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CT, Myelography, and
Phlebography in the Detection of
Lumbar Disk Herniation: An Analysis
of the Literature

Despite the large number of reports on the relative usefulness of various radiographic
procedures for the diagnosis of lumbar disk herniation, there has been no consensus of
opinion on the best imaging procedure. Different study designs, including criteria for
patient selection and retrospective consideration of patients who underwent surgery
only, hamper direct comparisons between studies. A major drawback is the common
use of “accuracy” as a measure of quality. We reviewed the CT, myelographic, and
phlebographic findings in lumbar disk herniation published since 1970. After the reports
were systematically classified and assessed for quality, the results became more
coherent.

Many results tend to be sensitive and not very specific. We found there was no clear
difference in the overall diagnostic quality of phlebography, myelography, and CT.
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The two most common causes of radicular compression syndrome are a her-
niated intervertebral disk and stenosis of the spinal canal. Over the years the ability
of several radiologic investigations like myelography, epidural phlebography, CT,
and more recently MR imaging to detect either of these abnormalities has been
studied. However, there has been no consensus of opinion on the best imaging
procedure. Differences in study design and methods of analysis have hindered
comparisons.

The objective of this article was to assess the extent to which the capability of
CT, myelography, and phlebography to visualize lumbar disk herniation can be
derived from the literature and to explain the discrepancies in results. To this aim,
special attention was paid to the way the results in the different studies were
obtained.

Materials and Methods
Selection of Literature

The advent of safe water-soluble contrast media limits the literature review to 1970 and
later. The first CT articles appeared in 1976 [1] and 1977 [2]. CT developments have been
very rapid, especially since 1983.

There is another X-ray-based procedure for diagnosing herniated disks, phlebography,
that, despite its history of about 30 years [3], never became as popular as myelography.
When catheterized [4, 5], selective [6, 7], and later double-sided catheterized [8] phlebography
were introduced, the results were claimed to be equal or superior to myelography. However,
since 1980, CT has had a more dominant place in the literature than phlebography. Though
it seems that phlebography has been overtaken by the newer technologies, it is included in
this review to determine its relative diagnostic accuracy. Because MR is still evolving, it is
not included in this review, unless it is included in an article that is cited for other reasons.

A minimum number of 20 patients in a study was required for inclusion of an article in this
analysis, unless the article announced an innovation. Only publications in regular journals
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were considered—no proceedings, textbooks, or monographs were
searched.

There is an important difference between assessing the accuracy
of one department or one study and trying to assimilate the results
from several publications into a more general statement. Therefore,
before presenting the concrete results of our review, we will discuss
the requirements of a study if it is to play a useful part in comparative
literature.

Requirements of the Literature

The requirements of the reviewed investigations can be considered
from different viewpoints. Several aspects are evaluated: (1) the
selection criteria of the patient; (2) the pro- or retrospective design;
(3) the evaluation criterion of the test, that is, the verification of the
diagnosis; and (4) the measure for the results. These points are
discussed in reverse order, as the reasons for the first steps in the
design of a study are best understood by knowing the aim of the
investigation.

The measurement of the predictive power of diagnostic proce-
dures.—In the reviewed literature, the usual measure was “accuracy,”
that is, the number of all correct diagnoses divided by the total
number of diagnoses. A correct diagnosis can be a suspected hernia-
tion at myelography that is also found at operation. A correct diag-
nosis can also be the assumption of absence of herniation on a
radiologic procedure, which is confirmed either by operation (e.g., on
clinical grounds or because of a positive CT) or by the transitory and
noniterative character of the complaints. Accuracy is a sufficient
measure to determine whether a particular physician or department
makes many or few errors, but lumping together these two types of
correct results hides important and interesting information: We do
not know whether the accuracy pertains to a population with many
or only a few diseased persons.

Assume, for example, that a population has a 90% prevalence of
herniated disk (as is realistic after screening by clinical signs and
other means, e.g., complaints that are resistant to a “lege artis”
conservative therapy), then it would be a good guess when a mye-
logram was completely uninformative (e.g., was lost) to pretend that
a herniated disk was seen. In fact, an accuracy of 90% could be
achieved (and a lot of time saved) by completing the radiographic
reports for all patients as having a positive myelogram, before the
myelogram was seen. (This is only a hypothetical example, of course.)

We need to introduce a few symbols and the concept of the two-
by-two table to determine what would be a better measure of the
predictive power of a procedure. Assuming that a disease (herniation,
stenosis) is either present or absent (D+ and D—), and that a
diagnostic procedure did or did not predict the same disease (T+ and
T— for a test, i.e., myelography, CT, or phlebography), there are four
possible combinations for each test.

T+ T-
D+|la | b |p
D-|c (d |q

m n N

In a clinical context a, b, ¢, and d are usually called the true-positive,
false-negative, false-positive, and true-negative test results. The ac-
curacy of the procedure is usually defined as (a + d)/N, the preva-
lence of the disease is p/N, the specificity is d/q, the sensitivity a/p.

We can now easily see why the accuracy is only a limited measure:
it does not tell us anything about sensitivity and specificity. It makes
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all the difference whether the erroneous myelography reports are
concentrated in b or in ¢, for in the first case we have lower specificity
and in the other a lower sensitivity. The quadruple specificity, sensi-
tivity, prevalence, and N completely describe the two-by-two table.

There are more ways to look at this table: usually a practicing
clinician is confronted with the question: If my test is positive (or
negative), what is the probability of disease or no disease? The
probabilities a/m and d/n are usually referred to as the predictive
value of a positive test (PV+) or a negative test (PV—), respectively.
In order to describe the table completely, we need in addition to the
PV+ and PV— (and N) a fourth quantity, such as the ratio m/n. We
are more interested in the prevalence (p/N) of the disease than in
this m/n because it has a more direct interpretation.

For all these ways of assessing the effectiveness of a radiographic
investigation, all four cells in the two-by-two table must be known.
This not only follows the above simple calculations, but it is also
common sense. If we want to know the conclusions that can be
drawn from a “positive” or “negative” radiograph, then both categories
of patients should be followed to see what is really the (likely) cause
of the radicular syndrome.

This leads immediately to two other requirements: the evaluation
of the patients and the pro-/retrospective study design.

Evaluation of the patient.—All patients who had myelography or
CT should have verification of their diagnosis. For those patients
likely to have herniation, surgical verification often will be available,
but for others at least an attempt should be made to see whether
their follow-up gives an indication of the presence or absence of
herniation. Of course, this is only an approximation of the anatomic
situation, but it is better than ignoring the issue at all, and it often will
give a fair clue to the right answer.

Pro- or retrospective study design.—The above leads naturally to
the requirement that studies for evaluating diagnostic test procedures
ought to be “prospective,” that is, they should assess all patients
who present themselves to the study. (Retrospective studies are to
be used to determine etiology when we want to know whether some
event/exposure caused a disease.) The question is not what to do
with patients in whom herniation was found, but to know what to do
with a patient with signs and history that are likely to be due to a
herniation.

Patient selection.—There is a wide range of indications for studying
patients with CT, myelography, or phlebography because of radicular
compression complaints. In some centers, all patients with suspected
herniation will have one of these investigations. In other centers, only
patients with clear symptoms who are to undergo surgery routinely
have a CT scan or myelogram. In yet other centers, patients with
very clear symptoms undergo surgery on clinical presentation only.
To compare information about history and clinical signs in reports
from several centers, it is useful to classify each patient into one of a
few groups varying from slight to clear clinical evidence of herniation.

Blind vs clinical information.—It is important to know whether the
radiographic reports are completed with or without the use of clinical
information and other tests. Depending on the goal of the analysis,
both ways can be defended. The combined use is good if one wants
to know whether this combination is sufficient for making the decision
to operate (and where) or not to operate, and if one is interested in
an analysis that should be more applicable in a clinical setting. The
blinded approach is preferable if one wants to know the contribution
of each test in the decision making.

Classification of the Articles

The articles selected for review were classified with respect to the
following points (Table 1): (1) whether they included, in some way,
the use of clinical, myelographic, CT, phlebographic, and surgical
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data; (2) what selection criteria were used for inclusion of patients in
the study; (3) whether there was an apparent bias in the selection;
(4) whether the verification criteria for the diagnosis were strict or lax;
(5) whether the data were, either in the text or in a table, presented
in a complete way, so that a complete two-by-two table could be
(re)constructed; (6) if a table could be reconstructed, the prevalence,
sensitivity, and specificity of the test; (7) year of publication; (8)
number of patients in the study (if some group of patients was not
analyzed at all, but excluded right away, then the number in the table
may be lower than that mentioned in the article or title); (9) whether
the test was evaluated blindly or together with clinical information;
(10) whether the analyses were done per patient, or per level; and
(11) how equivocal tests were handled. Many articles analyzed sev-
eral groups of patients. In most cases the smaller group was a
subgroup of the larger.

Results
Comments on Selected Reports

The relevant literature is summarized briefly and evaluated
relative to our research question. Though almost all reports
did provide at least some measure of prediction, mostly
accuracy, that often was not the main point of interest of the
articles. In articles with an emphasis on technical, anatomic,
or differential diagnostic aspects of a procedure, or on com-
plications, rare cases, etc., the presentation of the numeric
data and the accuracy of the radiologic procedures was often
secondary. By looking mainly at the presentation of the data
and reproducibility of the predictive power of the diagnostic
method, it is not possible to give full credit to the overall
quality and importance of the articles. The articles are sum-
marized chronologically highlighting new information not in-
cluded in earlier papers.

In 1970, Hudgins [9] analyzed 490 patients admitted for
low back pain or leg pain and 102 patients who had lumbar
myelograms for other reasons (controls). Hudgins asserted
that most articles on this subject use the wrong approach,
that is, they study a population of (surgically) proved hernia-
tions and do not assess the predictive value of a radiographic
procedure. Besides having controls, Hudgins followed all
operated patients. In addition to giving the predictive value of
myelography and giving complete data, several interesting
questions were discussed that are outside the scope of this
review.

In 1974, Gargano et al. [6] analyzed 32 patients who had
both myelograms and phlebograms and who underwent sur-
gery for herniated disks. The emphasis of this article was on
anatomy of and indications for phlebography, and much of
the older literature was reviewed. A tabulation of the data
showed better results for phlebography, but their population
consisted of patients who previously had “clinical lumbar disk
disease, but negative or equivocal myelograms.” This gave a
bias in favor of phlebography.

In 1976, MacNab et al. [11] studied a group of 110 patients
with symptoms of herniation who underwent phlebography.
They considered the myelograms of the 50 patients without
prior disk surgery and found a diagnostic accuracy of 98%
and 90% for phlebography and myelography, respectively.
Their emphasis was more on anatomy and phlebographic
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technique than on numeric evaluation. Their data could not
be reconstructed.

In 1977, Mohsenipour et al. [13] reviewed the myelograms
of 500 patients. Three hundred seventy-four patients with a
clearly positive myelogram underwent surgery, as did 27 of
85 patients with an equivocal myelogram. It is unclear whether
none of the 41 patients with a clearly negative myelogram
underwent surgery on clinical grounds. A few complications
were reported, and a low threshold was favored for obtaining
a myelogram, arguing that clinical signs cannot predict the
level of a herniation well. The interpretation of a partial or
complete block was elaborated with instructive images. Their
data are not really complete, but a reconstruction of their
accuracy is 72%. From the context, it is assumed that they
applied a strict criterion as to the level of the herniation.

Also in 1977, Moringlane et al. [14] reviewed 140 patients
who underwent operations for herniated disks. They de-
scribed the population by specifying that all of the patients
had had (several) conservative treatments, except for the
patients with emergency symptoms. The patients agreed
before myelography to undergo surgery if an abnormality
were to be found. This was probably a population with a high
prevalence. Complete data were presented, and the accuracy
was 95% (using strict criteria as to level, side, and cause).
The authors mentioned the use of the prior probabilities for
discriminating between different levels and mentioned for the
first time in a numerical analysis the findings at myelography
and/or operation of multiple herniations (46% of their pa-
tients). They described the myelographic and surgical tech-
niques and provided useful illustrations and differential diag-
noses of the myelographic findings.

In 1978, Roland et al. [15] described phlebographic anat-
omy, technique, and diagnostic criteria. For 111 patients
(chosen from 240 with unstated indications for selection) with
“mainly . . . previous ambiguous or normal myelography,” they
compared the diagnostic performance of phlebography and
myelography. Both per patient and per level analyses were
provided, and all the data were presented. This comparison
was heavily biased against myelography, but the authors
correctly concluded that additional phlebography is useful for
the five types of cases they mention.

In 1979, Cook and Wise [16] compared the findings of plain
radiography and myelography in 50 operated patients, 49 of
whom had lumbar disk protrusions. It is unclear how the
patients were selected. Some patients had more than one
herniation. There were some negative explorations, but it is
not clear whether this was caused by multiple-level laminec-
tomies. Of 36 patients who had myelography but no surgery,
complications were reported, and related to the use of oil-
and water-based media. No follow-up was undertaken to find
additional signs of herniation. There was a detailed discussion
of the discrepancies in their material, and the literature was
reviewed, with some emphasis on technique. They elaborated
on how to interpret discrepant findings in terms of clinical
usefulness and pointed out that equivocal findings should be
considered incorrect as far as clinical use is concerned. With
these strict criteria they had an accuracy of 92% (based on
levels).
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Also in 1979, Gershater and St. Louis [32] analyzed 1200
patients suspected of having lumbar disk herniations who
underwent phlebography. The emphasis was on anatomy,
technique, differential diagnosis, and complications of phle-
bography. It is unfortunate that the data in this very large
series were insufficient to allow calculations of the test quali-
ties, for example, the results of 243 phlebograms of nonop-
erated patients, the selection criteria for surgery (only 50% of
all patients were operated), and the correctly negative find-
ings.

Another 1979 publication, by Meyenhorst [8], gave a de-
tailed analysis of anatomy and methods for phlebography,
and provided extensive results of 63 surgically verified cases
studied with both myelography and phlebography. In 113
patients, the relationship between the myelographic and phle-
bographic findings was assessed. There was a good analysis
of which questions are important for the evaluation of the
diagnostic value of radiographic procedures and a good lit-
erature review. Tabular material was ample, but it was hard
to synthesize the many single aspects of the comparisons.
The accuracies were 94% and 84% for double-sided phlebog-
raphy and myelography, respectively.

In 1980, Lotz et al. [17] argued that many previous reports
comparing myelography and phlebography concerned biased
populations and did not provide surgical findings. They ob-
tained examination results from 50 patients with clinical signs
of herniated disks at L4-L5 or L5-S1 and evaluated the
results with and without clinical information. There was no
follow-up of nonoperated patients. The data presented were
concise and complete. Not counting unsuccessful and equiv-
ocal radiographic findings, accuracies ranged from 69 to 89%
for myelography and 59 to 89% for phlebography. Consider-
ing complications and economic factors, they considered
myelography to be the procedure of first choice.

Also in 1980, Thijssen et al. [18] analyzed the myelograms
of adequate quality of 104 patients who underwent surgery
and partially analyzed the data of 143 patients who did not
undergo surgery. It was not stated how many inadequate
myelograms were discarded. These authors argued that my-
elography can be equal to phlebography, provided the tech-
nique is of high quality. Attention was given to the inconclusive
results of myelography and phlebography, both in their find-
ings and in the literature. An accuracy of 93-98% was stated,
depending on the treatment of the inconclusive group. A
complete tabulation of the data was provided.

Another 1980 article, by Williams et al. [33], analyzed 16
patients studied with CT who had herniated disks at opera-
tion, and mentioned 21 patients who had CT but did not
undergo surgery. Since they had no false positives, nor “did
false negatives come to their attention,” their analysis was
oriented toward technical details, exact localization of the
herniation, differential diagnosis, and advantages or disadvan-
tages of CT vs myelography.

In 1981, Gulati et al. [19] described 10 patients with clini-
cally herniated disks and at least one positive level at metriz-
amide myelography. All these patients had a high-resolution
CT study. This is one of the first articles on CT for lumbar
herniated disk that provided a numeric analysis. The findings
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were given for eight operated patients; the other two did not
have follow-up. All operated patients had positive CT findings
(with perhaps one exception that they classified as an artifact).

Also in 1981, a short, but clear article by Hanson [34]
described 22 patients with clinically suspected herniated disks
who underwent CT. Although only 22 patients were studied,
the study was complete in that the findings of both the seven
operated patients and the follow-up of the 15 nonoperated
patients were provided. The merits of CT over myelography
were discussed.

Another 1981 article, by Harley et al. [35], reviewed 81
patients who had CT because of suspected disk herniation
and did not have prior disk surgery. Twenty-six patients
underwent surgery, 16 of whom had positive and 10 of whom
had negative CT findings. No follow-up was provided for the
others. These authors stressed the importance of fragmented
disks and made a plea for a distinction between normal,
bulging, and herniated disks or equivocal results for the
procedures. Their data could not be reconstructed or recal-
culated.

In 1982, Anand and Lee [20] analyzed 100 patients with
suspected lumbar disk disease. All of the patients underwent
myelography and plain or metrizamide CT. In their comparison
of low-dose metrizamide CT and plain CT, the former was
found to be superior. Criteria for the CT diagnosis of herniated
disk were refined. All the radiographs were blindly reviewed
by two observers, and complete data were provided on the
comparison of CT with myelography (75% agreement), but
the analysis of the 53 operated patients was not very clear.
There was no follow-up of the other 47 patients. Because the
surgical findings were all positive, it is hard to assess the
false-positive rate of the procedures. When they stated that
“in our study, when CT and myelography agreed ... there
was no problem in diagnosis, and either test could have been
used,” this cannot be applied to three patients in both the
table and text who had negative CT, negative myelography,
and positive operations.

Also in 1982, Claussen et al. [21] presented the CT data
of 77 patients, of whom 41 had myelograms and 26 under-
went surgery. Twenty-three of the operated patients had two
investigations, for which complete data are presented. There
was a general introduction on the research question, and
attention was given to CT anatomy and criteria.

In another 1982 article, Dublin et al. [36] reviewed the
results of plain film metrizamide myelography, CT metrizamide
myelography, and plain CT. They found 106 patients with
both plain fim and CT metrizamide myelograms out of 736
with spinal CT scans. In about half the 106 patients, thoracic
or cervical levels were studied. The plain film and CT metriz-
amide myelograms were evaluated blindly and compared with
each other and with clinical/surgical findings. The authors
found that CT metrizamide myelography was superior to plain
film metrizamide myelography in 40%, equal in 50%, and
inferior in 10% on the basis of a decision-oriented criterion,
that is, the findings should change the surgical approach or
the clinical management of the patient. They stressed the
importance of a high-resolution unit and provided several
reasons for problemns of interpretation. One of the most
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interesting remarks was that with CT the patient is investi-
gated in the position most likely to relieve pain. Their data
were not included in Table 1 because their problem was so
different (spinal disease in general) from that in the other
studies that their classifications were not comparable, and
their selection of patients for the investigations was not clear.
Though they provided a schema for the management of spinal
neurologic problems, they did not indicate whether CT or plain
film metrizamide myelography should be performed first and
in what conditions the other investigation should be per-
formed. At least for the plain CT vs CT metrizamide myelog-
raphy analysis, it was suggested that CT metrizamide my-
elography be performed only after nondiagnostic plain CT.
Their high proportions of osseous hypertrophy and neoplasms
suggest a different population from that in the other studies.

A fourth 1982 article, by Eldevik et al. [37], compared the
reports of CT and myelography with and without clinical
information. For 107 previously reported patients (52 were
operated), they completed their data with clinical and blind
reports for CT and myelography, respectively. There was
special emphasis on the difficult diagnostic evaluation of
patients with prior surgery. Both CT and myelography were
interpreted more accurately without the clinical information.
For all 107 patients the differences between the blind and
clinically reported studies were compared. Blind studies were
better in detecting herniation (for CT, marginally significant;
for myelography, not significant). For the 52 operated pa-
tients, the operative findings were compared, and it was found
that both CT and myelography had better results without
clinical information, as CT had three more false-positive find-
ings with clinical information and myelography had two more
false-positive findings; however, they did not account for the
fact that myelography with clinical information played a role
in the indication for operation so that false-negative findings
resulting from clinical information were less likely to be noted.
This was not true for CT, but in the casuistic they accounted
for five of the six differences, allowing us to classify those as
three more false positives and two more true positives, which
is not impressive. Their data did not allow for a complete
reconstruction.

In 1982, Fries et al. [22] selected 188 patients (244 inter-
vertebral spaces) with both CT-diagnosed and surgically con-
firmed herniated disks. The false-negative and false-positive
findings consequently were limited to multiple-level patients.
However, there was a detailed analysis of the distribution of
herniation sites over levels and in levels. The capability of CT
to diagnose central and migrated herniations was assessed.
Techniques, interpretation of images, and an explanation for
erroneous CT and myelograms were elaborated. Complete
data were provided for CT and myelograms vs operations,
and the problems of multiple locations and multiple diseases
were addressed, but their claim of a complete lumbar spine
examination (above L4-L5) is not supported by the use of
clinical indications for the levels.

In another 1982 article, by Haughton et al. [23], data were
collected on 107 patients referred for low back or sciatic pain.
CT and myelographic findings were available for all patients,
and operative findings were available for 52. Complete data
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were provided about the correlation and discrepancies of the
diagnosis. Their population did not include patients with nor-
mal findings at surgery. The CT findings were evaluated
blindly, and myelography was evaluated with clinical infor-
mation. Strict criteria (site, level, and pathology) were applied,
but good accuracies were achieved (84% and 88% for CT
and myelography, respectively), which can be related to the
probably strict criteria for operation. They argued that the
most common differential diagnostic problem is formed by
herniation vs bulging anulus and spondylosis, but argued that
perhaps a nuclear fragment lodged behind the posterior liga-
ment can be mistaken for a bulging anulus at surgery.

Also in 1982, Herkowitz et al. [38] compared myelography
and phlebography in 30 patients with a surgically verified
diagnosis of herniated disk or spinal stenosis. They clearly
defined what constitutes herniation and stenosis and stated
the correct (i.e., usual) definitions for sensitivity and specificity,
but their tables used a less obvious interpretation of these
rates, so their figures cannot be compared. Fortunately, they
provided a table presenting their raw data, so that accuracies
and other measures could be reconstructed. They discussed
the variations in accuracies of phlebography and the useful-
ness and complications of metrizamide. They outlined a pre-
cise range of indications for phlebography.

Jepson et al. [24] studied two groups of patients, both
undergoing surgery because of suspected lumbar disk le-
sions; one of these groups underwent myelography routinely
and the other (1964-1968) did not. The authors argued that
myelography did not contribute much to the indication for
operation. In their discussion they reviewed this problem and
pointed out that many articles with high accuracies are not
applicable in clinical use. Their own data, which are complete,
mentioned accuracies of 64-89% for myelography depending
on the strictness of the criteria. They did find fewer herniations
in the group with myelograms than with clinical signs only
(>90% in the latter), though this might reflect a relaxed
threshold for operations.

Nelson and Gold [39] reported 10 patients with negative
myelograms and positive operative findings. Clinical histories
and a detailed tabulation of data are included. Depending on
the criteria, all 10 or eight of the 10 patients had a correct CT
finding. However, the population was heavily biased against
myelography, and there was no indication about the selection
as to considering all similar cases.

Raskin and Keating [40] addressed the problem of whether
CT or myelography should be performed first. In this study
with both metrizamide and Pantopaque myelograms, 106
patients had both procedures within 6 weeks (apparently for
sciatica). Thirty-nine percent had surgery; in the other patients
CT was compared with myelography. There is a good de-
scription of CT criteria for herniated disk. They explained that,
due to the different way of visualizing, CT and myelography
often will not provide exactly the same results (as to precise
localization), but often will give the same conclusions as to
operation. They made a distinction between major and minor
discrepancies but had a rather large number of inconclusive
investigations. As for myelography, they argued that most of
the inconclusive cases were caused by anatomic variations.
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We believe these should be counted in the category “major
discrepancies.” They gave rather low accuracies, which was
caused partially by applying strict criteria, but also by the low
prevalence of herniation in their group. However, their data
did not allow a complete construction.

Stoeter et al. [41] verified CT findings in 106 patients by
either surgical or CT findings, using a rather large doubt
category and plural diagnoses (stenosis and other osseous
causes, postoperative status). Consequently, their data were
not comparable. There was no distinction between correctly
positive or negative findings. Their moderate accuracy (74%)
likely could be explained by the rather strict criteria applied.
Attention was given to localization (medial vs lateral). They
offered a number of practical considerations as to when to
use CT or myelography as the first investigation.

Tchang et al. [42] analyzed 52 patients with surgically
confirmed disk herniations; 45 of them also had myelography.
They make a distinction between original interpretation (ac-
tually used for patient management), interpretation with the
use of clinical knowledge and other tests, and blinded evalu-
ation. In their classification, the patients apparently had only
a single abnormality. Their data were complete; however,
their selected population did not contain operations with
negative findings or patients without herniations. Their accur-
acies were 94% and 87% for CT and myelography, respec-
tively. They described their technique and discussed the
differential diagnosis of CT findings.

Also in 1983, Griebel et al. [43] reviewed 100 patients who
underwent surgery because of herniated disks; all had CT
scans. The authors found better results for CT than for
myelography, bit did not mention the role of either in the
decision to operate. Their classification of three cases as
neither correct, false positive, or false negative, but as mis-
interpreted by the radiologist, is somewhat unusual. Their
data did not allow a reconstruction.

Moufarrij et al. [26] selected 50 patients who underwent
surgery for herniated disks, with exclusion of previously op-
erated patients and those with suspected stenosis. CT find-
ings were available for all patients and myelographic findings
were available for 46. The patients were divided into five
categories based on CT diagnosis, including spondylosis and
stenosis. From their four-way table (CT vs myelography vs
surgical findings vs outcome), the test qualities were recon-
structed by the reviewers. CT appeared most accurate if the
only finding was herniation.

The 1983 article of Pythinen et al. [44] reviewed a series
of 214 patients who (apparently) had both myelography and
CT (in this order) for different indications (177 for herniated
disk). They found that CT gave additional information in 12%,
and in 7% (16 patients) the therapy was changed by CT.
Detailed data were provided about these 16 cases, but there
was no follow-up of the nonoperated cases (61%). Their data
did not allow a reconstruction.

In 1984, Bell et al. [27] reviewed the CT and myelographic
findings in 122 patients with surgically proved pathology of
herniated lumbar disk or stenosis or both. In this excellent
article the herniated disk and the stenosis were considered
for the first time together in a numeric evaluation of radio-
graphic procedures, and the idea was developed of a local
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and global diagnosis. The images were evaluated blindly,
which probably gave a lower accuracy. There was a range of
accuracies, depending on strict or relaxed criteria. The litera-
ture review was extensive. It was not mentioned whether
there were patients with the same diagnosis who had to be
excluded because neither CT nor myelographic findings were
available. The indications for operations were not mentioned.

In another 1984 study, Bosacco et al. [28] described 134
patients with suspected lumbar disk herniations (excluding
patients with previous spinal surgery or likely stenosis). The
CT and myelographic findings in these patients were evalu-
ated with clinical information, but separately. For 61%, con-
servative treatment was chosen, reflecting either a different
patient selection or a different indication for surgery from
most of the other studies. For these patients, only a correla-
tion between CT and myelography was presented, without
specifying the fraction of correct positives and negatives. For
52 patients, the results of CT and myelography were com-
pared with surgical findings. The data were complete for
reconstruction of a two-by-two table. The study provided a
description of the clinical symptoms and related them to CT,
myelographic, and surgical findings. The important role of
workmens’ compensation in negative cases was illustrated.
The relative merits of the procedures were discussed.

Also in 1984, Valat et al. [29] presented phlebographic data
from 104 operated patients in comparison with surgical find-
ings, in both a per patient and per level analysis (complete
data). If clinical presentations and plain radiographs were
consistent as to level and site, phlebography did not add
much information.

In 1985, Kampmann et al. [30] analyzed the data of 158
patients with sciatica in light of a number of questions: CT
and myelography were compared for 36 nonoperated patients
(90% correspondence); for the operated patients the CT (and
part of the myelographic) diagnoses were compared with
surgical findings. The criteria for correct diagnosis were rather
strict: the analysis was level-specific, but no errors were found
in level or side of localization. The erroneous radiologic diag-
noses were discussed, and the authors maintained that a
myelogram would not have helped overcome the shortcom-
ings of CT (based on three cases); they concluded that
myelography is indicated only if clinical signs and CT disagree.

In 1986, Greenough et al. [45] followed 22 patients who
had had CT because of clinically suspected lumbar disk
herniations with negative or equivocal myelograms. Although
the prospective approach was completed for all patients, the
numbers were small and the selection bias (against myelog-
raphy) clear, so we did not include this study in Table 1. It is
interesting to note that only eight of the 12 CT-positive
patients had surgery.

Also in 1986, Kratzer and Hipp [46] analyzed the CT and
myelographic findings in 133 patients with a clinical suspicion
of a herniated disk, of whom 93 had surgery. The relative
advantages of CT and myelography were discussed in detail,
with special attention to discrepancies between the clinical
presentation and the radiologic findings, including recurrent
herniation. The numeric data did not allow reconstruction of
a two-by-two table.

In another 1986 article, Modic et al. [31] compared the MR,
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CT, and myelographic findings (without clinical information) in
60 patients with suspected lumbar disk herniation or spinal
stenosis, but without prior known diagnosis or imaging re-
sults. Forty-eight of these patients had surgery, five were
normal, and seven had other disease. There were no negative
explorations, so the test qualities in this review are not
applicable. The lack of negative explorations suggests a
rather high threshold for operation or for referral to the ra-
diologist, but this was not confirmed. The fact that all normal
MR studies were also normal on CT and myelography contra-
dicts this assumption. Because the criteria for correlation of
the radiologic procedures were strict (two diagnoses, level-
specific stenosis), there were still discrepancies between the
procedures, which were treated and commented on for the
various combinations. In brief, the agreement of CT and
myelography with MR was 87% and agreement with surgical
findings was 83, 83, and 72% for MR, CT, and myelography,
respectively. The relative merits of the procedures were dis-
cussed in detail. The authors concluded that MR (with surface
coil) is equal to myelography or CT and that no single proce-
dure alone is adequate.

In 1987, Schoedinger [47] described the CT, myelographic,
phlebographic, and electromyographic findings in 100 patients
with ‘surgically verified lumbar disk herniations. The various
combinations of these tests have accuracies between 56 and
100%, but no single procedure predominated. For the most
part, discrepancies in levels were disregarded. The possibility
of false-positive results was mentioned only in the last section
of the article, and there were not enough data to reconstruct
the single test qualities.

Also in 1987, Voelker et al. [48] analyzed the metrizamide
CT scans and myelograms of 80 patients who had either
lumbar disk herniation or spondylosis at surgery. The images
were evaluated blindly, which, together with the two surgical
diagnoses under consideration, largely eliminated circular se-
lection bias. The difference in accuracy between a per patient
and a per level analysis was explored. Lumbar disk herniation
and spondylosis did not differ in detectability between CT and
myelography. Patients who had undergone surgery previously
were shown to be measurably more difficult to diagnose.
Their data did not allow a reconstruction of the test qualities,
because the authors did not mention the existence or nonex-
istence of false-positive diagnoses and seemed to be aiming
only at not missing a diagnosis. This also affected their
treatment of combined use of the tests.

Analysis

The aspects described above are presented in Table 1 for
those articles that contained data allowing calculation of
sensitivity and specificity, or that contained otherwise com-
plete numeric analyses. In the discussion that follows, the
findings in the 25 articles listed in Table 1 are summarized.

The selection criterion was operated patients in 10 articles,
operated patients with supplemental data in four articles,
surgically verified diagnosis of herniation or stenosis in four
articles, clinical presentation in five articles, and unclear in
two articles. The selection criteria operated patients and
surgically verified patients represent a retrospective, rather
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than a prospective selection. The number of available obser-
vations (either levels or patients) was less than 50 in seven
articles, between 50 and 150 in 13, and more than 150 in
five. Only one article had both a prospective selection criterion
and more than 150 observations. Four papers had blind
interpretation, two with a clinical interpretation and two with
both types of interpretations on the same population. (The
complement to Haughton et al. [23] is presented in a separate
article [37] that is not included in Table 1.) The other 15
papers did not state whether they used clinical information.
Four papers did apply more than one threshold for the diag-
nostic criterion.

Myelography and surgery were compared in 19 articles and
phlebography and surgery in nine. CT and surgery were
compared in seven articles.

ROC Analysis of Data

For those articles that contained a comparison of phlebog-
raphy, CT, or myelography with surgery, the sensitivity and
specificity, which are shown in Table 1, are also presented in
a Receiver Operating Characteristic (ROC) space (Figs. 1 and
2) [49]. This allows us to see the difference (between studies)
in both sensitivity and specificity, which must be always
considered together.

The ROC space is divided into three regions (Fig. 2) to
distinguish between relatively well and poor performing tests.
The positions of the boundaries are rather arbitrary. The best
and worse performing sixth parts are pragmatically called
deviant. Though the number of observations in general is too
small for the individual points (studies) to be compared, we
can look at the total pattern that emerges by studying the
extremes.

Lower-quality outliers.—Roland et al. [15] reported myelo-
graphic findings in “patients with a clinically suspected disk
but negative or equivocal myelograms.” Theirs is the only
study with results that are below the diagonal D in Figure 2,
which means that the test outcomes should be interchanged
for optimal results. Gargano et al. [6] used the same biased
selection criterion as Roland et al. In their fourth group, Lotz
et al. [17] reported phlebographic results from a “blinded”
experiment; the results were manipulated by the reviewers,
in that the quite large “dubious” category was distributed over
the cells according to the marginals. This degrades the re-
sults. The second comparison of Jepson et al. [24] is a variant
with stricter criteria; their first study is in the medium region.
Moufarrij et al. [26] and Claussen et al. [21] did not provide
clear explanations for their (relatively) poor results.

High-quality outliers.—Thijssen et al. [18] considered only
myelograms of “adequate quality,” which renders the test
results overly optimistic. The second comparison of MacNab
et al. [11] was limited because patients without prior surgery
were studied; in addition, the evaluation was blinded, making
interpretation more difficult. In the studies of Miller [12] and
Meyenhorst [8] (second and third comparisons), the selection
criteria of the patients were not described in enough detail to
attribute or deny any influence from it. The results in the third
comparison of Bosacco et al. were quite possibly affected by
artifacts, since specificity was based only on two cases.
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Fig. 1.—Test qualities from sensitivity (Sens) and specificity (1-Spec)
of phlebography (solid circles), myelography (diamonds), and CT (circles
with dots). Sensitivity (1—true-positive ratio) is on Y axis; specificity is on
X axis. Numbers in parentheses correspond to 25 consecutive references
listed in Table 1. Those with an asterisk denote studies with a marked bias
or other reasons for being out of order.

If we exclude all articles with an apparent bias, and the
article of Lotz et al. [17] (because of the manipulation by the
reviewers), the remaining results show, despite their large
differences in sensitivity or specificity, considerable coherence
when regarded as a ROC curve. (Excluded articles are
marked with an asterisk in Figure 1.)

In Table 1, it is hard to conclude that myelography is better
or worse than phlebography. Only MacNab et al. [11], Mey-
enhorst [8], and Lotz et al. [17] provided direct comparisons
between the two procedures on the same population and
without apparent bias toward one. MacNab et al. and Mey-
enhorst found phlebography to be superior to myelography;
in the Lotz et al. article, myelography was equal to or better
than phlebography.

Discussion

Ever since its introduction in 1936 [50], myelography has
been widely used for the detection of lumbar disk herniation.
The introduction of alternative diagnostic tools did raise the
question of whether myelography could be replaced by one
of the newer methods and in what cases which procedure
should be chosen.

Various studies in which different radiologic techniques are
compared have tried to answer these questions. The conclu-
sions of these studies, however, are sometimes conflicting.
Because of this, the need became obvious for a review and
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Fig. 2.—Test qualities from sensitivity (Sens) and specificity (1-Spec)
of phlebography (solid circles), myelography (diamonds), and CT (circles
with dots). Sensitivity (true-positive ratic) is on Y axis; specificity (1—false-
positive ratio) is on X axis. Curves and broken line connect sensitivity/
specificity pairs of tests with a constant quality, but with different cutoff
points between normal and abnormal. Diagonal line (D) represents a
complete uninformative test; low- (L) and high- (H) quality tests are repre-
sented by H and L curves.

analysis of the literature that tried to explain these discrep-
ancies.

In the current review, we screened the available literature
addressing the capabilities of myelography, epidural phlebog-
raphy, and CT to detect lumbar disk herniation and spinal
stenosis. Phlebography seems to have lost its place in daily
practice with the introduction of CT (it was used especially
for the detection of lateral and intraforaminal herniations). It
is included in our study because of its importance in the
spectrum of diagnostic reliability and its role in the compara-
tive studies reported in the literature. MR imaging is not
included because there were too few comparative studies
with enough patients.

There are of course subjective elements in the analysis of
the reviewed literature. Though we tried to maintain uniformity
in our analysis, many articles include special circumstances
or boundary-case presentations. Sometimes a different ap-
proach to what is clinically relevant prevented us from using
data that were otherwise valid. It was not our intention to
judge the quality of single articles, and, as has been men-
tioned, other qualities of these articles were overlooked.

Despite the necessarily subjective classification, most of
the conclusions would remain the same if some papers were
otherwise rated, because the pattern of this set of papers
would not change. Though we tried to find all the relevant
literature, it is possible that some data about myelography,
CT, or phlebography are included in other articles, lengthy
reports, or monographs with another scope; if so, these were
not referenced in the reviewed papers.
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Our analysis and review concentrated on the capability of
the radiographic procedures to predict surgical findings, not
whether one or more of these procedures are required before
deciding to operate.

Only some of the literature was suitable for interstudy
comparisons. An important problem was the definition of the
study population. Some studies had only a small number of
patients; very often it was not even mentioned whether the
images were evaluated with our without clinical information
or to what degree the results of the images influenced the
decision to operate. It remains unclear how the results were
influenced by important factors such as mild or strict criteria
for correspondence of radiologic and surgical findings. Too
often, emphasis was on accuracy as a measure of the results,
which gives less information than the simultaneous consid-
eration of sensitivity and specificity in a ROC space.

The interpretation of the points in a ROC space should be
treated with caution: In the regular ROC analysis it is assumed
that there is a means of verifying the disease, independent of
the test. Consequently, prevalence here refers to the detected
prevalence in a clinical subpopulation. This cannot be main-
tained for the investigations under study. In most of the
articles, the radiologic diagnosis will have played some role in
the decision to operate. However (especially in the investiga-
tions with two radiologic procedures), they will not have
determined the decision. This difference can be seen between
groups 4 and 5 and groups 2 and 6 of Lotz et al. [17].

Whatever other arguments played a role in the decision to
operate, and whatever weights may have been attached to
the test results, together they appear to have placed the
cutoff points of the majority of these papers along one ROC
curve, if articles with apparent bias are excluded. One possi-
ble interpretation of this phenomenon is that the values as-
signed by patients and physicians to false-positive and false-
negative outcomes vary among the cited studies and that the
tests are of the same order of quality, despite the differences
in study design and technique; this cannot be ascertained.

The infulence of a positive radiologic procedure on the
decision whether to operate will most likely will cause the
stated accuracy to be too optimistic, and this effect will be
more pronounced for the medium or poor tests. Poor tests,
however, will tend to have less influence on the decision to
operate.

In Figures 1 and 2 we see that there is more variation in
the specificity (0.2-1) than in the sensitivity (0.6-1). Appar-
ently in most of the studies there was a tendency not to miss
a possible herniation. Although a threshold was never men-
tioned in the original publications, the existence of implied
values attributed to false-positive or false-negative diagnoses
is undeniable from the set of articles.

A literature analysis always excludes the most recent pub-
lications, which are always behind the most recent develop-
ments. This is more meaningful for CT, where developments
have been very fast, than for myelography or phlebography.
It is possible that if this analysis were repeated after a few
years, CT would have a stronger position. However, based
on the findings of the literature reviewed so far, there are no
clear indications to consider myelography or CT or phlebog-
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raphy superior over the other studies in the diagnosis of
herniated lumbar disk.
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