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TABLE I
Case no. Sex Age ieurploglpalLocalization Clinical Features Myelogram Surgical Findings
148566 f 58 L-4 Pain down left 

leg for two mos.
Bilateral 
defect at 
4th i.s. Most 
marked on rt.

So surgery

145146 m 53 Low back pain. Not 
characteristic.

Negative So surgery
154861 f 45 Indefinite back

ache
Negative So surgery

145589 f 54 Pain in back and 
down rt. leg. Persistent 

narrowing of 
column at the 
4th i.s.

So disk, but a 
Drotruding ledge 
}f bone at 4th.

144429 f 49 L-4
L-5
S-l

Left sciatic pain Defect on 
left side, 
4th i.s.

So surgery

154328 f 49 S-l Left sciatic pain Persistent de 
feet on left 
at lumbosacral 
i.s.

Left disk pro
trusion at the 
Lumbosacral i.s.

154602 m 21 L-5
S-l

Right back and 
leg pain.

Minimal de
fect at rt. 
5th i.s.

r’rotrusion of rt. 
5th lumbar disk

148328 f 53 Pain in back and 
numbness rt. leg 
after injury.

Negative No surgery



TABLE I (continued)
Case no. Sex A.ge neurologicalLocalization Clinical Features Myelogram Surgical Findings
154227 f 34 L-4 Gross filling 

defect at 4th 
i.s. Most 
marked from 
rt. margin

Disk protrusion 
at the 4th i.s. 
on the right.

150176 m 46 Left sciatica. 
Disk removed 3 
yrs. ago for same 
symptoms.

Negative No surgery

152724 m 48 L-4 Left sciatica. Filling de
fect within 
canal at 4th 
i.s.

Completely ex
truded disk at 
4th i.s. Presses on 5th sacral 
nerve root lying 
centrally below 
dura.160495 f 41 L-2 Definite nar

rowing of 
column at the 
2nd i.s.

No evidence of a disk.

157673 m 35 Not recorded Negative Slight protrusion 
4th L. i.s. just 
to rt. of midlineL57115 m 39 - Back pain Negative No surgery3. T. f 41 Back pain radi

ating down rt. 
leg.

Negative No surgery

<
H*

H*



TABLE I (continued)
Case Mo. Sex Age NeurologicalLocalization Clinical Features Myelogram Surgical Findings
D.D. f 36 - Dorsal Back pain Negative No surgeryE.M.T. m 37 Not recorded Record miss

ing Disk protrusion 
at rt. lumbo
sacral i.sl.157380 m 58 S-l Not recorded _ Record miss

ing
No surgery

165071 m 29 Numbness of left 
hand.

Negative cer
vical myelo
gram

No surgery

167021 m 39 C-4 Trouble walking, 
clonus of left leg 
and back pain

Only a small 
amount of oil 
went past the 
4th C. i.s.

Midline herni
ation of 4th C 
i.s.

167858 f 42 - Low back pain. Negative Not explored.66190 m 24 Low herniated disk 
midline and in
volving sacral 
nerve root in the 
cauda equina.

Negative No surgery.

167493 f 72 Lumbar back pain Negative Metastatic retro
peritoneal glands

158294 f 52 Non-localized back 
and abdominal pain Negative No surgery. Died 

of coronary oc
clusion.

160605 f 32 - Low back pain Negative No surgery167583 f 37 Numbness left arm Negative cer
vical No surgery

vili



TABLE I (continued)
Case no. Sex Age NeurologicalLocalization Clinical Features Myelogram Surgical Findings
159910 f 56 Periodic low back 

pain with radi
ation down left 
leg and knee

Negative No surgery

159078 f 37 L-5 Low back pain h 
yrs. radiating 
down ant. aspect 
left thigh.

Definite de
fect left 
4th inter
space .

Herniated disk at 
4th interspace.

#2172 " m 34 Left sciatica. 
Thought to be a 
typical 5th L. i.a 
disk syndrome

Defect left 
4th i.s.

Lumbosacral i.s. 
negative. A disk 
at the 4th i.s. 
was found press
ing the nerve root#1311 f 61 Recurrent back 

pain, very severe
Almost com
plete block 
at 5 th L i.s.

Large protruded 
disk causing a 
spinal block was 
found at 5th L i.s.

#1694 m 26 Back pain dating 
from a back injury

Bilateral de
fect at 4th 
L. i.s.

Bilateral disk 
protrusion at 
4th L. i.s.

#1763 f 45 Back pain dating 
from an injury

Definite de
fect at left 
3rd L. i.s. 
Questionable 
defect at rt. 
1st i.s.

Herniated disk at 
3rd L. i.s.
1st L. i.s. ex
plored but neg
ative .

Cases marked with asterisks from St. Francis Hospital, Grand I: 
all other cases from Creighton Memorial St. Joseph Hospital, Or

sland, Nebraska; 
taha, Nebraska



INTRODUCTION

Not long after Roentgen discovered X-Ray, 
the idea of outlining various hollow organs with 
opaque media came into vogue. Two more recent 
examples of this are myelography and angiocardio
graphy. Both of these are rather ingenious mechani
cal procedures that have a great appeal to the 
gadgeteer mind. Sometimes such investigative methods 
so intrigue us that we lose sight of the patient as 
a whole, consisting of more than a spinal canal or 
a cardiovascular system. We forget that this patient 
may be able to tell us something, if questioned 
skillfully, that will reveal more than a score of 
mechanical methods and that keen observation with 
our own God-given senses, unaided by complicated 
machinery, may be more illuminating than the most 
delicate of laboratory test. However, because of 
the complexities and variabilities of human factors, 
it behooves us to develop objective diagnostic 
methods providing that we do not let their results 
overshadow the consideration of the patient as a 
whole.

Any objective investigative procedure, to 
be of any value, must be reasonably accurate. Those 
that sometimes result in false positive findings,
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particularly in those cases with deficient clinical 
observation, are responsible for expensive unneces
sary surgery and other therapy, and, of perhaps 
greater importance, the development of untold numbers 
of neurotics.

The purpose of this thesis is to investigate 
one such diagnostic procedure, myelography, and to 
attempt to determine its proper place in the arma
mentarium of neurosurgical diagnosis.



CHAPTER I
HISTORY OF CONTRAST MYELOGRAPHY

In order to more completely evaluate a 
method, some knowledge of its development is essen
tial. This will be rather briefly summarized in 
this chapter, drawing freely from Camp's (1) excel
lent discussion of the historical aspect of myelo
graphy.

Thirty years ago (1919) Dr. Walter E.
Dandy (2), in describing the use of air for the 
roentgenographic visualization of the ventricles 
of the brain, observed that the procedure outlined 
the spinal cord as well and predicted that the 
method would also be useful for the roentgenographic 
localization of tumors affecting the spinal cord. 
This observation developed into a method of diag
nosis that has greatly contributed to the progress 
of modern surgery of the spinal cord.

In 1921, Wideroe (3), using Dandy's technic, 
demonstrated obstruction of the air column at the 
level of the seventh cervical vertebra and thus lo
calized a meningioma which had been overlooked at 
a previous laminectomy. This is the first recorded 
case in which a tumor was diagnosed by a contrast



roentgenographic medium.
In 1922, Sicard and Forestier (4), who had 

been injecting iodized poppyseed oil (lipiodol) into 
the lumbosacral epidural space for the treatment of 
sciatica, by accident introduced a small amount into 
the subarachnoid space. They observed that it moved 
freely and were quick to recognize its value for the 
localization of lesions affecting the spinal cord. 
From that time on, the development of myelography 
has been marked by a succession of new technics in 
a constant search for and perfection of media which 
would enhance1 the value of the examination. Fore
most was the desire of all investigators to produce 
the ideal myélographie medium, one that would afford 
good visualization, be devoid of irritating effects, 
and be capable of complete absorption and elimination 
by the organism without deleterious after-effects.

All the substances that have been developed 
so far possess certain advantages and some disadvan
tages; all fall short of the desired ideal. Pro
tagonists of one method or a certain medium have 
been frequent and ever-changing as a new substance 
or a new technic has been evolved, so that a histori
cal review of contrast myelography may well be 
summarized on the basis of various periods in which
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a modification of method or 'medium, or criticism of 
a previous medium, contributed a basic addition to 
the examination as we now know it. Obviously some 
of these periods overlap, but for practical consider
ation they may be summarized as follows.

Periods in the Development of Myelography
!• Air Myelography: Little interest was 

shown in air myelography during this period (1919 
to 1922) because of the overwhelming interest of 
neurosurgeons in ventriculography and encephalography.

2. Myelography with the Aid of Lipiodol 
and- Similar Iodized Oils: Introduction of the use 
of lipiodol by Sicard and Forestier in 1922 was 
followed shortly thereafter by the manufacture and 
use of similar iodized oils in other countries (1922 
to 1928).

3. Reaction to the Use of Iodized Oils:
In 1928 Odin and Runstrom (5) published their obser
vations on the irritant effects of iodized oils.
This was followed by a general reaction to the con
tinued use of such media for myelography on the 
European contenent (1928 to the present).

4. Lipiodol Myelography. American Phase: 
American observers (6-9) believed that the advantages



of lipiodol myelography far outweighed the disad
vantages, and there was a gradual swing to the use 
of larger amounts of oil for the examination. Most 
of the fundamental criteria for the recognition of 
basic defects, small non-obstruction lesions, mul
tiple tumors, and tumors of various types origin
ated in this period (1928 to 1937). In this interval 
a temporary interest was shown in the use of thoro- 
trast for myelography, following the work of Radovici 
and Meller (10) in 1932.

5. Protruded Disk Era: Dating from the 
classic contributions of Mixter and Barr (11) and 
Hampton and Robinson (12), there was an intense re
newed interest in myelography and a notable increase 
in the use of lipiodol. The previous criticism of 
the irritating properties of iodized oils was re
vived, and the adherence of European workers to 
their former criticism removed them from partic
ipating in this particular phase of the development 
of myelography and neurosurgery (1957 to 1939). At 
this time (1938) the use of thorotrast and its re
moval from the spinal canal by forced drainage was 
advocated by Nosik (13).

6. Revival of Air Myelography: Reichert’s



statement (14) in 1937, in a discussion of Mixter, 
Hampton, and Barr's paper, that he could demonstrate 
protruded disks as readily with air myelography as 
with iodized oils stimulated a renewed interest in 
this method throughout the world and led also to 
exploration of its use in the epidural space by 
Sanford and Doub (15). A significant contribution 
in this period was the report in 1941, by Kubik and 
Hampton (16), of a method of removing iodized oil 
from the subarachnoid space, thus obviating most of 
the objections to its use.

7. Pantopaque Myelography: In 1944, Ramsey, 
French, and Strain (17) presented a new opaque medium 
called 'pantopaque,' which was said to be non
irritating and absorbable. It was greeted with en
thusiasm and quickly replaced lipiodol for most 
examinations. It was soon learned, however, that
its rate of absorption was slow, and since it was 
an oily medium, removal after the examination be
came necessary in order to avoid the same criticism 
that had been given to retained lipiodol. Pantopaque 
is still the medium of choice in America.

8. Abrodil (Skiodan) Myelography: Credit 
for this phase of myelography, which reflects the 
Swedish influence, must go to Arnell and Lidstrom (18)



who in 1931 first reported a case in which myelo
graphy was performed with skiodan (abrodil). The 
scorn for oil myelography and the tenacious search 
for a water-soluble radiopaque medium on the part 
of Swedish workers stimulated further investigation 
of this medium, which began to bear significant 
fruit in 1944, with the publication of Arnell's 
second contribution on the use of abrodil in man (19) 
Similar articles by Lindblom (20) and others appeared 
in rapid succession, culminated by the appearance of 
Arnell’s classic monography in 1948 (21). Whatever 
the disadvantages of abrodil may be, a milestone in 
the evolution of contrast myelography had been passed 
A new medium, water-soluble, miscible with the spinal 
fluid, satisfactorily opaque, and capable of complete 
absorption and elimination without evidence of radio- 
graphic residue, had been found. It is still the 
medium of choice in Europe (1944 to 1950).



CHAPTER II
FUNDAMENTALS OF ANATOMY AND PATHOLOGY 

UNDERLYING MYELOGRAPHY

The vertebral column is made up of thirty- 
three or thirty-four vertebrae bound together by a 
series of strong ligaments, separated by interver
tebral fibrocartilage, and held in balance one upon 
another by a strong musculature. The vertebrae, 
while more or less modified in different regions, 
are constructed on a common plan. Anteriorly lo
cated is the body and, posteriorly the neural arch 
which surrouhds the spinal canal. The arch supports 
paired facets for articulation of the vertebra and 
encloses the intervertebral foramen. Painless move
ment is dependent on normal musculature, integrity 
of the intervertebral disks, and good articulation 
of the facets.

The vertebral column has seven cervical, 
twelve thoracic, five lumbar, five sacral, and four 
or five coccygeal vertebrae. The first three groups 
are movable, and the latter two fixed vertebrae.
In the anteroposterior diameter of the column there 
are four curves corresponding to each group save the 
coccygeal. The thoracic and sacral curves are pri
marily for accommodation, whereas the cervical and



lumbar are compensatory for maintenance of balance 
in the upright position. These curvatures are 
brought about mainly by modification in the size 
and position of the intervertebral disks. At the 
apices of the movable curves, i.e., in the lower 
cervical, lumbar and midthoracic regions, the spine 
is placed under its greatest functional stresses, 
and it is at these levels that the earliest evidence 
of disk degeneration occurs.

The Intervertebral Disk: The normal verte
bral column contains twenty-three intervertebral 
disks between the second cervical and the first 
sacral vertebrae. Together they make up one four
teenth of the body height, or one quarter of the 
length of the movable spine. The additive thickness 
of the disks totals 40 per cent of the cervical,
20 per cent of the thoracic, and 33 per cent of the 
lumbar spine. Each intervertebral disk is a complex 
functional unit consisting of three components: the 
nucleus pulposus, the annulus fibrosis, and a pair 
of cartilage plates.

The embryological development of interverte
bral disks has been summarized by Keyes and Compere 
(22), and by Ehrenhaft (23). The disk develops by 
migration of mesenchymal cells to surround the



notochord.. Cytoplasm Is subsequently added most 
rapidly to those cells nearest the intersegmental 
artery which enters the developing vertebral body 
at its center. These central cells enlarge and 
develop into typical cartilage tissue which en
croaches upon and gradually extrudes the notochord 
into the intervertebral region. The cells furthest 
away from the intersegmental artery remain undif
ferentiated and resemble fibrocartilage cells; they 
become the anlage of the intervertebral disks. The 
developing disk receives some blood supply from the 
marginal periosteum and from the body through the 
cartilaginous plates. Where these vessels penetrate 
the cartilage plate, chondrification gaps result.
At birth, regression of arteries begins and degener
ation is complete in eighteen to twenty years. The 
chondrification gaps through which the vessels pene
trate the plates are filled with cartilage plugs or 
scar tissue to remain as congenital weaknesses.

The notochord cells undergo gradual mucoid 
degeneration to form the nucleus pulposus. At term 
the nucleus is composed of a gelatinous matrix in
terspersed with fibers from the inner zone of the 
annulus fibrosis with which it gradually blends.
It is comparatively large up to the third decade



but, largely through dehydration, decreases in size 
with advancing age. It functions as an incompres
sible contained fluid to distribute pressure evenly 
over surfaces of the bodies. Such function, how
ever, depends on the integrity of its limiting strue 
tures, the annulus fibrosis and the cartilage plates

The annulus fibrosis forms the major portion 
of the disk. It is a circumferential layer of tough 
fibers arranged in a complicated scheme of lamella- 
tion and is attached intimately to the epiphyseal 
bony ring of the adjacent vertebral bodies. The 
annulus thus constitutes an envelope of fibrocartil- 
age interposed between the nucleus and the cartilage 
plates. It is reinforced by the strong anterior 
longitudinal ligament, and by the weaker and less 
we11-developed posterior longitudinal ligament.
The annulus binds the adjoining vertebrae firmly 
and to some degree limits their movement, but is 
mainly to contain and control the nucleus pulposus 
and to resist the pressures which tend to displace 
it. The tension of the annulus fibrosis keeps the 
nucleus under pressure even when the intervertebral 
disk is not bearing weight.

The cartilage plates are cemented to the 
intervertebral surfaces of the bodies by a thin
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layer of calcified cartilage. Marginally, the 
cartilage plates abut and fuse with the epiphyseal 
ring of the bodies. The plates function in part 
to separate the nucleus pulposus and the annulus 
fibrosis from the bodies, and play some part in 
confining the nucleus pulposus. Nutrition is main
tained in the adult disk by diffusion from the bone 
marrow through vacuolated areas in the calcified 
plate of the bodies.

The Vertebral Canal: Viewed axially the 
vertebral canal is triangular and relatively large 
in the cervidal and lumbar regions, but oval and 
small in the thoracic area. The canal is limited 
anteriorly by the posterior portion of the bodies 
and intervertebral disks, and by the posterior 
longitudinal ligament; laterally, by the pedicles 
of the vertebral bodies, the intervertebral foramina 
and the posterior articulating facets, and poster
iorly, by the laminae, the spinous processes, and 
the ligamenta flava. The posterior longitudinal 
ligament is intimately attached to the interverte
bral disks, and is broadest at each disk level.
This ligament is most prominent in the thoracic 
region and is narrower in the cervical and lumbar 
areas. The ligamenta flava bridge the spaces



between contiguous laminae and fuse with capsules 
of the apophyseal joints. In the cervical region 
the ligamenta flava are relatively thin, but in the 
lumbar area they have been found to be 2-7 mm. in 
thickness.

Interspinous Ligament: The interspinous 
ligaments connect the opposing surfaces of adjoin
ing spinous processes. The blend with the liga
menta flava in front and with the supraspinal liga
ment behind. They are broad and thick in the lumbar, 
narrow in the thoracic, and only slightly developed 
in the cervical region.

The Articulating Facets : Each vertebra 
articulates with the segments above and below by 
paired processes which form true diarthroses and 
possess a capsule, synovial lining, and articulating 
cartilage. The processes spring from the junction 
of the pedicles and laminae. The articulating sur
face of superior processes is directed backward or 
medially and of the inferior forward or laterally.
The plane of the joint space is nearly horizontal 
in the cervical, almost vertical in the thoracic 
and curved in the lumbar regions. The principle 
function of the facets is to guide the movements 
of the vertebral bodies, but not to bear weight.
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The Intervertebral Foramina: The spinal 
nerves and vessels traverse the Intervertebral 
foramina. The latter are bounded anteriorly by 
parts of the bodies and the intervertebral disk; 
above and below by the pedicles, and posteriorly 
by articulating processes and ligamenta flava.

The Epidural Space: Between the inner mar
gins of the vertebral canal and the meninges is the 
epidural space containing fat, and extensive venous 
plexus, and nerves supplying the meninges, ligaments, 
and intervertebral disks. The epidural fat is seg- 
mentally distributed most abundantly in the thoracic 
region. The extensive venous plexus lying between 
the dura mater and the vertebrae forms a close 
anastomosing network which runs principally in the 
direction of the vertebral canal. These veins com
municate freely with the external vertebral plexus 
through the intervertebral foramina and bodies.
Just distal to the division of the nerve roots into 
anterior and posterior branches, the spinal nerve 
gives off a minute recurrent branch to the intra- 
spinal structures (24).

The Spinal Cord and Its Meninges: The spinal 
cord within its meninges lies loosely in the verte
bral canal. It extends from the foramen magnum to
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the lower border of the first lumbar vertebra. The 
cord is cylindrical in shape, but somewhat flattened 
dorsoventrally, particularly in the cervical region. 
There are two spindle-shaped swellings, the cervical 
and lumbar enlargements, which comprise those por
tions of the cord concerned with innervation of the 
upper and lower extremities, respectively. Below 
the lumbar enlargement the cord rapidly narrows to 
a cone-shaped termination, the conus medullaris, 
from which a slender filament, the filum terminate, 
extends downward to the first segment of the coccyx. 
The length df the spinal cord from its upper limit 
to the tip of the conus medullaris is about 45 cm. 
in the male, and 43 cm. in the female, as against 
a length of about 70 cm. for the vertebral column.

The spinal cord is closely invested by the 
pia mater and lies within the arachnoid membrane, 
where it is fixed laterally to the dura by the den
ticulate ligaments. In the subarachnoid space the 
cord is surrounded by cerebrospinal fluid. Outside 
the arachnoid membrane and separated from it by a 
potential space is the dura mater, which is con
tinuous above with the meningeal covering to the 
brain, and ends below normally as a cone-shaped 
cul-de-sac at the level of the second sacral segment.
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The termination is subject to some anatomical vari
ation and may be as high as the fifth lumbar verte
bra.

The Spinal Nerves: Early in embryological 
development, the segments of the spinal cord cor
respond closely with the embryonal segments and the 
spinal nerves pass laterally through their respective 
intervertebral foramina. As development proceeds, 
the vertebral column grows more rapidly than the 
spinal cord. Because of this disparity the latter 
is pulled upward, and the interval between the spinal 
nerves and their respective intervertebral foramina 
gradually increases in length from the cervical to 
the lumbar region. As a result, in the adult, the 
cord terminates at the level of the first lumbar body 
with the lumbar and sacral roots prolonged downward 
to form the cauda equina surrounding the filum ter
minals . Each of the eight individual nerve roots in 
the cervical region leaves the dural sheath at the 
level of the foramen above the corresponding verte
bral body. In the thoracic and lumbar regions they 
leave the dura at an increasingly oblique angle, and 
reach the intervertebral foramen below the correspond
ing vertebral body. In the cauda equina the parallel 
nerve roots lie free in the subarachnoid space except
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for a short distance from their exit where each 
nerve root Is intimately attached to the lateral 
wall of the dural sheath. As each root leaves the 
dura it carries a prolongation of the meningeal 
covering of the cord as a nerve sheath. At the 
point of exit there is an evagination of the menin
geal coverings to form a small pocket or pouch of 
the subarachnoid space which has been called the 
subarachnoid pouch (axillary pouch). In the 
thoracic and lumbar regions the lateral and upper

Jportion of the pouch is occupied by the nerve roots, 
whereas the Inferior and lower portion is free of 
anatomical structures. In the lumbar region the 
nerve root leaves the dural sheath just below the 
upper margin of the corresponding body, and curves 
under the pedicle to reach its intervertebral 
foramen. It is frequently stated that the fifth 
lumbar and first sacral nerves are exceptions in 
that these nerves leave the dural sheath at the 
level of the fourth and above the level of the fifth 
intervertebral disks, respectively, so that each of 
these roots has a longer intraspinal extradural 
course, and lies more laterally than the nerve roots 
above these levels. This is especially true if the 
cul-de-sac terminates normally, but this relationship
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PATHOLOGY

The mature Intervertebral disk is the 
primary functional unit of the vertebral column.
It is affected by any local or pathological change 
of the spine, and conversely, disease of the disk 
influences the associated structures at the area of 
involvement as well as the column as a whole. De
generation of the disk commonly begins about the 
second decade, and progresses more rapidly with ad
vancing age than do similar processes in other
tissues. These changes are most pronounced in the

1

low cervical and low lumbar region, the areas which 
are subjected to the greatest stress in the verte
bral column.

Clinical-Pathological Changes: The com
ponent parts of the intervertebral disk--the 
cartilaginous plates, the annulus fibrosis, and the 
nucleus pulposus--probably degenerate simultaneously, 
and in the process each directly affects the others. 
The cartilage plates progressively show fibrillation 
and fissuring followed by actual thinning (22). 
Subsequently there may be cleft formation which ac
celerates dehydration of the disk or permits extru
sion of the nucleus pulposus into the body (25).
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The fibers of the annulus fibrosis become coarse 
and hyalinized; cellular detail is lost and concen
tric fissuring appears (25). In addition to an in
crease in the number of cartilage cells, areas of 
brown degeneration (26) and marginal vascularization 
appear, culminating in actual areas of necrosis and 
tears in the "annulus (27, 28). These tears, which 
are particularly abundant in the posterior portion, 
present avenues through which a shift in the position 
of the nucleus pulposus may occur. If the tear is 
complete the nucleus may even be extruded. The 
nucleus pulposus may often show a gradual loss of 
its fluid structure and is replaced by fibrous 
tissue both through degenerative processes and by 
invasion from the annulus fibrosis (29). Following 
this there is a cartilaginous infiltration and cavit
ation may occur (25). As a result of these processes 
the differentiation of appearance between the nucleus 
pulposus and annulus fibrosis diminishes and the con
tents of the intervertebral disk tend to merge to
gether (27).

These degenerative changes result in a gradual 
narrowing of the intervertebral disk and in a loss 
of the functional integrity of the structure. Its 
normal ability to distribute transmitted stress is
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lost and. movement permits trauma to the bony mar
gins and. the annulus fibrosis, with resultant 
formation of marginal osteophytes. The narrowing 
also produces overriding of the facets, which leads 
to appositional changes and marginal proliferation 
(30). These proliferative changes in turn produce 
anterior bowing of the ligamentum flavum and it is 
felt by some investigators that the ligamentum 
flavum even hypertrophies (31). The final result 
of these changes is a narrowing of the interverte
bral foramen. The exiting nerve, therefore, is 
subjected toicompression or irritation and may be
come bound to the surrounding structures by ad
hesions (32). Edema of the nerve may develop which 
further increases its compression.

Many congenital and pathological spinal ab
normalities may participate directly in degenerative 
changes of the intervertebral disk (33). Congenital 
defects in the bodies such as hemivertebrae or ab
normal fusion may be present. Defects in develop
ment of the pedicles or lamina permitting spondylo
listhesis commonly produces intervertebral disk 
changes at the fifth and even the fourth lumbar 
interspaces. Transitional lumbosacral anomalies 
may produce similar changes. Abnormalities of



position and development of the facets predisposes 
to impairment of the stability of the lumbosacral 
area. A hypoplasia of the lumbosacral interver
tebral disk is frequently found.

Persistent bony defects in the lower lumbar 
spine as a result of old trauma may alter stability 
and produce similar intervertebral disk changes. 
Pathological disks may develop also as the result 
of infections, neoplasms, and decalcifying processes 
of the osseous structures. All these changes are 
initiated largely by alterations in the cartilagin
ous plates of1 the intervertebral disk (28).

Actual protrusions of the intervertebral 
disk are felt to be of clinical importance prin
cipally when they occur in a posterior or postero
lateral direction. There are three types of 
protrusions which may compress the spinal nerves 
either within the canal or in the intervertebral 
foramen. Frank extrusion of the nucleus pulposus 
through a tear in the annulus most commonly occurs 
lateral to the posterior spinous ligament but is 
occasionally seen in the midline. Local bulges in 
the annulus fibrosis without actual extrusion of 
the disk develop more frequently. A prominence of 
the entire annulus fibrosis across the posterior



extent of the intervertebral disk may produce nerve 
root compression. Considerable importance has 
lately been attached to the high incidence of pro
trusion lateral to the intervertebral canal, (34) 
but in this area the nerve is free and cannot be 
compressed against a fixed substance, such as the 
margins of the intervertebral canal or the exit 
from the dura.

Roentgenological-Pathological Changes: The 
roentgenological evidence of the pathological 
changes described above are usually manifested by 
narrowing of the disk space, alteration in appear
ance of the bodies, narrowing of the intervertebral 
foramen, and changes in the facets. In addition, 
alterations in alignment, congenital defects, and 
alterations in the appearance resulting from neo
plastic, infectious, or traumatic processes may be 
seen. In evaluating these changes it is important 
to differentiate between significant alterations 
and abnormalities within the normal range of vari
ation. It is well known that many changes commonly 
associated with symptomatic disease of the spine 
are found in a high percentage of people without 
back pain and cannot be considered therefore as 
necessarily of clinical significance. It is
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necessary to integrate closely roentgenological 
variations with presenting clinical manifestations. 
The diagnosis of protruded intervertebral disk, in 
particular, can never be made solely on the basis 
of roentgenological evidence.

Narrowing of the intervertebral disk space 
may be apparent on the roentgenograms as a congenital 
abnormality, a manifestation of the normal processes 
of age (35), a result of change of the surrounding 
bone, or a significant concomitant of intervertebral 
disk disease. Narrowing of the disk space at the 
lumbosacral level is a very common condition and 
has been reported to be present in 70 per cent of 
a series of 107 routine examinations (35). It is 
probably of no significance in the diagnosis of 
posterior rupture of the nucleus pulposus at this 
level unless associated with the appearance of osteo
phytes or increased density at the body margins. 
Narrowing of the disk spaces above the fifth level 
with or without body margin changes is a more sig
nificant indication of disease (31). In the cervi
cal region narrowing of•the lower interspaces is 
seen frequently after the age of thirty-five, and, 
when associated with clinical evidence of nerve root 
compression, may have diagnostic value (30).



The appearance of the vertebral bodies may 
be altered by a variety of pathological processes. 
Hypertrophic degenerative lipping is seen in and 
over the third decade, and is, in itself, of little 
clinical importance, as it is usually apparent on 
the anterior and lateral margins of the bodies.
Posterior lipping, however, in the form of osteo- 
phytic projections apparent on lateral or oblique 
views, is of possible clinical value. Schmorl1s 
nodes are seen in 38 per cent of roentgenograms of 
the spine, and are usually unimportant pathologically,
although the contrary view has been expressed (22).!
Wedging, collapse, or fusion of the bodies with 
associated alterations in density may result from 
old trauma or infections. Alteration in the bodies 
produced by tumors may be evidenced roentgeno- 
logically by signs of invasion, erosion, or changes 
in consistency. Metastatic processes usually pre
sent well-circumscribed areas of increased or de
creased density, while primary spinal neoplasms may 
produce a bowing of the posterior surface of the 
body as seen in the lateral view. Changes in con
sistency of the body may be seen in hemangiomatae 
General alterations in body density are present in 
Paget's disease, osteoporosis and hyperparathyroid
ism (34).

24
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Roentgenologically, the intervertebral 
foramen may be narrowed or widened. Narrowing is 
usually seen in the lower cervical and lower lumbar 
regions, as it is generally associated with diminu
tion in the height of the intervertebral disk. 
Osteophytes may impinge on the foramen from the 
body or from the facet, producing distortion in the 
normal oval appearance. A widening of the foramen 
is commonly an indication of expanding primary 
tumor, and may be associated with a paraspinal soft 
tissue mass (32).

I



CHAPTER III
TECHNIC OF MYELOGRAPHIC EXAMINATION

Pantopaque myelography consists in intro
duction of the opaque media intraspinally by a 
lumbar puncture; tilting the patient so that medium 
passes up and down the spinal canal. This is ob
served with the fluoroscope and spot roentgenograms 
are made of the areas of suspected disease. The 
examination is usually conducted jointly by the 
radiologist and the surgeon in charge of the patient.

The conventional tilt table with fluoro-
|

scopic and spot film attachment provides'the basic 
equipment necessary for conducting the examination. 
Special tables that tilt ninety degrees in each 
direction, and photo-electric spot film timers are 
luxuries which in some cases may facilitate the 
examination. It is imperative that the technical 
factors for maximum radiographic quality be deter
mined beforehand. Only too often an expensive, 
painstaking and sometimes hazardous procedure is 
jeopardized by careless radiographic technic.

In some institutions it is customary to use 
the overhead tube and the Bucky diaphragm in order 
to get radiographs of maximum quality. If the



physical and anatomical principles underlying 
myelography are kept clearly in mind, this step 
seems not only unnecessary but undesirable. Be
cause the oil layers out along the bottom of the 
canal and the intervertebral disks lie below, it 
appears obvious that the patient must be in the 
prone position if the procedure is to have much 
diagnostic value. This results in a rather great 
object-film distance when the overhead tube is used 
which obviates the advantage gained in the increase 
in tube-film distance and a small focal spot. Also 
lost is the correlation between fluoroscopy and the

l

radiographs which only the use of the filming 
fluoroscope can give to fullest advantage.

An ordinary spinal tray including materials 
for local anaesthesia is necessary. The use of a 
short bevel spinal needle is desirable in order to 
help prevent the possibility of subdural or epidural 
extravasation of oil which occurs sometimes even in 
the face of a free flowing spinal tap.

Positioning; The patient may walk to the 
examining room or be wheeled in, depending on his 
condition and the practice of the clinic. He is 
placed prone on the examining table, usually without 
preliminary sedation. If in extreme pain, light



anesthesia may be induced by any means compatible 
with the clinical complaints. For lumbar and thor
acic myelography, the head is turned to one side and 
the feet placed firmly against the footrest of the 
table; for cervical myelography the patient is ad
justed as described later. The patient grasps the 
edge of the table top with his hands so that they 
will be out of the way, and to steady himself dur
ing the course of the examination. A small pillow 
is placed under the lower portion of the abdomen 
to straighten moderately the lumbar curve. The
fluoroscopic table may be horizontal, or may be

\
elevated up to a 30 degree angle cephalad to in
crease the pressure in the lumbar column.

Injection and Removal of Pantopaque: The 
injection is made in the midline at the third,' 
fourth, or fifth lumbar interspace depending upon 
the practice of the operator and the suspected site 
of disease. The area is not closely draped, and is 
prepared with antiseptic solution for a lumbar 
puncture. After cleansing, the skin and subcutane
ous tissues are anesthetized by infiltration with 
procaine, and the lumbar puncture needle introduced 
into the center of the subarachnoid space. The 
puncture must be made with great precision, since



its accuracy is the most critical factor of the en
tire procedure. After the needle is properly 
positioned in the subarachnoid space an amount of 
spinal fluid slightly greater than the volume of 
pantopaque to be injected is aspirated and collected 
for spinal fluid chemistry. The contrast medium is 
then slowly injected from a sterile syringe. Fol
lowing injection the stilette of the lumbar puncture 
needle is reinserted and a sterile gauze dressing 
placed over the adaptor of the needle. The examin
ation is conducted under fluoroscopic visualization 
by tilting the patient so as to pass the medium 
through different areas of the spinal canal. At 
the completion of the examination the pantopaque 
is collected around the tip of the needle, under 
fluoroscopy, and removed by very gentle aspiration. 
The stilette is replaced, the needle withdrawn, and 
the puncture wound covered with a sterile dressing.

Various suggestions have been offered to 
increase the accuracy of the procedure and to mini
mize the errors. Where the object of the examin
ation is to visualize the lumbar region, a puncture 
at the third interspace has the advantage that the 
head of the needle will not obscure protrusions at 
the fourth and fifth interspaces where they are most



commonly found. Moreover, It will not produce 
needle defects that simulate disk protrusions at 
these areas. Against this there is the disadvan
tage that removal of the medium at the third space 
is somewhat more difficult than at the fourth or 
fifth interspace. For lumbar myelography, the 
trend is towards a puncture at the third interspace.

Fluoroscopy is often very helpful in deter
mining the position of the needle. Guidance from 
an assistant standing at the head of the patient is 
of value in correcting for lateral deviation. The
spinal fluid should flow freely if the puncture is1
properly done. The procedure must be discontinued 
if the fluid proves to be bloody, or if the operator 
is unable to obtain spinal fluid.

The medium should be introduced under firm 
and steady pressure, since either too rapid or too 
slow injection favors globulation. If desired, a 
small amount of pantopaque may be introduced, and 
the patient fluoroscoped to see whether the medium 
runs freely in the spinal canal before introducing 
the major portion. Murphy (36) suggests putting in 
one c.c., checking to see if it is in the canal.
The table is then tilted so that the globule is 
just below the point of the needle. The rest of



the material is then injected without hesitation. 
This maneuver helps to prevent globulation of the 
media, which only too often occurs. The injection 
should be accomplished easily; if marked resistence 
is encountered the exact position of the needle 
should be rechecked. In spite of all these precau
tions extradural and subdural injections will result 
occasionally. Injection of the contrast medium ex- 
tradurally is easily recognized, since the medium 
does not flow as the fluoroscopic table is tipped 
and since it has a tendency to leave the intraspinal 
space for the surrounding tissues in the form of ir-I
regular small globules or streaks. A more serious 
error is that of subdural or partially subdural in
jection. At first inspection the medium may appear 
to be in the subarachnoid space but to have dimin
ished opacity. Since it does not flow freely in 
the subdural space a block may be suspected. The 
absence of flow in either direction, however, is 
characteristic of a subdural injection, not of a 
block. The best solution in this case is repitition 
of the examination some weeks later after removing 
as much pantopaque as possible at the time of the 
first examination.

Aspiration of the medium at the end of the



examination is carried out by the procedure described 
by Kubik and Hampton (37) for the removal of lipiodol 
following myelography. The syringe used for the in
troduction of pantopaque is employed, and the medium 
is aspirated by the application of just enough suc
tion to overcome the cohesive forces of the syringe 
and the pull of the gravity on the mixture of spinal 
fluid and pantopaque. If root pain is elicited dur
ing the removal, the needle is rotated in such a way 
that the opening is directed away from the irritated 
root. Proper pooling of the medium about the point 
of the needle and feeding of the pantopaque into the 
needle by tilting the patient are of inestimable help. 
If this fails or proves to be painful, the oil can 
sometimes be expelled without syringe aspiration by 
having the patient perform the Valsalva test (38).

Aftercare of Patient: The patient may be 
permitted to move off the fluoroscopic table into 
his bed, or to walk from the examining rocnj but the 
same precautions should be taken as those followed 
after a simple lumbar puncture. Usually the patient 
is kept in bed for six to twenty-four hours. If the 
examination has been carefully done there should be 
little discomfort.

Lumbar Myelography: After the eyes of the



examiners have become dark adapted, a fluoroscopic 
examination is made. Ordinarily the pantopaque is 
seen pooled in the middle lumbar region and near 
the point of the needle. Normal landmarks are then 
determined so that each interspace may be recognized 
on examination. Markers are applied to the back of 
the patient to label and orient the roentgenograms.
It may be even more convenient to place a marker on 
the grid of the spot film device. Care should be 
taken at this stage that an adequate amount of panto
paque has been introduced to properly visualize the
subarachnoid space. In most of our examination,1
one ampuole, three c.c., were used. According to 
Camp (1), this is inadequate and at least six c.c. 
should be employed, particularly if the lateral most 
portions of the canal are to be visualized. The 
larger amount also has the advantage of outlining 
more than one space at a time. The author is in
clined to believe that it would have been better to 
use the larger amount. The slightly increased cost 
would be its only disadvantage.

The foot of the tilt table is lowered 
gradually and the flow of the column of pantopaque 
is studied carefully. Since the medium flows very 
readily, the fluoroscopic table should be



manipulated slowly. After the pantopaque is col
lected in the terminal portion of the subarachnoid 
space, the table is tilted gradually in the opposite 
direction and the flow of the medium is again ob
served. Particular attention is directed to the 
behavior of the head of the column of medium.
Gopleman (39) has stressed a procedure involving 
both fluoroscopy and roentgenography in which studies 
are made of the head of the column as it passes over 
or around a protrusion. This is particularly im
portant in the case of midline disks.

To prevent the pantopaque from passing intoI
the cranial cisterns, where it may be immobilized, 
or from flowing too rapidly over the lumbar curve, 
which may lead to globulation, the patient’s head 
should not be lowered too rapidly. The various 
maneuvers are repeated until a satisfactory investig
ation of all the nerve root sleeves, and of real or 
suspected protrusions into the canal, has been com
pleted. Sometimes it may be desirable to roll the 
patient gently from side to side in order to study 
each nerve root adequately (40). It is necessary 
occasionally to elevate the pelvis to observe the 
medium in the upper portion of the lumbar arachnoid 
space. This may be accomplished manually or by



placing pillows under the pelvis. Questionable 
areas may be reexamined by instructing the patient 
to cough during the fluoroscopy (41). This pro
cedure increases the pressure in the vertebral canal 
and forces the pantopaque column through a region of 
suspected pathology and is particularly useful for 
the study of axillary sheaths. Another useful 
maneuver consists of rolling the patient on the 
side opposite to the suspected protrusion, passing 
the pantopaque column up to this area, and finally 
rolling the patient towards the side with the pro
trusion. If there is a true herniation the column 1
will break, whereas if there is an artefact it will 
usually remain intact. Defects visualized must be 
constant and observers should agree as to their 
presence before the examination is concluded.

Cervical Myelography; The procedure for 
cervical myelography is essentially the same as that 
described for the lumbar region. After the media 
has entered the lumbar portion of the canal, the 
patient is tilted head down in the prone position.
It is essential that the head be hyper-extended to 
prevent the possibility of the oil going into the 
basal cisterna. Two such unfortunate incidents 
have been reported by Epstein, et al (42). In one
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the patient developed an intense vertigo one week 
after the injection. This disappeared in four days.
The other suffered an intense headache five days 
after the injection, this lasted only two days.

In addition to the conventional observations, 
it is well to also obtain lateral views. Because 
of previously mentioned anatomical and physical fac
tors, the prone position and horizontal beam should 
be used.

Six to nine c.c. of pantopaque should be used ' 
to examine the cervical area. Anything less is
liable to result in equivocal findings. After the1
completion of the examination, the table is tilted 
up to its original position to pool the pantopaque 
under the lumbar needle for removal.

Thoracic Myelography: The author has had no 
experience with myelography in this area. However, 
disks protrusions and spinal cord tumors can occur 
here, although they are less common. Gamp (1) recom
mends that up to 20 c.c. of oil be used because of 
its tendency to spread out in this area. Here he 
prefers lipiodol to pantopaque because the increased 
viscosity of the former tends to counteract this 
tendency.



CHAPTER IV
ANALYSIS OF THE AUTHOR'S GASES 

AND
COMPARISON WITH OTHER REPORTED SERIES

Thirty two examinations in which the author 
participated in are tabulated in Table I. Other 
cases were observed, but neither the X-ray reports 
nor the hospital records could be located. pnurther 
more, some of the cases tabulated were lacking in 
essential data. This is a sad commentary on our 
methods of compiling and keeping medical records. 
Fourteen of these cases had laminectomies. The re
maining casés not subjected to exploration are of 
little value as far as determining the value of 
myelography.

Of the fourteen cases having surgery, 
lesions apparently causing nerve root pressure were 
found in thirteen, only one case was reported as a 
negative exploration. One of these thirteen cases 
with positive surgical findings had no record of a 
myelogram, although apparently one had been done.
Of the remaining twelve, one myelogram (case 157673 
Table I) was reported as negative. All the rest 
were in agreement as to both the presence and loca
tion of the lesions. The surgical findings in case 
157673 (negative myelogram) were reported as a



slight protrusion just to the right of the midline 
at the fourth lumbar interspace. It is under
standable that such a lesion might be missed on the 
myélographie examination. One cannot help wonder
ing at the same time how significant clinically this 
type of protrusion would be.

One case (160495) in which surgical explor
ation showed no evidence of a disk showed myélo
graphie evidence of narrowing of the spinal canal 
at the second lumbar interspace. Also clinically 
the case had been diagnosed as a herniated disk at
the same interspace.1

Case 2172 is of particular interest. This 
young man was referred to an orthopedist with con
siderable clinical experience in disk herniations 
and other back problems. The patient had had myel
ography while under the care of the referring 
physician and a defect at the fourth lumbar inter
space on the left had been seen. When he entered 
the orthopedist's office he presented him with the 
films. These were given a cursory glance, the rest 
of the consultation being occupied with the clini
cal examination. The diagnosis of a typical syn
drome of a lumbosacral disk protrusion was made and 
the patient was promptly scheduled for surgery. A



laminectomy was made with confidence exposing the 
lumbosacral interspace, but no evidence of abnorm
ality was seen. The fourth interspace was then 
examined and a definite disk protrusion was found 
at the site indicated by the myelogram. This case 
demonstrates the value of adding myelography to the 
examination even in those cases in which the neuro
logical findings are quite clear cut. Also it 
points out the fallibility of clinical examination 
alone.

In summary, thirteen cases with myelograms
were subjected to surgery. One case had positive

1

myelographic findings, but no surgical evidence of 
a disk. One case had negative myelographic findings 
and surgical evidence of a disk protrusion. This 
resulted in a 15.4$ error rate.

Although the number of cases in our series 
is too small to form any definite conclusions, it 
does appear that the accuracy is sufficiently high 
to warrant usage in suspected cases.

Scoville (47) analyzing a' series of 200 
operative cases came to the conclusion that myel
ography yields equivocal findings in at least twenty- 
five percent of cases. This is at variance with 
other published reports (43, 44, 45, 46) in which
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an overall accuracy of ninety two per cent was found. 
However, Pugh and Scoville (47) have pointed out 
that the statistics are erroneous as they are based 
on positive myelograms only, those cases of ’normal* 
myelograms which, nevertheless, reveal a ruptured 
disk at operation being ignored.

A further explanation of the discrepancy be
tween Scoville’s series and other reports might be 
that the incidence of surgery in an Army hospital 
(Scoville’s statistics were from an Army General 
Hospital) is apt to be much higher than in civilian 
practice. Also, private cases in which the clini- 
cal picture is indefinite are more apt to be given 
conservative treatment unless the condition is very 
disabling. Thus those borderline cases, in which 
one would think that the myelographic findings would 
more likely be questionable, would not be included 
in the statistics.

Maltby and Pendergrass (38) also reported a 
series of operative cases numbering 66 from an Army 
Hospital. Of the 57 having positive myelograms, 51 
(89.4/0 showed a disk lesion. Nine cases with nega
tive X-ray findings were explored because of what 
seemed to be classical clinical findings of a rup
tured disk. Four of these were found to have a
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herniated, disk. Thus the overall error rate would
be about 17 per cent.

Soule et al (48) reported a series of 77 
explored cases. In 64 the site of the lesion was 
predicted correctly. Eight of the remaining had 
the main lesion diagnosed, but other small defects 
were found which could not be verified. In the 
other five, disks were found at operation which had 
not been seen on the myelograms. His error rate is 
computed also about 17 per cent.

Although the accuracy of myelography is suf
ficiently high to warrant it being used as an ad-I
junct to clinical diagnostic methods, it is not 
enough to justify complete confidence in the pro
cedure. However, myelography is comparatively new 
and further improvement in its accuracy is to be 
expected.



CHAPTER V
THE SOURCE OF ERROR IN MYELOGRAPHY

Only by a study of our errors can we attempt 
to improve myelography.

One source of error is due to extra-arachnoid 
injection of oil. Although actually this is due to 
faulty technic, it can happen occasionally in the 
best of hands. In some instances, the oil has been 
seen to escape into the subdural and epidural spaces 
even though spinal fluid was withdrawn without dif
ficulty and no bleeding encountered. This is par-

I

ticularly apt to happen with a long bevel needle.
The pattern produced by injection of oil outside 
the arachnoid space varies widely. In some instances 
(38) it is represented by two parallel columns of 
oil with an unfilled center, somewhat similar to 
the pattern found in intramedullary tumors. At 
other times the oil has been seen to escape through 
the foramina and apparently along the course of the 
lumbar and sacral nerves immediately after injec
tion.

A common source of error in this same cate
gory is the defect produced by the spinal needle.
If one prefers to carry out myelography with the



spinal puncture needle left in situ, the examiner 
must not be deceived by the defects it may produce. 
These may result from displacement of a nerve or 
nerves due to faulty positioning of the point of 
the needle, or to localized bleeding at the needle 
point due to trauma incident to the puncture. If 
the significance of such a defect is questioned, 
the needle should be withdrawn and the persistence 
of the defect determined. Defects due to local 
hemorrhage or leakage of fluid will persist and 
can easily be erroneously interpreted as edema of 
a nerve root or evidence of a tumor atypical disk 
protrusion (1). Entrance of pantopaque into the 
epidural veins, as the result of direct puncture of 
the veins, or tear and leakage, has been reported 
by Hinkel (49). Three cubic centimeters entered 
the venous system and rapidly ascended the inferior 
vena cava. There was no objective evidence of an 
oil emboli and toxic manifestations were very 
slight. However it is the best policy, If bleeding 
occurs incident to a spinal puncture, to postpone 
the examination, or at least attempt another punc
ture at a different level.

The centrally protruded disk is apt to be 
overlooked and is one of the common errors of the



*negative myelograms' (see case no. 157673, table I). 
This lesion may fail to produce any lateral deform
ities of the oil column, but if the lesion has enough 
depth the column may appear to be thinned over the 
lesion. In this respect, it might be that the use 
of abrodil would be of some advantage because of 
its lower degree of opacity. Copieman (50) stresses 
careful observation of the slowly advancing edge of 
the column.

Defects due to spinal cord varices may be 
confused with disk protrusion. In our cases we 
have not knowingly encountered this. Maltby (38) 
describes two cases which had definite lateral de
fects, but also had linear extensions of the deform
ity into the central oil column, which are not usually 
noted in the presence of a protruded disk. Whenever 
this pattern is encountered, one should be suspicious 
of the presence of varices, although the existence 
of a ruptured disk or tumor cannot be ruled out.

Laterally situated protruded disks outside 
the spinal sac offer a definite challenge to myel
ography. The only way they might be identified is 
by recognition of a deformity of a contiguous nerve 
root. Unless the axillary pouch is outlined, as it 
often is not, the nerve root deformity cannot be
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visualized. According to Scoville (47), this is 
the most common source of error in myelography, ac
counting for 96 per cent of those cases in his series 
having negative myelograms, but positive surgical 
findings. In this respect those patients having a 
narrow canal are most prone to this type of error. 
However, as Camp (1) points out, often the so-called 
narrow sac is due to an insufficient amount of media 
not spreading out to the actual lateral confines of 
the canal.

Myelograms in patients with previous lamin
ectomies are apt to be confusing. Thickened

\

meninges and adhesions are prone to produce irregu
lar, atypical filling defects with associated trans
itory arrest of droplets of pantopaque. Defects 
that are sharply defined rounded or elongated and 
associated with edema of the nerve root are reliable 
signs of a recurrent protruded disk.

Anatomical factors leading to myelographic 
error are ably discussed by Horwitz (26). He 
points out that the first sacral nerve root acquires 
its sheath between the upper and lower borders of 
the 1umbo-sacral disk and therefore is not entirely 
within the lumbar sac in its course across this 
disk. A posterior disk protrusion at this level
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therefore may compress the first sacral nerve root 
or, if large enough, the other more medially placed 
sacral roots and still produce a minimal defect or 
no defect at all in the oil column.

Another anatomical factor is that the 
arachnoid outpocketings are poorly defined at the 
lower end of the neural canal since the nerve roots 
in this area descend almost vertically. Changes in 
their outline by pressure of an extradural lesion 
therefore cannot be easily determined.

A third anatomical factor is lumbosacral
tilt which causes the lower end of the sac to be1
visualized on end in the horizontal position. The 
use of lateral radiographs with the patient in the 
prone position may help to counteract this.

The fourth anatomical factor mentioned is 
the high termination of the caudal sac which occurs 
in some patients. This can be confused with a 
spinal block. Soule (48) views with suspicion ap
parently high terminations of the caudal sac at or 
above the fifth lumbar disk in patients with clini
cal evidence of a low lumbar disk.

Occasionally a myelogram will show smooth, 
often multiple, hourglass type of contractures 
(in addition to a definite defect, case 2172,
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table 1 showed this type of picture). These are to 
be evaluated critically (26), as they may be due to 
a stringing out of the contrast media.

\



are most apt to be missed.
3. Patients with narrow canals, high ter

mination of caudal sac or whose axillary pouches 
fail to fill are to be regarded with suspicion if 
they have a negative myelogram in the face of clini
cal findings.

4. Myelographic localization even when 
contrary to what seems to be definite clinical local
ization can be correct.

5. While pantopaque myelography is far 
from being infallible, it should be used in sus
pected cases of disk protrusion or other pathology 
likely to cause change in the spinal canal. If 
tempered with good clinical judgement, it may be of 
definite help in both detecting and localizing the 
lesion. When used properly and the media carefully 
removed it seldom causes complications.
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