Method of cutting curved graft and two booe keys for fusion of the
"pine in severe scoliosis, (See Fip. 153) (Frem Albee Homs Graft Surgery in
Ditece Inpiry axd Deformity D AppletenCouinry Company New Yerk )

ALBEE TECHNIC OF OPERATION

Before the operation 1f a turnbuckle corrective cast has not been found
necessaty a plaster of parrs bed with firm lateral walls should be molded
to the back and stdes of the patient s trunk, and allowed to harden while
the pattent 15 held 1n the corrected postion This plaster sphint 13 then
removed and faid aside until after the operation ‘The field of operation
on the bach, as well as on the leg 15 prepared by the 1odine method Sox
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to eight spinous processes as the need may be, at the apex of the most
acute curve, are laid bare on the wnvex side by a curved shin nciston,
smmular to the skin masion described 1n the bone graft opetation for
Pott s discase. The muscles and ligaments over the tips and between the
spiaous processes are split into approximately equal halves with a scalpe]

Fig. 153, When extreme degrees of curvature are encountered and manual cor
néﬁm.:mm.ubxnamwwmmmofmmm—dn
t is inlaid as above. The
hybmehysmpthgt&-p{mpm-ndzhhmlmﬂml&
graft. Drill holes are made before remaval from ihe tbis. (Frem Albee Bose
Graft Surgery is Disease Infury and Deformity D AppletenCentsry Company
New Yeork )

i
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The spinous processes are split longitudmnally mnto halves by means of a
wide osteotome and at the same time one half 1s set over to allow room
for the graft.

With a flexible probe and caltpers the contour and length of the
desired graft are determined while the spe 1 forced manually by the
surgeon and his assstants wmto the position of maximum correction. The
tibia 1s flexed on the thigh and its anterior crest and anteromesial surface
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Jard bare ‘The flexible probe pattern is applied to this exposed tibral suc
face, and the desired graft 1s outlined in the periosteum with a scalpel
The motor saw 15 then made to cut afong the periosteal outline, and the
graft 1s removed scluding the full thickness of the cortex at the ends
crest, and central portion

The graft 1s then placed in the bed already prepared for it between the
halses of the split spinous processes Whle the patient 1s held manually
in the cotrected position the strong split igaments and muscles are drawn
aver the graft with interrupted sututes of heavy kangaroo tendon In this
way the graft acts as a corrective splint, and both the rotary and lateral
deformuty of the column are corrected to the maximum degree, by pull
ing 1t to the graft by the strong strands of kangaroo tendon Thus 1s very
effectrve because the pressute 15 exerted on the column itself and not on
the ribs or soft parts ‘The graft must be of great strength, especially at 1ts
central portion and should be suited to the size of the patient and the
mechanical demands of its location

In an adult the graft should measure at least 3§ of an nch from the
crest each way, so as to include the antero-internal and antero-external
cortex. A strong tibial bone graft implanted mnto the spinous processes
serves the surgeon as an internal lever and splint by which an unusual
amount of the scoltotic deformity can be corrected at operation Italso by
virtue of its internal splintage inhibits the further increase of the lateral
deviation, and 1ts amalgamation mto the spinous processes of several of
the vertcbrae i the most pronounced portion of the curvature prevents
further rotation of the vertebrac upon themselves The graft splint
serving as a lever also enables the surgeon to dimunish the rotary de
formity at operation

The patient 15 bandaged mto the plaster of pans bed previously pre
pared Additional correction may be accomplished by placing pads inside
the cast at selected places Recumbency 1n the plaster of parss bed 15 main
tuned for from 10 to 12 weehs Following the immediate postoperative
fixstion a well molded plaster of paris jacket or corset brace 1s applied
to those cases which need further supplemental support In some cases
temporary external support 1s necessary because of the unbalanced muscle
pull of the spinal and abdomunal musculature and the strong tendency
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to eight spinous processes as the need may be, at the apex of the most
acute curve, are laid bare on the coavex sde by a curved skin inusion,
sumilar to the skin masion described 1n the bone graft operation for
Pott s disease. The muscles and ligaments over the tips and between the
spinous processes are split mnto approximately equal halves with a scalpel

f carvature are encountered and manual cog
rection st the operating nb!eh:nincdbywnmmueafdxnahmm—dl
grafc Is inlaid a5 shown sbove. The two verrebrae at the apex of the cueve acc
immobilired boae keys v.h-tplnau:pmauawdd-louglmdhﬂ
graft. Drill holes sre made before removal from the dble. (From Albec, Bont
Graft Sxrgery i Disease Inpury end Deformity D Appleton-Ceninry Company
New Yeork)

%
|
?

The spinous processes are sphit longitudnatly nto halves by means of a
wide osteotome and at the same time one half 15 set over to allow foom
for the graft

With a flexible probe and caltpers, the contour and length of the
destred graft are determined while the spine 1s forced manually by the
surgeon and bs assistants into the position of maximum COMTECtion. The
tibia 15 flexed on the thigh, and its antersor crest and anteromessal surface
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laid bare The flexible probe pattern 1s applied to this exposed tibial sur
face, and the desired graft 1s outhined 1n the pertosteum with a scalpel
The motor saw 15 then made to cut along the penosteal outline, and the
graft 1s removed including the full thickness of the cortex at the ends,
crest, and central portion

The graft 1s then placed in the bed already prepared for it between the
halves of the split spinous processes While the patient 1s held manually
in the corrected positton the strong split ligaments and muscles are drawn
over the graft with interrupted sutures of heavy hangaroo tendon In this
way the graft acts as a corrective splint, and both the rotary and lateral
deformuty of the column are corrected to the maximum degree by pull
ing 1t to the graft by the strong strands of hangaroo tendon Thus 1s very
effecttve because the pressure 15 exerted on the column atself and not on
the ribs or soft parts The graft must be of great strength especually at ats
central portion and should be suited to the size of the patient and the
mechanical demands of its location

In an adult, the graft should measure at least 5§ of an inch from the
crest each way 50 as to include the antero-internal and antero-external
cortex. A strong tibial bone graft implanted into the spinous processes
serves the surgeon as an internal lever and splint by which an unusual
amount of the scoliotic deformity can be corrected at operation 1t also, by
virtue of 1ts 1nternal splintage, mhibits the further increase of the lateral
deviation, and 1ts amalgamation into the sptnous processes of several of
the vertebrae m the most pronounced portron of the curvature prevents
further rotation of the vertebrae upon themselves The graft splint
serving as a lever also enables the surgeon to diminish the rotary de
formity at operation

The patient 1s bandaged into the plaster of pars bed previously pre
pared Additional correction may be accomplished by placing pads instde
the cast at selected places Recumbency in the plaster of pars bed 1s main
tamed for from 10 to 12 weeks Following the immediate postoperatrve
fixation, a well molded plaster of pans jacket or corset brace 15 applied
to those cases which need further supplemental support In some cases
temporary external support 15 necessary because of the unbalanced muscle
pull of the spinal and abdominal musculature and the strong tendency
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to a relapse of the deformuty above and below that portion ot the spine
fixed by the bone graft,

PROP GRAFT

In the most extreme type of paralytic scoliosis where the lower ribs
telescope into the pelvis the senior author for 15 years has been doingan

Fig. 154. Schematlc represenutioa of prop eraft (Flg. 11) Note latetfocking
of graft and tench rib also suxillary grafts a¢ right angle to spisal gralt, pecessary
in extreme degrees of curvature. (Frem Albes Bewe Graft Swrgery in Disewse
Injury w«md Deformity D Appletes-Ceninry Company Nese York )

operation (supplemental to the inlay graft) which has gven excellent
results Inbrief it ts 2 bone geaft prop from the dustal eod of the tenth rib
to the crest of the fljum Ths rib has been chosen because, being strong
m stself st provides a fim means of anchoring the graft to the thoracic
cage

Technic An incaston 18 made from the antertor end of the tenth rib to
the crest of the dium  slightly aaterior to the axillary line developtog
the anterior end of the tenth rib and the crest of the ilium. The lower
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border of the rib 15 shaped 1nto a wedge to tecewve the wedged notch of
the graft end ‘The crest of the tlium 1s shaped 1n a similar fashion

With the partial corcection already obtained from the action of the
frame upon which the patient has been Iying for wecks before the opera
tion or by a tumbuckle cast plus strong lateral and upward digital
pressure by assistants the ribs are pulled upward to the maximum and
the distance betw cen the ribs and the tlium 1s measured by erther a flextble

Fig. 155 Vertical prop graft A at 1 and 2 augmented by strip of fascs laa B
secured o the ilfum at 3 and the tenth cfb at 4 oo (he opponte side. (From
Albee Bowe Graft Swrgery in Disease Injury and Deformity D Apbletos-
Century Company Nesw York )

probe or by calipers The antero-internal surface of the tibia 1s then laid
bare, and a strong graft 34 inch wide, and of the length determined by
the calipers or probe 1s marked off and cut out by means of the twm
saw After its ends are notched, this graft 1s then put i place and the
mortising effect of the notches in contact with the convex wedge surfaces
already prepared upon the tenth rib and ilum, are sufficent to hold 1t
firmly i place, as the ribs have a strong tendency to approximate the

tum. The careful suturing of the soft parts around the graft gives
further assurance of mmobilization

HIBBS OPERATION

The technic of the Hibbs operation has been described mn detail on
page 207
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The Albee bone graft method, and the Hibbs method, both have
eir advocates and both brng about fusion of the scolwtic spie but
e authors are convinced that the Hibbs operation, 1n some cases, de
ands a higher degree of osteogenic power than the vertebral bone can
: expected to supply

In addition to the reasons already discussed mn the previous chapter,
ie authors prefer the use of the bone graft 1n scoliosis because

I A shorter and sumpler operative procedure 1s always destrable,
d this 15 espectally true 1n scoliosis where the distortion of the chest
ntents increases the shock In competent hands the Hibbs technic often
quires from GO to 90 munutes, as agamst as little as 15 munutes for
¢ bone graft
2. The long confinement 1n plaster casts and jackets required for
sion without the use of the bone graft, increases unnecessarly the
rophy of the wealened spinal muscles and Ligaments
3 Itsdifficult and often impossible to reach all of the articular facets,
¢ to the rotation of the vertebrac Hence the possibulities of fusion
& greatly reduced
4 Recent reports show 2s high an ipadence of pseudoarthrosis as
" per cent following the use of Hibbs technic for scoliosss, according
Brogden of the Ruptured & Cuppled Hospital nn New Yorh. Un-
abtedly thus 1s due 1 part to the low osteogenctic potentiahity of
rtebral bone
5 Followng the fadure of a Hibbs operation, 1t 1s difficult to mnsert
ontinuous graft.
6 Supetmposed shadows of numerous potentsal areas of arthrodests
1d to obscure the x ray picture making a dragnosts of complete fusion
1y difficalt (It 1s often wnpossible to diggnose a pseudoarthrosis
llow ing such operation by x rays )
7 From a mechanical standpoint it must be realized that fractunng
¢ spimous processes at their bases disturbs important ligamentous and
ascular attachments that are vital for sesistance to mcrease of deform-
particularly rotation



235

STATIC DFFORMITII'S OF THF SPINT

(swe7 is o)
Lol 1 D [12qdmrd D 4 &g 1orpardequig sapmisdg mesg) wasvasand smocyds 3ids o
vonysodde u] paded Njesny *6)ead AqExaP Ul ¥B[AOTIAS JO POTII AOGS FLIIT] *Ipfs PRI 0
paun jwmdas [jrws puv 1y1ds sass001d snoupds sfsojjads Jof suids I jo opng BT gy




256 SURGERY OF THE SPINAL COLUMN

)

Fig. 157 Dmawing iltostrat
ing flexibility of these thin
poafts—Inclen s method

Fig. 138. Dmwing showing grafis in place—
Inclan s method.

Fig. 159 Dm showing

muliple thin ts, to be
1 tsken from tibla—Inclans
method,

=

Py

DRAWINGS ILLUSTRATING INCLAN'S METHOD
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MODIFIED HIBBS PROCEDURT

Campbell and others prefer the combination method of placing thin
osteoperiosteal grafts from the tibia mto a bed formed by splitting the
spinous processes and turning a small segment to cach side In this tech
nic, the thin flexible grafts obtained by the method shown in Tigure 159,
are placed tn apposition to the spinous processes In nstances where the
ribs are promwent a portion of 2 rib 1s sometimes resceted and used
as an additional graft at the time of this operation

THE INCLAN METHOD

Inclan uses long finger grafts taken from the tibia as illustrated 1n
Figures 157 158 and 159 These grafts are bent to suit the lateral curva
ture of the spine and are placed on the roughened surfaces of the laminace
and spinous processes from which small shavings have been removed as
in the Hibb s operation The grafts are placed in shingle form and sutured
with very thin stecl wire to the bases of the spinous processes to hold
them 1n place

STEINDLER'S CONSERVATIVE COMPENSATION
DEROTATION TREATMENT

Steindler drvides the types of scoliosis seen in private practice mto
five groups

1 Those which realign or compensate spontaneously and with ade
quate muscle power at thewr disposal mamntam such correction

2. Those 1 which adequate compensation can be accomplished by
conservattve means without fusion operations and 1n which, too ade-
quate musde tone can be mamntaned with conservative measures

3 Those 1 which adequate compensation can be matntained, and
where adequate muscle power can be developed but because of marked
congenital osseous or adaptrve changes, although the patient has good
musculature, compensation s likely to breah down He also includes 1n
this group the more severe habitual cases still progressing the congenstal

cases and those with an oblique fifth lumbar vertebra. He advises fusion
of this entire group
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Fig. 160-B. Figure shows extreme flexibility of the Albec-Comper Fracture 1able
for application of preoperative or wedpe cast in the treatment of scoliosls. Flrse,
anter romtlon and counter tracon s obtained by fixation of the pelvis with a
plaster cast which immobilizes the hips oa the sacral rest and penineal post. Further
counter+racton can be obained by applylng traction to eltber one or both feet
through turning the wiach at (C) For lateral traction on elther side of the body
in the cervical, thoracic or lumbar region, use the table s regular leg tracton (B)
For tractlon behmnd the head, use the other leg tractlon (4)

Fig. 160-C. Shows complete corrective control in derotation end also in lsteral
bending. Can be obtined by the shoulder yoke which is universally adjustable
end locks firmly in any plaoc or at sny asgle.

239
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The degree of compensation, irrespective of length, 15 measured by the
angular values of the two curves Next correction of the curves them
selves by derotation 1s carried aut under eltmimation of superincumbent
body weight by recumbency or traction

Fig. 162B. The patient Is fxed on the table as illustrated The physlotherapist

operates the table by means of two lever arms (oot illustrated) which arc arached
to each segment of the table.

Derotatron 15 carrsed out m both the stting position under traction 1n
the Grieve Chair and n the recumbent position on his derotation table.
Between treatments the spine 15 protected from collapsing by traction
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1 recumbency, or by means of a spunal brace with a leg and head
attachment.

The correction that 15 obtatnable depends for its mamntenance upon
the development and rehabditation of the musculature Stemdler feels
that the decision for or against fusion rests upon the extent to which the
musculature can be rehabittated together with the degree of compen
sation obtamable.

The Antersor Postersor Deformuties of the Spine

Therse are two types of anterior posterior deformittes of the spine,
namely, kyphosis and lordosts

KYPHOSIS

Kyphosis 1s an antertor posterior curvature of the spine in which the
convexuty 1s directed postertorly Clically, and for the sahe of danty,
kyphosis may be divided 1nto three distinct varseties

1 Kyphosts of infancy and esrly childhood

2 Kyphosis of adolescence

3 Kyphosis of adults

Kyphosis of Infancy and Early Childbood

Etology This type of kyphosis 15 due to a variety of conditrons,
namely

1 Feeble muscular development

2 Richets tuberculosis, and other diseases of the vertebrac.

3 Poliomyelitis pseudohypertrophic paralysis, progressive muscular
atrophy 1diocy cretinism and allied conditrons, sciatica, and locomotor
ataxra.

4 Congenital malformations

Treatmene The treatment of dyphosis of nfancy and early chddbood
1s prmaaly the treatment of the disease causing the kyphosts
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Fig. 163. A case illustradng marked kyphosis with acquired ankyloshr from
tuberculous iovolvement. The texmre of the bone varles greatly from that of the
normal vertebrae, Female aged 31 (From Reewtgew Diagnesis of the Extremities
and Spiwe by A. B Ferguson Pasl B Hoeber N 1., 19M41)
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Kyphosis of Adolescence

Euology Any of the various causes of kyphosts of mfancy and early
childhood may also be etiological agents of adolescent kyphosis How
ever the most frequent causes are

1 Muscle weakness

2 Osteochondnitts and epiphysitis, with the attendant wtervertebral
disc changes

3 Congenital malformations

4 Ruckets tuberculosts and other diseases of the vertebrac

Climeal Fearures Kyphosts of adolescence occurs most often between
the ages of 12 and 18 and usually affects the dorsal spie. The com
monest symptoms are backache and fatigue However the symptoms
vary with the etological agents and 1n many cases the patient 15 found
to be entirely asymptomatic, only seeking the advice of a physician
because of the kyphotic deformuty

Burns and Ellis in discussing the fact that osteochondritis and eptphyst
tts are apparently parallel condttions octurning at different periods of
growth pount out the following abnormalitres to be watched for i the
vertebral bodies

1 Increase 1n the size of the notch at the upper and lower anterior
angles of the bodies of the vertebrae, and possible varmtion from the
norm of the size and density of the epiphyseal centers. (Considered an
epiphysitis )

2 Wedging of the vertebral body as a result of lack of endochondral
growth 1n the cartilaginous interspace. (Considered an osteochondritis )

3 Cup-shaped areas of sclerosts appeartng 1n the body of the vertebra
around the nuclear intrusion, 1n lateral x rays these usually appear some
what behind the mudline of the vestebra (Considered a sequel to an
osteochondnits )

Disgnosis Diagnosis 1s made after the history of the case has been
studied in conjunction with the findings of thorough physical and x /2y

examnations
Treatment The treatment of kyphosts of adolescence 13 of a dual

type
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1 Treatment of the discase (tf any) that 1s causing the kyphosis

2 Treatment of the kyphosts stself If due to musculac weakness,
proper physiotherapy with muscle stretching and traming may be all
that 1s required In certain cases some type of brace may be necessary

Fig. 164. Wedging round back in s female aged six years and five months. The
posterior fourth of the body Is not wedped. Both surfaces are affected, There b+
0o compression ares. A vascular pit and gronve sre present antetiotly st the middle
of the body The facets are not subluxated. The spinaus processes are not spread.
Every deaall of the shape of the affected bodies is different from compression
fracture. There s no dorsum rotundum in this case beaause kyphos at a tuberculous
tumbar Jeston tends to make the donal spine extend (From Reenigem Diagwosls
¢} the Exiremities amd Spine by A D Terguion Pani B Hesber N Y., 1941)

In the severest type of case, spinal fusion by means of a tibsal graft may
occasionally be necessary

Kypbosss of Adulis

In the past there have been many terms used to describe the varous
clinical vaniettes of antertor posterior deformity in adults such as round
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back, flat back, hollow badh, round and hollow back, etc How ever, asa
distinct physical entity they can all be brought most conveniently under
the heading of ads/s rosnd back The following description of adult
round back, 1n general, covers the course and treatment of all these
clinical types

Adult Round Back

Etiology Adult round badk may be caused by occupation—as m the
case of cobblers and tatlors whose workng posture 1s one in which
there 1s constant flexion of the spe It may be due to the retrogressive
osseous and wntervertebral changes which accompany old age It may
also have for its etiology a definite pathological entity such as

1 Muscular and gonorrheal rheumatism
Scoliosis

Ostertis

Arthritis deformans
Osteomalacia

Bronchitts and emphysema.
Hyperparathyrotdism
Progressive muscular atrophy
Poliomyelits

Ruckets

Acromegaly

Clinical Features The kyphotic deformuty 1s charactersstic in appear
ance Usually there are complaunts of general fatigue and of pawn and
weakness 1n the back. These symptoms vary of course, according to the
etiology of the kyphosis

Treatment In early cases education as to correct posture, and spinal
extension by means of appropriate gymnastcs for stretching and pulling
back the shoulder muscles and the anterior part of the shoulder girdle,
may prove all that 1s necessary However 1n more advanced cases such
measures may not be sufficient, and 1t may become necessary to use 2
brace or a plaster jacket 1n additton For the severest type of case, and
espeanlly for those having 2 great deal of pan 1t 15 best to perform
a fusion

—
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Lordoss

Lordosts 1 an anterior posterior curvature of the spine i which the
concavity ts directed postersocly

Euology Tlus mcrease n the normal anterior curvature of the spine
1s almost inmvaniably compensatory and most often secondary to some
other deformity of the spine However 1n other mstances it 1s not com

Fig 165 Marked collapse of D-8 in male aged four years 10d ewo months. Such
loss of substance does not occur in wedglng round back even when shoormally
Prominent vascular grooves, as at D-9 and 10 Indicrte the probability that ronnd
back will develop later At D9 he vasculac groove i3 prominent posteriorly as
well g3 anterioely and extends almost across the vertebral body (AP view)
(From Reewigew Disguesis of the Extremities amd Spiwe by A. B Ferguson.
Paxl B. Hecher N 3., 1941 )

pensatory as in spondylolisthests rickets progressive muscular dystro-
phy poltomyelitis etc

Clintcal Features Protrusion of the abdomen general fatigue and
aching back are usuglly present. Other clinical features may be o wad
ding gat and some other congenital deformity such as congenital dis-
location of the hup

Treatment Treatment most often should be directed to the treatment
of the underlying cause rather than to the lordosts ttself Improvement
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15 seldom permanent unless the pathologic factor causing the lordosis s
cured In general therapy should indude physiotherapy i the form of
massage muscle tramung stretchings aod local supports for the weak
ened musculature
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CHAPTER VIl

Congenital Deformities and Anomahies
of the Vertebral Column

In discussing the treatment of congenital deformities and anomalies
of the spinal column a classification of the various types and Linds—in
general the dassification of Perrone—seems desimble These fall natu
rally into two marn divisions as follows

Vertebral deformuttes without mslformation of other parts.

1 Increased number of vertebrae.

2 Deficiency of vertebrae, or of parts of vertebrae.
(a) Spina bsfida.
(&) Spna bifida occulta.

3 Synosteosis of vestebra,

4 Torticollts of wry nech.

Vertchral deformuttes with malformation of other parts

1 Abnormalities of the lavicle.

2 Fusion of the ribs

3 Cervical ribs and scalenus anticus syndrome
4 Spondylolisthests and prespondyloltsthests

Vertebral Deformuties Withont Malformation
of Otber Parts

INCREASED NUMBER OF VERTEBRAE

The nstance of this anomaly throughout medtcal literature 15 quite
rate, and 1 1 reality of no clincal sigmuficance except 10 cases of
hemuvertebra.

Hemtvertehra This anomaly 1s due to a lack of formatton, O 2 €5
sation of growth of either one or both of the growth centers in the body

270
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Fj,
o GG Macked wedgiog of the body of 1 2 but most of the anterlor half of
bealthy Ad.h“m’ pot compressed. There Is no Impaction srea. All booe appears
the mm‘um';:f::t vertebeae are shaped (o fit the deformlyy Note parricularly
indicates the of tbe dise L 2 to 3 at its posterior half Tho balbous contour
Is defialrel d;:;;‘ the nucleus pulposus and the natrow isthmus aaterior thereto
o el o by epnn.
Disguesis of the veriebra. Male, aged 16 Case CLix, p. 179 (Frow Recxigen
the Extremlties awd Spine by A B Ferguren. Paul B Heaber 1541 )

271



272 SURGERY OF THE SPINAL COLUMN

of a vertcbra. It results in either a wedge shaped vertebra, or m one-
half of a vertebra. Because of this, deformuty 1 the form of scoleosis
often develops, as the vertebra above gravitates downward on the side
of the nussing portron

Treatment Many belteve that since this deformuty frequently becomes
fixed, the treatment of choice, until the age of adolescence, 1s the use of
some apparatus to prevent curvature of the spme. If, however the
deformuty 15 severe, and Limuted to a few vertebrae, or the spine 1s very
unstzble, as indicated by increasing curvature or any other deformities
duning the adolescent period, 2 bone graft fuston operation should be
caraed.out.

It was Codrvilla who first suggested exaision of a hemivertebm m a
case of congenital scoliosis He however sejected the 1dea as too danger
ous m practice though theoretically sound It has been the expenence
of the authors that the successful employment of the bone graftimplanted
i the spmous processes for the treatment of paralytic and idropathic
scoliosts pomnts the way to a more practical solutron of this delicate
problem. So long as motion between the vertebrac can be abolished by
a successful fusion operation, congenital anomalies become of Iittle con
sequence, provided the curvature can be rexsonably corrected In a child s
spine this 1s often easily accomplished under anesthesia, because the
soft structures on the concave side yreld. The graft 1s inlaid as desceibed
for paralytic scoliosis (see p 249)  On the other hand, the conserva
tive treatment, which requires years of braces s believed to be unduly
prolonged and nesther trustworthy nor justifizble 1n view of the results
obtaned by fusion By the use of bone graft fusion, permanency s
assured, and the possibility of a return to normal childhood greatly
enhanced.

It was Compere 1n 1932 and Smuth and von Lackum in 1933 who
reported a few cases w which they had performed radical operations
to cure scoltosts induced by hemtvertebra In these operations practt
cally all of each hemvertebra was removed The techaic used by Com-
pere for this operatson 1s applicable to the removal of hemuvertebra tn
any location The magnstude of any operation of this sort 1s however
<o great that it 1s indicated only in very rare cases
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Compere Technic The following technic was employed by Compere
for excision of an eleventh dorsal hemivertebra, and an accessory hemu
vertebra between the twelfth dorsal and the first lumbar vertebra, both
on the left side

A curved masion 1s made extending from the eighth dorsal to the
thurd lurbar vertebra The left side of the spmous processes and the
corresponding laminae, are exposed by means of a periosteal clevator
The crector spinae muscles arc then reflected lnterally bringing mto view
the transverse processes of the eleventh and twelfth dorsal, and the first
and second lumbar vertebrae These are fractured at their bases

An mnasion parafleling the eleventh rib on the affected side 15 now
made, connecting with the longitudinal maision, and extending later
ally for a distance of ten centimeters With a smail rib stnipper, the
eleventh and twelfth ribs are denuded of soft tissue attachments, and
the twelfth nib as well as a segment of the eleventh rib, six centimeters
1n length 1s extised. A column of spinal muscles 15 now retracted meds
ally and the laminae and pedicles of the vertebrae from the cleventh
dorsal to the second lumbar are exposed. The panetal pleura 15 dis-
sected from the bodies of the eleventh and twelfth dorsal and the first
lumbar vertebra, exposing their lateral and antersor surfaces Great care
must be exercised to avord unnecessary tranma to the nerve roots

With a small chisel and a dissector the eleventh dorsal hemrvertebra
on the affected stde 13 removed m several segments The bone 13 excised
from the accessory hemuvertebra, leaving 2 cartilage lined defect The
correspoadung laminse ace only partially excised The spmous processes
and laminge of the affected side are agan exposed roughened with a
chusel and the fragments of bone are turned laterally across the articular
facets ‘The previously removed ribs are split longttudinally and placed
upon the lamunac as grafts extending from the eighth dorsal to the
third lumbar vertebra.

(The authors have found rib matenal very poot for graftng purposes
Its osteogenesis 1s very low and 1t (s very apt to break and disintegrate
1nto bundle shaped small fragments )

After Treatment After the wounds have healed, a Hibhs Fesguson
ar:!d Russer corrective cast 1s applied including the leg of the affected
side and thereafter gradually conc‘cuon of the deformuty 15 continued

b3
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for three weeks The gap in the cast 1s then filled 1n with plaster, and
immobiization 15 mamnteimned untdl fusion has taken place.

DEFICIENCY OF VERTEBRAE, OR OF PARTS OF
VERTEBRAE

The only important cluucal mstances m this group are the varrous
forms of spinz bifida and spina bifida oceults, 1 which portions or the
whole of one or more arches are defective,

e .

Fig 167 Spina hifida and coagenmital talipes equinovarus,
both relleved by operation.

Spna Bsfide

Of all the anomalies of the spinal column spina bifida 1s the most
frequent Nikolaas Tulpuus first mtroduced the term sprma bifida about
the muddle of the 17th century and since that tume it has been
generally adopted 1n the saientific world despite many attempts to sup-
plant it by other terms such as hydroractus rachischisis and the like
Etymologically spina bifida from the Latin and rachischisss from the
Greeh are symonymous They both describe a cleft 1n the vertebral col
umn, but since von Recklinghausens classical monograph on spina
bifida 1n 1866, rachischusis has been used to denote a complete nonunron
of the walls of the medulfary canal
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Spina btfida, for many years, has been & source of much perplexity to
peduatrsts neurologists and orthopedic surgeons and i spite of the
fact that many excellent anatomical and pathological studies of this
congenttal anomaly have been made, and various methods of treatment
devised we scem to be but little nearer the final solution of the problem

Spina bifida 1s a condition 1 which 2 considerable gap occurs in the
postertor vertebral wall due to faulty development of the bony lamellae
which permits a protrusion of the spial membrane or cord, or both
The hernial protrusion 1s somettmes covered by shin but usually by a
film like structure of variable thichness which 1s usually attenuated and
likely to rupture The protrusion varies 1n size from a small sac to a
spherical mass occupying much of the lumbar region of the back. It 1s
sometimes pedunculated Many other anomalies such as talipes, hydro-
cephalus exstrophy of the bladder, and mperforate anus are often
coexistant

While the skeletal defect 15 ordinanly 1n the arches of the vertebrae
with the tumor protruding posteriorly (posterior spina bifida), 1n very
rare nstances the vertebral bodies are defective with the hermia pro-
truding anteriorly mto the abdomen pelvis or thorax (anterior spina
bifida)

Spina bifida 1s classified according to the structures entering mnto its
formatton, as

1 Meningocele The type where there 1s a protrusion of the dura
mater and arachnord but containing no nerve elements A pedicle whose
narrow lumen often closes obliterating the sac usually accompantes
this form

2 Myclocele. Here the posterior wall of the involved vertebrae 1s
entirely absent, exposing the medullar groove

3 Meningomyelocele Inthis the sac contains the spinal cord—which
15 not distended but adherent to 1ts walls—the spinal nerves and flurd
The walls consist of dura mater and thin epithelrum,

4 Syringomyelocele. The distended cord with spnal membranes and
nerves forms the walls of the sac i this type

Infants afflicted with esther of the two last named varieties are usually
etther stillborn, or die very soon after birth
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Prognosis The great majorsty of infants with spina bifida propria
do not reach puberty About 80 per cent of such babies die n therr first
year of various causes such as marasmus comadent infection, and fre
quently, Jeahing of the sac on account of sloughing with the result that
the fluid escapes, infection occurs, and death ensues from meningths
or myelitis

Occastonally rupture ts followed by shrinkage and spontaneous cure
Even after the cure of a spina bifida, either spontaneously or by surgt
cal intervention many cases subsequently succumb to hydrocephalus or

Fig. 168. Spina bifida with associated hydrocephalus and left
wlipes equinovan.

other sequelae of intracranial pressure, or die from paralysts or a trophic
leston

Palliatsve Treatment This consists merely of protecting the sac by
means of stertle dressings and 15 1n no way curative

Operative Treatment The selection of cases for operation 1s a matter
of pume wnportance In the final analysts, 1t will be found that the
majority of cases are unsuitable for operatrve intervention, not because
of any technical difficulty i effecting dosure of the defect i a very
large percentage but rather becsuse of the associated paralysis and other
complications which may be wholly uninfluenced by the operation. The
contramndications are

1 Hydrocephalus
2 Paralysis of the sphincters
3 Complete paraplegia.
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4 Irreparable deformuty and the unassociated deformities, and other
anatomical defects of a serious nature, such as diastematomyelia, atclo-
mycha sclerosis of the cord, and ectopic vesica

s In cases wheee there are ulcerative processes i the neighborhood
of the spina bifida, operation should be deferred unhil a later date

The closure of the defect by open or operative methods may be ac
complished 1 several ways Methods which have been variously recom

mended indude

1 The employment of a bone transplant taken from the tiba (Albee)

2. The use of a musculo-fascial flap (Bayer)

3 The transplantation of a flap from the fascia lata. Autopfastic
(Brodman)

4 A flap of penosteum with base attached, taken from the vertebra
(von Bergmann)

5 Osteoplastic closure with a bone flap from the scapula (Shilifos-
sosky)

6 Osteoplastic closure with a bone praft from the crest of the thum
(Bodroff)

7 Filling the defect with fragments of bone from the sacral arches
and tuberosittes of the sacrum (Zenenko)

8 Closure of the defect by fractuning the bases of the vertebral arches
and transferning them to the median line (Dollinger)

9 An adaptation of this prnaple (#8) by Babcock.

10 The use of foreign materals such as cellulotd and silver

The choice of the method used should be based upon the size and
situstion of the defect, for obviously the closure of & small opening in
the upper level of the canal, 1nvolving but a single vertebra, with but
little separation of the arch, and with the muscles not far apart requires
aesther muscle nor bone transplant However in cases of spina bifida
tn which the memngocele has been controlled and a large deficency of
vertebral bone exssts together with considerable weakness as evidenced

by lordosis or other deformity the bone graft offers an excellent means
of strengthenung the spine
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Prognosis The great majority of infants with spina bifida propra
do not reach puberty Abaut 80 per cent of such babses die 1n thetr first
year of various causes such as marasmus, comadent mfection, and fre
quently leaking of the sac on account of sloughing with the result that
the fluid escapes, infection occurs, and death ensues from menmgitss
or myelitis

Occastonally rupture 15 followed by shrinkage and spontaneous cure.
Even after the cure of a spma bifida, esther spontaneously or by surgr
cal intervention, many cases subsequently succumb to hydrocephalus or

Fig. 163. Spina bifida with associated hydrocephalus and Jeft
talipes equinovarus.

other sequelae of intracransal pressure, or die from paralys:s or a trophic
lesion

Palliative Treatment This consists merely of protecting the sac by
means of sterdle dressings and 1s 1n 0o way curative.

Operatrve Treatment The sclectton of cases for operation ts 2 mattet
of prime importence. In the final analysis, 1t will be found that the
majonity of cases are unsstable for operative intervention not because
of any technical difficulty 1n effecting closure of the defect m a very
lacge percentage but rather because of the associated paralysts and other
complications which may be wholly unmfluenced by the operation The
contraindications are

1 Hydrocephalus.

2 Paralyss of the sphincters

3 Complete pamaplegta
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4 Irreparable deformity and the unassociated deformities, and other
anatomucal defects of a serious nature, such as, diastematomyelia, atelo-
myelia, sclerosis of the cord and ectopic vesica

5 In cases where there are ulcerative processes wn the neighborhood
of the spina hifida, operation should be deferred until a later date

The closure of the defect by open or operative methods may be ac
complished 1n several ways Methods which have been varrously recom

mended include

1 The employment of a bone transplant taken from the tibta (Albee)

2 The use of a musculo-fascial flap (Bayer)

3 The transplantation of a flap from the fascra lata. Autoplastic
(Brodman)

4 A flap of peniosteum with base attached tahen from the vertebra
(von Bergmann)

5 Osteoplastic closure with a bone flap from the scapula. (Shilifos-
sosky)

6 Osteoplastic closure with a bone graft from the crest of the lum
(Bodroff)

7 Filling the defect with fragments of bone from the sacral arches
and tuberosities of the sacrum (Zenenko)

8 Closure of the defect by fracturing the bases of the vertebral arches
and transferning them to the median line (Dollinger)

9 An adaptation of this principle (#8) by Babcock.

10 The use of foreign matersals such as cellulord and sitver

The chotce of the method used should be based upon the size and
situation of the defect, for obviously the dosure of a small openng 1n
the upper level of the canal, involving but 2 single vertebra, with but
lsttle separation of the arch, and with the muscles not far apart, requires
neither muscle nor bone transplant However in cases of spma bifida
1 which the meningocele has been controlled, and a large defictency of
vertebral bone exusts, together with considerable weakness s evidenced
by lordosis or other deformuty the bone graft offers an excellent means
of strengthening the spine
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Radscal Operatton for Spina Bifida Two lateral incisions are made
vestically and extending well above and below the tumor The sac is
opened mn a hine with these imasions, and the flud 15 released gradually
cither with the patient m Trendelenburg s position but on the face, or
mn Babcock s position (to avotd cerebral anemia from too sudden reduc
tion of imtercranial tenstion) The sac 15 turned inside out the nerves

Ty,
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Fig. 169 Babcock’s position In operatioos for spina bifids. (The object of this
poidon is o ubvi-npo‘the danger of toosudden reduction of intracranie] tenslon.)
A blanket is fastened firmly berwen the upright rod leg-balders oa en ordisaty
apeaaclng-tahle, The child is hung over this by lts grolos, the legs belng fastened
by baadages to keep It from ali g A bot water bottle is placed In front of
the blanket, over the childs to prevent chilllng. (After Babcock.)
(Fram Oribepardic amd Recenstruction Surgery by F H Albee—W B Sexuwders
Ce., 1921)

dissected out, and the spinal cord freed These structures are then
returned to the spinal canal and the sac cut away The pech of the sac
1s then freed from the bottom of the wound, and as much more tissue
as 15 advisable ss resected before 1t 1s closed with a purse string suture.
Quadrilateral flaps consisting of muscle, fasaa and persosteum  are
made wsth their bases toward the median line These flaps are sutured
with their raw surfaces apposed forming & ridge near the mdline The
shin 13 closed with silkworm gut Tension must be avorded by removing
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sufficient of the redundant superficial tissues or by undercutting or
making lateral inaisions m the flanks

Inlay Bone Graft for Spma Bifida (Albee) This technic 1s similac
to that employed 1n Pott s duscase, although modification 1s necessary on
account of the absence of spinous processes and portions of the ncural
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Fig. 170 Babcock s operation for spima bifide. The dosure of the separated dura
ls thown, 23 s also the mobilization by Satterlee forceps of fibro-omeous ribbons
coaslsting of the rudimentary lamina. P., sutured placachnoid D dura In process
of dosure B, C., mobilized fibro-osscous ribbons which are to be brought to the
median line and sumred AL, erector splmae muscle § skin.

arches The spinous processes above the cleft, and the remnant of the
neural arches of the lateral masses of the last lumbar vertebra and the
first part of the sacrum, are reached from each side by two curved skin

incisions as it 1s undesirable to interfere with the nerve tissue which 1s
usually involved in the acatrix following the operative reduction of
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the menwgocele The second spinous process above the deft s spht
longttudially and a greenstich fracture produced 1n each half The
first spinous process above the cleft 15 denuded of 1ts muscular and liga
mentous attachments and both sides are freshened Below the deft,
the lateral masses of the fifth lumbar vertebra (or the congenitally de
formed stumps of the neural arches, if sufficrently prominent) and the
first segment of the sacum which 15 usually congenstally hypertro-
pbied are split with the osteotome, and the halves are separated to
recerve the lower ends of the two grafts

The wounds are packed with saline compresses and two grafts, long
enough to reach from the split spmes above to the sacrum below are
removed from the crest of the tibia. The upper ends are bevelled so that
when these surfaces come together the grafts form an acute angle, like
an inverted V' The grafts are placed at this angle 1n the beds prepared
for them and are held firmly 1n place in their bony contacts by drawing
the split ligaments over them with mterrupted sutures of medwm kanga
00 tendon The skin wounds are closed and the patient s placed on 2
fracture bed for sx weehs

Results of Radical Operation on Menmgocele The smmediate post
operatrve mortality 1s about 34 per cent secondary mortahty from hydro-
cephalus convulsions, and so forth s equally great. Thus the ultimate
mortality by this method 1s around 70 per cent

Thus has been the finding of other authors, as for instance, Dr James
A Harrar who on reviewing 91 600 confinements at the old Lymng In
Hospital in New York City found that there had been 59 mnstances of
spma bifida of all types among them, and that nine others had been re
ferred to them for care Concerning these 68 cases he reported

7 infants were stllbom

30 infants were treated without operation—all dying within 2 few
weehs

31 infants were subjected to radical operation

Of the 31 operative cases 18 died withun 1 to 21 days of menngitss
encephalttis and so forth Nine dred later of increasing hydrocephalus
and mamtron Of the remaining four healed operative cases two were
discharged with mcreasing hydrocephalus and spastically paralyzed legs
At the ttime of Dr Harrar s mvestigation 1 was 214 years old—a help-
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less hydrocephalic 1diot with spastic legs One was living and well at
the age of three years, having been operated upon at the fourth weeh for
a simple meningocele.

Gresfwald and Denuce* have found that in infants not operated
upon, the mortality 15 almost 100 per cent They report that of 2 total
of 647 infants not operated upon m England 615 died before the end of
therr first year

Fig. 171 Phbotograph showlng skin flap sutured around the excised edges of the
ulcerated ares and the stay suture fixing the upper skdn flap. (Campos tevhuic )

Because of the high mortality among infants suffering from spina
bifida, due to infections during the first 15 days of ltfe, and because of
the fact that all previously described dressings for avoiding nfection
have failed, the report of Oswaldo Pihetro Campos of Rio de Janetro,
1s especially interesting Dr Campos reports his success witha - dressing
made of an autoplastic shin graft, and gives his technic as follows

Campos Technie  “The cystic bag 15 cleansed with a non untating
substance and the edges of the ulceration are 1ncised The sac 13 punc

. O P, "Skin Gnaft for Spina Bifida Meni N Nt .
J Tloternat. Coll. Surgroes 3 438 October 194;mh e or Ry

ele,
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tured and aspirated to rehieve the iquid tenston An elliptical (ara
form) mnasion 1s made above the tumor, leaving about 5 mm of skin
around the pedicle A second tncision 1s made parallel to the first to
form a shin flap (1t 1s best to include the superficral fascia) of the same
width as the ulcerated area to be protected The skin flap 1s then sutured
to the borders of the skin of the tumor with great care being taken to

[y
ted
Fig. 172. Pbotograph showing the aspect after healmg. The former ulcera
cvouc bag Is now tremformed Into 2 sac covered wath mocmal (hick skia, asd {8
free of danper of rupture and consequent infection. (Campes sechuic )

—hs

close the angles A stay suture brings down and fixes the upper lumbar
shin to the fibrotic pedicle of the herniated tumor The upper lumbar
flap 1s finally sutured to the inferior border of the first maston left for
this purpose, with a nm of approxumately 5 mm

An occlusne dressing finishes up this simple procedure. Postopera
trve complications experenced with other methods such as infection,
leakage of spinal flurd and increase of mtracramal pressure have never
been encountered with the protective autoplastic shin graft operation

It 15 adusable to bring the infant to the hospital for the operation #f
deltvery occurs at home and to send him home as soon as possible For
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varous reasons, the mortality 1s less at home than n the hospital during
convalescence, because of the constant care available which 15 usually
smpossible in a general hospital

“The postoperative care consists of not permutting the dressing to
become wet and heeping the infant s head lower than his body Twelve
mfants have been operated upon each developing a hydrocephalus
which proves that this complication 1s not the result of the excision of

+
i
Fig. 173. Splna bifida 10 male child, aged nine months Iateral view

the cysticbag but that hydrocephalus and spina bifida with myelomenin
gocele are co-exusting cerebrospinal malformations and that hydroceph
alus does not develop as a consequence of the operative excision of the
cystic bag

In conclusion, 1t may be said that although occasional surgtcal cures
for spina bifida are on record the best that can be expected no matter
what the treatment 15 very little at the present time
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Spina Bifida Ocenlta

The usual location for spia bifida occulta 1s 1n the lumbar, the sacro-
lumbar or the dorsolumbar regions It 1s a relatrvely unimportant and
stmple variety of spma bifida The lesion 15 usually represented by a
small scar or depression often pigmented and exhibiting hypertrochosts

The bony defect 1n spina bifida occults vartes in size Sometimes 1t 15
exceedingly small and its presence 18 so counteracted by the membrane
that no protrusion occurs. The patn which sometimes accompantes this
conditton 1s due to the pressure by 2 firm band of connective tissues join
ing the sk over the deft at the lower end of the spinal cord which
thus may cause anesthesta and hyperesthesta of the lower trunh and legs,
as well as msufficency of the bladder and rectum.

Treatment As a rule treatment 13 uncalled for in cases of spma
bifida occulta. However, when there 1s much pan accompanymg thes
condition, the constricting band mentioned above, should be severed.
The indications for operation are here sharply defined

In those ceses o whuch the bone deficiency is marhed, resulting m
pan and weakness, a bone graft 1nserted mnto the spmous processes above
and below the defect (in the manner of the Albee operation for Pott's
discase) offers the best means of strengthenung and supporting the
defectve vertebra.

SYNOSTEOSIS OF VERTEBRA

The only anomaly of this group of any clinscal significance 15 the
so-called .acralrzation of the last lumbar or fifth lumbar vertebra Sumx
lar synosteosts of adjacent vertebrae m the lumbar and dorsal regrons
have been reported but these nstances are ususlly of no chimaal sig
mificance

Sacralization, and particulerly when there 1s fusion of the transvers¢
process of one side of the fifth lumbar vertebra has been listed as onc
of the possible causes of congenttal scoliosss and low back pawn

Treatment Enlargement of the transverse process 1s commonly ob-
served 1n patients who have no symptoms The assoctation of this anom
aly with low back pamn or complaint 15 not 1n stself an indication for
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exasion, and particularly not when a coexistant, pathological lesion
such s arthnitis 1s also present Excision should be himited to those
patients who have radiating patn, scuatic scoliosis and negative roent
genologic findings, together with the physical manifestations which
dicate that the sacralized transverse process 1s probably the offending
cause If there 1s a pseudoarthrosts with definste arthritic changes at the

Fig. 174 R. R. No. 45413, Foslon and malformation of cerviaal vertebrae in a

caase of Klippel-Feil Elsk,
Cord. Pal B H“Ml}'nd-m&Nm Y"f')m sherg Swrgical Disenses of the Spinad

pount of antithesis of the transverse process upon the ilwm or sacrum,
reltef 15 much rmore likely

The fusing of the lumbosacral or sacroiliac jomt by operation has
provided relief 1 many of these cases and 1t 15 2 much less shochun,
operation than a transversectomy £
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Moore 1n 1923 reported 2 few cases in which patients with enlarged
transverse processes n contact with erther the sacrum or the thum and
assocrated with sciatic pan were relieved of symptoms within a penod
of two weeks following transversectornies

There are likewise many other references throughout medscal Itera

Fig. 175. R. R No 43389 Defi and fosion of cervial vertebrae fn & ant
Df?;\hppel Feil syndrome. (From Elsberg Sxrgical Dbcases of the Spinel Cord
Pani B Hoeher New York )

ture to cases 1n which transversectomy has been performed with good
results

Moore’s Technie An mcision about six inches long 15 made over the
postertor crest of the slum After subpersosteal strpping of the lumbar
and gluteal muscles a segment of bone two 1nches long and one inch
wide 15 excised from the lum This provides excellent exposure and
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also removes the portron of the ihum 1n contact with the transverse
process The process s then denuded of soft tissues, freed from the
fibrous cord which 1s usually found, and resected with an osteotome
Care should be exercised to avord injury to the lumbar netve Iying ante
rior to the transierse process

Fig. 176. Unilateral sacrafization of the fifth Jumbar vertebm with asymmetry
of the body posterior defect in the arch and caldification of the iliolumbar ligament
on the wnsscralized side. The arch articulad: zt the Jumb ! rolot are
rudimentary at the fourth to fifch lumbar they are severely asymmetrical. (Frem
Rerstgen Diagmesss of the Extremities awd Spus by A B Fergnson—Pax] B
Heeber Inc., 1941 )

After-Care Usually the patient may walk about after ten days or two
weehs No immobilization 1 necessary

Patts and Scaglresss Technie for Transt ersectom y The pattent s placed
tn the prone posiion 1n g manner which overcomes the pormal lumbar
lordosis An incrston sbout 10 to 16 centimeters long 1s made slightly
Lateral to the midline from the second Iumbar to the base of the fifth
lumbar vertebra, thence continued obliquely downward and laterally
fora distance of from four to six centimeters The erector spinae muscles
are separated subperiosteally and retracted At the distal end of the
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Retraction

and removal of portdon of illac crest. (Frem Operatite

by skin fncision slightly lateral to midline. B
Ortbapacdics by Willis C Campbell C. %

Fig. 177 Tranneneciomy for sacrallzation of fifth fumbar vertebra (Putri and

Saaplienl) A, Expoture
of erector 1pinae mncles

Mesby Ce., 1939)
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ampbell—C, V

process exposed, Dotted
n remaving sacralized 1ranm

8. 177 C Sacralized transvense
f bone removed. D I x 1
opsoas, care must be exercised to preven lnjury

lioe indicgtes amount of

(From Operative Orthopaedics by Willis C C.

Fig. 178, Same 23 Fi
proces and musculsr Ffescia of i

to fumbar nerves,
Mesky Co,, 1939 )
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wound the sltac crest 15 exposed and a section four to five centimeters
long and two to three centimeters wide 1s removed subperiosteally The
fifth lumbar vertebra 1s located by palpation of the first free transverse
process nearest the crest. The sacralzed portion of the fifth transverse
process 1s immeduately distal to the free fourth process All muscular
and tendon insertions to the fourth and fifth lumbar vertebrae are well
freed, and the sacralized apophysis 1s removed with an osteotome. Lx
treme cautron must be exercised n separating the apophysis at the sacrum
to prevent mjury to the lumbar nerves situated beneath the transverse
processes

The resected portion of the crest of the dium 1s replaced 1n 1ts normal
position and fixed with sutures Closure 1s followed by immobilization
by means of a plaster cast for two or three months

TORTICOLLIS OR WRY NECh

Tortrcollss or wry nech may be ether a congemtal or acquired deform-
1ty It 1s characterzed by lateral inclination of the head to the shoulder
accompanted by torsion of the nech, and deviation of the face. Although
permanent twisting of the neck 1s 2 symptom of many dusassociated
clinteal conditions there are two maun varieties of torticollis congenstal
tortrcollss, and acgmired tortrcollss

Congenttal Torticollis

Etiology Congenttal torticollis 1s quite rare It may be present at
bicth or develop during the early months of life It may be heredrtary
and coexist with other congenital malformations It occurs more com-
monly tn females than 1n males Many cases of wry neck frequently occur
in association with difficult delivery occasioned by dystoca from mal
positions and malpresentations of the fetus necesstating forceps deln
ery The characteristic lesion of torticollts 15 almost always limited to
the sternoclerdomastord muscle

There have been theories promulgated as to the ctiology of this con
ditron but most of these have failed to present conclusive evidence. The
most plausible theory to date 1s the one of tschemia. According to this
theory congenttal wry nech s analogous to the ischemic paralys:s, with
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degeneration of muscle fibers from prolanged partial obstruction of the
arculation, descibed by Volkmann The blood supply of the sterno-
clerdomastord muscle ts such that 1t can readly be obstructed by certan
positions of the head Certainly the pathology of this condition sndicates
this as the most plansible etiologreal explanation

Fig. 179 Boe apparacus for torucolts. (Seyre)

Feil has called attention to the occasional fusion of the atlas with the
ocaiput as both a prumary cause and  contributing factor i congenital
torticollis Because of this possibility and other anomalies of the column
be advises roentgenographre studies of the upper cervical spine before
correction of the deformuty by surgery on the soft tissues s attempted

Pathology In such cases, there 15 a sclerotrc interstitial myosttis, ac
companied by waxy degeneration of the muscle fibers producing dense
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induration and shortening of the affected muscle—~usually the sterno-
clerdomastord muscle—and assocusted with 1t as a rule, there 15 con
tracture of the cervical fascia and the platysma muscle.

Clinical Features Clincally, there 1s a lateral flexion of the head to
the affected side, and a rotation of the face to the opposite side. The
chin 15 elevated and thrust forward and the shoulder of the affected side

Fig. 180 Fixstlon dressing log of muslin bandage and sdbesive to hold
ﬂ;:bud overcorrected after an opefatioa for tonicolls. (Fram Ortbeperdic end
Reconstruction Snrgery by F H Albse—N" B Sainders Co., 1521)

is cassed The head as a whole 15 shifted toward the sound side. The
affected muscle 1s more vertical than normal and feels hard on palp2
tion, but 15 not tender to touch Secondary changes oceur 1n the fasaa
and cervical spime. In the most chronic cases the platysma splentus and
the scalent muscles are shortened Lack of symmetry of the face and
neck 1s noticeable but 15 most marked after the deformuty has been cor
rected It may persist for several months or two or three years Usua)ly‘
it disappears gradually Lateral cunvature and rotation of the cervica
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spine, with or without compensatory curves is the rule This carvatute
may disappear after the cuse of totticotlss but f of long standing dis-
tortion most often persists

Trearment The treatment of this condition 1 of two kinds, manipu
fatsre and operatite

Mampalatse Treatment In the very muld case, tepeated mampula
tion may check the progress of the deformsty or cute the condition The

Fig. 181 TortmdHs from shostening of the left sterpocleidomastoid musce
which wsually ooturs from tranma at birth, The resuling obliquity of the eyrs

in the skull 13 very evident. (Frem Ortbepardic and Recomtraction Swrgery by
E H Albee—W B. Smenders 1921 )

<hdd s mother or an attendant 15 wstructed to perform these manpu
latrons as foflows To flex the head to the opposite side, at the same
time tuening the chun to the affected stde, and to repeat this manspulation
several times 2 day (Such mantpulations ere best when grven by a trained
mechanotherapist.)

Operative Treainiens To be successful any operation performed for
tortucolls must include the complete division of all tendinous, muscu
far and fascal bands which prevent derotation of the head, retention
of the head 1 corrected posivon and postoperstive correction of the
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lateral curvature of the dorsal and cervical vertebrae. Subcutaneous
tenotomy, which has been practiced, 15 not always successful and as it
15 accompanted by the grave danger of njury to important blood vessels
and nerves, 1t 15 much less to be preferred than open operation

Open Operatron. Division of the sternoclerdomastord muscle may be
performed 1n three places At the sternoclavicular end, at the mastoid
end or at the center

Fig. 182. Seme case as in Fig. 181 after myotomy of stemocleidomestoldd muscle,
and the appliation of the adbesive rrerention strap to hold the head lo the over-
corrected position. The drawlag two sdbesive straps of equal leogth
fasteped together by safety pins or sewing with thelr adhesive surface opposie
10 each other (From Ortbepevdic and Reconsiruction Swrgery by F 1 Alber—
I B. Sexmders Co 1921 )

1 At the Sternoclaricalar End The muscle here 1s superfical and
most easily reached Some surgeons divide the scalenus anticus also as
it ads correctron of the cetvical scoliosis—but this procedure 1s rarely
indicated Either an oblique or horrzontal masion can be made. If bont
zontal 1t need be only 1 to 114 inches long Oblique mnasions along the
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bosder of the muscle must be made longer The sheath 1s opened, and
the tendons dnv tded on a director from before backw ard, first the sternal,
then the clavicular tendon of origin All fascral bands are piched up with
forceps and severed Careful suturing of the wound must be done to
avord an unsightly scar

2 As the Mastard End A curved wcsion extending from the mastord
backward 1ato the scalp 15 made, and the muscle 1s strpped and sepa
rated from its bony attachments The advantage of this type of mcision
1s that the scar 1s covered by a subsequent growth of harr

3 At the Center Division of the stetnoclerdomastord muscle 1s pet
formed by some surgeons at the middle point 1n the belief that there 1s
less liability of the deformity to relapse because the separation of the
cut ends 1s greater when this pomt of division 1s selected After drvision
of the sternoclerdomastord muscle, kneading of the muscle must be
performed, and simultancously traction on the arm and head The head
13 then rotated away from the contracted side to aid 1n correcting scoliosts
of the cervical spine and the shoulder of the affected side 1s depressed at
the same time. The head 1s now fixed i 1ts overcorrected posttion by a
plaster of pans cutrass from the costal borders, around the neck, and
over the vertex on the sides of the head, comung down on the forehead
to the supraorbital ridges The cuirass 18 womn for from four to seven
weeks and 1s then cut down and massage manipulatrons and appropr
ate muscle exerases mstituted Forable passive overcorrection of the
head 13 performed twice a day One method of applymg passive over
correction 15 by self suspenston 1n the sling used for applymng plaster of
pasis jackets.

If the deformuty tends to return, some form of apparatus must be
womn, and a jury mast mcorporated in the plaster jacket 18 useful, or a
Bratz or Sayre s apparatus may be used The latter consists of a shoul
der ning on the sound side, and 2 filet for the forshead Between the
two extends a strong elastic band which can be shortened gradually to
overcorrect the deformuty In the simpler cases of wry neck, the authors
use 2 band of adhestve two inches wide and pass this over the side
of the face, 1 front of the ear and chm and onto the back thus holding
i;i?:jﬂ‘iu‘;:c‘:";f&mcd posttion with the chin pomnting to the

e seveser type of case where structural changes
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have occurred 1n the cervical spine, and theree 1 shortenung of the soft
tissue structures which cannot be approached surgrcally, the head 1s held
1  plaster of pans Mmesva jacket—the plaster being molded over
the frontal, ocaspital, and mental regrons of the head, over the shoulder,
and reachung well onto the thorax This jacket should be worn fot a
pertod of from two to three months and if there 15 still a tendency for

Fig. 183. Postersar tortcollis,

the deformuty to relapse, a simular plaster of pars Minerva  jachet 13
reapplied and 2 brace subsequently wom i persistent cases Recurrence
of this deformuty 1s due erther to sncomplete operatson, or to snsuffient
aftertreatment, and 1s therefore avoidable Postoperative massage and
mantpulative overstretching of the structures of the nedh are quite essen
tial in the convalescent postoperateve treatment of most types of torit
collis, and 1n my opmion, cannot be overstressed

Cangenutal Postersor Tortscollis

This 1s much less common than the anterior form. The commonest
cause 13 contraction of the trapezius and levator angult scapulae muscle,
with frequent compliaty of the deeper muscles—the complexus, the
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splenus and the trachelomastord Section of these muscles 1s very dufft
ult Stretching under anesthesia, and maintaining the correction by
plaster of pans jacket or other apparatus, may be tried before operative
tntervention

Acqmred Torticollss

In brief, acquired torticoliis may be of three varietres, subdtvided as
follows

1 Acste
{a) Myositis of the cervical muscles, ordinary stiff nech
(5) Secondary to suppurating glands of the neck, or to angina
2 Subacute
Due to glands of the nech, tonsils, measles, diphtheria
3 Chrome
Caused by
() Trauma (dislocation)
(b) Cicatrices of skin and muscles
(¢) Refleximtation from canes of the spine, such as Pott s disease
(d) Scoliosis.
(e) Brachual plexus neuralga.
(f) Occupation (frequent repeated movements of the head from
side to side)
(g) Rickets
(%) Paralysis of the spnal accessory nerves
(7} Psychic conditions
(f) Spasmodic conditions
(£) Anterior poliomyelitis
() Menungitss (cervical opisthotomos)

Acute Torucollss. Etiology Thus 1s the most frequent of the acquired
forms and 15 the most important variety from the standpotnt of perma
aent distortron The ssmple form 1s due to durect rerstations of the muscle
from mjury and penimuscular inflammations combined with 1ratation
of the peripheral nerve causing reflex contraction of the muscle In chul
dren sumple acute torticollis often begins with fever and malase the
muscle 15 tender to pressure and movement. The distortion 55 necessary
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have occurred m the cervical spie, and there s shortening of the soft
tissue structures which cannot be approached susgically, the head 15 held
tn 2 plaster of pars Muerva  jacket—the plaster being molded over
the frontal, occipital, 2nd mental regions of the head over the shoulder,
and reaching well onto the thorax This jacket should be worn for a
period of from two to three months and if there 15 still # tendency for

Fig. 183 Postenor tordeollfs.

the deformity to relapse, a similar plaster of paris Minerva Jacket 13
teapplied and 2 brace subsequently worn in persistent cases Recurrence
of thus deformty 1s due esther to ncomplete operation or to mnsufbaent
aftertreatment, and 1s therefore avoidable Postoperative massage and
manipulative overstretching of the structures of the nedh are quite essen
tial 1 the convalescent postoperative treatment of most types of tortr
collts and 1n my opinton cannot be overstressed

Congenstal Posterior Tortrcollrs

Thus ss much less common than the anterior form The commonest
cause 1s contraction of the trapezius and levator angulr scapulae mu.'adbtc
aith frequent complicity of the deeper muscles—the complexus t
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splenius, and the trachelomastoid Section of these muscles 1 very difft
cult. Stretching under anesthesta, and matntaining the correction by
plaster of parts jacket or other apparatus, may be tried before operative
ntervention

Acqurred Torticollis

In buief, acquired torticollis may be of three varteties, subdivided as
follows

1 Acnte
(#) Myositss of the cervical muscles ordinary stiff nech
(b) Secondary to suppurating glands of the nech, or to angina
2. Subacute
Due to glands of the nech, tonsils measles diphtheria
3 Chronic
Caused by
(4) Trauma (dislocation)
(&) Cicatrices of skin and muscles
(¢} Reflexitntation from cartes of the spine, such as Pott s disease
(d) Scoloss
(¢) Brachial plexus neuralgia.

(f) Occupation (frequent repeated movements of the head from
side to s1ide)

(g) Ruckets

(F) Paralysts of the spinal accessory nerves
() Psychic condittons

(1) Spasmodic conditions

(k) Anterior poliomyelitis

(/) Menmgitis (cervical opsthotomos)

Acute Tortcollss. Errology This 1s the most frequent of the acquired
forms and 15 the most important variety from the standpoint of perma
nent distortion The simple form 1s due to direct 1rritations of the muscle
from tnjucy and penmuscufar inflammations, combined with rrritation
of the peripheral nerve causing reflex contraction of the muscle. In chil
dren, simple acute torticollss often begins with fever and malasse the
muscle 15 tender to pressure and movement The distortion 1 necessary
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to relax the inflamed muscles, and the deformuty usually disappears
when inflammation subsides Torticollts may be spastic from irritation
of the branches of the spmal accessory nerve 1n the course of tonsillitss,
pharyngitis, diphtheriz, and other affections of the nasopharynx Spastre
torticollis may also be occasionally hystertcal in persons who are subject
to nervous instability

Symptoms The onset 1s sudden and febnle. The contraction may
nvolve several muscles namely the sternocleidomastord, the trapezus,
the pasterior group of cervical muscles, etc. The muscle 1s tender to touch
and to movement of the head Neuralgic patas in the neighborhood ate
common The duration 15 usuzlly short, but when a local mflammatory
process 15 persistently found, 1t may result from structural changes of
the muscles and fascrac ‘The muscles often undergo atrophy and
degeneration

Diagnosis ‘'The commonest error 1s confusion with Pott s disease.
However n acute torticollss, the onset 15 sudden without preceding stiff
ness and with neuralgic pain The movements of the head are restricted
only when the inflamed muscle 1s put on the stretch All other movements
are unrestricted In Potts disease however the chin 1s frequently
pornted toward the side to which the head s mnclined traction of the
head relieves pamn instead of increasing 1t as 1s the case 1n acute tor
ticollts reflex spasm limuts motion 1n all directions

Arthritis of the atlo-axord joint 1s also sudden in onset but in this
condition all muscles of the neck are affected by spasm rather than only
a single group as 1s the case 1n acute torticollis

Treatment Acute torticollss 1n sts midest form can usually be cured
by the local applicatron of heat and the use of a collar made of sheet
wadding cardboard, and adhestve for mamtaining the head t the
proper position In the spastic types 1t 1s best to remove the cause of
irritation and to treat the general condition of the patient The most
urgent requirement 15 to relieve the tension of the muscle. For this pur
pose some sort of a collar such as just described 15 usnally insufficient
and 1t ts probably best i most instances to use a jury mast wncorporated
1n a plaster of pars jachet untd the acute symptoms have substded when
exerase massage and manipulation can be started In cases of long
standing anesthesia and forcible correction may be necessary followed
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by the use of a jury mast wcorporated 1 a plaster of paris jacket to
maintain the correct position

Chronic Torticollis OF the vartous forms of chronic torticolhs enu
merated above only one requires special attention namely, spasmodic
torticollis This affection bears no relation to the acute torticollis from
affections of the penpheral nerves just described Spasmodic torticolls
1s a convulsive spasm of the muscles of the neck, 1n a general way simular
to the phenomenon known as writer s cramp It occurs almost always
1n adults. Chinscally the onset 15 gradual Initial symptoms are stiffness
and discomfort of the muscles of the neck, with twitching or slight con
traction pulling the head toward one side Gradually the charactenstic
attitude of torticollis 1s assumed, but the patient 1n the eacly stages of
the affection can correct the attitude voluntarily and stop the twitching
by holding the head Eventually, however, the spasm 1s uncoatrollable
and may also involve the muscles of the face and even those of the chest
The spasra 15 tacreased by excitement or the execution of sudden mave
ments, and 1s usually accomparued by neuralgic pain 1n the head and nech.

Errology ‘The cause of this type of tortrcollis 15 not known definutely
Not frequently there 1s a neurotic famuly or personal history Over
work, nervous shock, etc are also predisposing causes and constramned
positson of the head in certain occupations and eye stram from defec
trve vision, suggesting the analogy to writer s cramp  The hypertrophy
and shortening of the affected muscle are both compensatory

Treatment 1t 1s of the utmost importance that the general condition
of the patient be given close attention. If the patient 15 of the hysterical
or neurotic type, psychotherapy may effect a cure, while if the condition
1s of occupational origin changes of work should be tried In early cases
massage muscular exercises and a mechanical support are of aid in the
treatment. However 1 many chronic cases, certain cure 1s offered only
by operative procedure such as resection of the nerve innervating the
affected muscles 1f the sternoclerdomastord and trapezius resection of the
spinal accessory or fesection of the postertor branches of the upper
cervical nerves with division of the contracted muscles «f other muscles
are affected or deformity recurs after division of the spinal accessory
The spinal accessory nerve may be exposed at a pomt one to two inches
below the tip of the mastard. The postetior branches of the upper cervi
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cal nerves may be exposed by an maston downward from the ocaput
paraliel with the spinous processes of the cervical vertebrae. After divi-
sion of the complexus these nerves are exposed and the branches of the
three upper nerves are resected

The tendency 1n recent years has been to lunit the operations for the
relief of this condition to three different procedures

1 Duvision of both the anterior and posterior spinal roots and spinal
accessory nerves on both sides

2 Duvision of the first (there may be no posterior root), second and
third cervical posterior spinal roots bilaterafly, and division of the spinal
xccessory fierve on one or both sides

3 Division of the three upper anterior spinal roots and the spinal
accessory nerves

In the authors opinion, the second of these procedures 15 the most
preferable If as some writers have suggested, me proves it 13 only
necessary to divide the anterior roots this would become a still more
desirable procedure, as 1t would entail less loss of cutaneous sensatron.

Paralysis follow tng these operations 1s usually of no practical impor
tance as the head can 1nvariably be held i tts correct erect position

Vertebral Deformities With Malformation of Otber Parts

ABNORMALITIES OF THE CLAVICLE

Defects of the davicle such as partial absence, have been noted These
are usually associated with peculiarities of the cranial bone the palate
the teeth, etc The clinscal features are the slght drooping and the falling
fornard of the shoulders The shoulders can sometimes be approxt
mated to actual contact by the use of a little force

FUSION OF THE RIBS

Defects of the ribs such as fuston of two or more ribs or faulty rib
dexclopment have been reported but are of little practical importance
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Fig. 184 N conpenitl lies in the apine. Fmlure of unlon of
onlfication centers produces double hemivertebrae. Absence of centers causes
hemivertebrae sod absence of ribs. Fallure of segmentation results in fusion of
1ibs and various degrees of fusion of vertebeae. All bones appesr healthy Lines
of division ace clear-cut curtllage lines. (From Roemtgem Diagmosis of The Ex
tremities end Spine by A B Fergusan—Paxl B Hocber Inc 1541 )
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aided by cautious use of the knufe The proximuty of the pleuca must be
borne 1n mind and care must be taken to avord njuning it. It 1s best to
excise the rib extraperiosteally After exposing and developing a small
portion of the rib 1t 15 followed to 1ts spimal origin and there amputated
with bone forceps and the stump carefully rounded off with rongeur
forceps to avoid leaving a protruding spicule of bone The antertor attach-
ment of the 11b 15 then drvided, and the rib removed. After all the bleed
ing ponts have been checled, the deep and superficial wounds are closed

Operation from Bebmd An wacision 1s made begmning 34 nch lateral
to the spinous processes of the vertebra and a hand s breadth abose the
vertebra promunens and thence downward parallel with the spmous
processes to a hand s breadth below the vertebra prommens After the
teapeztus has been divided, the serratus posticus and the splentus and the
fibers of the complexus and the semuspinalts colls are separated exposing
the transverse processes of the two lower cervical and the two upper
thoracic vertebrae and the junction of the cervical rib with the transverse
process of the seventh cervical vertebrn. The transverse process s then
removed with bone forceps bringing the thin nedh of the rib into view
A curved periosteal elevator or other guard 1s passed above the nech of
the rib and the latter 1s drvided, avoiding the nerve roots which lie just
antenior to 1t. With the rib held 1 lion jaw or other strong forceps 1t 1
developed by sharp and blunt dissection as far as possible. If the anterior
connection 1s too firm to be broken sufficiently to permut of removal of
the rib an anterior ncision (as just described) 1s made, and the rib 1
removed 1n that manner

SPONDYLOLISTHESIS AND PRESPONDYLOLISTHESIS

The term spondylolisthesis 15 derned from the Greek and means a
gleding of the vertebra and 15 applied to a forsard subluxation of the
body of the fourth or fifth lumbar vertebra, together w1th 2 supetimposed
vertebral column upon the vertebra below 1t, or upon the sacrum. The
leston 15 caused by 2 lack of fuston of the ossification centers which form
the posterior and antenor halves of the ncural arch Normally fuston
takes place at a potnt betw een the inferior and supersor articular processes.
Usually the infersor artrcular process of the fifth lumbar vertebra prevents
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forward subluxation of this vertebra upon the sacrum In spondylolis-
thesis and prespondy lolisthesis however, the inferior articular process 18
attached only to the postenior segment of the neural arch of the vertebsa
and 1s thus unable ta perform its function sufficiently

Any destructive lesion of the neural arch may result 1n spondylols-
thesis Morcover defects 1n the neural arch frequently preseat no symp-

Fig. 186 Spondylolisthesis produced by fracture of the

upper scgment of the
secrum and s dislocation forward and downward. (Frem Orthopasdic awd Recow-
strnction Swrgery by F H Albes—W B Saxnders Co Philadelpbia and Londex,

1921)

toms and are discovered only by accident, as when a roentgenogram s
made for snother purpose, or 1n cases of trauma supenmposed upon a
previously painfess defect.

Mechamcs of Production The amount of displacement varies from a
very slight luxation to a dislocation so extensive that the fifth lumbar
vertebea slips forward and downward through a distance of 90 degrees
until 1ts pormally infertor surface 13 opposed to the anteror surface of
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Fig. lﬂA.Amblclumboucnlmgiemmurln 34 degrees. Fig. 1878 Anun
:::le lumboncrll angle mmrlngsodc;rm. Fig. 187-C, A dlagram of the stable

I angle. Io A the bones are

in firm balance Thrym:yremsinmw{dxuntbeddof:mndaor"pmu.
They would form a stable lumbosscral angle, In B the boaes sre in an arrangement
which would collapse without the support offered by muscles and ligements. The
aech artculadons could sot prevent collapse. These bones wocld form an unstable
Jumbosacral angle. They present two elements of a weak narure which may exist
together as in B or separately a3 in € aod D The first element of weeknesy is chat
the welght-bearing plane of the sacral sucface approaches too pear the vertiaal, as
in B and C The sccond element of weakness iy that the Iing of weight thrust as
represented by u vertical line through the center of the body of the third Jumbar
vertebra may pass fae In frone of the sacrum as in B and D (Frem Reeusgn
Dl'l"lllb of the Extremitics and Spine by A. B. Ferguson—P B Hocber Inc.

1941 )
306
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the first, or first and second, sacral segments, with subsequent synosteosis
mn tlus positton Thus the normal anterior surface of the fifth lumbar
vertebra faces downward, and the articulation between the fourth and
fifth lumbar spaces replaces the normal tumbosactal angle This causes
more or less blocking of the pelvic inlet, tension upon the surrounding
ligaments, fascaa, and muscles, and probably pressure upon the spinal
nenves or cauda equina The pedicles are thinned and clongated or act
ually severed, the laminae and spinous processes being forced backward
The affected vertebral body becomes wedge-shaped its lower disc 1s
absorbed, and 1t may fuse with the saccum The sacral promontory 1s now
replaced by the prominence of the fourth, third or second lumbar vertebra
Neugebauer makes the following classification of spondylolisthess

1 Neural arches separated from the bod:es
(a) Defective development, congenttal
() Trwumatic form from pressure

2 Change 1n the form of the vertebral body
(a) From discase

(&) From supertmposed weight and pressure changes

(To this classification prespondylolisthesis or the pre shipped stage,
should also be added )

Clinscal Features Displacement of the spinal column downward and
forward, with consequent forward displacement of the whole trunb, 1s the
distinctive feature. In compensation for this the pelvic mclmation 1s
decreased, so that the symphysis pubzs 1s on a level with the first sacral
segment, or even on a higher plane. These changes result m 2 vertical
shortening of the entire trunk 1n the abdominal region which 1s strkingly
€vident 1n the front view on account of the high position of the sym
physis pubis Dimnished inclination of the pelvis causes broadening
and flattening of the glutesl region and prommnence of the postertor
nferior iliac spine. The thiac crests stand out sharply from the loins
Thus condition has been adequately named saddle back —the lumbar
tegion and loins appearing to fall away The buttocks are small and the
postenior pelvic outline 1s quadrdateral

‘The lumbar lordosis diminution of the pelvic inclination and vertical
shortening of the trunk are almost pathognomanic of spondylolisthesis
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when combined with the detection of the marked angulanty between
sacrum and lumbar vertebrae on vaginal, rectal, and roentgen examina
tions Associated with these changes are partial flexion of the hips, knees,
and ankles when the patient stands

Low back pain, exaggerated by standing posture, 1s the most promunent
symptom of spondylolssthesis The slipping forward of the lnmbar verte-
brac on the sacrum alters the entire line of weight bearing of the spmal
column, and because of ths faulty position, the muscles, fascia, and liga
ments are subjected to constant stress, often giving rise to constant patn
10 the lower back when the patient 1s standing

Recently several authors have suggested that herntation of the
naucleus pulposus or slipped disc, cansing pressure on the spinal nerves or
cauda equing, 1s common m spondylolsthests, and 1t 15 thought that this
15 a chuef cause of the scuatica assocuated with spondylolisthesss Meyer
ding recommends that all cases of spondylolisthesis complaming of Jow
back patn with scratica be given the advantage of orthopedic, ncurologtc,
and roentgenologic opinsons and suggests that better results are obtuned
when the treatment consists of the combmed Jaminectomy and fusion
procedure  However, the authors have found that fuston of the thurd,
fourth and fifth lumbar vertebrae to the sacrum by a strong tibil bone
graft 1s sufficient tn the large majonity of cases

Treatmeat The treatment of this condstion 1s almost entirely mechant
cal, since the patnful symptoms are due to vertebral dusplacement, result
ing 1n overstretching and undue tension upon the ligaments surrounding
the vertebra Usually the longer the patrent 15 on hus fect, the more severe
the low badk pain

Until the mntroduction of the imrmobilizing spine operation no satis-
factory treatment had ever been devised for this tmportant condition
which 1s not controllable by splinting methods

Braces or a plaster jachet, affording nesther relief nor cure have proven
of little value fac the reason that the only counter pressure that can
possibly be effective in such a conditson must come antesrorly 1n order
to exert influence on the anterior surface of the displaced vertebral bodies
and obviously 1t 15 unpassible to exert suffiient pressure through the
abdomunal cavity to produce adequate immobilization
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Fig. 188-A. Casc of spondylalisthesls in & woman 32 years of age—one and one-half
years after fosion attempted by Hibbs technic met with failure. Arrows Indicate
0o fusson &t proposed fuslon ares. Spinowus processes of the third, fourth snd fifth
lumbar vertebrac completely absent.
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Fig. 188-B. This ks the same case as Fig. 188-A, and shows the stroog tibal inlay
graft morticed into the spinous procrses of the second lumber yvertebra, gad coapted
oato swumps left by the Hibbs operation of the third, fourth, sod £ifth Jumbar
sericbree as well a3 the sacrum,
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The bone graft, and espectally with the mechanscal features 1t offers,
as applied by the authors, 15 espectally well adapted to the difficult problem
of immobilizing the spine, 1n that a strong graft wlaid mnto the exceed
ingly strong spinous processes of the lower lumbar vertebrae and care-
fully coapted onto the posterior surface of the sacrum affords a very firm
tmmobulization, particularly as the large spinous processes of the third,
fourth and fifth lumbar vertebrae provide unusually firm anchorage for
the graft, since the stress upon the graft comes 1n an anterior direction
The tendency of the old deformuty to relapse, and of the lower vertebrae
to sag forward, only forces the lower end of the graft more firmly against
the posterior surface of the sacrum when the graft has grown firmly nto
the spinous processes of the vertebrae Therefore there 1s not the same
necessity for anchoring the inlay firmly to the sacrum as there 1s in the
case of the vertebrae The graft must always be anchored to the spinous
processes of at least two vertebrae above and below the displacement.
If the displacement 15 betw een the fourth and fifth lumbar vertebrae, the
graft should be mserted to the spinous processes of the third and fourth
lumbar vertebrac which lie above the displacement and to the fifth
vertebra and the sacrum which lie below 1t.

Albee Technic of Operation The spinous processes of the lower lumbar
vertebrae and the posterior part of the sacrum are exposed by means of
an mcision, curving slightly to the right side, and turning up 2 flap con-
sisting of thin soft parts down to the superficial fascia. The supraspinous
and mnterspinous ligaments are split by means of a scalpel passing over the
central portion of the tips of the spinous processes and n between them.
The small spinous processes on the posterior surface of the sacrum are
likewise located and the ligamentous structures split over their tips in
the same manner With a broad sharp 114 inch osteotome, the spinous
processes of the lumbar vertebrae ate split longitudmally as near to their
centers as possible care bemng taken not to fracture the halves of the
spinous processes opposite the operator the latter standing on the left
side of the patient The portion of the spious processes on the side of
the operator 1s forced laterally toward him and may be in more than
one fragment but as these fragments arc embedded m the firm imter
spmnous ligament, no disadsantage 1s entailed The small spinous processes
of the upper two segments of the sacrum are treated Iikewse and theit
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left halves displaced sufficiently with their embedding ligaments to
allow a graft the full thichness of the tibral cortex to be wnserted between
them

After the spinous processes have been split shavings and particles of
bone are turned towatd cach othet This 1s done to add additional osteo-
genic matersal and nfluence to the graft when inserted With an osteo-
tome and curette, the posterior area of the sacrum with which the graft
13 to be coapted 15 thotoughly scanfied

%

Fig. 159 Dugram showing contour of graft as It is belng removed with motor
from the antero-internal surfsce and crest of the tibla. A B and C variatlons in
lower or merul portion of the graft in accordance with the obliquity found between
the postenor surface of the sacrum and pencral alignment of the tumbar spise.
(Frem Albee Beue Graft Surgery in Disease Inpury and Deformity D Appleten-
Century Compeny New Yorh.)

4

Next, by means of a flexible probe, the entire contour of the proposed
graft 1s obtaned Care must be taken to get an accurate pattern of the
postenor part of the sacrum and sts angulation with the general axis of the
lumbar coluron.

The spmal wound 1s then pached with hot saline compresses and the
antero-internal surface of the central portion of the left tibia 13 1aid bare
by an maision over the crest. With the molded probe as the pattern, the
proposed graft 15 carefully mapped out on the anteromedtan surface of
the tibia by means of strakes of the scalpel ta the peniosteum The sacral
ead of the graft will have a sort of goose neck projection for msertion mto
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TORSARD LARGING OF SPINE
rary BY FU3IOM ar
SRAFT WiTH LUMBAR $PINED
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Fig. 190-B.
Fip. 190-A, iracing of x ray picture eight months sfter operation. This tmaang
dx:wxlhetun!ormdonofzht.n!umdlupmmmlndr:p{naupmaﬁﬂuf
brae and Insertion imto the posteri

the lumbar surface of the sacrum. The
acrows indicate the direction of forces which are exerred upon the graft 13 a resuht
of Its immobllizlag influence. Fig. 190-B, Fusjon of spine in a anse of spondylo-
Hstbests showisg Ublal booe graft, BG immobllizing Jumbotacral spine. (Trem
Albee Bowe Graft Surgery in Disease Injury awd Defermisy D Appleton-Contnry
Company )
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the posterior shell of the sacrum at about the third segment As 1t 15
desirable to have the sacsal end of the graft stronger, this will be the
inferor end because the cortex n the lawer end of the tibia 15 thicker
than that tn the upper end

—

¢

'

Fig 191 Losh I fusion by posted bonegnh(AIbeemetbod')in

o{lawbad:pdnduemmnxmlnlnon-\mlmafhmlnumdnp{mmpfoﬁ

dmllad prespoundylolisthesls. (From Albes Bome Graft Surgery in Disease Infury
Deformity D AppletenCeninry Company New York )

A recent innovation of the sensor author 1s the shaping of a hook at
the end of the graft so as to insure a firmer anchorage into the sacrum.

The graft 15 inserted into the bed prepared for it 1n the lumbar verte
brac and sacrum. A hole large enough to recerve the goose neck projection
of the graft, 1s then made 1n the thin posterior sacral shell with a narrow
osteotome By means of the bone set and mallet 1t 15 firmly seated par
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ticularly onto and 1nto the sacrum, force being exerted to overcome 15
much as possible of the spondyloListhetic displacement The deformuty 1s
further corrected by the tension of the strong kangaroo sutures which are

Fig. 192. A schema showling senloc author’s recent Innovatlon In shaplng & hook st
the end of geaft which insures a firmer anchoragr of the graft inro the sacrum.
used to immobilize the graft thoroughly 1 the firm ligamentous struc

tures of the lumbar spine and sacrum.
After the back and leg wounds have been closed generous dressings of
gauze and absorbent cotton are apphied that over the spmal wound being

particularly large
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The patient 1s then placed in the dorsal position upon 2 fracture mat
tress Herc he should rematn for seven weeks A low corset brace with a
surangle around the lower end 15 then applied This s worn for from

four to 3ix months
\‘/ oont Crare

Lak

Fig. 193 Lateral view of lombosacral spine following boee graft fusion.
Note

angulsiton of graft to coafoem with saceal toars .

low:rmdtolmm:ﬁrmmd:muvinmucnﬁ oy midpotot and ok ut

Mercer's Technse The patient 15 placed upon us back on the table 1n
0 exapgerated Trendelenburg poution A mudline 1ncision 1s made
extending from the pubys to just above the umbihcus The contents of
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Fip. 194. A, Mercer s technic for sposdy lol
isthesfs.  Exposure of opecrauon area and

emplacement for grafe. B grafts belog
placed in position. € area sugpested for

letow-

graft. (From Albee Bome Greft Sxrpery in Disease Injury and Deformity D App

Century Company New York )
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the abdomen are then pached off from the area of operation by the mser
tion of a self retaining retractor Inspection of the subluxated vertebra
1s now made and ts relation to the iliac vessels determined The posterior
pertoneum 13 now divided 50 as 1o expose the gap between the sacrum
and the shipping vertebral body After ligation of alf bleeding vessels, an
osteotome 1s driven 1n an anteropostersor direction into the low er margn
of the fifth lumbar vertebra 14 inch from its loner edge and into the
sacrum, 14 inch from 1ts upper edge ‘Thus a rectangular hole 1s produced
after the preces of the bone and the ntervertebral disc have been resected

Two peces of bone ate taken from the crest of the ilim, since a single
piece cannot be obtamned broad enough to wedge i firmly The grafts
are hammered tightly into the gap between the sacrum and the fifth
lumbar vertebra and then are further screwed into place to insure their
retention. Fatlure to screw such grafts into place has resulted in the
opening of the lumbosacral gap and the spunging out of the wedges of
bone when the patient 1s lifted off the table. Further to avord this, the
patient 15 usually operated upon while lying 1n a postertor plaster shell

After Care ‘The patient remamns 1n the shell for four months lres free
from restraint 1n bed for one month and thereafter s allowed up 1n 2
Goldthrwait brace

Speed’s Techme Depending upon the duration of the condition and
the roentgenological findings, an attempt ts sometimes made to over
come some of the displacement of the fifth lumbar vertebra by means of
suspension traction 1n bed before operation 1s undertaken.

A nudline abdomimnal incision extending from the umbilicus to the
pubss, makes for ample exposure of the sacral promontory after the
patient is tilted back and the intestines are packed away By palpation the
relatian of the fifth lumbar vertebra and the sacrum 15 determined and
roentgenologic findings confirmed If the aortic bifurcation 1s low, 1t may
along with the left common 1liac ven be gently held back by a padded
fetractor

The perttoneum 15 now incised from the fourth interspace to the sacrum
Just to the right of the midline, the middle sacral artery and nesve and
the ganglion of the sympathetic nerves being avoided After the amount
of displacement and angulation have been ascertained a chisel 15 used to
make an entrance mnto the vertebral bony mass at ot below the level of
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the fourth mterspace The angle required to penctrate the body of the
fifth lumbar vertebra and to enter the sacrum, 15 then decided.

As the patient ltes supne, a large dull 15 inserted obliquely and neacly
directly downward through the body of the fifth lumbar vertebra, The
passage of the dull through the lower postertor body of the fifth lumbar
vertebra and the tmtervertebral space 1s discernible by the sensations
produced The length of the graft and the depth of the hole to be made
by the dnlf, may be determined by measurement A bony transplant of
the proper dumenstons 1s then taken from the tibia and tnserted into this
hole. The subpertoneal tissue 15 closed with ioterrupted catgut, and the
posterior peritoneum with 2 running stitch of catgut. The abdomen s
closed 1n layers without dranage

After-Care ‘The patient 1s placed on 2 moderately firm mattress or
Eracture bed, which permits proper nursing care without flexton of the
bach. After esght weeks of confinement i bed 2 spmal brace 1s fitted
and the patient 1s allowed up The brace 1s used until there 15 roentgeno-
logic evidence of bony fusion

The many technscal difficulties of fusing the bodies of the fourth and
fifth fumbar vertebrae from the front and the magaitude of the proce
dure, further increase the hazards and postoperative complicattons from
operations of the Mercer and Speed type In cotrast, the bone graft
mplantatton postertorly mto the spmnous processes 15 exposed to a more
favorable stress insofar as the gravital force of the spine tends to increase
the coaptation of the bone graft with the lumbar spiae and sacrum, and
thus constitutes a bone block to prevent further dislocation It also 15 3
much less hazardous operation, and requires but a minimum of time for
tts performance

An operative method involving msettion of 2 graft from the dorsal
side towasd the vestebral body has been described by the Frenchmen,
Lance and Aurrousseau and also by Mathseu and Demurleau The pria
aple of the procedure of Lance and Aurrousseau 18 to chsel or saw off
a graft from the posterior part of the iliac crest, leaving its posteriof
medul part united with the crest, and then to bring its lateral end toward
the fourth and fifth lumbar transverse processes shich have been split.
The criticism here has been that the matenal used for the graft 1s poor
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Mathieu and Demurleau describe a similar method of tliotumbar osteo-
synthesis for spondylolusthests, 1n which they use a powerful graft taken
from the tibta They bore a hole 1n the posterior part of the tliac crest and
through 1t they put a tibual graft, bringing 1t into contact with the spht
transverse processes of the fourth lumbar vertebra

Both of thesc operations are done bilaterally and m successful cases
a bilateral fixation of the slipping vertebral segment 1s obtaned These
operations however, are exceedingly difficult and unnecessanily compls
cated and do not meet the mechanical demands of the condition 10 a
direct manner
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CHAPTER IX

Low Back Pain
And Affections of the Lower Bach

To the profession the diagnosis and treatment of Jow back parn has
always presented 2 most difficult problem. The many articdes written on
the subject espectally during recent years, bear testimony to the widely
divergent opwmtons as to the approprste diagnosts and treatment
required

In 1927 the senior author recognizing the difficulty of interpreting
the underlying causes 1n each case, introduced the term  myofasats™
for the purpose of assembling together under one dnical entity and thus
standardrzing the treatment of by far the largest group of those cases
which had been diagnosed empinically and treated as lumbago sacrodiac
sprain, sacrotliac relaxation, sciatica, strain of the lumbar muscles, burs:
tis rheumatism, acute lumbosacral angle, congenutal anomaltes vana
ttons 1n the spinal column scratic scoltosis contusion low back pamn, low
baclache, ruptured muscle fibers tom ligaments, spastic toxic pynforms
fasatis and contractures and more recently displaced mntervertebrat disc,
rupture or hernuation of the nucleus pulposus thickened l1gamentum
flava, and narrowed imtervertebral spaces.

Though undoubtedly 1n the last analysis each of such diagnoses will
be show n to be 2 contributing factor 1n the final determination of the true
underlying causes of low bach pain for the most part such terms merely
describe a local or secondary mamfestation and the physician s attentron
concentrated on such local or secondary mantfestations usually deemed
orthopedic n aature, has mused the underlymg cause toxwaty of the
blood and faulty metabolism with localization in the muscles fascia and
tendon nsertrons of the lower back

‘The sentor author sterm  myofascitis 15 used to designate toxic inflam
matory or metabolic changes of muscles and their assocrated fascia, with
such local symptoins as those of the conditions just isted. As an inclusnve
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dessgnatson, covenng the wdely dn ersified manifestations and multt

plicity of symptoms, most of which have a common ofign it rationalizes
treatment along one definite hine tnstead of many, some based upon mis-
conceptions, and so has become an entity i diagnostic nomenclature 1n
recent years

Although the great majority (85 to 90 per cent) of cases of law back
pain must be attributed to toxiaty and faulty metabolism since they
respond to continued consens ative treatment for these conditions, there 1s
no doubt but that there zre many other true underlying causes Since
Mixter and Barr published their first worh on protrusion of the ter
vertebral disc as a cause of low back pain there has been a grow ing tend
ency toward lammectomy as a primary treatment The literature on this
subject during the past few years has been tremendous and it 15 often
sugpested that the clinical picture 18 typical Many writers suggest that
the diagoosis 15 easy and defimte with or without lipsodo! or atr myelog
raphy and Dandy describes the concealed dusc, although it 1s often diffi
cult, or even impossible, to find the offending portion of the protruding
aucleus pulposus at operation even following positive lipiodol or air
myelography diagnosis

Before the nucleus pulposus of Schmdrl was resurrected these cases
would have been treated and should continue to be treated in a large
measureas myofascitis, as the symptoms are indistinguishable from the
low back pata due to this cause It 1s logical to assume that 1f protrusions
of the mtervertebral disc are common today from tears of the annulus
fibrosus or from definite heruation of the nucleus pulposus they must
have existed 1 the same proportion before the past few years bringing
patients to the medical profession for relief operative or otherwise.

The aathors have seen 50 many such cases relieved by prolonged con
setvative means without resort to any operative intervention that they
advocate surgery that 1s fuston of the spine 1n the majonity of mstances
only i selected cases with x ray evidence of pathology The authors do
not doubt that pressure on the cord or nerve roots from a ruptured nucleus
pulposus or thickened ligamentum flava may exist as a causative agent 1n
the production of low hack pan, but feel that this entity has been over
emphasized, a5 most new procedures usually are, and that the condition 15
extremely rare Even following what 15 thought to be a positive diagnosis,
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the symptoms may be relieved by conservative measures, and when an
operation 1s considered necessary the symptoms are relieved, 1n a large
percentage of cases * by fusion alone, without recourse to lammectomy

The symptoms of low back pain may be promunent n any of the fol
lowing condittons each of which requures a separate discussion

1 Myofascitis,
2 Prespondylolisthesis and Spondylolisthests
3 Arthntis
(4) Osteo-arthntss
(4) Rheumatord.
4 Tuberculosts of the sacrodliac joint.
5 Tuberculosss of the spine.
6 Posterior protruston of the intervertebral dusc.
7 Anomalses of the spine
8 Thickened ligamentum flava.
9 Narrowed mntervertebral space.
10 Ununited fractures
11 Spimna bifida
12 Tumors
13 Defective balance
14 Gynecological conditions
15 Hystena
Myofascitss

Thts 15 an anatomic and descriptive term indscating both general loca
tion and pathology The authors include in this group all those condittons
w1th a common toxic or metabolic origin which have been masquerading
under the designations previously discussed and therchy achieves the
rationalization of treatment along one basic Iine for by far the largest
number of sufferers from low back pan

Etology and Pathogenests. Sex Myofascatis 1s slightly more frequent
10 the male than in the female 57 per cent of the sentor author s reported
scries of 1188 casest being males

*Farrel, B P and MacCracken, W B, "Spine Fusion for Protruding Intervertebral

Disey” rmal of Bone and Joint Sur, 23 437-460 (Apal) 1911
fAIb«J;“H denm'pos,JO P fgmm.nsmcaMum'Am J o

Surg 43 386, 1939
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Age Myofasatis Lnows no age hmit During 1939, the senior author
reported cases of patients under three years of age, and over 80 The
increase 1 frequendy, up to the age of 50, 15 1n direct proportion to the
age, 25 per cent occutring between the ages of 20 and 30, 29 per cent
betw een 30 and 40, and 39 pet cent between the ages of 40 and 50

Trawma Trauma 1s of secondary importance, only aggravating a pre
exsting myofascitis or contributing to Jocakzation at 3 pasticular site in
a group of muscles or fascra of the toxins which are being carried by the
blood and lymphatic systems Even when considering as a causative aca
dent the simple Lifting of a light object trauma as a factor eccurred in
only 25 per cent of the Albee senies In most cases the muscular effort
of lifing 15 not considered as having any etiological relationshtp but
merely as calling the patient s attention suddenly to the fact that his
muscles are already sensitine. The explosive onset 15 usually due to
muscular or fascial adhesion giving way and 15 associated with local and
violent muscle spasm

Infectsion The mawmn underlying cause of myofascitss 1s focal infectson.
Focal 1nfection of various types was found tn 52 per cent of the Albee
senies of cases Infected teeth were found 1n 20 per cent, infections of the
tonsils 1n seven percent infections of the nose and stnuses 1n six per cent
Other contributing factors were colds abscesses, osteomyelitss, gallblad
der infection, coliss appendicitis lithiasis prostatitis, pyelits cystitis
mastorditss, gastric uleer gynecological conditions, tuberculosts and
pyogenuc pulmonary abscesses

Consttpation ‘Thus 1s another prominent toxic source and 1s a contrib-
uting factor 1n approximately 12 per cent of all cases of myofascitis Asa
guide to treatment 1t 15 very helpful to have stool examinations made in
all cases 10 which metabolic etology 1s suspected. The authors are con-
vinced after studying hundreds of cases 1n which stoo! exammations have
been made that histamine in large quantities m the colonic content 15 an
ndex of the toxicity of the stool, whether 1t be the prinapal offending
toxic agent or not. In seven per cent of the Albee series of cases the
hustamine index was found to be four or five plus above normal

Metabolsc and Glandular Distusbances In conjunction with distuch-
ances of metabolic ongin glandular disturbances are also to be con
sidered It has been recognrzed for many years that there 15  relationship
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between sciatica, lumbago, and other so-called rheumatic conditions, and
gout In many cases of myofascitss, uric acid retentron 1s found, and once
this condition 1s corrected the symptoms disappear In seehing the
etiolagy of all doubtful cases blood uric scid determination should be a
part of the routine investigation Nervous stran leading to metabolic
disturbances, 15 a frequent cause, and this was found to be a contributing
factor 1n many cases during the recent depression

Allergy and Vitamn Deficiency ‘There 15 increasing evidence that
allergy plays an important role i the etiology of myofasaitis due to the
consequent metabolic disturbances or to some other unknown manifesta
tions of the allergy Vitamun deficiency for the same reasons may also
be a contributing factor

Pathology The pathology of myofascitis 1s not yet well known for
the reason that in such cases necropsies and biopstes are seldom available
Subcutaneous nodules have been found to contarn a gelatinouns substance
with leukocytic mfiltration Chronsc inflammation of fasciae covering the
muscles or nerves has been described Physscochemical alterations of the
muscular fibers have been observed, and were described under the name
of myogelosis by Schade In some cases, real histologic lesions 1 the
form of round<ell mfiltration have been detected by the authors and are
so marked as to be considered evidence of a true myositis

Symptoms or Clinical Findings. Inflammatron Mamifestations of
toxic 1nvolvement are usually of a Jow grade Indeed 1t 1s surprising that
from an ordinary clinical exammation more cannot be found n the way
of edems or exudate as evidenced by the ncrease in diameters Occa
sionally 1n severe acute cases 1 very muscular indrviduals the hamstring
muscles have been found to be extremely sensitrve to palpation and with
a series of hnots extending from the tuberosity of the rschium to the
popliteal area, necessitating constant recumbency However such acute
manifestations are m the monty and are more apt to be seen by the
physiclan—usually as lumbago—than the orthopedic surgeon The ortho-
pedist usually docs not see the casc until the symptoms petsist and become
subacute or chronic. The orthopedic surgeon may be misled because he
has not had the opportunity ~f * tha heamnning of 1
The physician seeing only th
to follow the cases during lai
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lacks a clear understanding of myofascitis (It must be understood, how
ever, that not all cases begin acutely )

Parn Pain may be vague or definite, and related to the spine, sacrum,
or postertor wing of the ilum The most frequent locatton of pasn 1s the
lower back and sacrotliac regton where there ate so many fascial msertions
\nto the bone Constant functional tension on the muscies and fascia at
the lumbar spine and 1schial tuberosities accounts for the very trouble
some and persistent symptoms in this region Other points of myofascial
insertion, such as the patellae, the point at which the tendon Achulles 1s
attached to the os calars and the epicondyles of the humerus may also be
sensitrve to touch or tenston, but the senior author found that 1n 54 per
cent of his scries, pain in the lower back predominates although other
regrons of the body may be involved simultaneously Other bodily regions
are susceptible 1n the following order The lower extremities the upper
extremities the neck the scalp, and the face muscles Why this condition
should involve so universally the gluteal and hamstring muscles and par
ticularly when ttis unilateral why it should involve the left side 1n a ratio
of 60 to 40 per cent, the authors have no explanation  When the predomu
nate pain 15 in the lower back, the pain may seem to be 1n the sacroiliac
joint, but upon more careful study 1t 13 found to be more widely distributed
in the surrounding muscular insertions particularly the pynformis muscle,
most of which onginates in the capsule of the sacrorliac joint

Many of the patients referred to the authors, having previously com
plamed of pan 1n the region of the sacroiliac joint had been treated or
operated upon elsewhere for relaxation of this joint The diagnosts had
been erroneously considered confirmed when immobilization methods
such as strapping or application of a belt or a cast afforded temporary
relief Adhestve strapping as usually applied for socalled sacrodiac re
laxation immobilizes and relieves tension of the sensiive muscles and
therefore grves relief Recurrence of symptoms and pain however was
frequent, due to the fact that the primary etiological factor toxicity had
been left untreated

Flexion of the hip assocated with extension of the knee causes ten
sion and resultant acute pain at the fascial msertion of the involved
gluteal and hamstring muscles nto the bony structures 1n the region
overlying the sacroiliac jont. These fascial anchorages of muscles to
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bone at the crossroads of the trunk and thighs, are pulled upon by the
most powerful muscles of the body and are more or less 1n tension most
of the ime Therefore 1f sensittve from toxic irritation, constant pasn and
discomfort may result It 1s advisable, because of ts constancy, to use the
straight leg ratsing test when toxicity 1s suspected, even elsewhere, and if
pain 1s eliarted, 1n the opinion of the authors, this is the positive myofasaitss
orMF sign

So-called sacroiiac stramn 15 assocusted with symptoms widely duis-
tributed outside the jont, a fact not consistent with sumple jomt stram
1t 1s practically ympossible, because of the anatomic position of the pomt
beneath the posterior wing of the slium and the deep overlying structures,
to be certarn whether the patn 1s from pressure on the jomnt ttself or on the
fascial msertions of the muscles into the surrounding bony structures A
careful analysss of findings and symptoms leads one 1n many cases to the
latter conclusion and the results of treatment based upon this conclusoa,
support 1t more definitely than any theoretical constderations If there 15
sensitiveness to deep pressure over the fascia or muscles in the regron of
the posterior superior spine of the tlium or the posterior surface of the
sacrum or over the gluteal fascra, and along the fascia [ata on the outer
aspect of the thigh, the case 1s one of myofascitss rather than sacroilise
stramn In certamn mstances this sensitiveness may extend from the outer
stde of the thigh to the region of the external malleolus

From repeated examunations the authors feel that true scratica 1s also
rare, and that most cases clinically called sciatica are myofascitis of a
complication of 1t The character and wide dustributron of sensitive areas
noted on palpation 1s not i accordance with the location of the nesve
trunk and its branches but rather with that of the fascia

Differenual Diagnosis The distinguishing of myofascitis from other
conditrons having as their man symptoms low back pain 15 of great 1m
portance ‘The necessity for a better understanding of this condition by
the profession cannot be overestimated. It 1s of equal interest to the ortho-
pedic surgeon the neurologist, the neurosurgeon the general practittoner
or internist the gynecologest and even to the cardrologrst

Rarely does one encounter 2 condition concerning whose diagnosis and
treatment a greater dnersity of opinton exsts among eminent physictans
So a careful differential diagnosis 1s of paramount importance before 2
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case should be labelled myofascstss Tactors to be constdered 1n such a
diagnosis ate a history of former manifestations of toxic absorption, such
as headaches cricks in the nech and lumbago, and usually some evidence
of a focus of nfection or origin of toxic absorption such as an infected
tooth tonsils, or colitis The presence or absence of these must be care
fully determined by x ray findings and physical or laboratory examina
tions X rays, both anteroposterior and lateral must be tahen of the
lumbosacral spine Only when these are negative can the case be con
stdered one of pure myofasaitis

It 15 incredible the great number of sacroiliac fusion operations which
have been performed for simple cases of myofasatis In recent years,
fusion of the lumbosacral jomnt has also become very popular, and as
could be expected the symptoms are frequently not relieved by such
operations Myofascitis in the lumbosacral region results in pam in the
region of the sacroiliac jomnt because of the tension upon the fascral and
muscular insertions over or directly around 1t Adhesive strapping as
usually carried out for sacrotliac relaxation or strain may relieve pamn
temporarily because the immobilization relieves the sensitive msertions
of fascaa and muscles from the tension of muscle pull or postural change.
The reason spinal or sacrotliac fusion fails to relieve the symptoms mn
many mstances 1s because of the fact that bony fusion does not often
permanently and completely relieve the stress upon these muscular and
fascial mnsertions

Many operations have been devised recently for the relref of pain n
the Jower bach, such as the Ober Operation for mstance 1 which the
iliotibral band betw cen the crest of the ilmm and the greater trochanter 1s
severed. Excision of the pyriformss muscle which was suggested by Bar
shunger 1n 1908 has also been attempted and laminectomy for the re
moval of pressure on the cord or nerve roots, from protruding inter
vertebral discs thickened ligamentum flava, etc. has also become very
popular

The authors have been called upon to examine many patients upon
whom such operations have been performed without result or for whom
28 operation has been recommended by one or more consultants In 283
case where an operation was recommended, and 1n 52 cases m which
one or more fusion operations were performed elsewhere without relief
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2ll improved immediately or were ultimately completely relieved when
the correct diagnosts was made, and adequate treatment carried out. In
those cases of myofasaitis which are relieved by sacrodliac fuston, it 152
question whether the relief 1s due to the fusion per se, or to the stripping
of the muscle insertions from the overlying bony structures Thus was un-
expectedly found to be true by Dr Percy Roberts who started to do 2
sacrotliac fuston for relaxation, but after the fascial msertions of the
overlying muscles had been stripped from the bone, the patient went bad
and operation was stopped and the sacrotliac was not operated on The
relief, however was complete. Because of this Dr Roberts did other
operations of this kind and reported approximately 15 other equally
successful cases Some of these cases today would no doubt have been
diagnosed as displaced ntervertebral disc.

Myofasatis 1s prevalent 1n muscular individuals of a plethoric nature
who bave formerly been athletes but who at the tune of the onset of
symptoms, are leading sedentary lives The cause may be, to a degree
occupational too sedentary a life leading to uric acid retention and toxic
absorption. Myofascitis may be a pre arthntic conditton, the authors
records show that seven per cent of the old cases of myofascitis are com
plicated by arthrtic changes of the spine A number of cases have been
observed where there was no evidence of arthratts at the first cxamination
but 1n w hom at a later examination joint imnvolvement was noted This nas
especrally true of cases which had failed to undergo adequate treatment
Symptoms of myofascits are danger signals that arthritis 15 tmpending
unless precautionary corrective measures are taken to ward 1t off Com
stant absorption of poisons mto the arculation may result m arthrtis,
artertosclerosis ot some other condition more serous than myofascits

Mjyofascitrs and Neartss Acute pyogenic infection of a nerve prac
tically does not exst A netve can remain free of any infection even when
1 contact with a pocket of pus and metastatic localizations 10 a nene
from a distant source of infection are unknow n, Care should be exercised
in making a diagnosss of neurttis of an individual nerve and reliance
should not be placed upon tenderness to pressure over a cestain pont of
patn mnvolving the dstribution of a nerve Myofascitis may result 0 den-
tical spots of tenderness and rdentical underlying causes
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Myofascitts and Prespondylolisthests and Spondylolisthesss Careful
x ray exammation of the lumbosacral spine s essential for all pattents
suffering from low back pain The roentgenograms should include vicws
in the anteroposterior, lateral and often oblique planes, and should be
taken at the time of the first examimation Low back pain 1s the commonest
symptom of spondylolisthesis, and during recent years our attentron has
been drawn tow ard the cascs presenting a prespondy lolisthesis as these
often present more severe symptoms than those with true spondylolis-
thests Thete 15 usually 2 hustory of slight trauma, but on careful analysts
it will be found that the pattent often has suffered from slight pain 1n the
lower back for many years It has been suggested that protrusion of the
tervertebral disc 1s frequent 1n those cases with spondylolisthesss
having an associated scratica. When the symptoms persist laminectomy
with spinal fusion 1s reccommended by some as the best means of obtain
ing permanent relief, but the authors feel that lamunectomy 1s necessary
very rarely, and the results of fusion alone are just as satisfactory

Myofascutis and Arthrutss Arthrtis should always be suspected 1n
patients with a long history of low back pain Myofascits ts undoubtedly
a pre arthritic condition and approxumately seven per cent of all cases of
long standing present positive evidence of arthritic changes in the lumbo-
sacral spine Thus 15 especially true of the untreated cases

Myofascstss and Cord or Nerte Root Symptoms from Protrading Inter
vertebral Discs et The nucleus pulposus of Schmarl has recently been
resurrected to play a too frequent and outstanding role as the cause of
low back jain The authors feel certain that the entity 15 extremely rare,
aad that a large percentage of so-called nucleus pulposus compression s
n reality myofascrtis or some other spmnal column condition However
the condition may exist and every effort must be made to rule out the
possibility of cord ot nerve root pressure from a thickened ligamentum
flava, or displaced 1ntervertebral disc. This 15 especally true 1n those cases
which do not present evidence of anomalies of the lumbosacral spine, and
fail to respond to active conservative treatment Active cobperation be
tween the neurologust the roentgenologust and the orthopedic surgeon 1s
pecessary to determune the exsstence of such a condition and to prevent
useless exploratory operations The routine use of liptodol myelo hy

1s never indicated but rath G
er to be condemned since the symptoms are
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often exaggerated following its use The authors at all times have many
patients who will testify to this.

Myofascitis and Gynecologrcal Condrtrons An endocervicitis may be
the toxic or infective conditron producing a myofascitts and 1n the general
wourse of examnation, a routine pelvic examination should always be
included A severely lacerated or relaxed pelvic floor may be a source of
bachache but cannot be expected to produce the acute symptoms which
are so often present Of 18 cases in which different types of pelvic opera
tions w ere performed, and tno cases 1n which operation was refused all
were relieved when the pelvic treatment was supplemented by that for
myofascitis

Myofascstrs and Malignancies Myofascits sometimes complecates
malignancies particularly bony malignancies Malignancy should be con
stdered in every case of atypical myofasaitis, and especially one not re
sponding promptly to the proper treatment Before treatment 1s continued
n such cases the exustence of such a condition must be elimmated

Myofascatis and Nesrosis Neurohic patients or compensation cascs
with sunulated low back pain are matters of daily observation 1 every
clinic. Each of these cases must recewve a thorough examnation to rule
out any possibility of pathology It 13 often advisable to make a complete
exammnation of the pattent roentgenologically, but to an advised expert
the deception 15 usually obs 1ous

Treatment In most mstances of low badl. pamn, the lesions or under
lytag factors are presumed to be towicity or metabolic disturbances
Hence when found treatment 1s primarily directed at their elimmation,
and secondarily at the local orthopedic manifestations  The authors are
convinced that consertati e treatment 1s the procedure of choice 1n the
great majonity of cases of low back pan operative itervention being rc-
served for those few cases which fail to respond to proper treatment ot
present a definite indication for operation. By conservative treatment 18
(meant elmunation at the source of toxiaty or focal infection rest i special
positions i the acute cases supports when necessary colonic tavage in
those cases presenting evidence of toxic absorptson from the colon
medication and physiotherapy Braceage 15 used to alleviate severe acute
symptoms and rarely ra the subacute or chronic stage
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Elmunation of Focal Infection and Toxictty Of the many possible foa
of toxiaity teeth head the hist n pot of frequency and 1n the majority
of the authors cases, the oral cavsty has been the offending source It has
been observed further that in cases of long standing oral infection
whether the primaty source 1s the tonsils, the teeth, the antra or other
sinuses, there 15 likely to be a residual toxicity n the colon When the
primary oral focus has been eliminated 1t has become common practice
to carry on a supplementary elimmnation treatment of the colon In 12
per cent of the Albee senies the colon was found to be the only offend
1ng source

Careful x rays of all teeth must be tahen 1n every case suspected of focal
infection It 13 impossible to determine the exustence of an abscess at the
toot of a tooth by inspection, tapping the tooth or by electrical stimula
tion The offending tooth may never, and usually does not give symptoms
locally but due to constant absorption of 1ts pus and toxins, a myofasce
tis may develop in the lower badk muscles and fascia. An abscessed tooth
which produces pain and swelling locally usually does not produce suff
cent toxns for the production of a severe myofascitis

The nasopharynx and accessory sinuses may be a source of infection
and when there 15 any evidence of disease 1n this area, a competent con
sultant should determine the extent of possible absorption of toxins.
When disease 1s found every cffort must be made to clear up the cond:
ton Infections of the genitourmary system must be elimmated and
endocerviaits considered as a possible toxic source

Complete examinatian of the stool shauld be a rautine procedure with
all patients suffering from myofascitis After studying hundreds of cases
1 which stool examnation has been made we are convinced that hista
mine in large quantities 18 an mndex of toxiaty of the stool whether it 1s
the principal offending toxic agent or not Gallbladder studies should also
be made when there 15 suspicion of disease Infection in the gallbladder
1s quite common, and 15 often the focus To relieve this condition fre-
quent biliry dranage and if necessary an autogenous vaccine are
recommended

Colonrc Larage Followng a report ndiating toxiaty the colon
shoufd be treated datly with medicated lavage There 15 no need for exten-
sive apparatus A great deal of undesirable practice has grown up 1n the
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use of more or less complicated apparatus to impress the patient but the
lavage usually accomplishes very little tow ard lavage of the entire colon.
It 1s daimed that the average colon has about 500 square inches of suc
face Some of the elaborate apparatus, particularly of the two-way type,
unless 1t 18 correctly used brings the flud into a particular spot of the
colon, and discharges 1t through another tube at practically the same
pount, thus reaching only 2 few square inches of the colon The patient
unpressed by erther seeing or hearing the flow of water for a considerable
period of tume through a tube and out of the colon, believes that his
entire colon has been thoroughly washed.

The actual lavage 1s much more thorough when carried out by 2
short glass anal tip and ordinary fountain syringe volume of the fluid,
posture and gravity being trusted to assure the fluid reaching the upper
portions of the colon

The adminsstration of this lavage must be handled by some one having
experience. Although it 15 a stmple procedure, 1t 1s not entirely harmless
or free from acadent There have been cases registered of rupture of
the colon durmg a colon:c irrigation, and even of severe hemorrhage
after the administration of such 2 treatment

Introdwction of Bacillas Acidophilus by Mowth or Colome Implanta
trons Much has been accomplished by sweeping out the abnormal mucus
actd toxic products and bacteria from the colon but one should never
rest with this lavage as it s very likely to have only temporary benefits,
and the same harmful products may slowly reaccumulate Inasmuch as
the bacteral flora have such 2 marked mnfluence upon the proper function
of the colon every effort should be made to influence the development
of the proper flora The bactertal agent which the authors use to sccom
plish this 1s Bacrilus actdophilus Its growth i large numbers may be
stimulated 1n several ways

It has been revealed by careful study that when a pattent 1s given lactose
for a constderable perrod of tume, the Bacilus acrdophilus will slowly
increase i the colon The substitution of lactose (two tablespoonsful or
more per 24 hours) for table sugar should be carrted out. This 1s not
unpleasant to the patient as it can be used for sw ectening coffee cereal
etc. but masmuch as some people eat but little sugar the point should be
emphasized that the quantity prescribed must be taken as farthfully as
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medicine For treatment purposcs, this method alone 1s entirely too slow
It 1s therefore wise to administer by mouth before cach meal, two tea
spoonsful of a culture contaimng not less than 200,000,000 actrve baaills
per cubic centimeter If the patient prefers, various milk preparations ot
acidophilus-charged beverages may be used The bacills may also be um-
planted in a small quantity of water and lactose with a catheter, after the
last lavage

Heliotherapy In all cases, heliotherapy 1s most benefictal However,
to prevent overexposure and terference with physiotherapy, systematic
exposure to the actinic rays of the sun must be carefully supervised

Diet A low residue diet which prevents carbohydrates from reaching
the colon 1 undigested form 1s prescribed As Finker and von Wasser
mann have proved that automntoxicatton s the result of bacternal actrvity
on certamn sugars, elmunation of the offending sugar from the diet, and
the substitutton of lactose for ordmary table sugar may account for the
benefiqal reltef

To forestsll any possibility of residual protein reaching the colon 1n
undigested carbohydrates or bringing with 1t partially digested carbo-
hydrates and liberating them 1n the colon, proteins and meats are taken
1n moderate quantities only and the tmportance of thorough mastication
ts impressed upon the patrent.

To help restore the alkaline balance atrus juices, particularly tree-
tipened prapefnuit juices or alkaline waters are grven frequently One
gram (15 grains) of calaned magnesia and calerum lactate are often
given 10 water after eating, three times daily Thus regime tends to over
come, Without harmful cathartics, the constipation which 15 30 frequently
present n cases of myofascitis

Rest Rest in bed 1s reserved entirely for the very acute cases or for
those suffering from acute exacerbation The position of most complete
relaxation of the muscles and the fascra overlying the sacrum and lower
lumbar spine 13 obtaned by placing the patient 1 the supine position
oa a flat firm bed, with the lumbar spine flat, and with about a 30 degree
flexion of both hips It 15 possible to keep the patient fasrly comfortable
in this position for a considerable pertod by placing pitlows under the
flexed knees When a change of position becomes necessary the same
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degree of relaxation may be obtamned i the prone position by placing
a pitlow under the abdomen.

During the period of rest 1 bed, which varies considerably i every
case, phystotherapy wn the form of heat and gentle massage of the lower
back should be started This undoubtedly decreases the Iength of bed rest
requued, and greatly increases the patient s comfort by relaxing the
muscle spasm increasing the arculation, hastening the absorption of
tnflammatory exudate from the fasaa and muscles and preventing the
marked atrophy of soft tissue

The pertod that the patient must be hept recumbent varies greatly and
15 usually longer 1 the chrontc cases presenting an acute exacerbation of
their symptoms Exercises and firmer massage may be started after the
acute pain and muscle spasm begin to subside The patient 1s gradually
allowed to increase hus exercises and after about two weeks of recum-
beacy, 1s usually able to resune imited actrvities However the treatment
1s prolonged, and phystotherapy must be continued for a considerable
period before usual activittes which may cause lameness in the begn-
aing can be undertaken,

Local Mechanical Treatment Local mechanical treatment i the form
of belts, corsets braces and plaster 1s applied when indicated, but the
treatment outlined alleviates local symptoms to such an extent that the
need for mechanical treatment 1s surprisingly diminished and 1s entrrely
secondary and alw ays temporary

When external support ts mdicated for the comfort of the patrent
or for the prevention of the return of acute symptoms because of a sudden
unguarded movement, the brace or other form of support must fit firmly
to the pelvis and the lumbar spine should be held midway between flexton
and extension, the destred posttion for function The support should be
removed for daily physiotherapy and should be discarded as soon s the
symptoms permit It 15 not destrable to continue the support longer than is
entirely necessary because of the restriction of arculation of lymph and
blood in the muscles and the luruted motron of the spine permitted which
increases progressive atrophy of the soft parts and because of the mental
effect on the patient often 2 hindrance to continued improvement

Physcal Therapy Deep massage 1s 2 most important part of the treat
ment, accompaned by repeated stretching of the lumbosacral region by
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the physiotherapst s forcible flexion of the hips with the knees extended,
without anesthesta, which often helps to gve relief, especially i the
chronic cases In this manner the muscular and fascral adhesions are rup-
tured or overcome The pamn following the rupture of these adhesions
may be quite severe for a few hours, but thereby motion 15 increased
muscular codrdination 1s improved, and balance of the entire body be
comes more accurate, thus preventing further stram

Prophylaxis Undoubtedly outdoor exercise auds in mamtaning nor
mal metabolism, and patients who are on the threshold of myofascitts
avoud occurrence by following a favorable daily regime In particularly
stubborn cases the pattent should be urged if possible to live ina warm
sunny climate Partrcular attentron should be paid to all sources of focal
infection and espeaially to the gastromntestinal tract

OPERATIONS DEVISED FOR MYOFASCITIS

Several operations have been devised 1n an effort to relieve the symp-
toms caused by myofasaitss but they have not been found necessary 1n
the authors experience When low back pam 13 due to myofascial dus-
turbances the symptoms almost always tmprove without resort to opera
tive measures that 15 1f conservative treatment 1s properly supervised
and the underlying factor determined and eliminated An operation may
give temporary relief by releasing the tension on the fascia and muscles
but permanent relief cannot be expected until the true source of the dis-
turbance ts eluminated. The operations in use are often followed by dense
adhestons, and the authors have often encountered patrents who after one
or more of such operations have symptoms more severe than previous to
their operation The routine procedure 1n some clinics of injecting novo-
cam o procane into the lower back for temporary relief or dragnosts 1s
also not recommended  as the continued use of ths technic often exag
gerates the symptoms by increasing the adhestons 1 the muscles and
fasan and increases the difficulty of adminstering the proper physio-
therapy Manipulation of the lower spine under anesthesia 1s also unwise

The operattons which have been devised for ths condition are

] 1 Section of the Iljotibial Band Ober Technic An oblique ncision
our to sex inches long, 15 made from the lower edge of the anterior
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supertor spine downward and backward to 2 pont just above the level
of the greater trochanter and just posterior to 1t. The skin and subcu
taneous fascia are separated by clean dissection above below and pos-
tertorly untul a stap about two nches wide has been dussected well back
over the antertor surface of the gluteus maximus ruscle. The fascra 5
now dnided from the anterror superior spine well back over the muscle.
The fascia gaps at the icision, and the flaps are dissected off the muscles

Fig. 193 Techaic of Ober operalon. Section of Hiotibisl band, (Frem Operatite
¢ Orthopacdics by WHlis C Compbell—C. T Moshy Co., St Lowis 1939 )

for about one inch on each side All intermuscular septa are drvided 1f
there 1s a positrve Ely s sign the fascia surrounding the sartorms muscle
15 also divided All loose tags of fascral tissue must be removed. The
length of postoperative time i bed depends on the seventy of the bah
symptoms and the raptdity with which the sciatic patn clears up

2. Sectton of the Pyrformis Muscle This was suggested by Joscph
A Freiberg, but a defintte technic for drision of the muscle was not
recommended However the muscle 1s casily rdentified and resection of
the lateral half 1s usually considered suffiient The approach to the
muscle may be made by the Ober mnasion for postenor drainage of the
hip jout.

3 Postertor Fasciotomy Heyman Techmie A corved inaision 1s made
along the postertor superior spme to the posterior mferor spine and
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camed downward to the bone The tliac origun of the gluteus maxumus
muscle 15 retracted subpeniosteally to the superior gluteal line of the
\lium and dissection 1s continued down to the upper margin of the great
sciatic notch thence along the medial surface of the posterior supertor
spine to the sacrum and mfertorly to the posterior wfenor spine Thus
the postenior supenor spine and the posterior thied of the slum are com
pletely denuded of ligamentous and muscular attachments

Sacroilrac Jornt Affections

Before the appreciation of myofascitis as the major cause of low back
pain affections of the sacrothiac jomt were almost routinely considered
to be the chief etiological factor and stlf are in certain chimes Many
designations were grven to these affections and various types of treat
ment devised often without any appreciable results However since the
seruor author first described myofasatis and grouped the many indwvidu
ally designated conditions under one general head 1t has been learned
that sacrodiac jount affections are usually of secondary importance as
to frequency But in the careful differential diagnosis whuch 15 neces-
sary to determine the true etiological factors 1n all cases of low back
pain the presence of affections of these joints must be definitely deter
mined The importance of these conditions as an underlying factor 1n
the production of low back pain rematns just as great, but the frequency
of thetr occurrence, and the necessity for operation, have both greatly
diminished 1n the light of present diagnostic know ledge, and the realiza
tion that the majonty of low back pain cases respond to conservanive
treatment

The authors are convinced that surgical fusion of the sacrotliac joints
for fow back paw 15 not often ndicated, and 15 only necessary Shen
defintte relaxation can be demonstrated or when tuberculosi orsome
other definite pathology 1s present. Due to the deep-seated position of
the jomts under the postesior wings of the tlum relaxation 15 almost
impossible to diagnose defintely and before operation 1s considered,

every means at one s command should be exhausted mcluding careful
X ray examination.
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Euology Affections and relaxations of the sacrothac ot are pro-
duced by a pumber of causes

1 Traxmasistnr Direct blons, such as sitting down hard, and severe
strans following heavy lifting may result in relaxation of the ligaments
of the jont. Traumatic relaxation may be sudden, or due to constant
strain coptinued over a long persod.

2 Constraction of the Pelrts Because the female pelvis 1s less firmly
constructed abnormal mobidity 15 more easily obtatned than i the male
On the other hand because of the greater sire and strength of these
articulations in the male, when abnormal mobility does take place, disa
birty is more marked than in the female

3 Hyperemsa Congestion inadent to pregnancy and menstruation
leads to physiological refaxation of the jomt.

4 Atttades of Postare Prolonged standing i an awkward position
a5 10 extreme lordost, or 1o 2 stooped position, are predisposing factors

5 Obesity The drag of a large pendulous abdomen produces lordo-
sis and consequent strain of the pelvic joints

6. Corsets Strught front corsets lead to increased lordosis and pro-
duce pressure on the anterror port:ons of the thac aests tending toward
relaxation of the sacrodliac joints

7 Artony of Mascles and Periariscnlar Ligaments Prolonged support
or pastaperative recumbency may lead to relaxation Visceral ptosis also
favors relaxation

8 Taberculosis The tuberculous process usually extends from the
sacrum a3 a sequel to dusease of the lower lumbar vertebrac

9 Gonorrbea The sacroiliac joint may be invaded by the gonococcus
in systemic mfection following urethral involvement

10 Osteom)eluss Pyogemsc mfection of the contiguous sacrum or
llum may nvolve the jomnt

11 Arthratrs The sacroiliac pomnt 1 susceptible to mnfectious prolifera
twve (atrophic) and degenerative (hypertrophic) arthritss just as are the
ather joints of the body

12. Developutental Pecudiaritzes Whete the onginis obscure develop-

mental peculuarities may be the etological factor esther by lessening
pelssc stability or as 2 result of frictional wrritation from a misshapen
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bone rubbing against some part of the jount during normal or abnormal
motion

13 Postaperatie Relaxatton After symphy siotomy, pubtotomy, etc
Symptoms are never followed by such operation w len the pelvic enlarge

1he roentgenogram of An actual case of tuberculosls of the
lumbar vettebrae and the right sacrolliac jolat, The spine graft was inserted

unidog
graft wes jotned to the posterior wing of the ilium by shaping It Into a wedge
end which was foreed {nto « splic in the {lium made ped (From Albes

by w0 osttotome
Bene Graft Surgery in Disease Ininry ewd Deformity D Appleton-Centary Com-
pany New Yeork )

ment 18 held and stabilrzed by the sentor author s bone graft insertion

Pathology 1 Relaxatron of the Jomt Flud from effusion may or
may not be present as in other traumatic jomt affections the condition
being described as morst or dry Although shnormal mobulity 1s very
difficult to demonstrate occasionally movement may be felt by moving



344

SURGERY OF THE SPINAL COLUMN

Fiz. 197 Roeotpenogram of a care of tuberrulonds of st fombar veriebra and
sacroflac joint, of which Fig. 198-A s 2 drawing. AD is splaal graft; €D s graft
for fxatkon of sxcroiliac joint. (Frem Albee Done Grafi Surgery in Ditease Infary

and Deformity D ApplectonCentury Co, New York )
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the sacrum on the tlum, and vice versa X ray examination reveals an
increase of the sacrothac space

2 Infections Sacrotlac Josnt

{a) Tuberculosis The disease may be bilateral but 1s usually un:
lateral The primary focus 13 in the articular surface of the slwm, or 1w
the lateral mass of the sactum, usuaily the latter, the disease often
extending 1nto this part from the lower lumbar vertebrae With the
mfection of the synovial membrane secondarily, the disease may spread
to the articular surface of the swm The detasled pathological process
1s the same as 1n osseous tuberculosss elsewhere 1 the body, except that
wchor pochets (cold abscesses) are more common than 1s usually the
case elsewhere Due to the thin antenior higaments, the focalming point
is usually forward imto the pelvis The intrapelvic abscess may extend
outward 1ato or beneath the sheath of the psoas, appearing in the gromn
or extending further, it may pomnt more superficially, internal to the
antertor supeniot thac spine or 1t may pass downward through the
sacroiliac notch and appear on the buttocks and 1n the 1schiorectal fossa

() Degenerative (Hypertrophic) Arthritts This condition 1s usually
untlateral and ts characterized by a fusion of the jomnt In one of the
seqitor author s dissections the anterior part of the joint was obliterated
with a bony deposit which also extended into the postersor ligaments

(c) Pyogenic and Gonorrheal Arthritis The pathological character
of the joint in these conditions 1s as 1t occurs elsewhere 1n the bodv
Externally the periarticular tissues are swollen tender red and the
surface temperature 15 elevated The jomt cartlages are eroded 1n
advanced cases and the joint may be distended with turbid flud or pus

3 Malignant Sacrothiac Disease Prmary malignancy of the jomt s
rare, but & malignant process may extend from the thum or sacrum to
the joint

4 Congenital Anomalies Congenttal absence of the pubic bones
may produce pathological relaxation of the sacrotliac jotnts while 1t 1s
probably true that many disturbances of this jot of obscure orgin
depend upon developmental peculiarities In many cases of exstrophy
of the bladder a considerable portion of the anterior segment of the
pelvic ning 1s absent and where the gait 15 much affected or the symp-
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toms severe enough, the operative restoration of the defective antersor
segment of the pubic arch by a bone graft may be justrfied

Differentual Dragnosis. 1 Relaxation of the Jomnt This 15 exceed
igly difficult to diagnose, due to the deep-seated posttion of the jomt
behind the posterior wing of the slum making palpation mmpossible
In lestons of the pelvic joints there 1s almost mvaruably luntation of
some of the motton, but 1n certain cases there 1s also an mcrease of the
normal motton This tacrease will naturally be seen chiefly m the cases
in which as the result of long-continued strawn, the jomnts are much
relaxed Every effort should be made to determune sf relaxation of the
jont exists and various tests have been evolved to determune this Forced
hyperextension of the thighs, one at 2 time, thus moving the tha on the
sacrum, may be of value. With the patient standing 1f one haad 1s held
over the sacrum while the pubic bones are held between the thumb and
finger of the other hand, and the patient rauses first one knee, and then
the other the motion may be quite distinct Agan 1f the crests of the
tla are grasped by the two hands the thumbs resting on the sacrum, and
the patient rases the legs as above mobility 15 usually apparent So,
although 1ncreased mobility may be ehicsted by any or all of these tests,
it should be bome s mund that while there 1s an abaormal amount of
motton under certain conditions, there 15 also mn these very cases under
other tests definite Immtation of motion.

The patn i attstudes of standing or walking when there 13 relaxation
of the joint was once thought to be pathognomonic but we hnow now
that several conditions may produce the same spmptom complex Myo-
fascitss and pressure upon the cauda equinz or nerve roots from a rup-
tured nucleus pulposus or hypertrophied ligamentum flava w1l also result
in peculianities i the use of the body which may be rdentical Careful
roentgenological orthopedc, and neurological consultation 15 often
necessary to distingush the true cause.

2 Jufections Sacrotlac Jomnts

(a) Tuberculosis of the sacrodiac jomnt or lumbar Potts disease
must be climinated This 15 usually not dsfficult as the history physical

signs and roentgenograms are usually definnte
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(b) Osteoarthatss may be elimmated by the presence of arthritis
elsewhere 1n the body, or by the finding of definite evidence of the dis-
ease 1n roentgenograms of the joints

(c) Pyogenic and Gonorrheal The swelling of the jount may be
vistble and 15 often palpable The character of the swelling will depend
upon the natute of the lesion, and 15 usually less in nontuberculous types
The muscular atrophy 18 slight and this together with the more acute
onset and the usual mvolvement of other jonts should make differen
tratton possible ‘Tuberculosis of this jomnt 1s usually metastatic.

(d) Hip Diseasc There 15 Lmitation of the motion of the hip
all directions and the muscular rigidity of the hip muscles 15 marhed
X ray examination 1s usually sufficient for diagnosts

Treatment The treatment of relaxation and affections of the sacro-
thac jomnt depends upon the extent of the lesion and its pathologtcal
character Although 1t 1s very difficult to diagnose definite relaxation of
the jomt, tt 1s possible by a process of eltmination, and when there 15
reason to believe that relaxation 1s the cause of low back symptoms the
jomt should be fused by inlay bone graft but only when definite relaxa
tion does exust. Tuberculosts of the joint should be fused by extra articular
grafts and when 1t becomes necessary to fuse the jomt for arthritis the
fusion should also be extra articular However, fusion of the joimnt for
arthritis 1s rarely indicated because hypertrophic arthritis of the sacro-
tliac jomnt 1s usually associated with generalrzed arthnitis of the spine
and other joints, so conservative measures are indicated

Conservatire Treatment 1 Strapping A thick pad of felting measur
ing five inches by six inches 1s applied to the sacrum. Two-tnch adhesive
straps are made to half-encircle the pelvis tightly just below the anterior
superior iliac spmes These should extend from the extreme antersor
part of the drum on one side, around the buttocks to a similar pount on
the other side, and be carried up and down until the buttocks and lower
lumbar spinc are covered. The strapping and pad should be reapplied

when 1t becomes loose until the symptoms are relieved and then 2 wide
webbing belt should be worn for not less than six months
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2 Wide Webbing Belt. Such a belt attached to the base of 2 long
corset in women remnforced with light steel stups to prevent woankling,
and with & firm pad over the sacrum may gve relsef

e —r ey
EY

Fip, 158 p for far arthrodewls of sscolllsc joint. (Trem
Albee Bonr Grafs Sutgery in Disesie Inpury sud Deformity D Applrion-Consury
Con New York )

3 Night Supports It 1s more essential to support the bones dunng
recumbency than 1 the waking hours for at night the pain 15 often
exaggeaated A firm pillow fitted under the hallow of the back to pre
vent flattening of the lordotic curve or transfesred to the side when the
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patient assumes the lateral position, supplemented by another pillow
below the knees, has been found of value In the very obstinate cases
with great pam, a plaster bed may be made so that the back sacrum,
buttocks and thighs are supported

4 Double Spica Cast If the patient 15 subject to extreme pain and
no relief has been obtained by either of the above methods, 1t may be
necessary to apply a double sprca cast until the severe symptoms have
substded

Operatie Treatment When (¢ has been definttely determuned that a
true relaxation of the jownt exists the jornt should be fused by the infay
bone graft method The author has devised the follow ing three methods
for fusion of the sacroiliac joint

1 INLAY BONE GRAFT INTO THE SACROILIAC JOINT ITSELF

(Indicated for non infectious relaxation of the jount )

The joimnt 1s reached through its posterior ligaments just to the wner
side of the postersor wing of the ilum ‘The under surface of the wing
of the thum as well as the posterior surface of the sacrum are denuded
by means of the osteotome and the motor burr or end-mill The dimen-
stons of the gutter thus formed are obtained accurately with compasses
or instde calipers The graft, of dimensions to it this gutter, 1s obtaned
from the tibra 1 the manner described on page 187 mn the chapter on
wberculesis The graft, a little wider at one end than the other 1s then
drrven 1nto place by means of a mallet and the bone peg set As 1t 1s

wedged w by being drven 1n end ways 1t fits tightly and requires no
retaining fixation sutures

2 BRIDGE BONE GRAFT FROM SACRUM TO WING OF ILIUM
(Especially indicated for tuberculosts or some other infection )

With the patient on the face in the prone positon, and both sptnal
and tibial fields prepared, the posterior wing of the ilum and the upper
portion of the sacrum, are approached by a curved mciston so placed
that the line of skin sutures will not hie directly over the graft

The first spinous process of the sacrum 1s split en masse with sts
enveloping ligaments and soft tissues the cleft being made not vert:
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aally but at right angles to the loag axis of the spne The upper half
of the sphit process 15 left attached to the sacrum and unbroken the lower
halt s fractured at sts base and doplaced downward, On account of its
small size, the first sacral spinous process may be fragmented by repeated
attempts to split 1t 1 equal parts, but this interferes in no way with the
ultmmate result if the fragments are left attached to the enveloping
ligaments

The periosteum of the postenior surface of the sacrum where the graft
is to be contacted 15 split in hine with the cleft in the spinous process
and peeled downward with the sharp periosteal elevator The underly
g bone 15 then scanfied over 2 considerable area for contact with the
graft

The mestal surface of the posterior wing of the ihum projecting
beyond (toward the midline) the sacroilsac jomt 55 developed and a cleft
s made by driving a 14 inch osteotome iato 1t 10 a plane parallel with
the prepared postersor sacral surface for the reception of the distal end
of the graft. In making this cleft the handle of the osteotome 15 pressed
down as tightly as possible agamst the posterior surface of the sacrum
The distal end of the graft is bevelled i such a way that, on beng
forced into its bed i the dum, its proxsmal (sacral) end 15 tightly
coapted to the postersor susface of the sacrum The field of operation 13
then temporardy pached with hot saline compresses while the graft 15
beng prepared

The leg from which the graft 1s to be removed is flexed backward and
the bone graft 14 wch or more 1n width and of the desired contour
15 removed from the antero-internal surface of the tibu. Tts distal (shiac)
end 1s bevelled on sts periosteal side (which 15 to be the posterior stde)
50 that 1t may be drven tightly mnto the cleft in the thum by means of
the Albee bone peg set As much of the marrow substance as possible
s left on the graft Numerous fragmented grafts obtamed from bevel
hing the thac end of the graft and from the edges of the tibul gutter
are placed about the points of junction of the graft with the sacrum
and thum.

Ligaments and soft tissues are now drawn over the graft by medium
szed kangaroo tendons and chromic sutures and the waund 13 closed
with a conturvous suture of No 0 plam catgut in the usual manner
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Postoperative treatenent coaststs of recumbency in bed for six weeks
or longer, 1f constdered necessary

3 INLAY BONE GRAFT FROM WING OF ILIUM MORTISED
INTO A PREVIOUSLY INSERTED SPINAL INLAY BONE GRAFT

(Fat cambined tuberculous disease of lumbac vectebrae and sacro-
ihac jont }

g
LA
-

an: ndicate ti inlay nto c
Fig. 199 4 and B | bisl inla; ft inserted i the secrolliac jolnt
gz

for sug in » casc of osteoarthritls of this jolor, falling to be

relleved by coaservative creatment. (Frem Albee Bowe Graft
Sxrgery in Disease
Iniury axd Deformity D Appleton-Century Company Nesw Y ork ) -
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The postersor supenor spine, and w.ing of the ilum, and first spisous
process of the sacrum, are reached by a curved masion The spunous
processes of the last one or two Jumbar vertebrae are split with their
attached ligaments, by a wide osteotome, to form a gutter for the ends
of the graft A cleft 1 made in the postenor wing of the tlum by driving
a thin 15 1ch osteatome snto 1t just anteror and mesal to sts posterior
spine, and 1n a lateral direction from within out. The lateral graft, which
1s later secured 15 formed with 2 wedgeend to be driven wmto this cleft

Fig. 200. X rays of sacrolliac folot after bone graft fusion
illustrated In Fig. 199-A and B.

the other end bemng joined by a carpenter s half mortise to the spinal
graft.

The surface of the sacrum 15 denuded to furnish additional contact
with the graft. The waund s packed with 2 saline compress and w1th
the pattent still in the prone position the leg 1s flexed and a graft of
sufficient length removed from the crest of the tibua by the motor saw
to furnish matenal for the spmal graft and the lateral bridge to the
ium The width of the graft should be three times the thichness of
the cortex ‘The thickness should mnclude the whole cortex, pertosteum,
endosteum and a small amount of the adhering marrow  The spinal
graft 1s placed 1 its prepased bed and the ligaments are drawn over 1t
by interrupted sutures of medm kangasoo tendon

Before the hangaroo tendon sutures are drawn over the lower end of
the spinal graft, a segment 1s removed from tts uppermost surface and
wnto it one end of the lateral graft 1s half mortised and the other wedge



LOW BACK PAIN AND AFFLCTIONS OF THE LOWER BACK 353

shaped end 15 driven ito the cleft in the thium prepared for it reception
The shin wound 1s closed and the patient placed on the back on a
fracture bed for a period of not less than six to eght weehs There
shauld be no necessity for further mechanseal suppostive treatment
(I both sacroiliac jownts are affected, a lateral graft 1s splard from
sacrum to thum on each side after the manner described above for
undtateral retaxation )

CAMPBELL S EXTRA ARTICULAR METHOD OF FUSION
OF SACROILIAC JoINT

An masion s made along the outer kp of the crest of the ilum from
the postenor one thud or one half to the posterior infenor spinous
process, and the soft structures are drvided to the bone. The perosteum
1s 1aised and elevated over the crest and upper portion of the dorsum
of the ilum and the erector spinae muscles are retracted toward the
ruudline. Begianing at the postenor spine, and continmng around the crest
of the thum, a graft 34 inch wide, and 3 inches long s cutlined by
multiple cuts with a chisel, removed and placcd 1 & towel The inner
table of the overhanging portion of the ilsum, and the adjacent posterior
surface of the sacrum are denuded Thus, a gutter of cancellous bone 15
formed by the posterior surface of the sacrum, and the mnner surface
of the ilram postenior to and above the sacrotsac joint Into this gutter
15 serted the graft from the crest. The surrounding space 1s filled with
multsple small grafts ot shavings from the dorsum of the shum The
mass of bone 15 then wnpacted with 2 blunt instrument, such as that
designed by Joseph Freiberg for this purpose

After Treatment The patient 15 placed on 2 Bradford Frame for a
period of two weeks. The stitches are then removed and a cast applied
from the n1pple lme to the knces Eight weeks after operatian, the patient

1s permutted to walk, supported by a long Taylor sptne brace with sacro-
diac attachments

SMITH PETERSEN INTERARTICULAR ARTHRODESIS OF
THE SACROILIAC JOINT

The inasion 15 made along the posterior two-thirds of the ihiac crest
cuning arcund the postenor superior spine, and then continuing paral



334

SURGI'RY OF THE SPINAL COLUMN

Fig. 20L. Iooer able of iliom 2a0d adjacent posterior surface of sacrum denuded
area. Muldple small booe grafts i1l

graft from Illum countersunk Inw this
intervening spaces. (Frem Operdice Oribepardics by W C Compbell—C. V

Mesby Ce., St Lewis 1939 )
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lel wath the fibers of the gluteal muscles a distance of two or three inches
The soft tissues are reflected subperiosteally, exposing the lateral surface
of the tlum A rectangular window ts then removed from the ilium
directly over the sacrotliac joint The sacral surface of the jomt 15
drvested of cartilage down to the cancellous bone. After resection of
the cartilage from the joint surface of the block of bone, the block 1
replaced and countersunk so that tts cancellous surface comes tn contact
with the cancellous bone of the sacrum The block 1s further secured,
and osteogenesss promoted by osteotomy of the edges of the window and
the turming of the fragments inward

CHANDLER'S METHOD OF TRISACRAL FUSION

A crescentic shin incsston with sts comvexity downward 1s made trans-
versely along the posterior margin of the iliac crest crossing the mid
line one inch below the level of the posterior superror spine and termt
nating on the opposite crest of the thlum The spinous processes of the
fourth and fifth lumbar vertebrae, and the first and second sacral verte
brae are exposed by a midlne inassion of the deep structures Arthrode
s1s 15 carried out by the Hibbs technic—except that in this case the spinous
processes are only partially amputated The midline inaision of the deep
structures 1s temporartly closed The posterior superior spine of the slum
1s exposed the posterior thiac crest and spine are split parallel to the
flat surface to the level of the postertor margin of the sacroibsac joint,
and the outer portion 1s reflected laterally The wner table of the ilum
1s exased and presened in warm saline solution to be used for grafts.

‘The adjacent portion of the sacrum 1s roughened by means of a small
gouge The postersor margn of the cartilage which presents in the
depth of the wound 15 detached from the sacroiliac ot Chips of
cancellous bone are removed from the ilum and packed across the
sacrotlac jornt posteriorly The reflected outer table of the tlum 15 then
approxmated to the roughened surface of the sacrum and sutured 1n
place and the opposite sacrodiac joint 15 treated m the same manner
The midline ncisson 15 next reopened and the resected portion of the
inner table of the tlium split into two grafts which are placed adjacent
to the denuded and partially amputated spinous processes Both incs
stons are then closed
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Anomales of the Lumbar Sprue and Sacrum 11 Relation to
Low Back Pan

The lumbosacral junction 1s the portion of the human spine most
vulnerable to mechanical stran and at the same time most often n
volved 0 anatomical defects and anomalies Anomalies may weakhen
the anchorage of the spinal column to the pelvis, or expose the last pre
sacral nerve roots to stress impingement or chronic tnitation from
disease or posture.

The anomalies or defects having a beanng on low back pain are

1 Sacralization of the Fifth Lumbar Vertebra or Lumbarizatson
of the Fisst Sacral Segment  The addition or substraction of a lumbar
vertebra may weahen the spinal column but it 15 doubtful that the sta
bulity 15 decreased to any apprectable extent, as many cases presenting
such a deformity do not complain of low backache unless there 15 sm
pingement ot articulation of the enlarged transverse processes with the
sactum or 1ha

Low back symptoms are unlihely when L ere 1s a complete bilateral
fusion of the transverse processes of the fifth lumbar vertebra to the
sacum The ffth lumbar vertebra then becomes an integral portion
of the sacrum, but there may be some limitation of motion of the lum
bar spine The transverse processes of the fifth lumbar vertebra may be
so large as to impinge upon the upper border of the sacrum or ium and
present an uregular fuston or pseudoarthrosis and it 15 reasonable to
believe that this asymmetrical anchorage of the last lumbar vertebra to
the pelvis predisposes to stramns and (nterferes with normal recovery
from njury

The narrowing of the lumbosacral interspace, which 15 often the case
n sacralization of the fifth lumbar vertebra diminishes the size of the
ncural foramma through which the last lumbar nerve passes and thus
the liability of njury to these nerves 1s sncreased especially when there
1s mcomplete or unilateral fus.on. The motion allowed between the
fifth lumbar vertebra and the sacrum when there 15 a pseudoarthrosis
or unateral fusion, 15 often sufficient to produce pressure on the nerve
roots 1n the congenitally contracted foramina
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Anomalses of the Lumbar Spine and Sacrum in Relation to
Low Back Pain

The lumbosacral junction 1s the portion of the human spine most
vulnerable to mechanical stramn, and at the same time most often in
volved 1n anatomical defects and anomalies Anomalies may weaken
the anchorage of the spinal column to the pelvis or expose the last pee
sacral nene roots to stress, impingement or chronic intatron from
disease or posture

The anomalies or defects having a bearing on low bach pain are

1 Sacralizauon of the Fifth Lumbar Vertebra or Lumbarization
of the Furst Sacral Segment The addition or substraction of a lumbar
vertebra may weaken the spinal column but it 1s doubtful that the sta
bility 15 decreased to any apprecuable extent as many cases presenting
such a deformity do not complai of low backache unless there 1s 1m
pingement or articulation of the enlarged transverse processes with the
sacrur or 1lra,

Low back symptoms are unlihely when t. ere 15 a complete bilateral
fusion of the transverse processes of the fifth lumbar vertebra to the
sacrum The fifth lumbar vertebra then becomes an integral portion
of the sacrum, but there may be some Limitation of motion of the lum
bar spine The transverse processes of the fifth lumbar vertebra may be
s0 large as to impinge upon the upper border of the sacrum or 1lum and
present an irregular fusion or pseudoarthrosis and it 1s reasonable to
belicve that this asymmetrical anchorage of the last lumbar vertebra to
the pelvis predisposes to stramns and interferes with normal recovery
from mjury

The narrowing of the lumbosacral interspace whuch 1s often the case
wn sacralization of the fifth lumbar vertebra, drminishes the size of the
neural foramina through which the last lumbar nerve passes and thus
the Lability of mnjury to these nerves 1s increased especizlly when there
1s mcomplete or undateral fuson The motion allowed between the
fifth lumbar vertebra and the sacrum when there 15 a pseudoarthrosis
or unilateral fusion 1s often sufficient to produce pressure on the nen e
roots 1n the congenitally contracted foramina
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Since the treatment required 15 to restore stability spmnal fusion 1s
indicated

Osteoarthratss of the Lumbar Spre and Sacroshac Joints

Osteoarthrit.s 1s a source of low backache and 13 often accompanicd
by myofasatis  The authors have encountered many cases of low back
patn of short duration 1 vt there was no evidence of joint nvolve
ment or other pathology except for myofascitis on the original examt
pation, but on later examination and especially mn those cases which
had recerved inadequate treatment for myofascitis moderate to-advanced
jount changes and fipping of the vertebrae were revealed Tor this reason
it 15 belteved that myofascitis 15 a pre arthritic condition and symptoms
of the former are considered as danger signals that the latter 15 impending

The treatment of arthrstis of the spine has been covered in the chap-
ter on that subject, but arthritis of the fower Jumbar spine and sacrotlrac
jomnts presents a slightly different picture when associated with pro-
longed low back symptoms When a case 1s seen early every effort must
be made to eliminate every source of toxtaty and with conservative
treatment the patient may be kept quite comfortable. However 1n
the advanced cases when the low back pam 1s defimtely attributed to the
arthnitic changes conservative treatment may not suffice, except to
relieve the accompanying myofasatis symptoms which are mvarsbly
present Conservative measures must always be given a fair trral before
any operatrve procedure 1s recommended and fusion of the lumbar spine
or sacroiliac jount should never be atternpted except 1n selected cases
which the arthntis 5 definitely localized In these selected cases fuston
of the lumbar spine 15 best accomplished by the Albee mlay bone graft
technic while fusion of the sacrothac joint by erther the nlay or extra
articular methods will prove satisfactory

Influence of Gynecological Condstsons on Low Back Pamn
It has long been realized that there 1s a phystological relaxation of
the sacroiliac jonts durmg menstruation and pregnancy which grve

fise, 1n most instances to temporary moderately advanced low back
symptoms but 1t 1s doubtful whether malpositions of the uterus infec
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Treatment Sec chapter on congenttal deformuties and anomalies of
the vertebral column for the general and operative treatment of this
condition,

2 Inequaluy in the Anterior Posterior Duameter of the Opposing
Articular Surfaces of the Sacrum and Fifth Lumbar Vertebra Willis
has determined that the superior articular surface of the sacrum 1s de
adedly varuable in form, and a decrease 1 the anterior posterior diame
ter as compared with the mfertor lumbar surface opposing it, 1s qutte
frequent The lumbosacral joint mey become unstable due to this m
equaltty, or 2 source of low back symptoms and if definutely deter
muned, fusion is indtcated

3 Spwa Bifida—Occulta When occurning 10 conjunction with a
prespondylolisthesss or true spondylolisthesis or without forward slip-
ping of the fifth lumbar vertebra on the sacrum, this may be a source
of low backache by produang mstabdity of the lumbosacral junction or
the pain may be due to defective development of the spinal cord or nerve
roots

The pamn in this condition probably 1s due to the mstability rather
than to defectrve nerve development as the lumbar spinous processes
serve as large attachments for muscles and ligaments that stabilze the
back, and when the lower lumbar and upper sacral processes are absent,
greater stram 15 placed on the maldeveloped ligaments Treatment of
this condition when 1t 15 2 source of low back symptoms 1s spinel fusion
of the lumbar vertebrae to the sacrum by inlay bone graft

4 Lesions of the Spinous Processes The normal distance between
adjacent spmous processes may become lessened due to congenital de-
velopment or disease When two processes are 10 contact, & pamnful area
may develop because of a pseudoarthrosis Also there may be a con
gemtal clongation of & spinous process which remains tender

Treatment 1n both instances consists of exasion

5 Asymmetry of the Lumbosacral Arucular Facets It has been
determuned by Badgley and Willis that a great varation often exsts 10
the lumbosacral articular facets When the artscular facets have assumed
a more or less sagittal plane, esther from mjury disease or development
1t 15 logical to believe that additional stran may be placed on the lower
back ligaments and i some cases this may be a source of backache
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graft mto the spinous processes, mcluding %0 vertebrae above and two
below the injury, 1s the treatment of chorce

Narrowed Lumbosacral Junction

Thss condition 1s frequently considered an etiological factor i the
productson of low back pan, the theory betng that the spual aerves
passing through the corresponding foramina are impinged upon When
it 13 defimtely known to exist fusion of the lumbosacral intervertebral
space 15 definitely indicated

Neurotic or Ratlway Spine

A full discusston of this functional disturbance of the nervous system,
so frequently 2 cause of low bach pan, appears i Chapter XIII on
pages 423-425

Kiimmell's Disease

This entity also whie a frequent etiological agent 1n the production
of low back pain 15 discussed 1n its fuller significance in Chapter X111
pages 422, 423

Defectsve Balance

Lateral and anteroposterior defects 1n balance may produce 2 static
backache When one leg 1s longer than the other the pelvis 1s tilted
obliquely and the spine curved to one side on standing—the muscles on
the converse side therefore undergoing strain The discomfort 1s greatest
when standing or walking and may be marked over the sacrolac joint
region of one side Flatfoot and other allied deformities of the feet
may also produce back strain by producing abnormality of the base of
support but 1n such cases treatment should also include a search for
toxiaty as well as correction of the deformuty by opetateve procedures

Treatment of this condition consists of the elevation of one heel to
correct the unilateral defects of balance the propet treatment of de
formed feet and appropriate physiotherapy measures

Protrusion of the Intervertebral Disc

The extensive and rapid growth of the literature dunng the past
seven years regarding protrusion of the intervertebral disc as a major
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tions of the tubes or small ovarian cysts bear any relationship to low
back pain. In certamn mstances marked relaxation of the petvic floor
with 2 moderate degree of prolapse of the uterus large utenine fibrowds
and large ovarman cysts will be 2 source of low badk symptoms, either
from mechanical stress upon the pelvic organs or from metabolic changes
duc to the mterference with digestion One cannot go so far as to state
that gynecological conditions have no bearing on low back symptoms,
as this group of organs must also be studied mn a search for focal of
metabolic disturbances and it 1s defirutely known that an endocerviaitis
1s often 2 source of toxaty

Tuberculosss of the Lumbar Spine and Sacroshac Jomts

Thus condition must be definstely eliminated in the differential diag
nosts of low back pamn. The history of msidious onset, plus the positive
x ray findings and slight to-advanced kyphosis 1s usually sufficeent for
duagnasis The treatment of this condition ts fully described m the chap-
ter on tuberculoss

Unuited Fractures of the Lower Spine

Ununited fractures of the lower vertebrac meay be & source of low
back discomfort Fractures of the transverse processes rarely unite due
to their low osteogenesis but the pam from such injuries 15 seldom
prolonged or severe Union of the fractures of the spinous processes may
be delayed but the symptoms are most often confined to local tenderness
Old and acute fractures of the pedicles and articular processes are very
difficult to diagnose, and when there 1s a history of injury followed by
prolonged disabilsty a nonunton of these processes must be constdered
and oblique roentgenograms taken tn an effort to determne their ex
wstence However extreme care must be exerted to prevent dragnosis of
an anomaly as an old fracture

Old compresston fractures of the bodies of the lumbar vertebrae espe
aally those madequately treated, may be a source of latent low back
symptoms Often, tn the search for the etrology of lon back pawn roent
genograms show an old compression fracture which was not duagnosed
at the time of a slight previous accident Agamn fuston by nlay bone
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graft into the spious processes, mcluding two vertebrae above and two
below the njury, ts the treatment of choice

Narrowed Lumbosacral function

This condition 1s frequently considered an ctiological factor i the
production of low back pan, the theory bemng that the spinal nerves
passing through the corresponding foramina are impinged upon When
it 15 definttely known to exust, fusion of the lumbosacral intervertebral
space 18 defimitely indicated

Neurotic or Raslway Spne

A full discussion of this functional disturbance of the nervous system,
5o frequently a cause of low back pain, appears in Chapter XIII on
pages 423425

Kiimmell's Disease

Ths enttty, also while 2 frequent etiological agent 1n the production
of low back pain 1s discussed 1n its fuller significance in Chapter X1II
pages 422, 423

Defective Balance

Lateral aad anteropostertor defects 1n balance may produce a static
backache When one leg 1s longer than the other the pelvs 1s tilted
obliquely and the spine curved to one stde on standing—the muscles on
the converse side therefore undergoing strain The discomfort 1s greatest
when standing or walking and may be marked over the sacroiliac joint
region of one side Flatfoot and other allied deformities of the feet
may also produce back stram by produaing abnormality of the base of
suppart but i such cases treatment should also include a search for
toxsaty as well as correctron of the deformity by operatrve procedures

Treatment of this condition conssts of the elevation of one heel to
correct the unilateral defects of balance, the proper treatment of de
formed feet and appropriate physiotherapy measures

Protrusion of the Intervertebral Dise

The extensive and rapid growth of the literature during the past
seven years regarding protrusion of the intervertebra! disc 2s a mator
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tons of the tubes or small ovaran cysts bear any relationship to low
back pawn. In certain instances, marked relaxation of the pelvic floor
with a moderate degree of prolapse of the uterus large utenine fibrords
and large ovarian cysts will be a source of low back symptoms, esther
from mechanical stress upon the pelvicorgans or from metabolic changes
due to the mterference with digestion One cannat go 5o far as to state
that gynecological condttions have no bearing on low back symptoms,
as this group of organs must also be studied i a search for focal or
metabolic disturbances and st 13 definitely known that an endocerviaitis
15 often a source of toxicity

Tuberculosis of the Lumbar Spine and Sacroslac Jornts

This condition must be definitely elinmnated n the differential diag
nosts of low back pawn. The history of msidious onset plus the positive
x ray findings and slight to-advanced kyphosis 1s usually sufficient for
dragnosis. The treatment of this condition 1s fully described n the chap-
ter on tuberculosis

Unnnsted Fractures of the Lower Spine

Ununited fractures of the lower vertebrae may be a source of low
back discomfort Fractures of the transverse processes rarely unite, due
to thetr low osteogenests but the pan from such mjures 1s seldom
prolonged or severe Union of the fractures of the spinous processes may
be delayed but the symptoms are most often confined to local tendemess
Old and acute fractures of the pedicles and arucular pro-esses are very
difficult to diagnose and when there 1s a history of mjury followed by
prolonged disability a nonunion of these processes must be considered
and oblique roentgenograms taken 1n an effort to determine thetr ex
sstence However extreme care must be exerted to prevent diagnosis of
an anomaly as an old fracture

Old comapression fractures of the bodtes of the lumbar vertebrae espe
aally those inadequately treated may be a source of latent low back
symptoms Often 1n the search for the etiology of low back pain roent
genograms show an old compression fracture which was not diagnosed
at the time of a slight previous accident Agamn fusion by nlay bone
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graft into the spinous processes, including two vertebrac above and two
below the injury 1s the treatment of choice

Narrotwed Lumbosacral Junction

This condition 1s Frequently constdeted an etiological factor n the
production of low back pam, the theory being that the spinal nerves
passing through the cotresponding foramina are impinged upon When
it 15 definttely known to exist, fusion of the lumbosacral intervertebral
space 15 defimtely indicated

Neurotte or Rathway Spine

A full discussion of this functional disturbance of the nervous system
so frequently a cause of low back pain appears in Chapter X111 on
pages 423425

Kiimmell's Disease

This entity, also while a frequent ctiological agent in the production
of low back pain, 15 discussed in sts fuller significance 1n Chapter XIII
pages 422, 423

Defectrve Balance

Lateral and anteroposterior defects in balance may produce a static
backache When one leg 15 longer than the other, the pelvis 13 nlted
obliquely and the spine curved to one side on standing—the muscles on
the converse side therefore undergomg strain The discomfort 18 greatest
when standing or walking and may be marked over the sacroiliac jornt
region of one side Flatfoot and other allied deformities of the feet
may also produce back stramn by producing abnormality of the base of
support but i such cases treatment should also snclude 2 search for
toxicity as well as correction of the deformuty by operative procedures

Treatment of this condition consists of the elevation of one heel to
correct the unilzteral defects of balance the proper treatment of de-
formed feet and appropriate physiotherapy measures

Protrusion of the Intervertebral Disc

The extenstve and rapid growth of the literature during the past
seven years regarding protrusion of the mtervertebral disc as & major
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tions of the tubes or small ovaran oysts bear any selationship o o
back pam In certamn instances marked relaxatson of the pelvic ficor
wsth 2 moderate degree of prolapse of the uterus, large uterme fibrowds
and large ovanan cysts will be a source of Jow back symptoms, erther
from mechanical stress upon the pefvic organs, or from metabokic changes
due to the mterference with digestion One cannot go so far as to state
that gy necological conditrons have o bearing on low back spmproms,
as this group of organs must also be studied 1 a seasch for focal or
metabolic disturbances, and it 1s definstely known that an endocerviaitis
1s often a source of toxsaty

Tuberculosis of the Lumbar Spine and Sacroiliar Joruts

This conditson must be definitely eliminated 1n the differentral diag-
nosts of lon badk pam The hsstosy of sasidious onset, plus the positive
x ray findings and shight to-advanced kyphosis 1s vsually suficent for
diagnosis. The treatment of this condition 1s fully described m the chap-
ter on tuberculosis

Unumited Fractures of the Lower Spoe

Ununited fractures of the lower vertebrae may be a source of low
back discomfort. Fractures of the transverse processes rarely umite, due
to therr low osteogenesis but the pan from such injurses 15 seldom
prolonged or severe Union of the fractures of the spinous processes may
be delayed but the spmptoms sre most often confined to Jocal tendermess.
Old and acute fractures of the pedicles and articular pro~esses are very
difficult to diagnose and when there 15 a hustory of injury folloned by
prolonged disability a nonunon of these processes must be considered,
and oblique roentgenograms taken m an cffort to determine their ex
sstence. However extreme care must be exerted to prevent dragnoss of
an anomaly as an old fracture

Old compresston fractures of the bodses of the lumbar vertebrae espe
aally those mnadequately treated may be a source of latent Jow bad
symptoms Often, 1n the search for the etiologv of low bach pam, roent
genograms show an old compression fracture, »hich w25 not duagnosed
at the trme of a shight previous accident Agamn fusion by nlay bone
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graft into the spinous processes, including two vertebrae above and two
below the njury 1s the treatment of choice.

Narrowed Lunbosacral Junction

This condition 15 frequently considered an ctiological factor in the
production of low back pam, the theory being that the spinal neeves
passing through the corresponding foramina are impinged upon When
it 15 definttely known to exist fusion of the lumbosacral mtervertebral
space 15 definitely indicated

Nenrottc or Ratliay Spine

A full discussion of this functional disturbance of the nervous system,
so frequently a cause of low back pain, appears in Chapter XIII on
pages 423-425

Kiimmell's Disease

Thus entity, also while 2 frequent etiological agent i the production
of low back pain, 1s discussed in its fuller stgntficance in Chapter X111
pages 422, 423

Defective Balance

Lateral and anteroposterior defects in balance may produce a static
backache When one leg 15 longer than the other the pelvis 18 tilted
obliquely and the spine curved to one side on standing—the muscles on
the converse side therefore undergoing strain The discomfort 1s greatest
when standing or wallung and may be marked over the sacroiliac jomt
region of one side Flatfoot and other allied deformities of the feet
may also produce back strain by producing abnormality of the base of
support but n such cases treatment should also include a search for
toxiaty as well as correction of the deformity by operative procedures

Treatment of this condition consists of the elevation of one heel to
correct the umilateral defects of balance, the proper treatment of de
formed feet and appropriate phystotherapy measures

Protrusion of the Intervertebral Disc

The extensive and rapid growth of the Literature duning the past
seven years regarding protrusion of the intervertebral disc as a major
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source of Jow back pain has been tremendous It 15 often suggested that
the differential diagnosts 1s easy and the chinscal picture typical even
without hiptodol or aur myelography and that laminectomy with the
removal of the offending portion of the disc 15 the only treatment to be

Fig. 205, Coaplete transverse defect in the shadow of liplodo! In (he nearss
aunal due to protnnion of the fntervertebeal dise. (Presemied by cosriesy of
Lexis G Howwrd—From Recntgem Diagwesis of the Extremities and Spine by
A B Ferguion Paxl B. Hoeher Inc New York 1941)
considered However the suthass cxtensive expertences in dugnosts and
treatment of low back conditions do not comnade with these opinions
The orthopedic surgeon 15 called upon to treat thousands of cases of
low back pawn yearly and the great majonty undoubtedly smprove or are
cured by conservatne means without any operatne procedures Those
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cases which faul to improve under conservative care have definitely been
benefited by spinal fusion,® 1n a large percentage of cases and the
authors are satisfied that symptoms due to herniation of the nucleus pulpo-
sus are extremely rare, probably occurring i about two per cent of the
cases presenting low back symptoms

When there 1s a definite suspicion of herniatton of the dise, laminec
tomy alone 1 not always justified, as fusion of the lumbar spine by bone
graft has relieved many cases suffering with symptoms dentical with
those described for hermation or protrusions and it 1s contended that
the routine need for lammectomy has not been proven

Hypertrophy of the ligamentum flava with adhestons between the
protrusion and the nerve root often occurs but 1t 15 doubtfuf that hyper
trophy of the ligamentum flava alone 1s responsible for low back symp-
toms eXCept 1 \€ry rare nstances

If protrusions of the discs arc as frequent today as the number of
operations performed for this condition tndicate, what has been hap-
penung to these patients i the past? They have been relieved for the
most part, by conservatne treatment, and when operation was consid
ered advisable, their spmes have been fused with uniformly satisfactory
results Those patients not so relieved, and those presenting definite
cord or nerve root involvement, have been referred to the neurosurgeons
for exploratory lamunectomies and often the removal of a small dural
turnor proved effective Such tumors were classified as chondromas etc.
and were thought to be derrved from the intervertebral disc It 15 pos-
sible that the frequency of protrusions today may be the result, 1n a large
measure of the correct diagnosis of these so-called tumors as protrusions
of the itervertebral disc.,

Anatomy of the Intervertebral Disc Lach intervertebral disc 15 of
lenticular form and of composite structure and together they comprise
approximately one fourth of the total length of the presacral portton of
the spinal column Being placed between all adjacent vertebral bodies
from the axis to the sacrum, they not only form the chief bond of con
necion between these bones but act as shock absorbers and with the

“Fall, B P ind MacCracken, W B S
Dirscx. pinc Fuslon for Pratruding Intervert
Journal of Bone and Jount Surgery 23 457 (Apeil) 1541 ruding Int cheal
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source of low back patn has been tremendaus It 1s often suggested that
the differentun] disgnosis 15 easy and the clintcal preture typical, even
without liprodol or aur myelography, and that lamtnectomy with the
removal of the offending portion of the disc 1 the only treatment to be

gl

i plete transverse defect in the shadow of Hplodot In the neuml
i;lzgxcrprm of the loververebral disc. (Presented by coxrtery of
Lowis G Hoicurd.—From Roenigew Disguosis of 1he Extresmities amd Spine by
A. B. Fergnson Pawl B, Hoeber Inc,, New Yeork 1941)

constdered However the authors extenstve experiences in diagnosis and
treatment of low back conditions do not conade with these opwions
The orthopedic surgeon s called upon to treat thousands of cases of
low back pam yearly and the grest maporaty undoubtedly unprove or are
cured by conservatree means without any opemstive procedures Those
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cases which fail to improv e under conservative care have definstely been
benefited by spinal fusion * in a large percentage of cases and the
authors are satisfied that symptoms due to hernration of the nucleus pulpo-
sus are extremely rare, probably o-curring m about two per cent of the
cases presenting low back symptoms

When there 1s a definite susprcion of herniation of the disc, laminec
tomy alone 1s not always ustified, as fusion of the lumbar spinc by bone
graft has relieved many cases suffering with symptoms identical with
those described for herniation or protrustons, and 1t 1s contended that
the routne need for lamectomy has not been proven

Hypertrophy of the hgamentum flava with adhesions between the
protrusion and the nenve root often occurs, but 1t 1s doubtful that hyper
trophy of the ligamentum flava alone 1s responsible for low back symp-
toms except 1n \ery rare instances

If protrusions of the discs are as frequent today as the number of
operations performed for this conditton indicate, what has been hap-
peung to these patients m the past? They have been relieved for the
most part, by conservative treatment and when operation was consid
ered advisable, their spines have been fused with umiformly satisfactory
results Those patients not 50 relieved, and those presenting definite
cord or nerve root tnvolvement have been referred to the neurosurgeons
for exploratory laminectomies and often the removal of a small dural
tumor proved effective Such tumors were classified as chondromas etc.
and were thought to be derved from the intervertebral disc It 1s pos-
sible that the frequency of protrusions today may be the result n a large
measute, of the correct diagnosis of these so-called tumors as protrusions
of the intervertebral disc.

Anatomy of the Intervertebral Disc Each intervertebral dusc 15 of
lenticular form and of composite structure and together they comprise
approximately one fourth of the total length of the presacral portion of
the spmal column Being placed between all adjacent vertebral bodies
from the axis to the sacrum they not only form the chief bond of con
nection between these bones but act as shock absorbers and with the

*Farrell, B P and MacCracken, W B “Spine Pmton for ervert:
Protruding Int,
Dixx, Jourm! of Rooe and Jount Surgery 23 457 (Apal) 1941 " bt
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This central portion 15 composed of soft, very resilient semi flurd sub-
stance contamning lughly elastic fibrocartilage and some bands of con
nective tissue This semi flund substance which possesses constderable
elastiaty 1n young mdwviduals and 15 especially well developed i the
lumbar region, contams a few remains of the notochord in the form of
the physaliferous cells of Virchow The existence of a rudimentary jomnt
space according to Luschka and Schmérl 1s still a matter of doubt
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Tig. 206, A di 1 sketch it 1ng the § 3on of the intervertebral disc,

The opposing surfaces of the vertebral bodies are covered by the
cartilage plates which should be considered as an integral part of the
disc These cartilage plates are well defined m the central portton, but
blend with the annulus fibrosus at the periphery 1t 1s upon the integnty
of these cartifage plates that the confinement of the nucleus pulposus
within the disc depends

Ettology It 15 the opinson of most authors that ahnormal protrusion
of an intervertebral disc into the spinal canal 1s in the majonity of 1n
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spmal flurd withun the spinal dura mater and the arachnoid, serve as
protection for the spinal cord and cauda equina.

The discs vary 1n size, shape, and thickness in different portrons of the
spmal column, and are thingest 1n the lumbar portion The mequalities
in the thickness of their antertor and posteror aspects are responsible i
a Jarge measure for the characteristic curves of the cervical, dorsal and
lumbar regions—they are thicker anteriorly than postersorly i the cerve
cal and fumbar regions, and uniformly thick tn the dorsal regron. Thetr
size 15 greatest in the lumbar region, since they correspond accurately
with the surfaces of the vertebral bodies between which they ace pleced

The intervertebral discs are adherent to & thin layer of hyaline cartt
lage which covers the superor and mferior surfaces of the vertebrac
and by thetr circumferences are closely connected mn front to the anterror
loogitudinal ligament and behind to the postertor longiudinal higa
ment In the thoracic region the discs are closely connected laterally by
the snterarticular ligament to the heads of those nbs which articulate
with the two corresponding vertebrae The vertebral bodies and mter
vertebral carhlages are further supported by the ligamentum flava, the
mtersprnous  supraspinous, and lumbosacral Ligaments Under normal
stress and stramn the disc may bulge slightly beyond its normal confines
to resume 1ts pormal contour when the stress s removed

To Schmbrl we owe our present day conception of the mntervertebral
dusc as 2 complex functional unst consisting essenttally of three parts
the annujus fibrosus the nucleus pulposus, and the cartilage plates The
outer portion of the disc s composed of many lagers of fibrous connec
tive tissue, the annulus fibrosus arranged concentnically passing
oblique and spiral directians from one vertebral body to the next. The
annulus 15 firmly attached into the adjacent bone by means of the so-
called fibers of Sharpey and blends antertodly with the aatertor longs
tudinal ligament by means of well defined expansions The posterior
longstudinal Ligament supports the disc 10 the midlne posterrorly but
1s dl-defined and often dusplays deficiencies where 1t 15 related to the
disc. Microscopucally the annulus is composed of fibrous and elastic
lamellae and iregularly placed cartilage cells

The nucleus pulposus occuptes approxumately the center of the disc,
and the transition between the annulus and the mucleus 15 ndefinite
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This central portion 15 composed of soft, very resilient semt flud sub-
stance, contaning lughly elastic fibrocactilage and some bands of con
nective tissue This semi fluid substance, which possesses considerable
elastiaty 1n young ndividuals and 1s espectally well developed in the
lumbar region, contains a few remains of the notochotd 1n the form of
the physaliferous cells of Viechow The exstence of a rudimentary jownt
space according to Luschika and Schmdrl 15 still a matter of doubt
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Fig. 206, A d ic shetchall ing the function of the Intetvertebral disc.

The opposing surfaces of the vertebral bodies are covered by the
cartilage plates which should be considered as an mntegral part of the
dusc. These cartifage plates are well defined in the central portion but
blend with the annulus fibrosus at the periphery It 1s upon the integtity
of these cartilage plates, that the confinement of the nucleus pulposus
within the disc depends

Euology It ts the opmion of most authors that abnormal protrusion
of an intervertebral disc mto the spinal canal 1s 1n the majority of in
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stances the result of trauma. In some cases the patient may recall one
outstanding mjury but 1 many tmstances repeated trauma to the back,
with aggravation or recurrence of pregxisting pain and disabiity 1s the
etological factor It 1s probable that repeated trauma may be necessary
1n many mstances to produce sufficient protrusion to cause dinscal spmp-
toms The onginal injury may have weakeoed the longitudinal spinal
ligaments and annulus without producing a true protrusion, the actual
protrusion of the disc substance occurring at the time of a subsequent
myury which may be slight 2s campared to the origmal Schmdrl sug
gested that 1n some cases degenerative changes 1n the annulus fibrosus
which may be due to trauma or possibly conststutional disturbances may
predispose to the protruston of the nucleus pulposus as a result of further
trauma. Protrusions without the history of trauma, are definitely m the
munority

The 1esion occurs most frequently in the lumbar region, notably 1n the
thutd, fourth, and fifth discs less frequently 1n the Jower cervical regron
and rarely m the thoracic region. An apparently nommal disc may be
ruptured 1n 2 few mstances, but 1t 1s the consensus that rupture usually
occurs from the effects of trauma acting upon a disc already weakened
by degencration. This 1s indicated by the fact that the majority of cases
occur 1o patients in the fourth or fifth decades, when degenerative phe
nomenz are more frequent and in these cases extensne radiological
exammaton of the entire spine often reveals degenerative evidence
elsewhere

Pease, Melward and Grout bave reported mstances of damage to the
ntecvertebral disc during routme Iumbar puncture, the lesions having
been produced by the needle passmg through the spinal canal mto the
wntervertebral disc If this should occur 1t 1s the result of extreme care
lessaess, aad the passibiluty of its occurrence 15 neghgible

The part congenital anomslies may play or the relationship they may
have to the production of protrusions, has not been definutely deter
mined. It 1s not unususl to see 2 protruded disc i the Jumbar region of
2 patient with sacralzation of the last lumbar vertebra & spina bifida
occulta, or a lumbarized first sacral scgment and Meyerding has found
quite & large percentage of patents with spondylolisthests and assocr
ated scuattca suffering from protruded discs.



Pathology Before protruded Intervestebral discs were recogmzed as
a clinical entity, many extradural cartilaginous or pseudocartilaginous
tumors were removed or diagnosed ‘They were termed chondromas,
fibromas chondrochordomas fibrochondromas and osteofibrochondro-
mas 1t was apparently recognized that these tumors, consssting predomi
nantly of newly formed connective tissue, must anse from the interver
tebral disc but they were not constdered, 1n the majonty of snstances,
to be protrusions of the disc, although approxtmately half of the cases
presented a defintte hustory of trauma followed by symptoms of com
pression of 3 nerve root These errors i diagaosts probably account for
the rapid mcrease n the inadence of protruded intervertebral discs
during recent years since by an accurate diagnosis of the matersal re
moved, the cause of the compression has been determined

The discs are seldom 1molved ether primarily or secondanly i dis-
ease processes, whether infectious or malignant, since the discs like the
epiphyseal plates of the long bones are extremely resistant to mvaston
The discs may undergo necrosts and be completely destroyed by an acute
staphylococcic ostcomyelitss, and are nearly always involved n tubercu
lotis spondylitis but they are extremely resistant to mvasion by tumors

Most authonties aggee that postersor protrusions of the intervertebral
discs which are removed at operation are composed of all parts found
1n the normal intervertebral disc, that 1s the annulus fibrosus—the outer
portion, 2 portion of the nucleus pulposus and sometimes a remnant of
the embryonic notochord Degenerative changes are often seen espe
cully i cases of protrusion occurning m the older age group There 1s 2
tendency toward replacement of the notmal fibtocartleginous structures
of the protrusion by fibrous tissue and oedema of the protruded portion
wncluding bath the annulus and the nucleus 15 a frequent finding

Nerve root symptoms may be produced by prolapse or hermiation of
the disc posteniorly erther behind or on either side of the posterior
longitudnal ligament, or more rarely antertorly behuind the ante
nor longitudinal ligament
mtiivmcit:bu;a:jcs;gns The clinucal syndrome of rupture of a lumbar

tth pressure on one or more spinal root nerves or

the cauda equina 15 quite stmular to many conditions producing low bach
symptoms 2nd 5 often ndistnguishable from myofascitis There are
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no unique physical neurological, or orthopedic signs which are found
only 1n cases of postertor protrusion of the disc, and diagnos:s 15 there
fore usually very difficult. In fact, 2 chnical differentral diagnosis 1n
many instances 1s impossible. ‘The patteat 15 usually a healthy individual
between the ages of 20 and 50 with a chief complasat of raduting un:
lateral pamn down the posterior aspect of the thigh aad the postero-
lateral part of the calf, which came on with a sudden snap 1 the lower
back. The location of the pamn, naturally, depends upon the location
or level of the protrusion

Protrusions i the cervical and dorsel regions are rare, but when
present grve symptoms which are very difficult to distinguish from
extradural tumors of these regions However, the pain and symptoms
show a greater tendency to intermitiency than do neoplasms as tumors
are more prone to show definite progression and severity of the signs
and symptoms Protrusions in the lumbar region present symptoms which
are often present 1n many other condttions producing low back symp-
toms namely recurring low back and saatic pan which 1s chronic and
mtractable

The low back pain may be Jocalized over the lumbosacral junction or
over one or both sacroihac jomnts with definite tenderness, but in the
majority of wnstances the sciatic pawn 1s unilateral The pain 15 usually
accentuated by coughing or sneezing, strainung at stool bending forward
to tie the shoes lying face down 1n bed, and by any actton which pro-
duces a temporary increase in mtraspinal pressure. Night pain 1s usually
severe and often requures that the patient get out of bed and 31t 1n a chasr
or walk around several times each night There may be vague types of
sensory disturbances, paraesthesa 1 the distribution of the mvolved
nerve are common and some nterference with sphincter control may
occur A definite or slight atrophy of one or more groups of leg muscles
15 not infrequently scen and dunmnution or absence of the Achilles tendon
reflex on the mvolved side 1s common.

Severe spasm of the lumbar spinal muscles 1s usually present, lmiting
21l movements of the Jumbar spine and the patient stands with his trunk
thrust fornard and to one side with most of hus weight on the unaf
fected leg 1n the position which 1s often termed  scatic scoltosis A
lunping gatt 15 ususlly noticed and the normal lumbar lordosts 1s often
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obliterated, gving a flat back appearance, with prominence of the
thurd, fourth, and fifth spinous processes

‘The straight leg raising test can be carried fornard through an arc of
about 70 degrees on the normal side, but there 1s defimte hmitation to
20 and 30 degrees on the affected side Any attempt to force the leg
upward on the affected side produces severe pain in the lower back
The patient gets on to the examning table with extreme car, and any
change 1n position 1s quite an ordeal Any cffort to restore the normal
lumbar lordosis 1s very pamnful, and mamipulatron under anesthesta 15
not recommended

The koee jerks ate usually normal but may be diminished A positive
Kerntg s test 1s usually present There may be segmental sensory loss
with muscular weakness, but when extensve neurological signs are
present an mtraspinal neoplasm must be considered

Differential Diagnosis As has been said, the differential diagnosis
of protruston of the nucleus pulposus or hypertrophied ligamentum flava
greing nise to low back symptoms, 1s extremely difficult and usually
impossible as the symptoms and signs described as octurning 1 this
condition are often 1dentical with those of many other conditions The
symptoms and signs of myofascitis are often the same as those described
by most authors for protrusions with the lone exception of slight
sensory dusturbances and these are not a constant finding 1n those cases
diagnosed as protrusions It 15 not dented that such a condtion may extst
but many are convinced that its extstence 1s extremely rare, since the
great majonity of patients suffering from low bacl symptoms recover
or definitely improve under carefully supervised conservative treatment
without any form of operative procedure

Jt has been suggested that the gast s typical 1n protrusions and that
the diagnosis 1s casily suspected by having the panient simply walk across
the room but decrease of the [umbar lordosis 1nability to raise the
stratght leg positive Kemig s sign dufficulty 10 getting upon an examin
ing table scoliosis of the lumbar spine away from the affected side
exaggeration of the pamn on coughing and sneezing atrophy of the leg
and thigh muscles from disuse a definute limp tenderness over the calf
thigh, sacrotliac jownts and buttocks nability to sit or lte down for con
siderable periods and tendency toward wntermittency are all constant
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findings 1n severe, untreated cases of myofascitis The authors have seen
bundreds of such cases completely relieved of all these symptoms by
carefully checking and removing some focl infection, such as 20 -
fected tooth or toasils or by restoration of the normal intestinal flora,
etc. 1 conjunction with dady supervised physical therapy

In the final analyss, the defimte suspicion of a protruded imterverte
bral disc as a causative ageat 1n the productron of low back pain, must
be reserved for the small percentage of those cases which have con
sistently failed to respond to canservative treatment, and which present
positrve evidence of the exustence of such protrusion by special studies
The differentration must depend upon correlation of careful neurolog:
cal, pathological and orthopedic exammations combmed with reliable
X ray interpretation of atr myelography It 1s ridiculous to state that the
duagnosis 1s typical and easy from the symptoms and signs alone, even
without myelography as the diagnosss 1s often doubtful even after the
mjection of liptodol, and many times the protruded disc 1s not found at
operation following what 1s considered to be a defintte positive liprodol
examunation

Examunation of the Spinal Canal by Contrast Medium The promus-
cuous use of lipiodo] for patients suffering from low back pam 1s to be
condemned. It 1s 1mpossible to be certamn there 1s 2 protrusion of an
mtervertebral disc, or to localize the protrusion definitely without the
use of some contrast medium, but the mjectton of the medium should be
Itmuted to those cases which will probably came to operation, so that a
portion or all may be removed at the tume of operation If this procedure
1s followed, there will be fewer patients with Lipiodol i their lumbar
sac and cranmum with assocuated pamnful symptoms

Most suthorihies agree that some form of radiopaque substance 15
essential for accurate duagnosts of a protruded disc, and the medium
most unversally used 15 lipiodo! (40 per cent todine 1 poppy seed od)
Even «f dgnosis seems definite from positrve findings as indicated by
other tests the contrast medmum 15 necessary to determine which disc
1s protruded, and rule out the possibility of existence of maltiple lesions.
This opaque od has been of great value and has grven excellent diag
nostic results, but 1t must be remembered that liprodol has marked
disadvantages which must be borne 1n mind and which prevent sts rou
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tine use. It 1s slowly absorbed and may become encapsufated and act as
2 foreign body 1t 13 definutely a chronic 1rntant, and does cause patn i
many cases A feelingof heaviness 15 often complatned of 1n the lower
spine after mjection and as the patient changes posttion the oil 1s felt
to move, giving an uneasy sensation which 1s very annoying to the nerv
ous patient If the patient 13 tipped head down, and the o1l 1s allowed
to enter the crantum, either intentionally or acadentally a scvere mter
mittent headache often results and the o1l may become fixed there It s
impossible to remove all the ol from the spinal canal, exther by needle
or by opening the dura at operation, and the o1l should never be used
when there 15 evidence of an inflammatory lesion.

When operatne interference seems practically certamr and lipiodol
myelography 15 decided upon, a sufficient amount must be injected to
fill the lower dural sac, and the amount sufficient for adults has usually
been constdered to be about five cubic centimeters but as small an amount
as possible should be used, and some authortses now believe two cubic
centimeters to be sufficient 1n many cases

The oif 15 carefully and slowly mjected into the lumbar canal (only
in the selected cases) while the course of the radiopaque substance 15
watched under the fluoroscope Durmg the course of the fluoroscope
examimation any abnormalities of the column of ol 1s noted and the
findings venfied by x ray films without changing the patient s position
An ordinary lumbar puncture needle 15 sufficient for the puncture, and
the spaces between the fourth and fifth lumbar and fifth lumbar and
first sacral vertebrae should be avoided, becanse extreme pamn 13 felt
when the needle passes through a protrusion, and these spaces are the
levels at which the protrusion 1s most likely to occur

The use of air myelography has not proven as satisfactory as lipiodol
15 the margin of diagnostic error has been much greater and the severe
headaches which often accompany the injection of air make its use pro-
hibitree 1 many cases Aur has the distinct advantage of being rapidly
absorbed, but unfortunately the contrast between air and shadows cast
by the bone 15 not sufficient to outhine the smaller defects accurately
When a radtopaque substance which 1s rapidly absotbable, and not irratat
tag s developed the diagnoms of protrusions will be greatly simphified
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The authoss have bad some expenence with 2 new contrast medium
which has been developed by Dr ] Arthur MacLean of New Yorh,
N Y 1 which 2 speaal compound of di todo-tyrosinc has been used
as & contrast medium with excellent roentgenographuc results The great
advantage of this materul 15 that it 1s excreted completely by the body
within about 48 hours This work 15 as yet unpublished but will 1 the
aathors opinion, prove its supertonity over myelography by air

The routine examunation of the spine without contrast medwm 1s very
disappointing, and not of asd 1n the diagnosis of a protruded disc, as the
fibrocartilage 13 non-opaque. Occastonally a narrowed intervertebral disc
may be suggestive of the location of 2 lesion, but one is never justified
m making 2 diagnosss op its presence alone

Spenal Flud Exemmnation A diagnostic lumbar puncture 15 neces-
sary 1n every case of suspected protrusson of the mtervestebral disc. The
needle should be mtroduced as low as passible o the lumbar regron
preferably at the lumbosacral junctron, to avoid increased damage to an
already protrudmg disc, and to be certam that the needle 1s below the
protrusion The Quechenstedt test should be performed on all cases,
although 1t 1s rarcly pasitrve in cases of protrusions m the lumbar region,
and only occastonally m the cervical and dorsal regrons Sufficient flud
sbould be removed for Wassermann and collotdsl examunation, and
especally for total proten examunatron In the early cases studied, 1t
was thought that an elevation of the total protemn content of the spinal
fuwrd was 2 very unportant featare i diagnosts of a ruptured nudceus
as 1n diagnoss of intraspual neoplasms but recently most authorties
agree that the finding 15 so tnconsistent as to be of little value

Treatment The great majonty of patients suffering with jow back
pain recover with conservative treatment alone, but there 1s 2 smali group
which faul to respond to the usual conservative procedures and must be
subjected to some type of operative procedure Fuston by bone graft 15
sndscated for those with a2 spondylolisthes:s or prespondylolisthesis which
1s producing symptoms Fusion 15 also mdicated 1n cestaia cases of spins
bifida occulta, localized arthritis, delayed unon of fractures of the arhicu
Jar processes and vertebral bodtes partial sacralization of the fifth lombar
vertebre and lumbarzation of the first sacral segment, and 1n certain
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other nstances, but not before conservative treatment has been given
a satisfactory trial, 1n most cases

Protruston of the mtervertebral disc 15 responsiblc for low back symp-
toms 1n a very small percentage of cases, and when this diagnosis 1s con
sidered justified, three types of trcatment must be considered

1 Consertaiste Treatment It 1s agreed that practically every case of
suspected protrusion of the intervertcbral disc should have the advantage
of prolonged conservatn e treatment unless there 15 a definite paraplegra,
which 1s extremely rate Before the sudden nise to populanty of protru
stons of the mtervertebral disc as a source of low back pain many of these
cases were relieved by erther conservative or operative orthopedic means
and even today a great number presenting 1dentical symptoms of pressure
from a protruded disc, are relteved without laminectomy Roberts exper
ence mn relieving stubborn cases of low back pain by merely strpping the
muscles from the local bony parts should be remembered Therefore the
relief of 2 case diagnosed empirically does not prove the case a protruded
disc, but does give rise to the question as to whether or not 1t was a case
of myofasatis erroneously diagnosed

The conservatn e procedures which should be undertahen are

() Elimmnation of focal infection or metabolic disturbance (see p

)
(5) Restinbed—when the symptoms demand
(¢) Immobilration i plaster—with the lumbar spine in slight flexion
if the symptoms remain acute
(4) Modified Taylor spine brace—if further immoblization 1s neces-

(¢) Daily physical therapy consisting of deep massage and muld
stretchung of the extremities without anesthetic

The authors have never recommended manipulation of the spine under
general anesthesia for Jow back pain regardless of underlying factor as
the procedure 1s extremely dangerous and may produce a paraplegta

2 Bone Graft Fusion of the Lumbar Spme Fusion of the lumbar spine
to the sacrum by the Albee method as described under the treatment for
spondylolisthesis has proven very satisfactory in the treatment of cases
which fail to respond to conservative measures and which origmally
presented the same group of symptoms as now are desceibed for hernia
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3 Lamaectonry 1t 1s only after repeated attacks of low back symp-
toms have occurred and after palliative measures have faled to give
relief that one 1s jusbified 1n 2dvising Jaminectomy

Procedure A general anesthetic 1s usually preferable—following a
preliminan, hypodermic injection of morphine sulfate 10 or 16 mg (gr

Fig 208, Truosdural exposure and removal of ventsl chondroma. 4 The
oo exposed by Inchion of the dure and = sllp of the denare lgament
0 latera! romdon of the cord, B ludsion of the posterior durn and exposure

tw oastileginous mass, Insert shows locatlon of the mass. (Elaboruted from

the surgeoas sketch) (Frem Elsher
Pt B St ectch. an). 'sherg  Surgical Disewses of the Spiuel Cord

g or Y4} and atrophine sulfate 043 mg (gr 1/150) The operation 15
oacasionally attempted under Jocal anesthetic, but as the nerve roots are

approached it 15 usually necessary to geve a short tntravenous or general
anesthetic
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Fig. 209-A This x ray picture illuserates a case of a female age 40 years with
severe low-back paln wl:.ln:h had been d.ug:noscd 13 hernladon uf the Intervertebral
disc and a 1 d by = 1 ro-surgeon,  Sup-
plementa] myelograms by Dr J Arthur MacLean s method fnllcd to confirm thiy

bue this with the sccompanylng schema shows a con-
uderable dumlmovon of the lmcmnebnl disc between the fourth and fifth
lumbar vertebrae with f the f ior corners of these bodies
and 2 m.lrkcd dlmluudcrn in !hc dlm:mu of the Intervertebral foramen and
encn phytic ion causing nerve root irrltation.

379



380

SURGE(Y OF Thy SPINgy COLUMN



LOW® BACK PAIN AND AFFFCTIONS OF THE LOWER BACK 381

Fig. 209-C. Posoperstive x rx
y pictare (same case A
by tihial inlay graft and complete rellef sympioms, ou:’yuz?;h)tr.z'oﬁp]:nmn
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may be mserted at a later date, 1f necessary, for weakness or contrnuation
of the low back symptoms The tnsertion of a bone graft does not increase
the pertod of postoperative convalescence, but actually shortens the total
period, nor does it prevent subsequent laminectomy if 1t becomes neces-
sary for the removal of additronal protrustons Casts and other supports
are not necessary followng bone graft fusion of the lumbar spine, and
after three months the patient should be able to return to his regular
occupation

Postoperative Care The postoperative treatment must depend upon
the individual the sevenity and duration of the symptoms, and the extent
of the operative procedure The patient 15 usually able to be dismissed
from the hospital after two weeks but the usual period of convalescence
1s approximately three months Braces and other supports are rarely
necessary, but gentle physiotherapy 1s often of benefit 1n relieving the
muscle soreness

During the early days following the operation, the patient should be
placed on afirmbed without any support and should be allowed to move
his legs and to turn from stde to side slowly, with the atd of an attendant
He should be encouraged to move his toes and legs duning the first few
postoperatrve hours and his movements should be carefully watched to
determine if any weakness has developed If any increase in the weakness
of the movements of the lower extremities 1s noted hemorrhage should
be suspected and the wound explored immedrately

Catheterrzation of these patients 18 often necessary especially after the
cauda equina has been manipulated which 1$ often necessary for the
adequate removal of some protrusion tn the lumbar region Repeated
catheterzations are not advisable and 1t may be necessary to msert an
ndwelling catheter but when this 1s necessary daily wrrigations with boric
acrd solutton and a prophylactic dose of 1 gm (15 grans) of sulfanila
mide 15 advisable Allowng the patient out of bed to vord on the second
or third postoperatrve day 1s dengerous and 1s not considered justifiable

(If a bone graft has been 1nserted, see Chapter VI on Pott s disease
for postoperative care )
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CHATTER X

Ostcomychus of the Spine

Osteomyehus of the spine 15 an uncommon discase It has however
recetved some attention 1n the hterature, and as early as 1833 we find
that sumerous cases of pern ertebral Abscesses had been recorded by Eng
1ish, German and French sutboss In 1874 Delafield reported a case of
acute osteomyelitis of the spme before the New Yorlk Pathologscal
Society In 1903, Gussel found thatonly 85 cases had been reported in the
Iiterature

Inadence The acute pyogenic osteomyelitis of the spine occuss most
often duning the years when bone growth 1s most active that s when the
secondary centers of assificatron appear i the spine It 15 seen twice as
often 1 males as 1n females Donatr has reported that some 68 per cent of
the cases nere males and only 32 per cent females

Subacnte and Chrome Types Although the subacute and chronic types
of case are supposed to appear much less frequently than thase with an
acute onset, this 1s at vanance with the authors own observation In thetr
expertence, quite 2 large percentage of cases have had a chronuc course
from the beginntng

The age of occurrence 1n the subacute and chronuc types 15 usually
between the fourth and fifth decade of hife

Euology The organssms producing osteomyelitss are most frequently
Staphylococens antens, Staphylococens albus and Streptococens baemo-
Iytiens However many other organisms have been found in 1solated and
rare instances to be the causative factor as for instance Bacrllns typhosts,
Micrococeus tetragenus, Bacilws perfrmgens Fnedlinders bactllus,
Braicella melttensis etc

There can be little doubt but that trauma plays a part quite often
determining the site of the infection Its chicf signsficance hies undoubt
edly i the fact that it produces an area of Jessened resustance thus favor
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g colonszation of the mucrobrgenisms Atsatt has reported 2 case of
acute osteomyelitis of a vertebral body following compression fracture
Fangue, exposure, malnutrition and overexertion are other excitiag
causes In the majority of cases, the disease 1s of pyogensc origin, and
usually follows infection elsewhere i the body

Clinscal Findings The clinical symptoms depend upon the degree of
wvolvement, Thus we find that in the milder cases where there 15 only a
sumple pesostitss, fever, amild degrec of pan stffness and local tender

Fig. 210 Pyogenic osteomyelitls of tbe vertebral body The superior intervertebml
dlfcbdeﬁnltt}yzﬁmd. The demity of the body
aged 14,

ness may be the only complamts In the severe cases the onset 1s sudden,
with chulls high fever vomiting and all the other manifestatrons of a
severe acute mfection The pamn 15 1ntense gt the site of the lesion n the
spioe Palpabson reveals extreme saternal pressure. It 15 not unusual to
encounter large abscesses with cord and visceral complications with their
attendant symptoms Referred pamn 1s quite common

Pathology Osteomyelitis Idke Pott s disease, 15 scen most frequently
1n the mobile parts of the spine (lumbar spine) but it does occur bow
ever m the cervical and dorsal regions, and occasionally in the coccyx and
sacrotlisc jotats The spinal leston 15 quite similar (seex rays) to osteo-
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Von Purquet and Wassermann tests must be made 1n every one of these
cases A basteriologic and microscopic examunation, wncluding guinea
p1g mnoculation may be necessary to make the diggnosis Sedimentation
rate s of little or no value.

X Ray Finduigs  Anteroposterior, lateral and oblique views of the
entire spine are ymportant 1 diagnosing osteomyelitis of the spie.
According to Kulowsks, maay of the most important and earliest roent
genographic changes are noted n the anteropostersor views, particularly
static deviations, pertosteal calcifications, localized destructive vertebral
body changes, alterations of the ntervertebral spaces and proliferative
changes of all kinds with varying degrees of bony bridging Other
changes to be noted are sequestration, mottling of the vertebrae, and vary
ing degrees of eroston and destructive phenomena. Spacial alterations 10
the early stages ere the only indications of the most destructrve phase of
the disease in the intervertebral disc.

Unlike the early stages of acute osteomyelitss of the spine, i which he
finds x ray examinations of hittle avaul Stewndler points out that 1n the
early stages of chromc osteomyelitis x rays facilitate dragnosts by reveal
mng the marked condensation of the bony structure—in contrast with the
characteristic osteoporosts and atrophy of spinal tuberaulosts

Prognosss The prognosis i the acute form s grave—the mortality
being 45 to 50 per cent. In the subacute and chronic forms the outlook 15
mfinitely better Death 1n these latter cases, when it does occur 15 usually
from some such complication as the extension of an abscess

Treatment Surgery 1s required sn almost all cases, and this 1s especually
50 1n the acute and subacute forms of the disease where there 15 abscess
formation Many of the mdder cases, with no abscess formation respond

to recumbency on a Bradford Frame or braceage treatment

Operatron 1n acute cases consists of wnmeduate free masion and dramn-
2ge, with evacuation of the abscess through openng of all pus pockets in
the vertebrae thorough removal of all dead bone and establishment of
good dramage. In many cases the pus is deep seated and where the
bodies of the vertebrae are volved it may be necessary to perform
lamnectomy or costotransversectomy to completely evacuate the pus

A large percentage of such cases will respond to aa autogenous bac
terophage which can be mjected through sterile catheters socorporated
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i the paraffin vaseline gauze-packed wound  or a solution of sulfonamide
may be used If blood stream infection 1s present a speafically bred bac
teriophage prepared with the vegetable asparagine as the vehicle should
also be given intravenously The new drug pemaillin may be of great
value 1n these cases

In the oceastonal chronic type of lesion where spontaneous fuston of
the vertebrae 1s prolonged, or does not occur, the use of a tibral bone graft
fusion will often greatly shorten the convalescence B Koven has re
ported a series of cases in which fusion brought good results






CHAPTER X1

Spondylitss
(Arthritts of the Spie)

Spondylitis 15 an arthritic condition of the spine which 1s usually either
2 rtheamatosd arthritis or an osteoarthnits Virchow was the first to pay
much attention to spnal rigidities and hus classification was uadisputed
until Von Bechterew m 1892 described several cases of spmnal nigidity
which he cansidered as an entity

Virchow n 1867 divided the cases mto what he called arthrisis de
formans and osteoartbritss Those cases in which there was bone forma
tion between the vertebrae with foss of tissue in the itervertebral
structures he named artbratss deformans while those 1n which the Jiga
ments were ossified he designated as osteoartbritss of the spine

The tendency at this time 1s to consider all cases of arthritts of the spine
under two chuef heads

1 Rheumatoid (atrophic arthntis) spondylitis
2 Osteoarthritic (hypertrophic arthrstis) spondylitus.

Thus classification has been a great step forward toward a clarification
and better understanding of all arthritss of the spine. Heretofore, many
other spinal disorders have been frequently mentioned i discussions
on spondyltts and this has been espectally true of certain syndromes,
which has added to the confusion For example there are many instances
throughout the literature 1n which such syndromes as Marie-Striimpell
disease a form of theumatord spondylitis have been discussed synony
mausly with Von Bechterew disease and again we find that Voo Bech
terew disease has been classtfied as an osteoarthritic spondylitis Likewise
the condition known as spondylitis muscularre of Knaggs 15 1n reality
not a true spondylitis but 1s rather a kyphosis due to muscular weahness
most [ikely of congenital origin It probably would be better for the sahe
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onset 1s slow and msidious, and in the geeat majority of cases the niteal
leston as seen by x rays, 15 mn the lower lumbar and sacrotliac yornts The
alteration scen consists mainly of a narrowing and gradual ossification
of the jount space and as the discase progresses gradually there ss calctfica

Fig. 211 Chroalc heitls lumbar verteh of dried specimen. Name
age and clinical hisrory are unkoown. There are well-developed marginal osteo-
pliytes on all five bodies, and those at the adjscent surfaces of 1 and 2 have
fused togetber to form & strong bridge. The "small artlculadons” of the arches
sre not l.mi\)lvrd. The crushing of the body of 2 is presumably secondagy to
ﬁmkq o of materis) trom the nucleus pulposus of the disk. (Frem The Roewtgen-
¥ gnosis of Diseases of the Bomes amd Joiwts by P C Hodges D H

19""1‘38) ter and A Braowschiclg—Themas Nelson & Soxs Now York and Edinburgh

tion of the spinal ligaments The deformuty 1f any depends mamly upon
the nature and extent of the changes 1 and about the vertebrae For
example where there 1s destruction of cartilage without restoration of
bone the straight stuff back is the rule In other cases there may be a
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marhed flexion deformity with ankylosts The cause of the deformity 15
essentially ossification of the ligaments These patrents often appear worn
and haggard, and 1 poos health Musculas wasting 15 frequently noted,
and seasory disturbances are common,

Pathology The pathological changes may be essentially degenesateve
proliferative, or sumply nflammatory withont evidence of bone destruc
ton Frequently the process is a combinstion of the three, depending
however upon the reststance of the indrviduz), and upon the virulence of
the 1eritant Thas a proliferation of bone may occur 10 the form of exo-
stoses which may gradually tend to fuse with cach other Aad agan
atrophy of the cartdages may result, with or without bany replacements.
The spinal ligaments, especially the antercor lateral ligament may under
go complete ossification There may be complete ossification of the
wntervertebral jounts and portions or all of the spme may become fused
Destruction and ankylosis of the mtervertebral jomnts 15 a gradual process
with gradual mceease in the restriction of spinal mobility This 15 accom-
pansed by rarefaction and softening of the intervertebral bodies

Diagnosis In those cases in which there 15 general involvement the
clurucal features presented offer httle difficulty in diagnosis However 1n
the early stages diagnosts 1s often quite difficult It must depend enticely
upon cliatcal examinatran, and laboratory and roentgenographuc evidence
of the disease

Differential Diagnosss Rheumatord spondyhitss 1o its earliest stages
wn many tostances, offers great difficulty to diagnostss and in the later
stages of the disease, when x ray findings are demonstrable, there are
other spinal disorders, such as other types of arthnys frecture malig
nancy tuberculosts and back mjunes which must be differentiated from st

Treatment Discussion of the treatment will be found at the end of

thes section

Osteoarthrutsc (Hypertrophsc Arthritic) Spoudyliss

Synonyms Degeaeratrve spondylits, sentle spondylites

Euology and Incidence The etiology of asteoarthnitic spondytitss s
1 general the same as that of thenmatoid spondylitts Foa of fecton
faulty body metabolism and the mechanics, trauma and old age areall



$PONDYLITIS 397

smportant factors in tts production Like theumatord spondylitis 1t occurs
more frequently 1n males than i females, but 1t 13 much commoner than
theumnatord spondy litrs, and occurs most often 1n individuals over 40 yeats
of age, affecting the lumbar region more often than any other portion
of the spine

fl':' 2}1. miﬁd liolamber 1 This is d ive aldfiation an

o of dep ve fbrositis. This cond has been mistaken for lumbar

There {s minute lipping indlcative of ostecarthritis in the lumbar spine (at

;-zrr.:‘)" lgl(:u lbl: c;cnzi'tya:;\d clatity of the munute caldfications. (Frem
gnosis of & remities and Spine A B F

Hesber Inc., Newr York 1941) b esen—pal B

Clinscal Features The disease may be asymptomatic but n almost
every aged person some arthritic changes can be seen by x rays, and 1o
many of these there may never have been any symptoms However when
symptoms do occur, there 1s usually the complant of patn and stifiness n
the back. Thus 15 associated with muscle spasm Radicular or radiating
Ppain 1s quite common, and especially so when there 1s involvement of the
cervical spine, and the lumbosacral and sacrodiac joints  The authors
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optuon that many of the cases now diagnosed as low back pain due o
wtervertebral disc, nucleus pulposus and ligamentum flava distuch-
ances can well be traced to 2 narrowing of the mtervertebral spaces s 2
result of this disease, with consequent pressure upon the nerve trunk

L

Fig. 213. Domal round beck with slight wedging. There Is slight alaarcoos
ardoular margins anterdorly indiadd dary degencrael
archrins. Note that the ailoereous lips have much the same sharpoess and darlty
21 does adfacent norme! bone although they may be partly or wholly emorpbous.
There is no reactioa sbouc the culcarcous deposits. They appear inert. Female,
aged 28 (Fremw Reewigen Diaguesis of 1he Extremities end Spime by A. B.
Ferguses Paml B Hesher Inc, New Yeork 1941)

passing out through the intervertebral foramen or 1n some instances to an
osteophyte causing direct pressure upon 2 nerve trunk

It can readdy be understood why an osteophyte on the postersor sus
face extending from the posterior margin of the body of a vertebra
nught cause pressure on & nerve trunk passing out of etther the interverte-
bral foramen or upon the cord stself and never be diagnosed for osteo-
phytes i such locations are almost impossible to see from x ray exame
nation
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Pathology Most of the pathologtcal changes that accompany rtheu
tord spondylitis may be observed tn ostcoarthritic spondyhitts The inter
vertehral discs deteriorate and become thin, and a narrowing of the
mtervertebral spaces follows Spur formation and lipping occur at the
margms of the vertebrac Quite often destruction of the affected verte
brae may occur with a secondary fibrositis  Ankylosts seldom if ever
occurs There may be an enlargement of the tervertebral articular
processes with marked eburnation of bone

Diagnosis A diagnosis can usually be made following careful history
and examunation and x ray findings of lipping spur and osteophyte
formations about the vertebral margins

Differentizl Diagnosis All the condttians discussed under rheuma
tord spondylitis must be constdered before a defimte diagnosis can be
made

Prognosis In both rheunatord and osteoarthritic spondylstis the out
look. for longewity 1s good Excluding cases of extreme nervous ex
haustion the authors are of the opinion that about 40 to 50 per cent of
these cases can resume their former occupations or at least some light
work, following complete subsidence of the disease There 15 howeser,
almost always some disability due to ankylosts of portions of the spine

Treatment The basis for the successful treatment of spondyhitis of
cither the rheumatosd or osteoarthritic type, lies 1n a general knowledge
of the patient s physical assets and liabilities and an accurate localmza
tion of existing foc of ifection Havingonce definttely made a diagnosts,
the treatment resolves itself mto three parts

1 ‘The thorough eradicatron of all primary and secondary foc: of
infection

2 Thebuilding up of all the body s natural defenses

3 Operative treatment

Eradicatton of All Foct of Infection Every effort possible should be
made to eradicate all foct of nfectron which may be a contributing factor
to thedisease The thoroughness of this should be determined by repeated
exammation Quite often 1t 1s found that csypts of tonsillar tissue have
been left after tonsillectomy or a tooth which apparently had been cured
by palliatrve measures has an alveolar abscess which was never detected,






SPONDALITIS 401

vanious appropriate foods plus vitamin preparations will prove valuable
adjuncts to the treatment Salicylic acd compounds are often useful, and
usually best given as sodium saliqylate or aspiran, 03 to 06 gm {gr 5to
10) with an equal amount of sodum bicarbonate Narcotscs should
always be avorded

Other drugs among the legton which have been used 1n the treatment
of all types of arthritis are sulfur, gold salts, vitamsn D, etc,, all of
which are of doubtful value Likewise sulfamlamde and its denvatives
have as yet proved of little worth

5 Buologreal Preparations Thyrord extract 1s of value 1n the obese
case which does not respond to diet The estrogenic hormones are of
value 1n menopausal women

Venom. Cobra venom moccasin and bee venom are being employed
quite extensively at the present time and are probably worthy of tral in
conjunction with other therapy Incontinental Europe, bee venom (honey
bee) and especially snake venom (Vipera ammodytes) have beea found
to have 2 marked analgesic effect, the latter more so than cobra venom
Similar observattons have been made 1n South America, where the venom
of the cascabel 15 preferred to that of the cobra because of 1ts absence of
curare actton The structure of the zoStoxins may be considered os
basically the same, the active substance being a comples rich i sulfur
with toxic enzymatic propertics affecting the nervous tisues {ncuro-
toxms) the coagulability of the blood the stability of the blood cells
and the permeability of the vessel walls (hemotoxins)

6. Vacane and Serum Therapy Autogenous vacane and sera have
proved of great value many times 1 the authors experience, and their
opinion 13 that wherever a defintte focus of infection can be found a
cultuse and autogenous vacene should be made In the preparation of
these vacunes one must bear i mund that 1 many cases an arthritis may
be started by one organism and then be coatinued by a secondary mvader
engrafted on the primary focus process and if an autogenous vaccine 1s
to be of value in such cases 1t must be prepared not only from the primary
infectron, but also from the secondary and final mfection The dosage of

the autogenous vacune varres from 10 000 000 to 2 0340 000,000 hilled
organisms

»
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One must remember, always that the best results from vacane therapy
are obtained only when accompsnied by all the other therapeutic methods
outlied.

7 Physical Therapy Thus 1s & most important part of the therapeusis.
Followng the acute symptoms some form of heat (et or dry) applied
locally usually grves marked relief In the less acute stages erther short
or long wave diathermy 15 of value, and should be applied three or four
times weekly Thes 1s most effective when made an adjunct of Swedish
massage. Hot baths too afford much comfort to the patient who can get
mnto a tub

Exerases There 15 no doubt but that postural exercises and Swedush
massage, preceded by dustherrmy are of great value as 2 dady procedure
1n the treatment of this disease Calisthemucs should be planned to meet
the ndrvidual requirements of each patient, and all exerases erther
passne or actrve, should be under the strictest supervision of a skilled
mechanotherapist.

8 Deep X Ray Therapy From the observations of the anthors, and
from many recent reports, the results obtamned have been so varted, that
the value of this treatment 15 a matter yet to be proved.

Operatire Treatrrent Although seldom necessary operatrve interven-
tion 1n some mstances w here the pathological process s confined to a fen
vertebrae, serves to control the symptoms and the pathologrcal process.
Deformuty once 1t has dexeloped, 15 not possible to correct, but if the case
15 seen early enough progressue deformuty can be largely prevented by
means of fusion
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CHAPTER xHI

Tumors of the Spine

The neoplasrus of the spuae ace of esther the bentgn or malignant type,
with secondary metastatic tumors predominatig m the Iatter group
They are classified as follows

1 Ppmacy Benign Tumors Of these, the following occus most
frequently Osteomas osteochondromas, chordomas bemangiomas
bydatid cysts and dermosds whech are seen 1 connection with spma
bifida occulta.

2. Primary Malignant Tumors Although there have been a few
cases of primary carcinomas and sarcomas reported 1n the literature, the
vast majonity of primary malignant tumors are fibrosarcomas, endothe
lromas and occassonally myelomas

3 Metasatic or Secondary Malignant Tumors These, 1n order of
frequency ar¢ caranomas sarcomas and myelomas

Incidence Schiesinger after an extensrve analysss of 35 000 autopnes,
found that 03 per ceat of all tumors were of the spine, and that the
majority of these nere malignant As to bone metastasis Joll has reported
(after careful statistrcal analysis) that 316 per cent of all bone mets
stases are vertebral Thus we find that the majority of spune tumoss are
malignant, and the great preponderance of these are secondary mets
stattc tumors. Not ao ifrequent number of these are direct extensions of
gastsic and oesophageal neoplasms The dorsal and tumbar regions of
the spine are predilective sites for cancer and one or several vertebrae
may be involved The development is by mdependent metastasss, schich
occurs most frequently mn the body of the vertebra, near the center and
spreads outward toward the penphery and ultimately may nvolve the
arches lamunae and spinous processes. The prmary orgaos of localza
uongwmgnscmostoftmmtb&rumorurempomtoffmquaxydrc
breast, the thyrod, the uterus, the gallbladder and the prostate gland

(Stewdles )
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Flg. 216. Deme condenution In vertebrae of of o i

(Frem Recstgen Diagnosis of the Extremities and Spime by A, B Fergason—
Parl B Heeber Inc New York 1941)
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destruction of the vestebral body than i Pott s disease, with, usually
little ravolvement of the adjacent discs. Cord symptoms may appear early

3 Pomary Guant Cell Sarcomas Only & few cases have been reported
i which this type of tumor has occurred as a primary one i the spine,
Roentgenographically, such tumors simulate Pott s disease 1n many re
spects. Microscopreally the tissue shows many large, round and spindle
cells polymorphism, scattered giant cells and nuclear hyperchromatosss

Fig. 217 Localized aress of & d densdty O Lnstl, e Jeshon.
Primary sltc prostate, (From Diseases awd Deformitics of the Spine ond Therex
by A Stetwdler—C | Methy Ce., 5t. Loxds 1929)

4 Chloromas These tummors are closely related to sarcomas and 1n
reality are a neoplastic disease of the hematoporetic system. Some pathol
ogists consider them to be o form of myelogenous leukemua Thetr
dincal course 1s very sumular to acute Iymphatic leukemua They spread
not only through bone but metastastze hematogenously

5 Multiple Myelomas Multiple myelomas are usually characterized
by multiple foct of orsgn, although there have been a few cases of soli
tary myeloma reported. An osteolytic tumor of the hematoposetic bone
macrow origmn st occurs most often during mddie or advanced age There
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are at least three distinct histologrc types of this tumor, namely, the
myelolytic, lymphatic, and plasmocytic. The bones most frequently in
volved are the nibs, the vertebrae the sternum ctc

Pathologically, this tumor 1s a speaific malignant one of the bone mar
row, and has a speaific structute of plasma cells ot therr dervatives The
x ray picture in the vertebrae shows a blurting melting away, and col

Fig. 218-A. Maultiple myeloma with deforminy of chest,
Case of Dr Chacles A. Parker

lapse of the vertebral bodies mvolved Pathologic fracture may occur
10d although the origmal tumors are confined to the bony system meta
stasis to other organs does occur

The presence of Bence Jones proten in the urine usually means
multiple myeloma, However 1t 1s quite often absent during the course of
the disease, and 15 also sometimes present 1n the unine with other tumors
Thus 1 the end 1ts real diagnostic importance 15 only that of one link
mna chan leading to accurate diagnosis

The prognoss of multiple myeloma 1s very discouraging X ray therapy
bas [ittle effect on the course of this disease
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A. (From
Fip. 218-B. Rarefied and collapsed spine in the cese abown in Fip. 218-.
Tl;‘- Reewigew-Rey Disguasis of Diseases of Bones amd [oints ‘,bHI‘;}‘a'_,)
Phemister and Bruwschirig—~Thes Nelsow & Sews N Y., and Edinburg,
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METASTATIC AND SUNDRY MALIGNANT TUMORS OF THE SPINC 1
Caranomas Metastatic or sccondary carcinomas are commoner 1n the
spine than secondary sarcomas and are seen less frequently in men than
1n women n whom they are due to metastasis from the breast and uterus

Fig. 219 Marked wedging of D-10 The spinous processes are not widely spread.
Each cortical surface and disc is Inmct. No portlon of the disc is depmrudpr:m
the body In compression, the substance of the vertebra Is selll present. It s
squeczed out anteriorly Here the detrines anteriorly is not continuous with the
body and b not suffident to represent the absent vertebral substance. The sub-
srnce s gooe, There Is 5o compression area in the remnant. In facr, deasity
Is decreased. This Is wedging following destruction, There is no reaction ares
f(’;:’?:l-l}tzl;l‘jeuldgcxdcn.h ﬂ/nTlfehEth metstatlc cardnoma. Female aged 53
gew Dagneasls o rem.
[ it lu.,‘;lm N ities and Spime by A. B, Fergusom—

Caranomas metastasize to the spine from the breast uterus and prostate
in the order given, more frequently than from any of the other organs
Several vertebrae usuzlly are mnvolved and these are generally mn the
lumbar and dorsal regions Carcinomas can rarely be palpated or a diag
nosis made, except m those cases in which the spwnal nerves are com
pressed, and 1n which bony displacement and cord symptoms artse during
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Fig. 218-B. Rarefied and collapsed spinc In the case shown in Fig. 218-A. (Frem
The Reestigen-Ray Diagwesis of Diseases of Bowss and Jeiass by Hedger
Phemister and Brunschuig—Thes Neliow & Soms N Y and Edisbuvgh 1938.)
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panis cast sometimes gives some relief Roentgen therapy, although not a
cure, 15 of value tn many nstances because it often relicves the neuralgic
and root symptoms, and consequently should always be given a trial either
alone ot tn conjunction with operation A number of cases have been re
ported in which patents have hnved several years after repeated roentgen

1
— \\v\_st
4
- PN |

Fig. 220 Laminectomy Section of the left anterolateral tract the cord is romated

by forceps grasping the cut end of the denute ligament. The locetion of the

:"dslou is shown by a broken line. (Enlarged to show demlils.) (Frem Elsberg,
gicel Discases of the Spual Card Paxl B Heeber New 3 ork)

treatments and this 1s especially so 1n Hodghun s disease with extradural
masses and sarcomas However it must be realized that in the matn the
BT.J;B of present-day roentgen and radum therapy have been far from

Operative Treatment Radical operation 1s seldom of any value in the
treatment of spinal tumors Occasionally however a benign tumor can
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the course of well-defined new growths elsewhere. Roentgenographicully,
the earliest changes seen are i the outlines of the nvolved vertebrae This
stage 15 followed by the gradual signs of deformation as the lesion
progresses Ossifying metastasis of a carctnoma may occur 1 the spie
following caranoma of the prostate and 1s often mistaken for spondylitss
deformans Metastatic hypernephromas to the spine have been reported
m the ossifying form.

2 Sarcomas Sarcomas develop in the bone or periosteum and usually
cause softening of the vertebral body 1nvolved. The erosion may become
so great that the supertncumbent body weight gradually forces the two
mtervertebral discs together Thus settling, as 1t 1s called, causes the
most intense parn The diagnosis can be made more readdy 1o sarcoma
than in carcinoma because of the tendency of the former to grow beyond
the limuts of the 1utig] lesion

A few cases have been reported 1n which metastatic growths m the
vertebrac and vertebral canal have been found to be composed of normal
thyrotd tissue Some authors believe these growths to be musplaced thyroid

rests , others think they are of true metastatic orgin The ducal
course 1s not signtficant the diagnosts usually 1s made following opera
tion for signs of cord compression. Most of these patients recetved com-
plete relief of their symptoms following the removal of the extradural
growths and the institution of roentgen therapy

A very rare sccondary lesion of the vertebrae which may cause cord
symptoms 1s aneurysm of the aorta. Shimkin (1938) tound some 46 such
cases with erosion of one or more vertebrae

The diagnosts can usually be made from the patient s hustory and by
x ray and fluoroscopic exammnation. The prognos:s 1s poor the outcome
usually being fatal 1n only a few months Antusyphilitic therapy 15 of no
value.

In general the symptoms of spinal tumors are pain and deformity the
great majority of the cases complaining of neuralga and radicular pan
from pressure on the nerve roots and cord The deformuty most fre-
quently seen 1s 2 rounded kyphosis

Treatment. Palliatrse Treatment In by far the majonity of cases, the
treatment of spinal tumors 1s purely symptomatrc, the chuef am being
to relteve the symptoms of pain and pressure For this reason 2 plaster of
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paris cast sometimes £1vcs some relief Roentgen therapy, although not a
cure, 15 of valuc in many nstances because 1t often relicves the neuralgic
and root symptoms, and consequently should always be grven a trial esther
alone ot tn conjunction with opcration A number of cases have been re

ported 1n which patients have Iined several years after repeated roentgen

Fig. 220. Laminectomy Section of the left anterolateral tract the cord is rotated
by forceps grasping the cut end of the denaate ligament. The locauon of the
induoa s shown by a broken lioe. (Enlarged to show detalls) (From Elsberg
Surglead Discases of the Spinal Cord Pawl B Heeber New York )

treatments and this 1s espeaally so n Hodghin s disease with extradural
masses and sarcomas However 1t must be realized that 1n the main the
results of present-day roentgen and radium therapy have been far from

Operatize Treatment Radical operation 1s seldom of any value mn the
treatment of spinal tumors Occasionally however a bentgn tumor can
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the course of well-defined new growths elsewhere Roentgenographically
the earliest changes seen are 1n the outlines of the involved vertebrae, This
stage 15 followed by the gradual signs of deformation as the lesion
progresses Ossifying metastasis of @ caranoma may occur 1n the spine
following carcinoma of the prostate, and 1s often mustaken for spondylitis
deformans Metastatic hypemephromas to the spine have been reported
10 the ossifying form

2 Sarcomas Sarcomas develop 1n the bone of periosteum and usually
cause softentng of the vertebral body mvolved The erosion may become
so great that the supenincumbent body weight gradually forces the two
wtervertebral discs together This settling, as 1t 1s called, causes the
most intense pain The diagnosis can be made more readily 1 sarcoms
than in carcinoma because of the tendency of the former to grow beyond
the limuts of the imtial lesion

A few cases have been reported m which metastatic growths 1o the
vertebrae and vertebral canal have been found to be composed of normal
thyroid tissue. Some authors believe these growths to be musplaced thyrotd

rests  others think they are of true metestatic orgm The clinical

course 1s not stgnificant, the diagnosts usually 15 made following opera
tion for signs of cord compresston. Most of these patients recerved com
plete relief of their symptoms following the removal of the extradural
growths and the stitution of roentgen therapy

A very rare secondary lesion of the vertebrae which may cause cord
symptoms 1s aneusysm of the sorta Shumkin (1938) found some 46 such
cases with erosion of one or more vertebrae.

The diagnoss can usually be made from the patrent s history and by
x ray and fluoroscopic examuation. The prognosts 1s poor the outcome
usually being fatal 1n only a few months Anttsyphditic therapy 1s of 2o
value

In general the symptoms of spinal tumors are pamn and deformity the
great majority of the cases complaining of neuralgia and radicular pamn
from pressure on the nerve roots and cord The deformity most fre-
quently seen 15 a rounded kyphosts

Treatment, Palltatrie Treatment In by far the majority of cases, the
treatment of spinal tumors 1s purely symptomatic, the chief aim bemng
to relieve the symptoms of pain and pressure For this reason a plaster of

N
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paris cast sometimes g es some relief Roentgen therapy, although not 2
cure, 1s of value 1n many mstances because it often relieves the neuralgic
and root symptoms, and consequently should alw ays be given a trual esther
alone or 1n conjunction with operatton A number of cases have been re

ported 1n which patients have lived several years after repeated roentgen

« !
K._,u.u‘

Fig. 220. Laminectomy Section of the left anterolateral tract the cord 1 rotated

by forceps grasping the cut end of the dencate ligtment. The location of the

fﬁm is sthown by a broken Jine (Enlatged to show demilys) (Fresy Elsberp
ticel Discases of the Spnal Cord Puwl B Hecker New York )

treatments and this 13 especially so m Hodghin s discase with extradural
masses and sarcomas However it must be realized that 1n the main the
results of present-day roentgen and radium therapy have been far from
good

Operatne Treatmemt Radical operation 1s seldom of any value in the
treatment of spiaal tumors Occastonally howeser a benign tumor can
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the course of v ell-defined new growths elsewhere. Rocutgumguphﬂuy
the earliest changes seen are 1a the outlines of the nvolved vertebrae, This
stage 13 followed by the gradual signs of deformation as the lesion
progresses Ossifying metastasis of a caranoma may occur 1o the spme
following caronoma of the prostate, 2ad 1s often mustaken for spondylitis
deformans Metastatic bypernephromas to the spine have been reported
in the ossifying form.

2 Sarcomas Sarcomas develop in the bone or perwsteurn and usually
cause softening of the vertebral body mvolved. The erosion may become
30 great that the superincumbent body weight gradually forces the two
tervertebral discs together Thus settling  as 1t 1s called, causes the
most intease pan The diagnosts can be made more readdy in sarcoma
than n carcinoma because of the tendency of the former to grow beyond
the lumiuts of the initaal lesion

A few cases have been reported 1 which metastabic growths m the
vertebrae and vertebral cansl have been found to be composed of normal
thyroid tissue Some authors believe these growths to be musplaced thyroid

rests  others think they are of true metastatic ongin. The clncal
course 15 not significant the diagnosis usually 1s made followmg oper2
tion for signs of cord compresston Most of these patients recerved com-
plete relief of thews symptoms following the semoval of the extradusa!
growths and the mstitution of roentgen therapy

A very rare secondarsy lesion of the vertebrac which may couse cord
symptoms s aneurysm of the aocta. Shimkin (1938) found some 46 such
cases with erosion of one or more vertebrae.

The dizgnosis can usually be made from the patient s hustory and by
x ray and fluoroscopic examination The prognosts is poor the 0““?“”
usually being fatal 1 only a few months Antisyphilitic therapy 15 of 00
value
In general the symptoms of spinal tumors are pain and dm the
great majoqty of the cases complamnmng of neuralgia and M}}l:
from pressure on the nerve roots and cord. The deformity

ently seen 15 a rounded kyphosts
quTriZtment. Pallratve T}Ziment In by far the msjonity of casss the

the duef aum beil
trestment of spinal tumors 1s purely Symptomatic, aster of
to selieve the symptoms of pata and pressuse For ths reason a P
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paris cast sometimes grves some relief Roentgen therapy, although not a
cure, 1 of value 1n many instances becausc it often relieves the neuralgic
and root symptoms and consequently should always be grven a trial esther
alone ot 1n conjunctton with operation A number of cases have been re

ported 1n which patients have lived several years after repeated roentgen

Flg. 220. Laminectomy Section of the left anterolateral tract the cord Is rotated

by forceps grasping the cut end of the dentate ligament. The location of the

;d“k“ is shown by a broken line. (Enlarged to show details) (Frem Elsberg
gkal Discases of the Spinal Cord Paxl B Hetber New York.)

treatments and this 15 especually so 1n Hodghin s disease with extradural
masses and sarcomas However 1t must be realized that in the matn the
results of present-day roentgen and radwm therapy have been far from
good.

Operative Treatment Radscal operation 1s seldom of any value in the
treatment of spinal tumors Occastonally however a benign tumor can
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be removed with success In cases where there 15 excruaating paun, relief
may be obtawned by paravertebral mnjections of alcohol or by chordotomy

Chordotomy was fisst proposed by Spiller and fisst performed by
Edward Martin in 1911 It consists of the division of the anterolateral

Fg 21 Tmmmsmmofd)erpinlltmd:bowlngdxunimolndln
of ooe tract (duagr ic) (From Elshery Swrpical D
eases of the Spinal Cord Paml! B Hoeber New York)

tracts on one or both sides According to Elsberg this operation should be
performed only on patients whose life expectancy 1s at least several
months

In a few 1nstances to alleviate the pam of pattents dymng from mahg
nant vertebral tumor the senor author has used a tibial bone graft intay
to immobilize the wvolved vertebrae In some cases the relief obtaned
has been remarhable However thus procedure is rarely justifiable
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CHAPTER \III

Miscellincous Affections of the Spinc

Vertebral Osteochondriiss

Osteochondutis of the spine 1s a rather rare nfection and ts ctiology
1s obscure. It usually develops first during the catly years of life being

~

A

Eﬁ 222. Vertebral osteochondritls Note marked wedglng of single verieheal
y (Traaog from roentgenogram.) (Shewd’s Ilendbesk of Ortbepedic Surgery
C V Mesiy Co)

most common between the ages of 5 and 10 It occurs most often 1n the
lower dorsal and lumbodorsal levels of the spine Pathologrcal changes
are usually localized 1n a single vertebral body

Clinical Features Vertebral osteochondritss ts characterized by mod
erate or very slight pains night eries rachitic muscle spasms, and tender
ness Deformity 1s evident as a kyphosts and occasionally scoliosts
Roentgenographically there 1s an wrregulanty of the sertebral outline
1nd the body of the vertebra may show evidence of splitting or fragmenta

419
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tion. The vertebra becomes flattened and w edge shaped. Thus ss follow ed
by the reparative stage 1n which the vertebral outlines appear dense and
sclerosed and the wtervertebral spaces appear normal or are widened, m
proportion to the amount of thinning of the vertebral bodies

Diagnosis Thus disease must be carefully differentiated from tuber
culoss of the spine which 1t may closely simulate, The literature 1s full
of instances of vertebral osteochondritis which were first dignosed as
Pott s disease, and treated as such Confusion with vertebral epiphysitis
15 another dragnostic putfall to be guarded agamst In vertebral epiphysius
the changes involve several vertebrae

Treatment In cases with progressve or madied deformuty the sphint
g of the spme with a tibal bone graft 1s the treatment of choice. The
kyphosis 1 most instances can be cotrected by hyperextension on the
operating table, and the bone graft inley 18 inserted while in this postion.
However 1n the most severe deformities preoperative cortection by #
turnbuckle plaster cast may be necessary Adequate internal imrmobiliza
tion can be obtamned by tncluding only one vertebrae above and below
the lesion, as the vertebral body in this condition does not tend to collapse.
Weight bearing 15 permitted within seven weeks and no cast 15 required
The bone graft serves two purposes It acts as an internal splnt to pre
vent recurrence of the deformuty and 1t aids i creating an increased
blood supply by bringing blood from above and below through the graft
to the cancellous sy stems of the involved vertebra and thus helps restore
a more normal nutnitson to the affected bone.

The authors are of the opmion that 1t 1s highly important that a case
severely and locally affected be returned to full activity as soon as possible,
and for this reason the tibial bone graft 1s especally favored, as 1t elim
nates the long penod of convalescence required 1n the use of braces a
matter of two or three years 1n some mstances

Vertebral Epsphysitss

This condition has been described by Buch as a self rmiting affection,
mvolving the eptphyses of the spine and occurring most commonly 1
the dorsal regron. It 1s a chronic affection of the epiphy ses of the vertebral
bodies and always involves 2 number of contiguous vertebrae. It occurs
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most often between the ages of 10 and 21, and usually runs its course 1n
two or three years Its etiology has not been definttely cstablished
Clintcal Features The ansct of this discase ts usually associated with
the sensation of fatiguc and backache and pains in the limbs There 1s
tenderness over the spinous processes and there may be tenderness over
the lumbar vertebral bodies upon abdominal palpation The deformity

Fig. 223-B  Lateral x rays of patient

i Fig. 223-A. Note fragmenndon of

cpiphyses. (From Diseases and De-

Jormities of the Spme amd Thorex

Fig. 223-A. Verichral epiphysids. by A Sictndler—C V Mosby Co,
Note round badk. St Leass 1929)

which occurs 15 the disturbing factor and 1s developed secondantly 1t
may be a kyphosts or 1t may be a scoliosts In many mstances the patient
may be found to be almost asymptomatic or having such slight symptoms
4 to attract Little attention the deformity being the first thing to be
noticed.

Duagnosis This condition must be distinguished from tuberculosts of
the spine and from osteochondsitis In tuberculosts there s usually more
severe pam and a more marked rigidity of the spine and x rays usually
reveal localized bone destruction which s not present i epiphysitis The
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chief distinctions between vertebral eprphysitis and osteochondritis are
the facts that osteochondnitts usually develops at an earlier age and 18
localized most often 1n a sigle vertebra, instead of several The x my
furnshes the final means of differentutron

Treatment The type of therapy used 1n the treatment of this condition
depends almost enturely upon the sevenity of the symptoms In the milder
cases all that may be necessary 1s proper physiotherapy (massage and
muscle stretchings and tramnng) 1o conjunction with some type of spinal
support, such as a Taylor brace or plaster jacket However, 1 the more
severe localized cases, it 15 the author s opuion that 2 tibul spine graft
fusion 13 the best possible method of treatment, and the quickest means of
achueving early rehabilitation

Posttraumatic Kyphosis
Traumatc Spondylitis (Kiimmell s Disease)

Thus clinical entity was first described by Kfimmell 1n 1895 It 15 & noo-
tuberculous rarefying osteitss of the vertebral bodies and 15 a chrontc
affection of the adult spine characterized clinrcally by the delayed devel
opment of a deformity following trauma, and pathologrcally by rarefac
tion and collapse of the affected vertebral bodies The softening and
collapse of the vertebral bodies grve rise to deformities which are not
unlike Pott s discase Either a single injury or repeated mjuries may be
the posstrve ageat. An important contributing factor s the low degree of
reparatve potentiality of vertebral bone i general Schmérls wotk
corroborated experimentally by Compere and Keyes has shown that the
collapse of the vertebral body 1s due to 2 Jeakage of the pucleus pulposus
material through a tear in the mtervertehral disc, and the formation ofa
non-ossifying cartilagmous mass in the bodies of the vertebrae involved
The vertebrae from the thied to the seventh dorsal are usuglly affected,
although the lumbar and cervical vertebrae may also be attacked

Clinical Features There s usually & hustory of njury followed n 2
day or two by the subsidence of the immedsate symptoms Followng this
the patient may be free of symptoms and may be able to resume hus
ordinary occupation  and then after days weeks and even months, the
patient begins to notice some discomfort and even deformity The most
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outstanding feature 1s the development of a kyphosts located 1n the
dorsal spine There may be continued wecakness and considerable patn
1o the muscles of the back and lower extrermities and n some cases there
1s marhed low back pawn

Duagnosts Unrecognized compresston fracture of the vestebral bodies
and tuberculosts should be considered i the differential diagnosts X ray

e
.

s
)

Fig. 224. Posttraumatic kyphosis (humorells disease.) Note moderate wedgiog
of single venehral body (Traang from roentgenogram.) (Showd’s Hendbook
of Ortbepedic Surgery C.1 Mesby Co )

Treatment The prognosts 1s good, and especially 1s this so when no
neurological symptoms have developed The best results are obtained by
mmobilization of the spine preferably n hy perextension, with a plaster
Jacket for a period of about a year However in the more severe cases
the Albee operation for spine fusion as done for Potts disease and
described on page 185 15 undoubtedly the treatment of choce as 1t not
oaly relieves the patient of his symptoms but also decreases the time
required for his recovery

Traumatic Neurosis of the Sprne
(Railway Spine, Neurotic Spine, Functional Spine)

&lTﬂumatxc neurosis consists primarnily of a functional disturbance of
¢ nervous system without demonstrable lesion of the spine or spinal
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cord, and 15 most often depeadent upon some ratlroad or other acardent.
There can be little doubt that some injurres of the back are followed by
generalized aches and pains over the entire body, and that the symp-
toms which follow sometimes undermine the patient s psyctuc stabdity
and lead to the development of a frank neurosts There may be a spran
of a Jumbar muscle, but without anatomical disturbance of the spine or
spinai cord and the chain of symptoms ensuing 13 quite often due simply
to auto suggestion from the mental smage of the acaident A medico-
legal relationship should not be forgotten as an etiological factor A few
cases have been reported tn which persons have extricated themselves
from a wredh, assisted in grving a1d to others walked a considerable
distance and then collapsed graduslly without manifesting any sign of
physical disturbance of the spine or spinal cord

Clintcal Features Thus condition 1s commoner 1 female adults of
the nervous or neurasthenic type than n males, although in many 1o
stances the symptoms appear to be the direct result of shight mjury
Usually pan and achung are present throughout the back and neck, and
quite often the discomfort 15 localized about a promment spinous process,
most often near the vertebra prominens There may be hypersensiive
ness of this region, and of other areas over the spine. The symptoms
however are entirely subjective and imconstant changing from day to
day and producng no muscle spasm or lunstation of motion There 15
no pam at the peripheral distribution of the nerves as in tuberculous
kyphoss, although patients suffer much with backache, and tire easily
The symptoms are nearly always more marked when the clement of
compensation or litigation 1s present, and many of these patients sre
only cured after the damage sust 1s settled

Dingnosis The diagnosss of traumatic neurosis sequires great care
for 1t 15 necessary to exclude all possibiittes of oy organic lesion. The
patient s past history and psychic state of mind are of mvsluable assist
ance 1 making the dtagnosis

Treatment The most important therapy 1s effective psychotherapy
However, the treatment should mnclude tonics general attention to the
hygiene, rest, and local physical therapy such as massage, dsathermy,
etc Often 1t 15 helpful to have the patient wear some sort of a back
support, either m the form of & corset or brace Postural exercises are
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of definte value and should by all means be mcluded i the treatment
Any abnormalitres of the fect or hnees should be corrected

Coccygodyma
(Cocgyodynia)

Coccygodymia 1s a parnful condition tn the regron of the coccyx It 15
commoner in females than in males In the more severe cases there 1s
quite often a history of a blow such as staking on the end of the spine
on some occaston It may also be brought on by long continued horseback
nding and other simular activities

Clinical Features In some cases no cause can be found and no lesions
of the cocoyx dis~overed The coceyx, if displaced 15 usually displaced
eather fornard bachward or laterally In some cases a nodule from
avergrovth of bone 1s found on the tip or side of the coceyx and pressure
at this pomnt causes severe paun Walking defecation or rniding over
rough pavement usually increases the pain Finger pressure in this region
eliats severe pan which 15 referred to the fifth sacral and cocoygeal
nerves The contour and position of the bone are readily ascertained by
x ray and external and rectal examation Patients suffering from coc
9 godynia are apt to be highly neurotic

Treatment Every means should be attempted to build up the general
bealth of the patient The bowels should be kept well open and the
patient advised to sit on an air cushion or forced to lie on the side for a
few weeks If there 15 2 displacement of the coceyx thus can usually be
corrected by manipulation High frequency electricity applied by means
of a special electrode has been found efficient 1n most mnstances by the
author Hydrotherapy consisting principally of the S~otch douche op
the back, 15 often effective The injection of novocarn and saline solution
nand about the coceyx, 1s reported by others of the professton as bringing
beneficial results

It however the symptoms do not subside under conservative treat
ment, and thete are evidences of pathological changss tn the bones from
trauma or disease an operation 1n which the whole bone or a portron of
the bone 15 excised 15 recommended Every precaution however should
be taken to avord operating on a neurotic patient
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Technsc of Coccygotomy The mnasion should be made near the myd-
line, and the dissectron should be kept close to the bone so as to avord
mnyuring the sacral and coccygeal nerves When the tascia 1s removed
from the tip of the coccyx, the anus becomes somewhat diated because
of the attachment of the externzl sphincter muscles to this boae. This
patulous condition can be overcome and the anus restored to the pormal
appearance by placng deep sutures from the periosteum of the sacrum
to the tendwnous portion of the external sphincter After the operation
the legs should be fixed together and the patient durected to [ie upon the
stde Cathartics are given on the thied or fourth day and the patrent 15
allowed to be up and about after a period of from 10 to 15 days

Typhosd Spine

Typhoid 1volvement of the spine 1s not common. According to Gaul,
1t oceurs tm only about one out of 1800 cases of typhod fever Attentton
was first directed to this condition by Gibney mn 1889 It occurs usually
at about the age of 20 and 1s much more common i males than females
It attacks most often the lower dorsal and upper lumbar regions of
the spiune

Clinical Features Typhotd infection of the spine is usually assoa-
ated with pain as a constant symptom which 18 aggravated by movement
Referred pains are not unusual There 15 usually & marked rse i body
temperature with local swelling redness and tenderness Spnal sigidity
and kyphosss as well as cord symptoms may be present The cord symp-
toms may be merely irritative or may result in complete paralysis Roent
genographic cxammnations usually show mvolvement of the wmtecvertebrel
discs, with possible bone proliferations along the bodies and on etther
side of the vertebral space (see Figs 225A and 225B) This is the result
of periostitis and ostestss Punched out areas tn the vertebral bodies have
been observed by the author 1n several cases

Diagnosis Thus 1s usually not difficult Typhord fever and s attend
ant symptoms usually precede ths condiion The Widal test 18 almost
alwags positive  Typhotd bacillge have been found by the authors 1o the
blood, unine, and bile

Treatment The prognosss in these cases 1s good. The lesions rarely
progress to pyogencsss. In the treatment of thus complication of typhoid
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Flg. 215-A.
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Fig. 225-B.
Figs. 225-A and 225-B. Laceral aod asteroposterior

roentgenograms
spine showing a process (typhold) between the second and
tumber vertehtee with involvemen:r of the disc and left scoliosh. (Jexrsal sf
Bowe and Jaint Surgery 1ol 20 April 1938)
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fever, therapy 15 almost entirely symptomatic Immobilrzation of the
back by means of a plaster cast or shell 1s mdicated and quite often
relieves the mtense pan However even with nigrd immobilization the
pain sometimes becomes extreme In some cases however where the
Jeston remarns active, the advisability of immobilizing the affected seg
ment of the spine by an inlay bone graft as applied i Pott s discase
has been found effectinve When abscess formation takes place and it
becomes necessary to dram it, the authoes belicve that the teeatment of
chotce 15 to make a culture and a spectfic bacteriophage and to mtroduce
this both locally and intravenousty This method has been employed by
the authors in treating both typhotd bone abscesses of the spine and of the
long bones The procedure 15 this  After the abscess has been inaised
the wound 1s packhed with gauze saturated with a compound consisting
of paraffin 90 per cent and yellow vaseline 10 per cent mixed at a tem
perature of 37.8° C. (100° ') The specific bacteriophage which has
been bred in the laboratory 1s then employed locally and intravenously
This procedure offers an excellent means of attacking typhoid disease
of the spine and this 1s espectally so when the speafic bacteriophage
an be obtaned although a stock bacterrophage may be employed m
travenously in cases where surgical dramage has not been 1nstituted

The best results in the use of bacterophage have been in those cases
where a definite febrile reaction 1s obtarned by the patient following its
adminsstration In one case a check of the bile uane stool and blood
was made for B f3phosss two months after the intration of this treat
ment, and all proved negatne although they were previously positive
for B typhosis

Occasionally the condition may become chrontc 1f so and the patient s
genesal conditton 15 good and the progress of spontaneous fusion be
tween vertebrac 1s retarded spinal fuston with a tibial nlay graft will
shorten the convalescence considerably and prevent long disability from
continued backache

Gonorrbeal Spine

Gonorrheal infection of the jonts 15 not infrequent but gonorrheal

wfection of the spine 1s quite rare even more rare than typhoid disease
of the $pine
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Clinical Features Symptomatically, gonorrheal infection ts quite
hard to differentiate from any other active spinal conditron although
the diagnosts can usually be made safely n the presence of spinal pamn
and stiffness following chronic urethertss This 15 espeaally so if other
jounts are mvolved, and 1f 2 gonorrheal fixation test 1s positive. The spme
ts most often stuf and a tendency to ankylosts 15 the rule There have
been cases reported 1n which gradual ankyloss followed gonorrheal dis-
ease of the spine extending from the sacrum to the ocaput

Treatment In the treatment of gonorrheal disease of the spine, 1t 18
of the utmost mportance that the primary focus i the genttourinary
track be elimunated first Chemually, sulfathwzole and other drugs of
this group have grven good resuits in this connection. Local treatment
consists of rest 1n bed, prefersbly on a Bradford Frame for support of
the spine plus local application of heat and cold. Usually an ice bag
affords great relief Vacane is of & debatable value. The recently ntro-
duced saake venom 15 of some value (n this connectron.

After the subsidence of the acute symptoms a plaster of pans jacket
18 indrcated, and should be continued as long as active symptoms persist.
This bowever may be supplanted by a spinal brace or a graft fuston,
of necessary A fuston may be indicated at the upper dorsal region if the
development of a kyphotic deformuty cannot be prevented otherwise.

Syphilss of the Spine

Syphulitrc lestons of the spine, although not unusual 10 children, are
rather rare 1 adults. The principal syphilitic lesions of the vettebrae are
localized periostitis and osteochondntis Gummatous lesrons rarely, if
ever are prmary in the vertebrae Nodes and canes from extension of
a syphuletec ulcer are seen occastonally Although zll regrons of the spine
are susceptible, the cervical region seems to be the one most frequently
attacked This 1s due probably to its proxumity to the pharynx, from
which 1t acqutres its syphilitic involvement as 2 matter of extension. All
the component parts of the vertebrae bodies intervertebral discs higa
ments, transverse and articular processes, may be wnvolved

The syphulitec lesions of the spine differ 1 no respect from the mani
festations of the disease 1 other jounts although 1t may be dificult to
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make an accurate diagnosis because the condition 1s quite frequently
associated with tuberculosis Since the discase produces periostitss and
hyperplasta rather than degeneration the compresston thus caused about
the nene roots produces pain which 1s often very distressing Abscess
formation 1s not common

::‘i 226. Charcot Spine. The frontal vlew of the lumbar column In & lviag
ject thirty years after primary infection and two years after cord symptoas
were fint noted. Note the curvature deformity of vecrtebral bodies, osteophyte
.;md;m aod subcordeal sclerosis particularly in L4 and 5 (Frem The
‘::lgﬂ-Rq Diagnesis of Diseases of Bomes a}]a:rl: by Hodges Pbemister
ruwschicig—Tbos Neliow & Sons 1938 Nesw Y ork awd Edimbargh )

Climical Features The clinical mamifestations of this condition are
pan (worse at night) dyspnea dysphagia (from pressure) and nigidity
The deformity quite often simulates that of Pott s disease from which
1t must be distinguished When spondylitts occurs 1 children under
theee years of age, and 1s associated with other chronic jount lesions 1t
18 usually syphilitic rather than tuberculous Further the history of sypht
lis 1 the past hutchinsonran teeth nasal catarrh suppurative otitis
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und nterstitral keratttis should all aid in distingusshing between the two
X ray examunation and & Wassermann test should confirm the duagnosis

Occastonally syphilitic aneurysm of the aorte attacks the adjacent ver
tebrae, and these may become mvolved in the inflammatory mass, In
most cases of tabetic osteo-arthropathtes it has been found that the verte
bral bodies are thickened with extenstve arthnitic development. Ankylosts
and ossification of the ligaments may occur The spions processes ace
thickened and roughened Spontaneous fracture of the mvolved bones 15
common, and pain 15 of less consequence to the sufferer than the disturb-
ances of locomotion.

Treatment The treatment of spinal syphilis 1s mechanical and medscr
nal that 1s, rest, spinal support 1n the acute stage, and supplementary
treatment by the various antisyphilitic drugs Thus treatment should be
continued for a period of from 18 months to two years and further
observation for at least five years

In some cases where the symptoms persist the bone graft fusion, as
applied by the authors 1n Pott s disease, may be used 1n conjunctron with
ant1 syphilitic treatment as an immobizing messure This 18 especrally
so 1 Charcot spine where there may be a softening of the vertebral
bodses A case in pont 1s that of a young woman with & marked kyphosis
of the dorsal region, with severe symptoms associated with lesions of
the jaw and stemodavicular jomnt. Following the mserton of  tibial
bone graft, her spinal symptoms were immeduately and enttrely relieved,
although at the same time the lesions 1o the jaw and sternodlavicular
region resisted the most strenuous ants-syphulitsc treatment for 1 long
tume

Lesions of the Vertebrae 1n Undulant Fever

W A Bushop Jr bas stated that localezation 1 the spune 1s the oo
monest bone and joint complication of undulant fever This localization
usually occurs during convalescence All three subspecies of the Brucellz
group abortus melitensis and sws have been cultured from the local
lesions It however 1s unnecessary to disttnguish between them as the
dinical course 1s 1dentical 1n all three

Climcal Features Most reported cases of undulent fever spondylitis
have occurred n the lumbar region There are no comprehensive patho-
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logic report. from human cases, but Feldman and Olson, after an
extensne study of the vertebral Iesions i hogs, have reported that the
pithological process seemed to orginate in the eptphy sis and form treeg
ular abscesses in the vertebral bodies and inten ertebral discs These small
lesions contaned a grayish white pasty or cheesy matenal, and occasion
ally a sequestrum  Certamn of the lesions presented a crescent shaped
caplike inflammatory prohiferation of osteogenic tissue brtdging the
ntravertebral space on the ventral surface of the affected vertebrace. From
their studies T'eldman and Olson concluded that the amount of ossifica
tron 1s vanable, depending on the duration of the leston Their gross
descniption of these lesions in hogs appears to be compatible with the
rotntgen picture obsenved 1n human cases

The spmnal complications can be divtded into two types those which
are acute and thase which are chrontc in form The acute form assumes
the character of acute osteomyelitts with suppuration occasional abscess
formation and eventual fusion of the vertebral body demonstrable by
clafication changes. Thus we have instead of decalosfication as in actnve
tuberculosts a characteristic zone of sclerosis beginning at the site of the
ongmal focus This accomparies the infiltrative process which gradually
extends to snvolve the entire body and at times the various processes
The lesions vary 1n size and extent Quite often they mvade only an angle
of the vertebral body or they may be confined to the discs but they seldom
result in the narrowing of the intervertebral space by more than one half
Frequently the instial lesion may be mashed by concomitant periosteal
reaction as evidenced by spur formation Quite frequently these appear
only at the anterior margis of the bodies but in anteroposterior views
these are occasionally seen to follow the contour of the discs In the more
advanced or chronic stages of the discase the lesions show a reactive
change increased calcification of the bodies circumscribed or diffused
with proliferation of spurs across the mterspace and occastonally 1n the
more severe cates there ts deformuty of the body or mvolvement of the
articular facets In many cases bony fuston takes place between adjacent

les

Diagrosis Diagnosis can generally be made from the general symp-
toms of the disease plus a low white cell count and an elevated tempera
ture with a relatively high sedimentation rate averaging 68 mm per
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hour Negative Widal and tuberculosss tests are of value Various labora
tory procedures also facilitate diagnosis

Treatment In such cases the disease stself must be trested first. Prob-
ably of all the vatious current treatments the specific vacane offers the
greatest promuse of successful results When spinal complications de
velop, 1t 1s necessary that the patient be kept flat on a fracture mattress
and quute often there 1s need for some means of spinal support. A spinal
brace 1s often of advantage. In the majoruty of cases recovery 1s ganed
without resort to fusion

Fig. 227 1. Actipomycosis of cervical spne. (Note mouled aress in bodies and

of Occus ingitls.) 2. A of the
spioe. (i’vonmm.) (From Distases and Dejormities of the Spine and Therax
by A Steindler—C V Meshy Co., St Lowis 1929)

Actinomycosss of the Spme

Actinomycotic infection of the spme 1s not common. It occurs m only
approxumately two per cent of all cases of actimomycosis The volve
ment of the vertebrae is frequently secondary to actinomycosts of the
gastromtestnal tract (Figs 1 and 2)

Clinical and Pathological Features The anterior part of the verter
brac 15 the region most often affected, just as tn tuberculosis of the spine.

\
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Theertebral bodies may be deeply eroded and the cord affected Destruc
ton 15 more characteristic than new bone formation and 1s usually very
extensne Large areas of soft tissues are usually involsed, with the result
that numerous draining sinuses are formed

Pkl
XY

Flg. 228, Blastomycosis of thoradc spine with erosion of ribs. (From The
Recnigen.

R Ray Diagnesis of the Discases of the Bewes awd Jonts by Hedges
bemister exd Brawschicly Thes Neliow & Soms New York awd Edinburgh 1938 )

Diagnosss Microscopic findings determune the diagnosts in every 1n
stance histologic examtnations bemng made either of the granulation
tissues or of the parts of the abscess accompanying the growth

Treatment The medical treatment of actinomycosis of the spme in
cludes the adminustration of large doses of potassum 1odme Surgical
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treatment consists of waston and when practucal, the extensive removal
of the affected area, followed by immobtlization i a plaster of pans
jacket or spinal brace The wsertion of a tibual bone graft 15 occasionally
of value m desperate cases for added support and fusion of the spine

Blastomycosis of the Sprne

Blastomycosis of the spine 1s a very rare conditton According to
Parker of the total of twenty nine cases of pyemu caused by yeast
reported up to 1914 only 10 a very few was there spue mvolvement

Clinucal Features and Diagnosts When the disease does attack the
spine, there 1s 2 breaking down of the bodies 2nd intervertebral discs of
the involved vertebrae. Clinically the disease presents many of the symp-
toms of Pott s disease, from which 1t must be differentiated. Roentgeno-
logically the picture 1s much the same as 1 tuberculosis, and the drag
nosts most often depends entirely on the clinscal and nucroscopic findings

Prognosis Once the condstion has developed the outlook 1 very
grave, for almost every case that has been reported has had a fatal ending

Echinococcus Disease of the Spine

Although there have been a few cases of Echmococcus cysts of the
spine, the copdition 15 quite rare. It 1s caused by the parasite Taena
echimococcus which produces multiple cysts within the bone Usually
little patn 15 assocrated with the 1nvasion by the parasite until secondasy
tnfection takes place

Treatment Treatment consists of resection and thorough curette-
ment. Thus 1s follow ed by mmobulzation with a plaster of pars jacket
or spiwal brace Spinal fuston bas been found necessary in the most
destructve cases

Scorbutsc Spondylitss of the Spine
Scorbutic spondylitis of the spine 1s also quite rare, and 1n realiy 15
of little tmportance as it 15 merely one of the many manifestations of
scurvy
Clinscal Fearures Usually found in bottle-fed nfants between the
ages of six and eight months its symptoms are discomfort on spnal
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movement ot distress in the jomts of the extremities The spine 15 usually
very tender to palpation, although there 1s no cvidence of redness or
swelling The condition can frequently be recogmzed by examination
of the gums after dentition and of the mucous membrane and skin fol
lowing repeated small hemorthages Occastonally an effusion of blood
may occur about the joints and under the long bones as shown by x rays
and epiphyseal separation 1s not unusual

Diagnosis  This condition can usually be recognized quite readily
because of the other symptoms and signs of scurvy m the child

Treatment The treatment of this condition 1s prmanly the treatment
of the diseasc itself In ather words scurvy may be cured casily sumply
and solely by the addition to the dict of a sufficient amount of an antt
scorbutic factor The treatment therefore 1s essentially dietitic and
hygiee. The antiscorbutic factor 1s contained 1n such food as unpas
teurzed milk, raw meat fresh vegetables especially tomatoes cabbage,
green peppers and potatoes Orange tomato or pineapple juice s excel
lent Of late years cevitamic actd has been so widely used 1t 1s almost
spectfic for this disease It should always however be given with an
adequate diet

The Rachitic Spine

Fortunately the rachitic spine 1s not seen nearly so often at the present
time s 1n years past This 1s due first to a better understanding of the
Cluse, prevention and treatment by the medical profession and secondly
toa much broader understanding by the general public of the means of
its prevention—espeaially 1n reference to ample fresh air and sunshine
vegetables containing Vitamms A and D supplemented by concentrates
of the same vitamins when necessary

Clinteal Features The rachitic spine ts always associated with mant
festations of richets elsewhere and 1s characterized by the absence of
ngidity and the disappearance of the deformuty when the culd 1s prone
with the wesght borne by the chest and thighs The contour of the spmne
s usually a part of the general attitude 1n which the body 1s plunged
forward and the spine bent tn a slightly rigid posterior curve which 1
most marked at the junction of the dorsal and lumbar vertebrae



B
Fig. 229 A. Rachitic spine in a child one year old, (Tmylor) B Same child.
Note disappesrance of kyphos in prooe posmre. (Taylor) (Frem Oribepacdic
and Recoxstruct om Sxrgery by F H Albee W B Sewnders Co )

436
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Diagnosis The diagnosis of rickets of the spine presents httle diff
culty It 15 assocrated with distortion of the lower cptphysis of the radus
and ulna enlargement of the ankles and overgrowth at the junction of
the ribs and costal cartitage together with delayed dentition open fon
tanels pigeon breast and other mantfestations of the discase

Treatment With the proper care and treatment the prognosis ts
excellent The treatment 1s principally lagienic dictetic and medicinal
Support of the spinc 1s rarely necessary except 1n the more advanced
cases where occasionally 1t 1s advisable to use a ssmple brace or prescabe
a brief period of recumbengy upon a Bradford Trame Deformuy 1s
almost always avordable, except in those cases wlich are not scen until
ossification of the spine in 1ts distorted position has already taken place

Osteomalacta of the Spine

Osteomalacia of the spinc 1s a disease of adults espeoally females n
which case 1t 15 inadent to pregnancy and prolonged Jactation It 1s due
toa deficiency of calaum and vitamin D 1n the diet In the past the term
osteomalacia has been applied to a variety of clinical syndromes with
the common charactenistic of progressive softening of the sheleton due
to decalaification followed by the deselopment of the deformity How
crer 1n the hight of present day knowledge it s Likely that many of
these cases upon further study will be found to represent typical var
ctiesof better known diseases as for instance hyperparathy rordism Yet
there 15 a group of such cases with characteristics of such uniformity that
they can be designated as a distinct clinical entity For these in more
recent years the term idiopathicosteomalacia has been recommended

The exact cause of this disease 1s not hnown although a deficiency of
calaum and of vitamuin D n the diet 1s probably the primary factor
&5 etiology It has often been considered to be a metabolic disease of
toxic origin ‘The theory that it 1s an endocrine unbalance has as et not
definutely been proved or disproved

Clinteal Features Although this disease 1s usually found among
women of the Far East who subsist on a low calcum diet stay indoors
mmost of the time and a whom pregnancy causes a marhed dratn on the
laum i the body oceastonal cases do occur among the English speaking
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races Duning and after World War ] 2 large number of cases of so-called
hunger osteomalacta was goted 1 the Central European Countries This
was at a ine when the inhabitants of these countries subsisted on a dret
low in calcrum content The vast majonty of cases of osteomalacia, how
ever are scen 1n multiparas who have passed through their pregnancy
under unfavorsble hygienic and sanstary conditions although occasional
cases do occur among chudren and elderly men

The condition of osteomalacia of the spme must be suspected i pa
tients who complan of vague rtheumatic Iike pams 1n the back and the
extrernities There 15 usually difficulty 10 walking, typified by a waddling
gatt evidence of muscular weakness accentuation of the knee jerks and
presence of ankle clonus and muscular tremors The muscular weakness
may become severe and progressive Due to the muscular and gravita
tional stresses upon the softened spine, pelvis and long bones, deformi-
ties and pathological fractures are commonly seen The pelvis 1s usually
the first to suffer deformuty by extreme lateral flattening, produang a
sharp anteriar beak. The spine becomes kyphottc or scoliotic. Roentgeno-
grams demonstrate a striking Joss of calclum

The lesions are characterized by marked absorption of the lime salts
and by & congestron t the bone marrow with an increase 1 its lymphosd
and fatty constituents The decalctfication may be so extreme that the
bone 1s saft and flexible and may be readily cut with a kufe, and a thin
shell of bone which bends or breaks represents the cortex. Spontaneous
fractures often marked by malunion, are common The pelvic angle at
the symphysis may be markedly dimmished.

Disgnosis In making the dignosts, hyperparathyroidism, multiple
myeloma, and semle osseous atrophy aad occasionally metastic caranom2
must be constdered. The x rays are most important mn the differentual
diagnosis

Treatmeat The prognosis in these cases should be guarded for many
of them pass through a chronic progressive course lasting many yeirs.
Some are rapidly fatal and i a few there 15 spontaneous cure. The
treatment consists of the substitution of santary hy giemic surroundings
for mnsanitary ones and the grving of a deet with 2 high calaum and
vitamin D content, plus an ample amount of vitamin D in the form of
cod Irver ol or viosterol Vitamm D concentrate may be gven also
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Of course, exhaustive dragnostic studies should be made 1n an effort to
determine the causative factors and focr of nfections should be treated
Fresh air and sunshine should be assured and measures to prevent de
formities together with curatine exercise and physical therapy should
be nstituted to counteract atrophy from disuse In the past, double
odphorectomy 1n nonpregnant women has been credited with cheching
the discase in some mstances This however 15 of questionable value
and 15 not recommended
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Atlas, charactenistics of 3840
Atlas, dislocations of 111 funoa for 'z:e“’%‘ occalts, 360
Atony of Z::]e;.“wun:: of sacrotluac affec Isc-ugl“bl mm&:‘:}:‘ ws-nopmc
Atony of perirticular ligements, source of mmplxmt. 189
sacrodliac affections, 342 mechaaical advantages of salay type, 183
Atrophrc arthntis (sux  Rbesmatoid Spom wolding, alternate method of 200
3lans) osteoayelitzs of spuas, 391
Aurroussesu and Lance techric for spoadylo paralytic scolions, 237
listhens, 320 Potts disease, roentgenograms fen yeasd
Autoplastic skan graft for spina befide after 192
(Campos) 281 283 sutures bang mierted, 191
prop graft for paralytic scolioms, 232
Babeock dosure for spuoa bifida, 277 279 saw-cuts for molded graft, 188
Becltus adidophuus for myofasaits, 336 schematic representatron of sappocting and
Balance, defearve, source of low back pain, vescularizing functions of 178
163 syphulitic spinc, 432

Bandages, plaster of Pang, 6 Bone graft and hemlamunectory 323
AY
N
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Decompression of cord (Cene and Tarner)
112

Deficsency of vertebrae, or of parts, 274
Defective balance, source of low hack pan,
363
Deformities
static, of spine, 226-267
10 scolious 228
vertebaul, 270-323
Degroentrve  (hypertrophic)  arthritis of
sacroilaac polnt, 345
Dell collar for spinal fracture, 103
Demirlesn and AMathieu technic for spondylo-
listhesrs, 321
Derotation of soollons, 238, 259 261
Developmental peculiantres, source of sacro-
iliec affection, 342
g;ﬁem:mmydh in spina hufida, 277
myofascitis, 337
tuberculosis of spine, 173 174
Di-lodo-tyrosine, compound, as coatrast me-
diom, 374
Dix Lisres de la Chirsrgie 3
Dollinger dosure 1n spins
Dorsolumbar scoliosts, 232
Dunlop fracture reduction method, 122 128

Edunococcus disease of spine 436

Ectopic vesica, 1n spine befida, 277

Fdemz of glottis, following wchor pocket in-
dsron, 218

Electrdaally-driven saws, drlls motoc and
attachments, 16-19

Emphyserma and bronchitss, source of adalt
round back, 266

Epdocermatis source of myofasans, 135

Epistropheus or axs, charactenstics of 40-44

Epiphysitis 264

Exstrophy of bladder with spiaa bifids, 273

Extra-srticolar  fusion of sacroiluac joint
(Camphell) 333

Fabnrig, Willem, on scoliosss 3
Fascux of spine, 62
Fasactomy posterior (Heymaen) 340
Fasatis and myolfascitrs, 324
Fibrochondromss 369
Fracture bed, 10 Pott s disease 177
Fibrom=y, 367
Fractures and fracture-dislocations of spine,
84-149
aotiquity of 1
arthcular process 139
atlas and axis, 110-113
A.[bee\funm of upper cervral 114, 113

k224

INDEX OF SUB JECTS

Fractures of spine (costiased)
cervial, g;ﬁermdd diagoosss with Potts,
1

‘mcf;mt Lmpinging on cord, 134,
1

showing cord angulstion, 106
‘without cord iavolvement, 91 104
coceyx, 142
compression of second lumbar 116
crush of fourth lJumbar 116
dorsal and lember with o without cord
involvement, 115-119
commuputed fractere, 116
fractore dudocatron, 117
simple wedge, 116
carly treatment, 3

Guldthwait freme, 123-125

gurshot and stab wounds, 143-146

Hippocrabc treatment, 84

hustoric treatment, 84

ncidence, 88

lumbar and lower thomae, Davis reduc
tion techare, 119-121

lunbar dorsal spive with cord or anda
equuns jovolvement, 131 138

sacrum, 14

spirous processes of Jumber dorsal region,
139

‘Thomas splints, 5

thoracic, eleventh and twelfth, 123

tragsverse process, 138

vertebral with lateral displacement, Duo-
Jop technic, 124, 125

Walton treatment, 84

Frame treatment 1n Pott s disease, 211
Friednch s ataxta, source of scolrosny, 230
Fanctlona! scoflosis, 232 234
Functiona! spine, 423424
Fusion (SEE AL30 Bexe Graft)
fractures without cord 1nvolvement, 129
indications for in cervaal fracture, 101
low back pain, 375 378 382
Pott s discase
Albce method 7
Hibbs method, 6
rib, 270 300
scolious, 236, 249-252
spima bifidz occalta, 360
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Inlay bone graft (costrnsed)
ypbowd spine, 429

unnnited fractures, 363
L wlar oot subl

Interacticular Ligaments, 61
Interspinous [igaments, 56
57

i
Iotervertchral disc, protrunon of (saz ALsO
Nuclexs Palposas)
wnstomy of, 33-33 365 367
alahaton, 119
changes from factured vertebrae, 118
diffeventral dlsgnoss, 371

INDEX OF SUBJECTS

fll;gmﬁlmpmdnamurd. 134
fractare with cxed or cands cquinz 10-
volrement, 137
Girdlestoae s techruc, with graft, 1n Potts
dusense, 203-203
gunshot woend, 146

&
indications, 64
Lane technre, 66
localixstion, 64
low back pan, 331 377 378
MMacEwen, 64

operstive coassderstions, 66
panalysis due to tubercalar exudate 223

pathology 369 preoperative prepenations, 66
Roux on nuclens palposoy, 4 n;bt, 7274
saatice, sonree, with spoadylolisthesis, 308 wlaron, 65
spena] Aoid examination, 37 mlmttdb]bonesnﬁfarlo'hurk
symptoas eod ugns, 369 sympioms, 3
treatment, 374-383 ttchm:.r:l‘ﬂ, 77-83 415
Intervertebral spa 324
hmmﬁclmflwm Lence and Aurroussesu techaic for spoodylo-
320, 321
Ischemba, 10 congemtal tortrcollss, 290 Lace hmjﬂﬁhﬂi‘.
Jucket, plaster of Pams stz Plaster of Pars  Latenl -*hm‘mpml membane, anetoay
Jacker) of, 39

Jury mast in plaster jacket, 27 28 293 298
Klippel Feul syndrome, 285 236

Lateral sacrococcygen! ligament, anatomy of
61

Lemesurier techmsc for scolions, 239-242
L fave (L, subflave)

Kocher techn:c for tomy 221
Kﬂmmd{'a disease (322 Tresmoic Spon
ylssss)

for, 73
source of Jow beck pun, 363
Kyphosis
adofescent, 264

defined, 33
infant and carly childbood, 262
named by Galen, 2

parrowed iotervertebral disc, 118
rldﬂ’tk, 167 437439
syphulttc, 167

1n mryofasdus, 336
Lamunectomy
Albec-Comper table for, 64
68

anesthena,
bilateral, 64, 68, 71 72
st described, 2

anatomy of 36

source of low beck pazs, 378
myofascus form, 324
Ligamenty, anatomy of
alar 60

antetior athintoaxal, 57
satertor longitodinel, 53
soterior sacrococeygeal, 61



OPetation, I3
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low back Paun sourea 333
palJ‘mJoglaJ % 4
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Obesity source of sacroilisc joint affection,
32

Ocapltcansl ligament, anatomy of 60

Ocrupatioml scolsosis, 228 (SEE A150 Sce-
Thosis)

10 of
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Paralyss

cerchrosploal memagitis, and Potts dos-
case, 167

cerehral spastic paraplegua, and Poits dis-
case 167

dihth

i, and Pott s disesse, 167

Ooaphorectomy double, for 1
spune, 441

Orthopeedra, name ¢couned, 4

Onsteltss

adoit round beck source, 266
antiquity of 1
Osteoarthntsc (hypertrophc srthritls) spoo-
dylitis, 393402
chronic osteosrthritis, 3935

Outrofibrochondromay, in ntervertebral desc

protruteon, 369
Osteomalac, 439 440
sonrce of sdult round back, 266

pathology 388 389
sacrorlmc joint affections, soarce, 342
treatment, 390, 391
types, 387
x-ray findings, 390
Osteoplastic metastatic fesion, 410

Pott s discase, 163 223
spastre, scollous source, 230
sphincters in spina befids, 276
Prealytic scofions, 237 246, 248
Paraplegie, complete in spans bifida, 276
Pard treatment for scolioss, 3
Paal of Aegans, 2
Peculiar lumbar vertebrae, 46-33

Perwostits, antiquity of 1
Phyuliferous cells of Virchow 367
Plaster of Peris

bandiges, §
cast, 128 414, 415 429 430
curas, 293
jacket (SRR ALSO [ary Mast) 27 28 213-
213 295 296, 298 400 422
Poliomyelihs
adult round back source, 266
scolsosis source, 230
Pom-rlor -ﬂmm&uplul rua-nbnne. 39

Porneno: fuaatomy (Hm-a) for myofes-

Posterior lonprudmd ligament, 33
Postoperative relamation, source of sacroiluc
affection, 343

Pott s disease, 4 (S22 Tmbercalosis of Spine)

Prespoodylolisthesis 270, 304 303 307 333

Prevertebral cerneal rchor pocket, 218

Prevertebral thoracre 1chor pocket, 2 1

Progressive muscular  atrophy  scolioss
source, 230

Prolapse of nclews pulposas (328 Interier
tebral Disc Pratrasien of)

Prop graft (Albee) for paralytic scoltosh,
232

Prostatitrs, orpofascrtey souree 377

Protruucn of wtervertebral dusc (sxt Jwer
reriebrd Disc Protrasion of)}

Pscudo-hypertrophic muscaler dystrophy 1 167

Psous abscess (SxE Abscass Prews alo
Icher Pockers)

Proas spasm, plaster Jacket for 213
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secroiliac jaant, 353 333
Spastic toxxe pyaformes and myofasans, 324
Speed s technic for spondylolistbens 319
320
Spinz hufida occults, 270 284, 360
Spina bafida, 270 274-284

column changes due to fractare, 118, 119
cord effects in tbercufosis of spine, 158
curvxture

Hadm operation, 6

Laage operation, 6

Y- 3 1 d, with Y f:
Hibbs technk, 309

Lance and Aurroossesn method. 320
lordosss, 267
Mathten and Demurlean, 320 321
mechanucs of prodochon, 303-307
L(ucu:uﬁnjqi”}m

ven:bnldcf
Spoodylase du.xomdiqwc, 34

INDEX OF SUBJECTS

<, Teloni f 1

Y 394
Spar formation following vertebaal fracture,
118

Stab wound, 146-148
Sterndler

derotatson treatment, 237 262

scolioses dassibation, 257 260
Sln-node:dzgl:nmd divnlon m  tortkolls,

Still'y disense, 394

Straln of back, differennal diagnoms with
Poits 1
of musde for myofasa-
tls (Roberts) 332

Structural in of spioe,
153

Structural scoliaus, 232, 233243

Sabcostal ichor pocket, 222

Sapraspinoas ligrments, 57

Surgical immobiliration, 171

Syoouteoan of vertebere, 270, 284

Syphilitic kypboms, differential disgnosis
wnth tuberculosss of spine, 166
Syphills of spine, 430432
Synngomyelu, source of scoliosss, 230
Table of characters of typlcal vertebese, 37
Tabes dorsalis, scolioshs source, 230
Talipes, coexustent with spima bibds, 273
Taylor spine bace (S22 Braces)

Tayler, A. S
latrve method of red 103
method for bilateral dislocations, 93

Tenotoary for tortsllu, 3, 294
Thomus collar for spenal fractures, 103
Thomcoplasty 172

Tom higaments and myofasans, 324
Tortrcollis (wry-neck)

scquired, 297

scute, 297 298

deformuty 270
ifferentis] dugnous with Pott s discasc,

spasmodic, 299 300
Tamcity of blood, source of myafasditis, 324,
225

Transport, dengerous method, 90
Transvenectomy

Moore s technee, 286

Putt] and Scaghett! techauc, 288, 289
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Toumatic ncurons of spine 423 424
Trrumatic spondylitiy, 422 423
Trhsacral fusion, Chandler methnd 35¢
Tuberculln test, 166
Tubercubous of spine (Porr's disease) 130-
223
Albee technwes, 172, 180 181
bent mn praft, 205
bent shingle, 193
bone graft firation of vertebra 183193
199 701
brdge bone praft, 349
bundleof recds, 197 198
comberation method with Hibbs 207
mlsy bone graft for lumbar vertebrae
and sacroilac joint, 351
attitode of head n cervical 139 160
coexsting psas abncess, 1
costal vertebral articolations, 164
duagnosls, 166
differentual dugnosis, 166168
etiology 130
Galenon, 2
Gudlestone s lamincctomy and graft 203
203

bemilaminectomy 73

Hibbt fovon, 18° 206, 207

mdkations and contrundications for of-
cration. 181 183

1ovolvement of artrcular process jounts
164

Fury masty, 28

lambar spine after hoae graft, 155 136

tumbar spie and sacroiliac point, <arce of
low back pan, 362

myofascits source 327

pathology 130153

physial signs and symptoms 164 16¢

Plaster of Paris bandages, 6

Postoperatove trestment, 200

aare forms 164

reasons for graft techmc failare, 202

nght kip 152

sscrofluac polnt affections, 342, 345

sacroiliac point, differential deagnosis, 346

second cervical vertebra, 139

splnous process, 164

structural changes, 153

transverse peocess 164

treatment

complications, 213-223
genenil, 173173
loal, 175-208
Young s osteoperiostea] method, 208

457

Tubercular sinusey
treatment following ichor pockets 222
Tumor of cord and meninges
woliosis source 230
‘Tumots of spinc, 401418
metastatic or secondary malignant, 101
pathology 406414
primary benlgn 401
primary malignant, 404
protrusion of intervertebeal dise, 369
treatment 414416
Turnbuckle cast 28 29 243
Typhoid spine 426428
Tymeaal vertebrae table of characters, 37

Unilateral Lamunectomy 64
Taylor technic 80
Ununited fractures of lower spinc 362
fusion by inlay bone graft, 363
Unuvensity of Bologna, in spinat surgery hus-
tory 2
Univeruty of Salema, in spinal surgery hus-
tory 2

Vacdne and scrum therapy for osteoarthritic
spondylitis, 401
Vanations 1n spinal column, and myofasa
thy, 324
Vans of the spine 62
Venom
for ponorrheal spine, 430
for ostenarthatic spondylius, 401
Vertebrae
Albee graft into dog s spious processes,
168-171
atlas, 39
axls 41 42
canes, connection with paralyns, 3
charzcteristics of peculiar vertebeae, 38-33
deficiency of 270, 274 284
dorsal 73
genenal charsctenistics, 35-38
increased number 270-274
lesions 1n undulant fever 432434
low n.-g::n: potentulity of verichnl

177
lambar 76
peculiar thoraae, 43
sacrum 48
synosteanis of 270 284 289
table of characters of typical vertebrae 37
tubercular destructioa of bodies aod de
formuty comrection 131
typical cervical 38, 73
tymcal eprsteophensy 41 4
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Vertehrue (comsensed)
typiaal seventh cermiaal, 43
typlal sixth thonaag, 36
vertehra promuncns, 44
wedge-shaped, 272
Vertebra! column, articnlations of 33-33
Vertebrl deformities, 270-323
Vertebral osteochoadntis, 419
Vertehral tuberculous (s£E Taberealosis of
Spine)
Virchow s physaliferom cells 367
Vramin defiaency source of mryofasdtn, 328
Von Bechterew disease, 393 394
Voa Bergmann dosure 1n spenz bifida, 277
Voa Deventer on scolrons, 3, 4

INDEX OF 8UBJECTS

Walton fractore treatment, 84, 93 102

Watsoo-Jones postural rednchion method,
128, 129

‘Wedge cast for scoliesss applied on fracture
table, 239

Whutman beace for ostecarthertec spondylitis,

400
Wiseman, R, contribution to surgical tuber
ous, 3
Wolff's Isw m Albee bone graft solions
c, 245
Wiy-peck (se2 Torsrcollis)

Young s osteoperiostea] method m tubercu-
losis of spine, 208

Zenenko dosure in spina bifida, 277
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