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Discrepancies between Operative and 
Myelographic Findings 

I read with appreciat ion the paper on bulging lumbar disk by 
Kieffer et al. [1]. An evaluation such as the authors have performed 
of the reliability of a number of myelographic signs besides root 
sheath cutoff is a valuable contribution. 8callionlike widening of the 
nerve root immed iately proximal to the site of compression (Ecoif
fi er 's " signe du tromblon" ) is shown to be a most useful indicator 
of d isk prolapse, although this sign is sometimes lacking in L4-L5 
lesions (authors ' table 1). I believe this is because the 81 root 
sheath usually emerges from the dural sac well above the level of 
the L5-81 disk. An L5-81 prolapse will therefore compress a nerve 
root tethered in place by the surrounding root sheath (authors' figs . 
5 and 7). The root sheath L5 emerges at, or sometimes even slightly 
caudal to , the level of the L4-L5 disk , so that in the case of an L4-
L5 prolapse the compressed segment of the L5 root is still relatively 
mobile within the dural sac, and may be displaced or obscured. The 
authors' figure 4 illustrates th is, and also demonstrates another sign 
that we sometimes find useful in this type of situation, namely, 
increased distance between the border of the dural sac and the L5 
pedic le. 

The criterion of an angu lar deformity of the dural sac will probably 
present a number of c lassification difficulties (angular or nonangular 
deformity?) in borderline cases, as can be seen when the authors' 
figs. 3 and 6 are compared . A more useful criterion is the extension 
of dural sac deformity above or below the disk space also men
tioned . This finding can however only be reliable if care is taken to 
angle the x-ray tube craniocaudally so that the central ray is parallel 
to the disk space of interest. Comparison of Figure IA with 1 E 
illustrates the effect of parallax on the apparent location of a dural 
sac deformity relative to the disk space. 

Although correlation between myelog raphic and operative find
ings are on the whole excellent, there are, as always, discrepancies. 
The authors ' figure 3 is an example. A bulging disk is diagnosed, 
and this diagnosis is confirmed at operation. Yet it is difficult to 
relate the operat ive finding of a mobile root sheath and no impinge
ment by the disk with the myelographic picture of an indentation (at 
least as angular as in fig . 6, in which a disk prolapse is demon
strated) of the dural sac at L4-L5, cutoff of the left L5 root sheath, 
and medial displacement of the intrathecal portion of the 81 root. I 
find it difficult to attribute all these findings to lateral crowding of 
intrathecal nerve roots as the authors suggest. 

An explanat ion for the discrepancy between myelographic and 
operative findings may lie in the fact that lumbar myelography is 
usually performed prone with moderate to marked extension of the 
lumbar spine, while for lam inectomy the patient is usually placed in 
a position of max imal lumbar fl exion. The influence of lumbar 
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flexion-extension movements upon the myelogram are shown in 
figures 1 A-1 D, 1 F, and 1 G, all of the same patient. Bilateral L5 
root sheath cutoff, distal widening of L5 roots, and dural sac 
deformities are seen at the L4-L5 level in extension, while in flexion 
the myelographic abnormalities are much less marked; the dural 
sac deformities have disappeared although bilateral L5 root swelling 
sti ll prevents contrast filling of the root sheaths. In other cases with 
less marked root swelling we have seen myelographic abnormalities 
in extension virtually disappear in flexion. 

In effect, figures 1 A, 1 C, and 1 F represent the situation in a 
routine (prone) myelogram, while figures 1 B, 1 D, and 1 G depict the 
situation as the surgeon sees it at operation in the same patient. As 
the lateral films (figs. 1 F and 1 G) show, there is an anterior dural 
indentation at L4-L5 with a double contour in extension. In flexion 
the dural indentation and double contour disappear. 

Changes are also seen at the dorsal and dorsolateral dural 
surfaces, which are displaced anteriorly in extension (see also 
oblique views). The picture in lumbar extension is similar to the 
authors' figure 11, illustrating a case of spinal stenosis. In our case, 
however, compression by ligamentous structures (bulging annulus 
fibrosus and flaval ligaments) appears to play the major role and 
bony stenosis seems minimal in view of the picture in flexion and 
the CT image (fig . 1 H). 

We have carried out a study of fl exion-extension effects upon the 
dural sac in the lateral myelog ram [2] and now routinely include 
sitting lateral fl exion-extension studies in every myelographic ex
amination , with oblique flexion-extension views if indicated . Dorso
lateral encroachment by flaval ligaments in extension is not an 
uncommon finding , especially in patients with root involvement at 
the L4-L5 level, and is not necessarily related to bony spinal 
stenosis. In some cases it may be difficult to ascertain whether 
nerve root compression is due to disk bulging or protrusion, to 
impingement by flaval ligaments, or to a combinat ion of the two. 
Careful study of the anterior, posterior, and posterolateral dural 
margins in the various projections in flexion and extension will 
usually clarify the relationships and allow reliable prediction of the 
findings to be expected at operat ion. 

The problem of differentiation between disk bulging and hernia
tion is not new, and it has been stated [3] that there is a gradual 
transition between the two states. Kieffer et al. do not make it clear 
whether their criteria for disk herniation inc lude the operative finding 
of a ruptured annulus fibrosus or are based solely on root compres
sion by a portion of the adjacent disk . If the latter is the case, then 
the difference between bulging and herniated disk could well equate 
to the difference between lumbar flexion and lumbar extension. 

J . T. Wilmink 
University Hospital of Groningen 

Groningen, The Netherlands 
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E F 
Fig. 1 .-Left posterior oblique views of dural end sac in lumbar extension 

(A) and flexion (B). Similar right posterior oblique views (C and 0). Central 
ray projected parallel to L4-L5 disk space by craniocaudal angulation of 
tube. Bilateral L5 root sheath cutoff and distal root widening in extension, 
with dural sac deformities at L4-L5 level. Dorsolateral impressions (arrow
heads) on dural sac caused by bulging of flaval ligaments in extension. In 
flexion, dorsolateral and ventrolateral dural impressions disappear, although 
there is still nonfilling of both L5 root sheaths, probably due to root swelling 
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shown) indicated that CT was performed in lumbar ex tension. 
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Reply 

We appreciate Dr. Wilmink 's interesting comments and hy
potheses and offer the fo llowing responses. 
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His opinion that the S1 nerve root is " tethered in place " by its 
root sheath is not to our knowledge substantiated by any published 
anatomic or kinetic studies. It is true that the L5 root usually enters 
its root sheath at about the level of the L4-L5 disk space, and one 
could at least as well hypothesize that the L5 root would more likely 
be " tethered " at the origin of its root sheath, which is anchored to 
the dural sac. Indeed, many L4-L5 disk herniations impinge on the 
L5 root at just that location, in the ang le between the root sheath 
and the sac, displacing the root posteriorly and laterally whi le 
indenting the sac posteriorly and medially . 

Our experience indicates that it is both possible and important to 
distinguish between the angular sac deformity associated with 
herniated disk (corresponding in outline to the sides of a tent or a 
blacksmith 's anvil) and the smoothly rounded virtually semic ircular 
margin of the sac deformity in bulging disk (our fig . 3). However, on 
occasion, and particu larly at the L5-S1 level, there is no evident 
sac deformity associated with a disk herniation (our fig. 6); in such 
c ircumstances, one must rely on the demonstration of distal widen
ing of the affected nerve root for the diagnosis, as was the case in 
figure 6 and in two other patients in our series. 

The rounded indentation of the lateral margin of the sac in bulging 
disk is clearly documented by CT myelography in one of our cases 
(fig . 20) as being due to lateral crowding of the nerve roots. Shapiro 
[1] also discusses this mechanism in his c lassic textbook on mye
lography. 

The case illustrated by Dr. Wilmink appears to us to be an 
example of bulging disk in a patient with mild but definite bony 
stenosis and thickening of the ligamenta flava. While the external 
impingement upon the sac is less impressive on the myelographic 
views obtained in lumbar flexion, these views are by no means 
normal. 

Lumbar disk operations are usually performed with the low back 
flexed. Posterior protrusion of either a bulging or a herniated disk 
may indeed be accentuated by lumbar extension and diminished by 
lumbar fl ex ion. The annu lus of a normal disk may also protrude 
posteriorly in extension, a finding th at is probably of no clinical 

sign ificance. It is certainly possible that the focal protrusion of a 
disk herniat ion might be absent at the time of surgery with the low 
back fl exed. In such c ircumstances, many surgeons reduce the 
degree of flexion to more c losely simulate the anatomic relationships 
present at myelography or in the erect position. 

In our paper, we c learly indicate that our definition of lumbar disk 
herniation was based on the surgical verification of nerve root 
compression by a localized protrusion of disk material. In some 
instances, the operation demonstrated a " free fragment " of disk 
material separated from the rest of the disk, whi le in other cases 
the focal herniation appeared to be in con tinuity with the rest of the 
disk. 

We agree that there likely exists a spectrum of degenerative 
c hanges in the lumbar intervertebral disks with focal herniation and 
nerve root compression at the far end of that spectrum. When the 
annu lus is found to be flat at the time of surgery in a patient whose 
myelogram demonstrated the findings of a bulging disk, the appar
ent discrepancy may in fact reflect the changes in contour of the 
annulus between flexion and extension. 

Using the criteria we listed in our paper for the myelographic 
diagnosis of herniated disk, it is gratifying to find a 97% radiologic 
(extension) to surgical (flexion) concurrence. These criteria alone 
raise the probability of surgical corroboration of the myelographic 
findings to a substantial level , despite other factors that preclude 
100% concurrence. 
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