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PREFACE

ill

For many years herniating intervertebral discs 
have hold the Interest of many of those connected with 
the field of medicine. Once the signs and symptoms of 
a herniated nucleus pulposus becomes manifest, the di
agnosis of such an entity is usually easy to dalgnose 
by history and physical, however, there are a few cases 
which are either borderline or too vague to be diagnosed 
accurately.

Many methods have been developed by roentgen- 
ographic researchers since the first method was pub
lished in 1919* It has been my endeavor to do re
search work in regards to two such methods which are 
myelography and discography.

I should like to thank Doctors J. F. Kelly,
D. A. Dowell, J. W. Dross, and J. W. Martin, for 
technical advice, suggestions and encouragmant in 
carrying out this work.

For much technical assistance, I am indebted 
to the technicians of the X-ray Department of Creighton 
Memorial Saint Joseph’s Hospital, especially Sister 
M, Liberia, Mrs. Nora Case, and Mr. Robert Stevens.
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I am also indebted to the personnel of the 
Record Library of Creighton Memorial Saint Joseph’s 
Hospital. The Librarians of the Nebraska and 
Creighton Medical Schools were of great assistance.

Lastly, I wish to thank Miss Pauline Kelly 
for the extensive photographic work, and too - 
Miss Laura Jansen and Josephine Keogh for their time 
consideration, and willingness in the typing of this 
manuscript.

R. L.Estherville, May 2 , 19bli- Cox, M.D.
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INTRODUCTION

Throughout the history of medicine men have 
been striving to perfect methods of diagnosis which 
will increase the diagnostic ability of the practic
ing physician. This paper will strive to review the 
history of the development of two such diagnostic 
procedures for the better evaluation of the diagnosis 
of low back pain.

The types of examination to be considered in 
this paper qre myelography with an opaque oil (panto- 
paque) and discography with an opaque iodized salt 
(diadrast), which is water soluble and readily ab
sorbable. These examinations will be studied as to 
their value for diagnostic medicine and will be com
pared with one another.

It is Impossible to consider these examinati 
without fully understanding the anatomy, physiology, 
and pathology, of intervertebral discs. It is also 
essential to correlate physical findings with the 
diagnosis of herniated intervertebral discs.



CHAPTER I

History of Development of Special Studies for 
Intervertebral Disc Lesions

In order to understand myelography and dis
cography a history of the development of these exam
inations is Indicated. Camp’s (1) classic Review of 
the History of Myelography has been used extensively 
for It cannot be improved upon.

Prolapse of the intervertebral disc was first 
described by Luschka (1) in 1808. He described the 
first posterior protrusion of the intervertebral disc 
Kocher (3) in 1896 called attention to an Injury of 
the intervertebral disc. Goldthwait (2) In 1911 des
cribed in detail a case of posterior protrusion of a 
disc.

Thirty years ago in 1919 Dandy (3) described 
the use of air for the roentgenographic visualization 
of the ventricles of the brain. He observed that thi 
procedure outlined the spinal cord as well and pre
dicted that this method would be useful in the roent
genographic localization of tumors affecting the 
spinal cord. He thus laid the corner stone for the
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development of a method of diagnosis that has 
contributed more than anything else to the progress 
of modern surgery of the spinal cord according to 
Camp (!).) .

In 1921, Wideroe (1), using Dandy*s technique 
demonstrated an obstruction of the air column at the 
level of the seventh cervical vertebra and thus local
ized a raenlgioma which had been overlooked at a pre
vious laminectomy. This was the first recorded case 
in which a tumor was diagnosed by a contrast roentog- 
raphic medium.

In 1922 Calve and Galland (5) described 
calification of the nucleus pulposus as a definite 
entity. The entire nucleus was converted into a mass 
of calcium salt and microscopically calcium was not 
seen# since the procedure of the preparation of the 
slide dissolved the salts.

l"t was not until 1925 when Dandy (6) described 
ben cases In which a spinal cord tumor was revealed by 
obstructing an air column in the spinal canal. In 1929 
(9) Dandy described a prolapsed intervertebral disc 
which simulated a spinal cord tumor. It was in this 
year that Schmorl (1) rediscovered posterior protrusion 
ol a disc and associated It with changes In the vertebral



3

bodies which are now known as Schmorl*s nodes.
Later C-oldthwait, Middleton, and Teacher (1) 

identified the protrusions as being nuclear material, 
Mixter and Barr (8) presented the first adequate des
cription of the first clinical pictures of protruded 
discs,

In 1922 Sciard (l) and Forestier (l) who had 
been injecting Iodized poppyseed oil (lipiodol) into 
the 1umbos oral epidural space for the treatment of 
sciatica accidently introduced a small amount into the 
subarachnoid apace. They observed that this solution 
moved freely, in the spinal canal and were quick to 
realize its value for the localization of lesions af
fecting the spinal cord. From that time on the devel
opment of myelography has been marked by a succession 
of new techniques in a constant search for, and the 
perfection of media which would enhance the value of 
this examination.

Freiberg (9) in 19ij-l studied intervertebral 
disc punctures in cadavers from, twelve to twenty hours 
after death and found that he could make a hole in the 
annulus fibrosus in the lumbar intervertebral disc with 
a trocar. Inspite of repeated flexion and extension of 
spine under pressure, and with great force. The disc



Im
material could not be made to herniate through this 
hole. He also was able to inject large amounts of 
saline into the intervertebral disc without damaging 
it.

In 19̂1-1 and 19l-.ll- Lindblom (10) did extensive 
anatomical studies of the intervertebral discs by in
jecting red lead through anterior punctures of the disc 
on autopsy material and taking subsequent films. The 
red lead filled the central cavities of the nucleus 
pulposus and passed through the radial r up tiares to the 
surfaces of the disc and spread concentrically under 
the outmost layer of the annulus, or outside the annulus, 
along the nerves and other structures. Hoen (11) re
ported the use of diagnostic disc injections with 
saline at operations in 19l|8 and they found that the 
degenerated disc easily accepted many cubic centimeters 
of normal saline where as the normal disc could not be 
injected. Lindblom (12) in 19^8» extended this concept 
to the use of the injection of a absorbable opaque media 
into the intervertebral disc as a pre-operative measure
ment. He further developed this technique and his most 
extensive dissertation on this subject was introduced 
in 1950 (13). Lindblom is acred!ted with the founding 
and development of the procedure of discography. Many
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Investigators (l)]., 15» l6 , 17, and 18) have contributed 
additional information to Lindblom's work.
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CHAPTER II

ANATOMY OF THE INTERVERTEBRAL DISC

The vertebral column consists of thirty- 
three or thirty-four vertebra bound together by a 
series of strong ligaments, separated by interver
tebral fibrocartilage, and held in balance one upon 
the other by strong musculature. The vertebra are 
grouped under the names cervical (seven), thoracic 
(twelve), lumbar (five), sacral (five), and coccygeal 
(four or five). The first three groups are movable 
and the latter two are fixed vertebrae.

With the exception of the first and second 
vertebrae, the true or movable vertebrae present 
certain characteristics which are common to the re
maining vertebrae. Anteriorly located in the body 
and, posteriorly the neural arch which surrounds the 
spinal canal. The vertebral arch consists of a pair 
of pedicles and a pair of lamina, and supports seven 
processes (four articular, two transverse, and one 
spinous). Painless movement is dependent upon normal 
musculature, integrity of the Intervertebral disc, and 
good articulation of the facets. In this disseration



7

we shall be concerned with the anatomy of the surround
ing tissues and the intervertebral disc.

The normal vertebral column consists of twenty- 
three intervertebral discs. They make up, roughtly, a 
quarter of the height of the vertebral column. They 
are thickest in the lumbar region and thinnest in the 
thoracic region. The structure of all the interver
tebral discs is relatively the same, but we are more 
concerned with the fourth and fifth intervertebral disc 
since they are the site of the most frequent herniations.

Each of the intervertebral fiber cartilages Is 
composed at Its circumference of lamina, fibrous tissue, 
and fibrocartilage forming the annulus fibrosus. At 
its center is a soft pulpy, highly elastic substance 
of yellowish color, which is known to be nucleus pulposus. 
The adjoining cartilage plates of the vertebra above 
and below are an essential part of the functional unit 
of each intervertebral disc.

The embroyologic development of Intervertebral 
discs has been described by Calve and Oalland (5), and 
Keyes and Compere (19)» The disc developes by migration 
of mesenchymal cells to surround the notochord. Cyto
plasm Is subsequently added most rapidly to those cells 
nearest the intersegmental artery which enters the
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developing vertebral body at its center and is the 
nutrient artery. The central cells enlarge and develope 
into typical cartilage tissue which encroaches upon 
and gradually extrudes the notochord into the interver
tebral region. The cells farthest away from the inter- 
segmental artery remain undifferentiated and resemble 
fibrooartilage cells. They become the angle of the 
Intervertebral discs.

The notochord cells undergo a gradual mucoid 
degeneration to form the nucleus pulposus. Therefore, 
the nucleus pulposus consists of a watery gell composed 
of a dense collagen structure permeated with polysac
charides. The nucleus pulposus occupies approximately 
the center of the disc, a little nearer the posterior 
than e anterior aspect. The transition between nucleus 
and annulus la progressively more Indefinite in the 
younger patient. Normally the nucleus Is soft and 
elastic, somewhat slimy to the touch, and because of Its 
adherent turgor, bulges on section, above the cut surface.

Histologically the nucleus consists of a loose 
network of delicately fibrous strands with a variable 
number of celluar elements enmeshed. Centrically the 
arrangement Intends to be highly irrogular or the ground 
substance may be more homogenous and structureless.
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Aggragetions of notochordal tissue are most definite 
in the region in clumps of two or three, which are 
usually well differentiated from the ground substance 
by condensations of fibrous tissue. The cytoplasm is 
granulabed.

In what may otherwise be considered a healthy 
disc one frequently encounters a cavity into which 
project villus-like processes. This cavity had been 
interpreted as a rudimentary joint space. However, 
owing to the greater frequency with which such cavities 
are found within the discs of older subjects and their 
common appearance, apparently as an artifact, due to 
dehydration by alcohol during the process of section
ing, Saunder and Inman (20) are Inclined to the opinion 
that these cavities are indicative of an early degree 
of dessication of the disc.

The annulus fibrosus forms the major portion of 
the disc and is a clrcumferential layer of tough fibers 
arranged in a complicated scheme of lamellation and Is 
attached Intimately to the epiphysial bony ring of the 
adjacent vertebral body. It is attached above the body 
of the axis, where it is continuous with the atlanto
axial ligament and extends down as fiar as the upper 
part of the front of the sacrum. It consists of dense
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longitudinal fibers which are intimately adherent to 
the Intervertebral fIbrocartilages, and the prominent 
margins of the vertebra, but not to the middle part of 
the body. The anterior longitudinal ligament reinforces 
the annulus fibrosus and is stronger than the posterior 
longitudinal ligament. The most superficial fibers are 
the longest and extend between four and five vertebrae.
A second subjacent set extends between two or three 
vertebrae to the next.

The posterior longitudinal ligament is situated 
within the vertebral canal, and extends along the pos
terior surfaces of the bodies of the vertebra from the 
body of the axis, where it is continuous with the mem
brane tectora to the sacrum. It is broader above than 
below, and thicker in the thoracic and lumbar regions.
The ligament is broader where it is in close approxi
mation with the intervertebral fibrocartilages. The 
ligament is composed of smooth, shinning, longitudinal 
fibers, denser and more compact than those of the 
anterior ligament and consists of superficial layers 
occupying the Interval between three or four vertebra 
and deeper layers which extend between adjacent vertebrae.

The vertebral canal is limited anteriorly by 
the posterior portion of the bodies of the vertebrae



and intervertebral discs and by the posterior longi
tudinal ligament; laterally, by the pedicles of the 
vertebral bodies, and the intervertebral foramina and 
the posterior or articulating facets, and posteriorly, 
by the laminae, the spinous process, and the ligamentum 
flavia. Therefore an envelope of fibrocartilage is 
interposed between tho nucleus and cartilage plates.
The annulus binds the adjoining vertebrae firmly and to 
some degree limits their movements. Its main purpose 
is to contain and control the nucleus pulposus and to 
resist the pressures which tend to displace it. The 
tensions of 1 the annulus fibrosus keeps the nucleus 
under pressure, even when the intervertebral disc is not 
bearing weight.

The cartilage plates cover the end surfaces of 
the opposed vertebral bodies. On gross examination they 
are well defined centrally, but disappear marginally 
by blending with the annulus fibrosus. This structure 
consists of hyaline cartilage, which is however, def
initely more fibrous at the periphery. The cells of 
that surface in apposition to the bony centrum are ir
regularly arranged whereas those of the internal aspect, 
facing the nucleus pulposus, lie for the most part 
parallel to the surface. The cartilage plates are
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cemented to the Intervertebral surfaces of the bodies 
by a thin layer of calcified cartilage. Marginally, 
the cartilage plates abut and fuse with the ephyseal 
rings of the bodies. Nutrition Is maintained in the 
adult disc by diffusion from the bone marrow through 
vaculated areas in the calcified plates of the bodies.

The anterior longitudinal ligament Is a broad 
and strong band of fibers which extends along the an
terior surfaces of the bodies of the vertebra, from the 
axis to the sacrum. It is broader below than above, 
thicker in the thoracic than in the cervical and lumbar 
regions, andi somewhat thicker opposite the bodies of 
the vertebra than opposite the intervertebral 
fibrocartilages.

The spinal cord within its meninges lies loosely 
In the vertebral canal. It extends from the foramen 
magnum to the lower border of the first lumbar vertebrae. 
The cord Is cylindrical in shape. There are two spindly- 
shaped swellings, the cervical and lumbar enlargements, 
which comprise those portions of the cord concerned with 
innervation of the upper and lower extremities, respec
tively. Below the lumbar enlargement, the cord rapidly 
narrows to a cone shaped ending, the conus medullarius 
from which a slender filament, the filum terminal©,
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extends downward to the first segment of the coccyx.
The spinal cord is closely invested by the pla mater and 
lies within the arachmoid membrane, where it is fixed 
laterally to the dura by the denticulate ligaments. In 
the subarachmoid space the cord is surrounded by cerebral- 
spinal fluid. Outside the arachmoid membrane and sepa
rated from it by a potential space Is the dura mater, 
which is continuous above with the meningeal covering 
of the brain and ends below as a cone shaped cul-de-sac 
at the level of the second sacral segement. The men
inges cover the brain also.

IEarly in embryological development, the segments 
of the spinal cord correspond closely with embryonic 
segments and the spinal nerves pass laterally through 
their respective intervertebral foraminae. As devel
opment proceeds the vertebral column rises more rapidly 
than the spinal cord. As a result the cord is pulled 
upward and the Interval between the spinal nerves and 
their respective intervertebral foraminae 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 terminals, The nerve roots



of the cauda equina are freely movable in the large 
lumbar canal, except when they approach their point of 
exit where they are fixed. It ia therefore apparent 
that only those roots compressed near the point of exit 
cause signs and symptoms of localizing value. At the 
level of the fourth intervertebral space the fifth lum
bar nerve lies in the subarachnoid space, fixed later
ally against the dura. The dural sleeve of the fifth 
lumbar nerve below the level of the fourth Inter-space 
passes downward beneath the pedicle of the fifth lumbar 
vertebra through the intervertebral foramina. The 
same relations exist between the lumbar nerves and their 
respective discs. In contrast the dural sleeve of the 
first sacral nerve separates from the cul-de-sac above 
the lumbo-sacral disc and can thus be compressed with
out deforming the sac.

Between the inner margins of the vertebral canal 
and the meninges of the epidural space containing fat, 
and the extensive venus supply, are the nerves supply
ing the meninges, ligaments, and intervertebral discs.

Physiology of The Intervertebral Disc 
The intervertebral disc serves as an articu

lation between the vertebrae. The spine would be rigid

Ik
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and could not bend and meet the needs of the body if 
these discs were not present.

The intervertebral disc also acts as a shock 
absorber or cushion. It transmits, modifies and evenly 
distributes the forces of strain, if the intervertebral 
disc is subjected to a load from any direction, the 
result is a change in the shape of the disc. Equilib
rium will have occurred because the nucleus pulposus 
will have moved out Into various directions. Extrusion 
of the nucleus pulposus is prevented by the annulus 
fibrosus.

Flekion of the spinal column causes an anterior 
compression of the nucleus with some plate displacement 
posteriorly. Extension of the spinal column does the 
opposite. A lateral shift as In scoliosis causes a 
shift of the nucleus in the opposite direction. These 
factors were demonstrated by Hirsch (21).

The cartilaginous plates act as a barrier 
between the active pressure of the nucleus pulposus 
and the adjacent vertebral bodies. Only if the car
tilaginous plates are Intact, will the discs act nor
mally. The nucleus pulposus is allowed to protrude 
into the adjacent vertebrae if the cartilaginous plate 
is perforated or torn, thus it can no longer act as a 
shock absorber or cushion.
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The intervertebral discs have different actions 
in the different regions of the spinal column. The 
lower lumbar discs receive more stress and strain than 
those above them. The fifth lumbar disc receives more 
shock and strain than any other, for in addition to 
the usual strains to the disc it also has an added 
shearing force, for it rides forward on the first 
sacral segment. It is the most used and most abused 
intervertebral disc in the vertebral column. Therefore, 
more pathological changes are expected in this area.

The anterior and posterior longitudinal liga
ment aids In holding the vertebrae in approximation and 
restrains the intervertebral discs from rupturing In 
a mild manner. It acts as a restraining force for the 
annulus, but the annulus when it Is weakened, is the 
cause of herniated nucleus pulposus.

Pathology of The Intervertebral Disc
The Intervertebral disc can have many types of 

pathological changes. These may consist of congenital 
abnormalities, degenerative and traumatic lesions, or 
disease. This pathological discussion will concern 
itself solely to the herniations of the intervertebral 
disc into the vertebral canal, which may be either a 
degenerative or traumatic lesion.
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Senile degeneration.— Degeneration may occur 
as early as the third decade or before, if the integ
rity of the disc has been interferred with by trauma 
or congenital defects in the restraining cartilage 
plates.

It has been shown by Beadle (22) and others 
that the disc is particularly prone to degeneration 
with some necrosis at the points of pressure. Dissi
pation takes place within the disc. The disc becomes 
narrow toward the anterior border and in severe cases, 
the vertebrae may be in contact or even fused anteriorly.

Degeneration of a disc in the lumbar spine may 
cause a forward or backward displacement of a body.
The presence of a gas shadow in the disc in a roent
genograph! c examination of the spine is evidence of 
degeneration of the nucleus pulposus. This was first 
described by Magnuson (23)•

The intraspongy nuclear hernia was first des
cribed by Von Luschka in 1858 (1), and was rediscovered 
by Schmorl in 1927. The nucleus pulposus is under 
pressure and penetrates forcibly into the bony tissue 
of the vertebrae as soon as a crack in the cartilaginous 
covering appears. A break in the cartilaginous covering 
is always noticeable at the point of penetration. The



nuclear matter penetrates Into the openings of the 
bony vertebral plate and the bony tissue becomes rare
fied. Later the reaction of the vertebral tissue 
limits the lesion in its periphery by the opposing 
barrier of condensing osteitis. There is usually a 
defect in the vertebral body above and below the ex
panded nucleus pulpoeus. These lesions are usually 
without symptoms.

In the early stages the degeneration of a 
lumbar disc is often followed by a radial rupture of 
the annulus Pibrosus, that is a channel through which 
the central mass of the disc herniates and causes a 
protrusion. In the lower lumbar region the usual 
direction of the radial rupture is poster-o-lateral 
or posterior. These facts were established by ana
tomical studies of discs injected with red lead 
through anterior punctures by Lindblom (10) in I9I4.I 
and 19Ut.

The red lead filled the central cavities of 
the nucleus pulposus , passed through the radial 
ruptures to the surfaces of the disc, spreading con
centrically under the outermost layer of the annulus 
or outside the annulus along the nerves and under 
structures.
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CHAPTER III

NEUROLOGICAL FINDINGS OF A HERNIATED 
NUCLEUS PULPOSUS

In order to understand the indications and 
contra-indications of myelography and discography it 
is necessary bo have some idea of the neurological 
findings that are associated with the herniation of 
the nucleus pulposus. A herniated nucleus pulposus 
can be diagnosed as to location by doing an accurate 
history and physical examination.

A history of recurrent low back pain and 
sciatic pain is not always indicative of a herniation 
of the intervertebral disc. Rectal or pelvic patho
logic conditions, osseous metastasis or neoplasams 
within the spinal canal or along the course of the 
sciatic nerve must be ruled out by clinical and roent- 
ographic studies.

In the presence of herniated pulposus the usual 
finding of hypesthesia of the lateral aspect of the leg 
probably depends upon the combined involvement of the 
fifth lumbar and the first sacral dermatome, since in
volvement of a single spinal nerve rarely gives objective



sensory findings. Paresthesia may result from the 
involvement of a single spinal nerve.

The symptoms of a herniated nucleus varies 
with each individual. The Initial symptom usually is 
a low back pain as a result of either a lifting a 
heavy object, unusual strain to the back, a fall, 
traumatic injury or from working too long in one 
position.

The second most common symptom that occures is 
usually sciatic pain which runs along the back of the 
hip down the back of the thigh and into the lateral 
aspect of the lower leg with the pain ending in either 
the little or fourth toe of the side involved. Those 
symptoms may occur anywhere from an hour after the 
initial symptom to several days or weeks later. Cough
ing, sneezing, or straining intensifies the pain in the 
back or in the leg and sometimes acts similar to an 
electric shock during the acute episode of pain.

Many patients complain of tingling, prickling, 
coldness, or numbing sensations In the areas associated 
with the lesion. These sensations represent paresthesia. 
Paresthesia below the knee in the lateral aspect of the 
leg or foot or In the second, third, and fourth toes 
are characteristic of a lesion in the fifth interspace.



Those involving the great toe, the top of the foot and 
the medial aspect of the heel are usually associated 
with a fourth lumbar lesion.

Stiffness of the lower back is probably the 
most common symptom and usually occurs before the 
appearance of the sciatic pain. The patient usually 
has a poker effect to the back and does nob bend the 
back whan sitting, standing, or lieing down. The 
patient assumes an unusual position when arising from 
a prone position and he maintains the back in marked 
stiffness. There is a loss of the normal lumbar curve. 
Listing to one side is also common with the ilium being 
higher on the side affected. The patient may not flex 
his back.

The sciatica is more characteristic of a lesion 
being present. The Lasegue sign, which is the straight 
leg raising test, is the most important physical finding 
in differentiating tenderness of the sciatic nerve from 
painful hams string muscles. Spurling and Grantham (2lp) 
believed that this test is positive in all cases of 
herniated nucleus pulposus that involve the components 
of the sciatic nerve. A positive Naffzlger test indi
cates an intrasplnal disease. The pain in the back 
of the leg or paresthesia of the leg may be reproduced



by this test. Local tenderness over the involved area 
is of some value. The ankle jerk is usually not affected 
by typical herniations at the fourth lumbar interspace 
and is diminished or absent with herniations at the 
fifth lumbar interspace. Sylven (25) noticed atrophy 
of the calf muscles at times with herniations at the 
fifth lumbar interspace.

In summarizing the signs and symptoms we may 
tabulate the localizing data as follows:
Third lumbar space:

1. Loss of lumbar curve with local tenderness and 
disability of the lower back.

2. Positive Laesgue test.
3. Positive Naffziger test, producing paresthesia 

in the fourth and fifth lumbar dermatomes.
î. Reduction or absence of knee jerk,
5. Normal ankle jerks.
6. Hypesthesia and paresthesia in the fourth and 

fifth lumbar dermatomes.
Fourth Lumbar Interspace:

1. Stiffness of the lower back with disability, 
and loss of lumbar curve. 2 3 * *

2. Localized tenderness at the level of the fourth 
lumbar interspace.

3. Pain may radiate to the greater toe.
it- No alterations in reflex activity of the ankle

or knee.
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Positive Laesgue test.
6. Positive Naffziger test with paresthesias in

volving the fifth lumbar, the first sacral and 
perhaps the second sacral dermatomes.

7. Hypesthesia and paresthesia of the fifth lumbar 
and first sacral dermatomes.

Fifth Lumbar Interspace;
1. Loss of lumbar curve with stiffness and disa

bility of lower back.
2. Radiating pain in the heel.
3. Positive Lasegue test.
1}.. Positive Naffziger test producing paresthesia 

radiating into the first and second sacral 
dermatomes.

5. Diminution or absence of ankle jerk with a 
normal knee jerk.

6. Hypothesis involving the first and second sacral 
dermatome. 7

7. Atrophy of the calf muscles at times.
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CHAPTER IV

TECHNIQUE OF MYELOGRAPHIC AND 
DISCOGRAPHIC EXAMINATION

In both examinations the patient is hospital
ised two to twenty-four hours proceeding the examin
ation. Two hours before the patient is brought to the 
X-ray department the patient receives three grains of 
nembutal. One hour before the examination the patient 
receives one-quarter grain of morphine with one-one- 
hundred fiftieth grain of atropine. This premedica
tion is given because at times the examination may 
cause an increase of pain to the patient or a marked 
apprehension.

The patient is placed on the Roentgenographic 
table in a flexed position on his side with his knees 
drawn up under his chin. The lumbar spine area is 
cleansed with merthiolat© solution and draped with 
sterile towel, or the patient may lie in a prone 
position with a folded blanket or pillow beneath the 
lower part of the pelvis so as to reduce the lumbar
lordosis to a minimum.

In a myélographie examination, an eighteen gauge
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long needle may be Inserted between L2 and L3, between 
L3 and Li).» between Llj. and L5, or between L5 and SI.
The site of choice , however, Is between L3 and Lip, 
or L2 and L3, because the tip of the needle will then 
be out of the range of the suspected lesion and will 
not give a false positive examination. A solution of 
one percent novacaine is injected into the skin and 
the tissues around the chosen site of injection. The 
large needle is then inserted in the mid-line and into 
the chosen intervertebral space. By inserting the 
needle in the mid-line one avoids trauma to the adjacent 
nerve roots and materially expedites withdrawal of the 
pantopaque.

A free flow of bloodless spinal fluid should 
be obtained, and if blood is obtained, another inter
space should be used, if further blood is obtained, 
the examination should be postponed for artefacts may 
be obrained and this has been emphasized by Gamp (26).

Following a satisfactory lumbar puncture, a 
total of eight to ten cubic centimeters of fluid is 
withdrawn and sent to the laboratory for a total protein 
estimation, cell count, collodial gold test, serology 
and other chemical tests.

Five tenth of a cubic centimeter of pantopaque
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Is Introduced and the patient is turned to a prone 
position if the former injections were used. Shoulder 
braces and foot board are applied to the tiltable 
roengenographic table. The patient is then elevated 
upward and downward and the roentgenologist observes 
the column of pantopaque as to its mobility under 
fluoroscopic examination. If the medium moves freely 
within the subarachnoid space a total of six centi
me tera of pantopaque Is then injected and fluoroscopic 
examination is preformed. The medium should be warmed 
to body temperature so that the column of media remains 
intact and flows easily, and it also prevents shock 
due to temperature change. Under fluoroscopic exam
ination the patient is tilted to an upright and 
Trendelenburg positions. Spot films are taken of the 
column of pantopaque with markers located along side 
the vertebral column, so that the side of the column 
can be Identified. A posterlor-anterior ("P.A.”) and 
a lateral projection of the spine is taken in addition 
to the spot films. The roentgenologist then places 
the pantopaque, by fluoroscopic control, around the 
needle so it may be readily withdrawn. One of the 
disadvantages of myelography is that the entire fluid 
may not always be withdrawn.



In a discographic esamination, the patient is 
prepared as above and injected in several areas with 
one per cent novaeaine as described above. A long 
twenty-two gauge spinal needle is Inserted between the 
interspaces to be Injected and in this series of cases 
It wasattempted between the interspaces of L3 and tij.,
Lit an(* and and SI. In all areas, spinal fluid 
should be obtained before advancing the needle into the 
intervertebral disc. The spinal fluid should be ob
tained before advancing the needle which must be in 
the mid-line in order to pierce the intervertebral disc 
in the desired area. A "give sensation” that is some
what similar to the piercing of balsum wood with a 
needle is obtained asthe needle enters the disc. A 
posterior-anterior and lateral roentgenogram is taken 
to determine if the needles are correctly in place.
If the patient complains of a sharp back pain or pain 
in the lower extremities, it Indicates that the needle 
Is not directed into the intervertebral disc and this 
needle should be reinserted.

Injection of the opaque material, which is thirty- 
five per cent diodrast, sometimes causes pain, expeolally 
in those people who have a damaged disc. The pain 
usually simulates the type of pain the patient complained



of upon seeing his doctor. A normal disc will take 
from five-tenths to one cubic centimeter of the contrast 
material into the disc, however, if the disc is damaged 
as much as two to five cubic centimeters can be injected 
with ease and relatively no pressure is necessary. If 
there is a traumatic tear of the posterior fibers of 
the annulus fibrosus, the diodrast may escape into the 
canal causing pain in the lower extremities or lower 
back. This pain is of a short duration.

After the disc has been injected the syringe is 
removed and a posterior-anterior and lateral roentgen
ograms are Obtained. If the examination is satisfactory, 
the needles are removed. If an unsatisfactory examina
tion is obtained, reinsertion may be done.

-‘•f a myelogram is desired to be done with the 
discography, a myelogram may be performed in the pro
ceeding manner and films taken in the described manner.

After theexamination, the patient is to be 
returned to his room and put to bed. The patient may 
not raise to a sitting or standing position for at least 
six hours if severe headaches are to be avoided. Empirin 
or empirin with a half a grain of codeine may be given 
for pain.
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CHAPTER V

INTERPRETATION OP OIL MYELOGRAPHY 
AND DISCOGRAPHY

The normal myelogram.--The spinal cord terminates in 
the conus medullaris at the top of the second lumbar 
vertebra and from its periphery arise the sensory and 
motor divisions of the sacral nerve roots. The opaque 
medium, utilized in contrast myelography, is injected 
into the subarachnoid space, and is rotated externally 
by the arachnoid membrane and internally by the pia 
mater. Where a nerve root leaves the dural sac, it 
creates an out-pocksting or arachnoid pouch, as It 
carries with It a portion of the three meningeal layers, 
as a sheath. Therefore, some part of the root forms 
a lateral outline of the myelogram. The lateral tri
angular shaped projections that do not contain nerve 
roots fill with the contrast medlu. The apicies of 
the triangular shadows demarcate approximately the term
ination of the dural sheaths of the nerve root. There
fore, a normal myelogram is symetrical column of opaque 
media with lateral out-pocketings in the areas of the 
nerve root sheaths.
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The abnormal myelography.--In studying the spot films, 
Posterior-Anterior (”P.A.H) lateral projections of the 
myelogram, a search is made for the following types of 
defects:

1. A lateral indentation in the outline of the 
dural sac.— This may be large or small and indicates a 
lateral protrusion of the disc. It is not a reliable 
index of the size of the disc lesion, however, because 
quite large protrusions may cause only small indenta
tions in the outline of the dural sac,

2. An hour glass of structure type defect which 
suggests bilateral protrusion of a single disc.--This 
type of defect really denotes a midline protrusion, 
according to Ford and Key (27), explained this anomaly 
by pointing out that the midline protrusion crowds the 
intradural nerve roots at the level to each side leav
ing a thin, narrow channel in the midline over the dome 
of the protrusion, and that, as the patient is tilted, 
the medium flows up or down in this channel.

3. Strlatlon of the column of medium near the 
margins of the sac.— Begg, Falconer, and McGeorge (28) 
described this appearance and attributed it to edematous 
nerve roots in the dura sac. For and Key (27) have 
encountered this appearance in many myelograms in 
patients with severe symptoms.



b-» Asymmetry or failure of the nerve root sleeve 
fco ..fill with the opaque medium on one side, although it 
fills and presents a normal appearance on the opposite 
side.--This occurs especially at the lumbosacral level, 
and may be the only evidence in the films of every 
large disc protrusion at this level, according to Ford 
and Keys (27). Consequently the outline of the nerve 
root sleeve should be studied carefully.

? • Antep-Lor* indentations In the column, vlsuable 
l.fi the lat-eral view.— These indentations must be inter- 
perted with care as in many normal spines, there is a 
slight posterior bulge of the lumbar discs. This may 
be increased to a small extent here when the lumbar spine 
Is hyper extended by having the patient elevate his head 
and shoulders. Begg, Falconer and McGeorge (20) con
sidered posterior protrusions of two millimeters to be 
within the limits of normal, and noted that this amount 
was not increased appreciably when the patient stood 
erect with a load of seventy pounds on his head. A 
large lateral defect may not show in the lateral view, 
but wide midline bulging discs may cause anterior de
fects higher than the normal range of two millimeters.

A block type of lesion with more or less com-
—2 sif11011 ol the canal. — A large midline lesion



may obstruct the column partially or completely. A 
large spinal cord tumor may also cause a complete ob
struction of the pantopaquo column.
The normal disc In discography.--When a normal disc is 
suspected from the injection of the diodraat (less than 
1 cc), the roentgenogram will disclose the dlodrast to 
be confined to the region of the nucleus pulposus. If 
there is no rupture, tear, or rent in the annulus fib- 
rosus or the cartilaginous plates, the opaque solution 
will diffuse through the fluid part of the disc only.
In the lateral view, the intact annulus can be seen 
anterior and posterior to the disc; the anterior portion 
of the annulus is twice as deep as the posterior portion. 
The superior and inferior confines of the nucleus are 
the cartilaginous plates which appear as a thin dark 
line between the cortical surface of the vertebral body 
and the opaque nucleus.

The shape of the nucleus pulposus is variable.
It is usually a bilocular collection of dye which 
occupies approximately the middle third of the disc in 
both lateral and antero-posterlor projections. This 
bilocular collection of dye appears as a slightly oval 
mass with a radiolucent, horizontal band through its 
center. A long oval nucleus Is generally observed in
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the lumbosacral disc whereas the U4. and L5 , or L3 and 
Lij. discs frequently present a round or square contour, 
square, rectangular, or perfectly round or cxxp-shaped 
nuclei are occasionally encountered. In the anteropos
terior view the normal nucleus is either round, oval, 
or collar-button in shape, as a figure flattened on the 
upper and lower ends. Lindblom (10, 12) first described 
the findings of normal and abnormal disc patterns.

The normal disc shows a wide symmetrical space 
containing no contrast medium on either side of the 
opaque nucleus and this represents the intact annulus 
fIbrosus. 1

The size of the normal disc is also variable 
and Oloward (16) has not observed a correlation between 
the size of the nucleus and the stature of the indlvduals. 
Plate I demonstrates a normal discogram.
The abnormal disc.--The discogram reveals that a disc 
may rupture in a single or in multiple directions, 
namely anteriorly, posteriorly, posterolaterally and/or 
vertically. The posterior tear is most common; the 
fibers of the annulus, anterior to the nucleus will 
contain no contrast material and are therefore considered 
to be intact. Posteriorly, the diodrast obliterates the 
cloar space normally occupied by the fibers of the annulus
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PLATE I— A Normal Discogram

*



and often protrudes beyond the anterior wall of the 
spinal canal. In severe posterior ruptures, the 
posterior fibers of the annulus may be extensively torn 
from their attachment to the cartilaginous plate of the 
vertebral body. In this instance the diodrast excapes 
beneath the posterior longitudinal ligament.
Plate II demonstrates a posterior herniation of the disc.

Posterior-lateral excursion of the contrast 
material is observed in cases where the disc syndrome 
includes sciatic pain. If a posterior herniation is 
detected in the lateral view, and the posterior-anterior 
roentgenogram exposes an intact annulus bilaterally, 
then n midline herniation has occurred. Clinically, 
these patients usually complain of severe back pain 
without sciatica. Cloward (l6) has studied the cause 
of midline protrusion of the disc anatomically, and this 
is usually due to an absence or rudimentary development 
of the posterior-longitudinal ligament. This permits 
the herniation of the disc material posteriorly in the 
midline, since the normal ligament occupies the middle 
third of the anterior wall of the spinal canal. Dye 
frequently is extruded into the epidural apace and this 
column of dye may show a concave deformity caused by 
the pressure of the protruding annulus against the dural
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sac. in these cases injection encounters less resis
tance, and the patient’s sciatic pain is frequently 
reproduced by the injection.

Discography has disclosed a surprising number 
of anterior herniations of the disc with or without 
rupture of the posterior fibers of the annulus. The 
roentenograms may demonstrate the opaque material ex
tending to or beyond the anterior longitudinal ligament. 
Narrowing of the intervertebral space and hypertrophic 
osseous changes about the margins of the vertebral 
bodies are indicative of a ruptured disc lesion of long 
duration. When these findings are present, the diodrast 
may extend beyond the confines of the intervertebral 
space, collecting in the paravertebral space. In the 
lateral view, the opaque medium may follow the contour 
of the ’’eagle beak” spur protruding from the anterior 
rim of the vertebral body as seen in PLATE II.

A tear or detachment of the anterior longitudi
nal ligament may permit a large quantity of diodrast 
to collect anterior to the disc. A similiar false 
positive roentgenogram can be produced if the needle is 
inserted too far forward in the disc and beyond the con
fines of the nucleus pulposus. The diodrast can be 
forced through the fibers of the anterior annulus and

ll
ll'
t
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will collect anterior to the interspace, beneath the 
attachment of the anterior longitudinal ligaments and 
thus simulate a rupture of the attachments of the 
anterior annulus. If the procedure is repeated with the 
point of the needle correctly placed the fibers will be 
found to be intact, according to Cloward (l6). A thin 
line of contrast medium following the anterior longi
tudinal ligament usually indicates a sequestrated frag
ment of the disc herniating anteriorly acting as a 
space-occupying mass which the diodrast outlines.

Anterior herniations thus can be diagnosed by 
the aid of discography, but would not be diagnosed by 
myelography since the posterior annulus is intact.
The most frequent finding; however, is a complete dis
organization of the entire annulus which permits the 
length and breadth of the interspace (spinal canal to 
anterior longitudinal ligament) to fill with the diodrast. 
The ruptured disc of long standing, PLATE II, usually 
exhibits this appearance, indicating that after the 
initial loss of the non-compressible supporting mechan
ism of the nucleus pulposus. Movements of the spine 
eventually grind up the fibers of the annulus, tearing 
and disorganizing the disc.



In many instances in the injection of the disc 
with diodrast, the hole In the vertebra is enlarged 
enough so that some dye may escape into the spinal 
fluid. This also occurs many times when the needle Is 
removed. PLATE III demonstrates this phenomenon.
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CHAPTER VI

ANALYSIS OF THE CASES STUDIED BY THE AUTHOR

A review of eighty-eight laminectomies that 
were performed at Creighton Memorial Saint Joseph's 
Hospital from July 1, 1952, to July 1, 1953» revealed 
only sixteen cases or eighteen per cent had myelograms 
before surgery. Of these cases, fourteen had pathology 
at the level of the spine that the myelographic report 
indicated. Therefore, eighty-eight per cent of the 
myelograms were accurate as to level of involvement, 
and no pathological changes were found in another 
level. The pathological changes were either herniation 
of the disc, degeneration of the disc, or an osteophite 
of the vertebra at that level. Of these same cases, 
the neurological examination was correct in fourteen 
cases of eighty-eight per cent, but in several of the 
cases they varied from the myelograms as indicated in 
TABLE I.

Of the total cases that had laminectomies the 
neurological findings were accurate as to level of 
involvement in seventy cases or about eighty per cent,
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and pathological changes were found in another level of 
the spine in fourteen cases or about sixteen per cent. 
Therefore, from neurological examination it was deter
mined that eighty-four cases, or ninety-six per cent, 
had pathology of an intervertebral space.

Only ten patients and nineteen intervertebral 
discs had discography performed. Only four of these 
cases had myelograms and diseograms performed at the 
same time. A normal dlscogram and myelogram are illus
trated In PLATE IV. In this combination examination the 
dlscogram is performed first. It was discovered by the 
author after the investigation had started, that this 
combination examination has been reported only by Moore 
In 1951.

Only four of the cases that had discography 
had surgical explorations and of these only one is 
accurate as tot he level of involvement. Other men have 
had better results than this, (12,ll̂ ,15,16» and 1?) and 
have had percentages ranging between eighty-five and 
ninety per cent accuracy.

One patient who had both a dlscogram and 
myelogram was reported negative in both examinations 
(Table II). Following these examinations the patient 
developed a meningismus which consisted of headache,
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PLATE IV--A normal discogram and myelogram
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neck rigidity, and eyeball tenderness without a rise in 
temperature for several days. This patient was later 
explored and a herniation of the fourth and fifth lumbar 
Intervertebral disc was found. On neurological examin
ation no difinlte dermatone was found but the patient 
had enough signs and symptoms to warrant exploration.
The menigismus was thought to be due to the diecogram 
but it is my opinion that it was due to the unsucces
sful myelogram during which the pantopaque excaped into 
the epidural space as demonstrated in PLATE V.

Another case that had both a discogram and 
myelogram performed showed a defect of the disc at the 
fourth lumbar interspace but at surgery the fourth 
lumbar disc was negative and a lesion was found involv
ing the fifth lumbar disc (Table II).

One of the disadvantages of discography is the 
technical difficulty in injecting the fifth lumbar in
tervertebral disc and this can be overcome somewhat 
with more experience in Injecting this disc by the 
operator. In one case the Psoas muscle was injected 
accidentally and this can be overcome by taking both 
a posterior-anterior and a lateral roentgenograms with 
the needles in place. In this case only the lateral 
projection was taken first and on the posterior-anterior
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projection it can be seen that the needle Is not in 
place in PLATE VI.

This series of cases is too small to draw any 
definite conclusions but a few general ideas can be 
concluded. The neurological examination is the most 
important in deciding the location of a disturbance 
of an intervertebral disc. If the neurological findings 
are not definite enough then a myelogram should be done, 
i believe with further experimentation with discograms 
the examination will have a definite place in the 
diagnosis of intervertebral disc pathology.
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SOURCES OF ERROR IN OIL MYELOGRAPHY 
AND DISCOGRAPHY

Because of the variation in the experience 
and judgment of surgeons there will naturally be some 
difference in what they consider normal and abnormal, 
and the same reasoning may be applied to the experi
enced and inexperienced radiologist with myelography 
and discography.

The common errors encountered in myelography 
with Iodized oil may be classified as follows:

L. Insufficient amount of contrast media.--Small 
lesions may be overlooked.

2. Improper injections of the media.— Multiple 
perforations of the dura and arachnoid may cause an 
undesireable leakage of the dye In the spinal fluid 
into the epidural space, and thus may cause pseudo
defects .

3. Inadequate scope of the examinetlon.--Patient 
is not manuevered into different positions and thus a 
lesion may be overlooked.

li. Psuedo-defects produced by the tip of the 
lumbar puncture needle.

CHAPTER VII



Sources of Error in Discography
1 . Improper injection of the media.--Multiple 

perforations of the disc will cause leakage of the dye 
into the spinal fluid.

2. Inadequate scope of the axamlnatlon.--Not 
enough discs are injected.

3. Anatomical variations.— Such as congenital 
defects of the spine, severe arthritis, or abnormalities 
of the curvature of the spine may prevent injections of 
the intervertebral disc.

k-• Technical inadequacy of the operator. — May 
prevent the injection of the Intervertebral disc es
pecially between Lp and SI,
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CHAPTER VIII 

SUMMARY AND CONCLUSION

1. A history of the development of special 
examinations concerning Intervertebral disc lesions has 
been given.

2. A review of the anatomy, physiology and path
ology of the intervertebral disc has been give».

3. The signs and symptoms of a herniation of an 
intervertebral disc has been given with an attempt to
help locate the area of lesion.

1Ij.. The technique of performing myelograms and 
discograms Is described.

5. The interpretation of myelograms and discograms 
is described with the common errors.

6. The history and physical examination is the 
most Important part in the diagnosis of a herniation of 
a nucleus pulposus.

?. The myelogram should be done if the history and 
physical are not definite enough to locate the lesion.

8 . If the myelogram is negative and there are 
enough signs and symptoms to indicate there may be an 
intervertebral lesion, a discogram should be done.



9. A discogram and myelogram may be done at the 
s arae t ime.

10. It Is essential to take preliminary posterior- 
anterior and lateral roentgenograms to determine the 
location of the needles before injecting the dye.

11. A normal disc will take 0.5 cc of diodrast 
while an abnormal disc may Lake 2-5 cc of dye.

12. My series of cases that had discograms is too 
small to draw any definite conclusions.



Eighty-eight cases that had 
Joseph’s Hospital, Omaha, Nebraska,

Neurological
Case No. Age Sex Location
l880lj.0 35 M L5 on the 

left side
190212 53 M None given

I9llit2 31 M Lit on the 
right side

I91279 43 M L1l on the left side

191̂ .32 45 M Li}, on the 
right side

191435 25 M L5> on the 
left side

I918O7 37 M L5 on the right side

TABLE I

1aminactomines at Creighton Memorial Saint 
between July 1, 1952 and July 1, 1953*

Myelogram
Type Location____  Surgical findings
oil on the 

left side
Herniation of L5 on the 
left side.

none none Herniation at L3 on the 
left side.

none none Herniation of Li}, on the 
right side with prolaps

oil negative Degenerated disc at L4 
minimal herniation at 
L5.

none none Herniation at Li; on the 
right side.

none none Herniated disc at L5 
with degeneration.

none none Herniation at L5 on 
right side.

vnru



TABLE I— Continued
192128 36 M L4 on the 

left side
oil At l4 No herniation, soft 

nucleus at L4*
192215 58 M L4 on the 

left side
none none Degeneration of disc 

at L4, honey spur at
L5.

192486 58 F L5 on the left side none none Herniation of L5

193752 39 ¥ L5 on the 
right side

none none Herniation of L5 on 
right side.

1933I4.S 40 F L5 on the left side
none none L5 emptjr from previous 

surgery.
19I1IJ4.2 59 M L3 on the 

right side
oil complete 

blockage 
at L3 space. 
occupying 
lesion

Herniation of L3 on 
the right side.

194.605 36 M L4 k L5 onright side
none none Herniation at L4 on 

right side.
1954-49 43 M L4 on the 

right side
none none Herniated L k on right 

side.
195640 35 M L5 on the 

left side
none none Herniated L4 on right 

side.



TABLE I— Continued
195616 51+ ! M L5 on the left side

none none Herniated L5 on left side.
195397 36 * Ll+ none none Herniation at L5 on 

left side.
196130 2l+ M L5 on the left side

none none Herniation at L5 
on the left side.

196536 1+5 M C6 on the 
left side

none none Herniated disc at
c 6 .

No. cases opera ted 15
196769 1+7 ? Ll+ on left side oil l!+ Herniated disc at 

Ll+.
Myelograms 1+.
196985 28 M L5 on the 

right side
Oil L5 Herniated disc at 

Ll+. Osteophite 
protrusion at L5*

Nc right physic al
19751+1 1+2 M Llj. on left 

side
oil Ll+ on 

left
Herniation at Li+ on 
left side.

198226 37 M L5 on the 
left side

none none Herniation at L5 on 
left side.



TABLE I— Continued
19831!). 33 H lij. on left

199788 35 M L5 on the 
left side.

19992k 37 M 1,5 on left side

100li).0 56 M L5 on the left side
200550 ho F 14 and L5 on left side

200785 h i M l4 on right 
side

201108 27 F Lit on left 
side

201221 — - 14 on right side
20 li). 61). 35 M 14 on right at midline

none none Herniation of Rem- 
inents of L5 from 
previous surgery.

none none Herniated L5 on 
left side.

none none Herniation and Ex
trusion at L5 on the 
left side.

none none Herniation at [,5 
on the left side.

oil negative Herniation between 
Lit and L5, Disc 
was soft.

none none Herniation at l4 
on right side.

oil Li), on 
left side

Herniation at Lit 
on left with disenti- 
gretion of mucleus.

none none Herniation of Li), 
on right side.

none none Lit on right side, 
herniation.



TABLE I— Continued
201601). if. 6 M L5 on right 

side
none none Extrusion  of L5 on right side.

201653 h o M L5 on the right side oil L5 on 
right

Herniation at L5 on 
right side.

201939 36 F Llf or L5 on 
left s id e

none none Herniation at Llj. on 
left side.

201980 24 F L5 on left 
side

none none Herniation at ti.{. on 
left side.

202653 56 M Li), on right 
side. oil L3 and

L5 on right
H ern iation  at L3 and 
lA\. on right side.

202832 ĵ.2 M Ll| on left 
side

none none Herniation at LI4. on 
left side. Not 
extruded.

203057 27 M Ll| on r ig h t  
side

none none Herniation at L3 on 
right side.

203573 39 M No definite 
dermatome

none none Herniated disc iA on 
left side.

2 0 h5 k 3 25 M L5 on left 
side

none none Herniation at L5 on 
left side.

201^669 33 M L5 on left 
side

none none Herniation at L5 on 
left side



TABLE I--Continued
20^884 33 M L4 or L5 on right side

none none Herniation at L5 on right side.
20 6765 42 F Anomalia t<5 on left, L4 

on left
none none No disc found. 

Fused weak back.

207089 50 M L4 on right 
s ide

none none Herniation at L4 
on right side.

207194 40 M 1*5 on the right side
none none Herniation at L5 

on right side.
207905 41 M L4 on right 

side
none none Herniation at L5 

on right side.
208258 4o M L4 on right 

side
oil 1*4 Herniation at L4.

208265 38 M 1*4 on left side
none none L4 on left side.

209451 29 M L5 on left 
side

none none Herniation at L5 
on left side.

210015 4l M L5 on right 
s id e

none none Herniated and de
genera Led at 1*4. 
L5 degenerated.

210086 36 M L5 on right 
side

none none Herniated at L5 
on right side.



TABLE I— Continued
210339 3l+ M Li), on right 

side
none none Herniated at Ll| 

with degeneration.

210908 J+6 P L5 on right 
side.

none none Herniation at L5 
on right side.

21120k 30 F L5 on left 
side

none none Herniation at L5 
on left side.

211I4.97 35 F L5 on left 
side

none none Herniation at L5 on 
left with degeneration

211532 l+o F I-J4. on left 
side

none none Herniated on L5 
on left side.

211735 35 M TJl on left 
side

oil L5 on left
Herniated on L5 on 
left side.

211777 26 M iJ i on left none none Herniation at Lli on 
left.

212081 1+9 M T,!: on left 
side

none none Herniated at J on 
left side.

2 1 2 2 6k 1+7 M Sp ondy1oli s the s 
of Li|_ and Lt , 
grade 11 wi ",
5th lumbar 
root pain

Is
none

none Spondvloils thesis of 
Li), and L5 with grade 
LL lumbar pain of
l 5.
Lip on left side. 
Degenerated at Ll|.



TABLE I— Continued
213295 36 M L4 on left 

side
none none Herniation with 

extrusion at L4 .

213413 39 M L$ on left 
side

none none Herniated at L4 on 
left side.

213645 45 M L4 and L5 on 
left side

none none Degenerated disc at 
L4 and L5>.

214941 24 F L4 on right 
side

none none Herniation L4 on 
right side.

215427 38 M L4 on the 
left side

none none Herniation at ^4 on 
left side.

215553 37 M L5 on right 
side

none none Herniated on the 
right side.

215457 52 M L4 on the 
right side.

none none Herniation at L5 on 
the left side*

217054 46 F L3 on right 
side

none none Herniation at L3 on 
right side.

217243 52 M L$ on right 
side

none none Herniation at L5 on 
right side.

217722 32 F L4 on l e f t  side none none Herniation at L4 with 
degeneration.



TABLE I--Continued
218312 34 M L4 on l e f t  

s id e
none none H erniated a t  on 

l e f t  s id e .
218365 44 V L4 on the 

l e f t  s id e
o i l L4 on l e f t H ern iation  a t L4 on 

r ig h t  s id e .
218515 41 p Between il}. 

and L5 on 
r ig h t  s id e

o i l Between 
l 4  and L5

H ern iation  between 
L4 and L5.

2192^2 25 M L4 on the 
l e f t  s id e

none none H ern iation  a t  L4  and 
L5 on l e f t  s id e .

219480 49 M L5 on l e f t  
s id e

none none H erniation a t  L5 on 
l e f t  s id e .

219622 44 M L5 on l e f t  
s id e

none none H erniation a t  L5 on 
l e f t  s id e .

219677 53 M L4 on r ig h t  
s id e

o i l L4 on 
r ig h t  
s id e

D egeneration o f L4 
and L5.

219772 40 M L4 on l e f t  
s id e

none none H ern iation  of 
rem inents o f L5 from 
prev iou s su rg e ry .

219939 43 M L4 on l e f t  
s id e

none none No h e rn ia t io n s . 
Synovia l membrane 
around the in f e r io r



TABLE I— Continued
219939 surfaces of the 

articulating facets. 
Unstable back.

220381 31 M L4 on left 
side

none none Herniation at 14 on 
left side. Fragment 
arises from SI level.

229160 36 M L4 on left 
side

none none Degenerated disc at 
L5 with some bony 
protrusions. Extru
sion of Li|..

229321 44 P l4 and L5 none none Degeneration between 
L4 and L5 on the 
left and between 
fifth lumbar vertebra 
and sacrum.

230114 59 M l4  on left 
side

none none Herniation at Ll̂ .

230588 43 M Between l4 and 
L5 on right 
side

none none Herniation between 
Llj. and L5 on the 
right side.

232237 43 M Between Ll). 
and L5 on the 
right side

none none Herniation between 
L4 and I»5 * on the 
right side.

232816 38 M Between LI4. and 
L5 on the left 
side

none none Herniation between 
L5 and S I.



TABLE II

Creighton Memorial Saint Joseph’s Hospital, Omaha, Nebraska

Case No. Age Sex
Neurological
Findings

Myelogram 
Type Location Dlscogram

Surgical
Findings

221999 38 X 14 on right 
side

none none Unsucces
sful

No surgery.

222003 23 F L3 or L5 on 
left side

none none 14 normal 
L5 no injec
tion due to 
technical 
difficulties

No surgery.

223831 29 M Lf> on the 
right side

none none Herniation 
of L5, 14 
normal

Complete herni
ation of Inter
vertebral disc 
between L$ and 
SI. Disc bulg
ing anteriorly 
with pressure c 
on nerve roots.

22k9Z3 32 M L5 on the 
left side

none none Normal at 
L3 and ¡4 
disc, her
niation at
L5

Herniated disc
14.



TABLE II— Continued
225376 67 M JJ4. on right 

side
none none Normal disc 

at L3 and 
L5. L4 not 
injected

No surgery.

229719 36 M L4 on right 
side

oli Nega
tive

Normal L3 
and IJ4.. L5 
not injectec

No surgery.

234392 43
:
1

M L5 on the 
right side

oli 14 Herniation 
at 1J4.

Herniated disc 
at L5 on right 
side. Repeat 
surgery. De
generated disc 
at and ad
hesions of dor
sal root at L5 
on right side.

234927 53 M L5 on left none none Normal at 
L3 and iij. 
L5 not 
injected

No surgery.

V'eterinsr idminlstratlon He spital, Omaha, Nehraska

W.P. 38 M No definite 
dermatone

oil Unsecces- 
ful due to 
intradurai 
ac cumula- 
tion of 
dye

L2, L3, I4, 
and L5 
negative

Herniated lit.



TABLE II— -Continued
Ll+ herniated 
left side

oil negarive L3 and 
Lij. normal. 
L5 not 
injected

No surgery.





£66

1. Camp, J.D. Contrast Myelography Past and Present,
Radiology, 54! 1*77-506, June 1950

2. Goldthwait, J.E. The Lumbar Sacral Articulation,
An Explanation of Many Gases of Lumbago, 
Sciatica, and Paraplegic, Boston Med. Surg.
J., CLXIV: 365,1911

3. Dandy, W.K. Roentgenography of the Brain After
Injection of Air into the Spinal Canal, Ann. 
Surg. 70: 397-403, 1919

4* Camp, I. D. Roentgenologic Diagnosis of Intra- 
spinal Protrusion of Intervertebral Discs by 
Means of Radiopaque Oil, J.A.M.A., 113: 
2024-2029, 1939

3. Calve, J. and Galland, M. The Intervertebral
Nucleus Pulposus, Its Anatomy, Its Physiology, 
Its Pathology, To Bone and Joint Surgery,
SII: 555, July 1930

6. Dandy, W.E. Diagnosis and Localization of Spinal
Cord Tumors, Ann. Surg., 8l: 223-254, 1925

7. Dandy, W.E. Loose Cartilage from Intervertebral
Discs Simulating Tumor of the Spinal Cord,
Arch. Surg., XIX: 660, 1929

8. Mixter, W.J., and Boss, J.S., Rupture of the
Intervertebral Disc with Involvement of the 
Spinal Canal, New England J. Med., 211:
210-215, 1934

9. Preibert, S. Low Back and Sciatic Pain Caused
by Intervertebral Disc Herniation. Anatomic 
and Clinical Investigation, Acta. Chirugi, 
Scandinavia, (Supp. 64) 851 1-llij., 1941

10. Llndblom, K. Diagnostic Puncture of Intervertebral
Discs in Sciatica, Acta Radiol, 25: 145-212,
1944

11. HoIn, T.I. Symposium on Neurosurgery: Lesions
of Intervertebral Discs, Surg. Clin. North 
America, 28: 456-66, April 1948



6/

12. Llndblom, X. Diagnostic Puncture of Interverte
bral Disc in Sciatica; Acta Orthap. Scandlnav, 
17: 231, 19I4-8

13• Llndblom, K . Technique and Results in Myelography 
and Disc Puncture; Acta Hadiol, 3̂4-: 321, 1950

II4-- Dise, Robert E., and Weiford, E.C., X-Ray Visualization of the Intervertebral Disc; Report of 
a Case, Cleveland Clin. Quart., 13: 127,
April 1953

15• Gardner, W. James, Ft al. X-Ray Visualization of 
the Intervertebral Disc with a Consideration 
of the Morbidity of Disc Puncture, Arch. Surg. 
6I4.: 355, March 1952

l 6 .  Cloward, Ralph B. Anterior Herniation of a
Ruptured Lumbar Intervertebral Disk; Comments 
on the Diagnositc Value of the Diskogram, Arch. 
Surg. 6br: h S 9 , April 1952

1?. Frlachar, Peter R. Nucleography, J. Bone h Joint 
Surg., 3)jJB: aolp, May 1952

18. Cloward, Ralph B., and Buzaid, L.L. Discography;
Technique, Indications, and Evaluation of the 
Normal and Abnormal Intervertebral Disc, Am. 
Jour. Roentgenol, 68: 552, October, 1952

19• Keyes, C. C., and Compere, C. L. The Normal and
Pathological Physiology of the Nucleus Pulposue 
of the Intervertebral Disc, An Anatomical, Clin
ical, and Experimental Study, J. Bone and 
Joint Surg., XIV: 897, October, 1932

20. Saunders, J. M. and Inman, V.T., Pathology of the
Intervertebral Disk, Arch. Surg. 75? 389-ij.l6January 19^8

21. Hirsch, C. Studies on the Mechanism, of Low Back
Pain, Acta. Ortho. Scandinvaia, 20: 310,
1950-51

22. Beadle, O.A. The Intervertebral Discs; Observation
on Their Normal and Morbid Anatomy Relation to 
Certain Spinal Deformities, Medical Research 
Council, Special Report Series, No. l6l London
1931



68

23. Magnuson, P.B. Differential Diagnosis of Cause 
of Pain in the Lower Back Accompanied by 
Sciatic Pain, Ann. Surg., OXLX, 3?8 , 1

2lj.. Spurling, R.G., and Grantham, E.G. Neurologic Pic
ture of Herniations of the Nucleus Pulposus 
in the Lower Part of the Lumbar Region, Arch. 
Surg., 75: lkO-158, January 191+8

25• Sylvan, B. The Biology of the Nucleus Pulposus,
J. Bone and Joint Surg. 27: 105-112, 19k5

26. Camp, J.D. Multiple Tumors Within the Spinal
Canal; Diagnosed by Means of Lipsiodol In
jected into the Subarachnoid Space (Myelog
raphy) ; Am. J. Roentgenol, 36: 775-7&1, 1936

27. Ford, L.T., and Key, J.A. An Evaluation of
Myelography in the Diagnosis of the Inter
vertebral Disc Lesions in the Low Back, J. of Bone and Joint Surg. 32: 257-266, 1950

28. Regg, A.C., Falconer, M.A., and MeGeorge, M.
Myelography in Lumbar Intervertebral Disk 
Lesions, A Correlation with Operative Find
ings, British J. Surg. 3k= 1^1-157, 19k6

29. Moore, J. Discography combined with iodophery-
lundecylate (Pantopaque) Myelography, Arch, 
of Meuro. and Psych., 68: }+Q6-lL0 f /  July-
Dee ember 1952. Abstract of Presentation to 
Philadelphia Neurological Society, Regular Meeting November 2, 1951


	TABLE OF CONTENTS
	LIST OF TABLES
	I. Eighty-eight cases that had laminectomies performed at Creighton Memorial Saint Joseph's Hospital, Omaha, Nebraska between July 1, 1952 and July 1, 1953
	II. Ten cases that had discograms performed at Creighton Memorial Saint Joseph's Hospital and Veterans' Administration Hospital, Omaha, Nebraska, between July 1, 1952 and July 1, 1953

	LIST OF ILLUSTRATIONS
	Plate I: Demonstration of a Normal Discogram
	Plate II: Demonstration of a Posterior Herniation of the Intervertebral Disc with long Standing Herniation and Anterior Bulging
	Plate III: Excapement of Diotirast into the Spinal Fluid
	Plate IV: Normal Discogram and Myelogram
	Plate V: Discogram and Myelogram with Extravisation of the Pantopaque into the Extradural Space
	Plate Vi: Injection of the Facas Muscle with Diodrast

	I History of Development of Special Studies for Intervertebral Disc Lesions
	II Fundamentals Underlying Myelography and Discography
	III Neurological Findings of Herniated Nucleus Pulposus
	IV Technique of Myelographlc and Discographic Examinations
	V Interpretation of Oil Myelography and Discography
	Normal Myelogram
	Abnormal Myelogram
	Normal Discogram
	Abnormal Discogram

	VI Analysis of Cases Studied by the Author
	VII Sources of Error in Oil Myelography and Discography
	Errors in Myelography
	Errors In Discography

	VIII Summary and Conclusion
	Bibliography


