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CT Myelographic Findings in 
Degenerative Disorders of 
the Cervical Spine: Clinical 
Significance 

CT myelographic data in 80 patients with clinical evidence of nerve-root involvement 
or long tract signs attributed to degenerative disorders of the cervical spine were 
classed into five diagnostic groups, and their clinical significance was assessed. 
Unilateral flattening of the cord by a spondylotic mass or bulging disk in a normally wide 
canal (group 1) was considered nonspecific because nerve-root signs were nearly as 
often contralateral as unilateral to the radiologic findings, and none of the patients had 
long tract signs. As a rule, conventional myelography showed only minor root-sleeve 
deformity. Concentric compression of the cord in a narrow (stenotic) canal (group 2) 
proved to produce long tract signs only after the cross-sectional area of the cord had 
been reduced by about 30% to a value of about 60 mm2 or less. In most cases, nerve
root swelling (group 3) coincided with the side of nerve-root symptoms. A 100% 
correlation was found between the side of disk herniation with occlusion of the corre
sponding foramen (group 4) and the side of nerve-root symptoms. In 24 patients, cord 
and nerve roots showed no abnormalities (group 5). If stenosis of the spinal canal, nerve 
root swelling, and disk herniation are considered specific CT myelographic signs in 
nerve-root symptomatology, a specific diagnosis could be made in about 40% of the 
cases. 

After preliminary experience with cervical CT myelography, we were impressed 
by the wealth of information this method offers relative to conventional myelogra
phy, but we had to register several obviously false-positive findings because clinical 
nerve-root symptoms were contralateral to the side of radiologic findings . It is 
already known from conventional myelography that root deformities correlate poorly 
with clinical symptomatology [1]. Recent CT myelographic studies, however, claim 
to compare favorably with conventional myelography in this respect [2-5] . There
fore, we decided to assess a series of CT myelographic studies in patients 
suspected of having nerve-root and/or cord involvement caused by degenerative 
disorders of the cervical spine and to compare the radiologic findings with the 
information provided by the clinician. Several CT myelographic features were 
assessed relative to clinical signs of nerve-root and cord involvement. The study 
focused, in patients with nerve-root signs, on identifying clearly false-positive 
radiologic signs, and, in patients with long tract signs, on establishing borderline 
values for reduction of cross-sectional area of the spinal cord. 

Materials and Methods 

We studied 80 CT myelograms. In half of the cases . conventional myelograms obtained 
with an aqueous contrast medium immediately before the CT investigation were available. 
CT was carried out with Tomoscan 310 machines in two separate locations (University 
Hospital and Roman Catholic Hospital . both at Groningen). Slice thickness varied from 1.5 to 
3 mm. being taken 1.5 or 3 mm apart at the suspected disk levels and the adjoining vertebral 
portions (fig . 1). In most patients two or three levels were studied. 

To gain insight into the diagnostic significance of various morphologic abnormalities . we 
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Fig. 1.-Levels of CT depiction. Central figure shows levels of CT investi

gation. Slice thickness in this example is about 3 mm, and five slices are 
necessary to cover height of one vertebra and disk. Slices 1-3 pass through 
intervertebral foramen and slices 4 and 5 through pedicle. 

divided our findings into five radiodiagnostic groups: (1) cord defor
mation in a normally wide subarachnoid space (fig. 2); (2) cord 
deformation in a narrowed subarachnoid space (fig. 3); (3) nerve-root 
involvement as evidenced by local nerve-root swelling (fig . 4); (4) 
nerve-root involvement due to occlusion of the entrance of the 
intervertebral foramen (fig . 5); and (5) no cord or nerve-root involve
ment, however, dural indentations were frequently present (fig. 6). 

Besides this morphologic assessment, measurements were made 
at the level of maximal abnormality (as a rule, at C5-C6; in group 5, 
all measurements were made at C5-C6): cross-sectional area of 
spinal cord; cross-sectional area of surrounding subarachnoid space; 
midsagittal diameter of dural sac; and ratio between midsagittal and 
transverse diameter of spinal cord. 

Diameters and cross-sectional areas were computed by an inde
pendent CT viewing console after indicating the relevant landmarks 
or encircling the relevant area with a light pen on the display screen. 
Window width was routinely set at 800 H with levels usually centered 
around 200 H. 

Cord deformation was defined as asymmetry of its cross-sectional 
shape, distortion into a trigonal or rhomboid form and/or flattening or 
rotation . At first , flattening was assessed visually, but after analysis 
of measurements it was decided that flattening should be defined as 
a ratio of midsagittal to transverse diameter less than 0.4. Likewise, 
narrowing of the subarachnoid space was initially assessed visually 
but later was defined as a cross-sectional area of less than 70 mm2

. 

The level with the smallest dimensions was always chosen as repre
sentative of the case. 

Nerve-root swelling was defined as an increase in root diameter to 
at least twice normal at the area in question (fig. 4). As nerve roots 
are too small to make rel iable measurements, nerve-root swelling 
was only assessed visually. Nerve-root involvement was assumed to 
be present in cases of complete occlusion of the subarachnoid space 
at the entrance of the intervertebral foramen (fig . 5). No assessment 
of bony narrowing of the intervertebral foramen was attempted. 

Reliability of measurements was tested by measuring the cross
sectional area of the cord on 20 different CT images, repeating each 
measurement five times , and determining the maximal spread from 

the mean value of the five measurements. If conventional myelograms 
were available, their findings were compared with those of CT mye
lography. Data on clinical symptoms of the patients were collected 
from the radiodiagnostic request forms. If necessary, extra informa
tion was obtained by consulting the referring physician. 

Results 

Group 1 comprised 16 patients. As a rule, cord deformation 
consisted of unilateral flattening of the cord with or without 
some rotation to the contralateral side. Anterior to the flat
tened part of the cord, bony encroachment extending partly 
or completely across was present at the anterior border of 
the spinal canal, lending the latter an asymmetric appearance 
(fig. 2). In three cases the mass was of a purely soft nature, 
giving the appearance of a unilaterally bulging disk (fig. 7). 
The mass sometimes narrowed the corresponding interver
tebral foramen, but never occluded its entrance completely, 
thus leaving the root sleeve more or less indented but still 
opacified by the contrast medium. 

Conventional myelograms were available in 13 cases. In 
one case anterior indentation of the dural sac was present at 
the disk levels; in another case anterior and posterior inden
tations were seen in extension. In a third case a bilateral root
sleeve defect was found due to the presence of swollen nerve 
roots. In the other cases the root sleeves on the myelograms 
had been judged as normal, but in retrospect occasional slight 
loss of density of the root sleeve involved on the CT myelo
gram could be detected (fig. 2). 

Results of measurements on the cord and surrounding 
subarachnoid space are presented in table 1. Measurement 
error proved to remain below 3% in 75% of the cases and 
below 5% in 90%. Error was 7%-9% in 5% of the cases and 
never surpassed 9%. 

Statistically significant differences between the different 
groups with regard to different measurements are presented 
in table 2. Analysis of variance of the data showed that 
group differences among means were highly significant. 
Therefore, Student t tests were performed to locate these 
differences. Table 2 shows the p values resulting from the 
t test. 

Correlation with clinical findings revealed that in diagnostic 
group 1 no cases with long tract signs were present despite 
deformation of the cord. Clinical signs of nerve-root involve
ment were unilateral to the radiologic abnormality in seven 
cases, contralateral in six cases, and bilateral in two cases. 
In one case no cord or root signs were present. 

Group 2 included 24 patients. As a rule, cord deformation 
took the form of a cross-sectional shape congruent with that 
of the spinal canal (fig . 3). In several cases the cord also was 
more or less rotated. 

Conventional myelograms were available in 11 cases. A 
block in extension was found in eight cases; in one more case 
the "block" was unilateral. After restoration of flow of the 
contrast medium by cervical flexion, a permanent root-sleeve 
defect was detected in three cases. According to the CT 
myelographic findings , this defect resulted from the additional 
presence of a soft mass as defined in group 4 (these patients 
were also included in group 4). 
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Fig. 2.-Radiographic findings in group 1. A. Schematic drawing of CT 

myelographic findings. Unilateral flattening and rotation of cord in front of 
unilateral mass on anterior border of spinal canal. partly bony. partly soft in 
nature. and not completely occluding entrance of foramen (root sleeve still 
visible). Roomy subarachnoid space. B. Drawing of conventional myelogram. 
Corresponding root sleeve shows only minor abnormalities. C. CT myelogram 
at C5-C6 in 36-year-old woman with long-standing neck pain radiating into 
right arm. contralateral to side of mass at anterior border of spinal canal. Root 
sleeves on both sides are filled ; cord is flattened on left side and rotated. D. 
Conventional myelogram of same individual. Less of density of left-sided C5-
C6 root sleeve (arrow). 

Results of measurements are presented in table 1. To 
investigate correlation with clinical findings the group has 
been subdivided into 2A (long tract signs, 11' patients) and 
28 (no long tract signs, but unilateral nerve-root involvement 
in 11, bilateral nerve root involvement in one, and no root 
involvement in one). 

Group 3 consisted of 11 patients. In six, nerve-root swelling 
was the only CT myelographic abnormality. The CT myelo
grams in the other five cases showed, besides nerve-root 
swelling, a deformed cord in a normal subarachnoid space 
(one case), a deformed cord in narrowed subarachnoid space 

B o 
Fig. 3.-Radiographic findings in group 2. A. Schematic drawing of CT 

myelographic findings. Molding of spinal cord to shape of narrowed spinal 
canal. Narrow subarachnoid space with concentric encroachment on spinal 
cord by spondylotic deformations (arrows) . B. Drawing of conventional myelo
gram. Block of flow of contrast medium in extension of cervical spine. C. CT 
myelogram in 49-year-old man with acute loss of strength in right hand and 
paresthesias. On extension of head. there were neck tingling sensations in 
both legs (patient was grouped as 2A). Marked narrowing of subarachnoid 
space and deformation of cord at C5-C6. D. Conventional myelogram. same 
patient. Block at C5-C6. 

(one case), and an occluding mass at the entrance of the 
intervertebral foramen (three cases). Accordingly, these cases 
were also included in groups 1, 2, and 4, respectively. Nerve
root swelling manifested itself over an axial distance of some 
millimeters at the region of the lateral recess or entrance of 
the intervertebral foramen, and presented a rounded or barlike 
shadow occluding the recess nearly completely , simulating a 
diskogenic soft mass (fig . 4). 

Conventional myelograms were available in seven cases. 
They demonstrated discrete, rounded defects within the cor-
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Fig. 4.-Radiographic findings in group 3. A, Schematic drawing of CT 

myelographic findings . Swelling of nerve root (arrow) at entrance of interverte
bral foramen. More medially located part of nerve root is normal. e, Drawing of 
conventional myelogram. Rounded defects in corresponding root sleeve. C, CT 
myelogram at C6-C7 in 41-year-old woman with radiating pain in left arm and 
hand. Nerve-root swelling in region of entrance of left-sided intervertebral 
foramen. D, Conventional myelogram, same woman. Rounded defects in left
sided C6-C7 root sleeve (arrow) . 

responding root sleeves. In two cases, however, these de
fects were also present on the contralateral side, where the 
CT myelogram was normal. In two other cases the defect on 
the side of the abnormal root sleeve was larger and (according 
to the CT myelogram) attributable to the additional presence 
of a soft mass at the entrance of the foramen . 

Nerve-root swelling corresponded to the side of clinical 
nerve-root involvement in nine cases, although in two in
stances nerve-root symptoms were bilateral. In the two other 
cases nerve-root swelling was bilateral , but clinical symptoms 
were unilateral. 

Group 4 included 11 patients. The occluding mass invaria
bly was of a soft nature and always had a topographic relation 
to the intervertebral disk. Often the mass extended downward 
alongside the pedicle of the vertebra below. In one case it 
extended slightly upward. A swollen nerve root was present 

A c 

o 
Fig. 5.-Radiographic findings in group 4. A, Schematic drawing of CT 

myelographic findings . Soft mass at entrance of intervertebral foramen (arrows) . 
Complete amputation of filling of root sleeve. Deformation and rotation of cord. 
e, Drawing of conventional myelogram. Large defect at corresponding root 
sleeve with slight indentation of dural sac and slight displacement of cord. C, 
CT myelogram at C5-C6 in 41-year-old woman with neck pain radiating into 
right shoulder and arm, of some months duration. Soft mass at entrance of 
intervertebral foramen on right side, completely amputating corresponding root 
sleeve. D, Conventional myelogram before CT stUdy. Large defect at side of 
right-sided C5-C6 root sleeve with slight indentation of dura above and below 
(arrows). 

at the corresponding level in three cases (these cases have 
also been included in group 3). In five cases the mass also 
caused marked narrowing of the subarachnoid space, two 
such cases having long tract signs (these cases have also 
been included in group 2). 

Conventional myelograms were available in nine cases. 
They showed a large defect at the site of the corresponding 
root sleeve in eight cases, with inward bulging of the dura 
above and/or below the defect. In addition, a block in exten
sion was found in two of these cases, being unilateral at the 
side of the mass in one. In one case the defect at the site of 
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Fig. 6.-Radiographic findings in group 5. A. Schematic drawing of CT 
myelographic findings. Normal aspect of cord; no nerve-root swelling. Irregular 
anterior dural contour due to osteophyte formation at posterior vertebral border. 
but no narrowed subarachnoid space. B. Drawing of conventional myelogram. 
Normal aspect of cord and roots. C. CT myelogram at C5-C6 in 58-year-old 
woman with pain radiating into left arm. Level is normal except for irregular 
anterior dural surface due to osteophyte formation . D. Conventional myelogram 
before CT study. Normal aspect of cord and root sleeves. 

the mass was small . Correlation wtih cl inical findings showed 
agreement in all cases between side of clinical nerve-root 
compression and side of occluding mass. 

Group 5 comprised 28 patients. The CT myelograms were 
normal in 14 patients, apart from occasional minor spondylotic 
deformity. In the other cases marked bilateral spondylotic 
encroachment (unilateral in one case) on the anterior border 
of the spinal canal was present. In one case the subarachnoid 
space was narrowed. 

Conventional myelograms were available in seven cases. 
They were invariably judged as normal. No significance was 
attached to the minor asymmetry of filling of root sleeves and 
anterior dural indentations present in some cases. 

Results of measurements are presented in table 1. To 
investigate the influence of anterior spondylotic encroach-

ment, the mean values of the group with normal CT myelo
grams and those of the group with marked spondylosis were 
determined separately. No difference was found . 

Clinical symptoms in group 5 were unilateral signs of nerve
root involvement (18 patients), bilateral nerve-root involve
ment (four patients), long tract signs (three patients), and 
other symptoms (three patients). In the 11 cases with marked 
anterior spondylosis, signs of nerve-root involvement were 
unilateral in 10 patients and bilateral in one. In the case with 
unilateral spondylotic encroachment (as in group 1), nerve
root symptoms were bilateral. 

Discussion 

Recent literature reports have attempted to assess the 
diagnostic accuracy of CT myelography on the basis of sur
gical verification [4, 5, 7]. This method has two distinct 
disadvantages: First, although the surgeon can confirm or 
disprove in most cases the radiologic assessment of the 
anatomic situation within the spinal canal , he is no more able 
than the radiologist to state with certainty that the patient's 
symptoms are etiologically related to the existing anatomic 
situation (bulging or herniated disk, bony spur, narrow canal) . 
In other words, both the radiologist and the surgeon are 
describing the same morphologic features , and the correlation 
between the two techniques in the cervical spinal region is 
gratifyingly high. However, neither can tell us whether the 
features perceived are symptomatic or asymptomatic. The 
results of the operation (success or failure in relief of symp
toms) can provide an indication in this direction, but they are 
by no means conclusive [8]. Second, selecting patients on 
the basis of having undergone surgery excludes patients with 
a discrepancy between clinical and radiologic findings , as was 
present in our group, and who will not undergo surgery. 

Our method of comparing CT myelographic findings with 
clinical signs also has its limitations. Clinical symptomatology 
in general is insufficiently reliable to ascertain unequivocally 
the location of nerve-root involvement. Accordingly, attention 
was only paid to the side of nerve-root complaints, and no 
speculation was made as to the level. Therefore, if clinical 
symptomatology pointed to the side contralateral to the radio
logic findings , these findings were considered false positive. 
If clinical and radiologic signs pointed to the same side, 
correlation was considered probable, although it is known 
that brachialgia can be produced by nerve-root compression 
as well as by a great variety of pathologic processes. There
fore , our method is more reliable for assessing false-positive 
results than for establishing a true-positive relationship. True
and false-negative findings are, of course, even more difficult 
to identify. 

In group 1 (cord deformation in a normally wide subarach
noid space) radiologic signs were almost as often in disagree
ment as in agreement with the side of clinical signs. If this 
were to imply an almost random distribution, a causal relation 
between the anatomic and the clinical picture would seem 
unlikely, even in cases where both are on the same side. In 
the latter case, however, absence of a causal relation cannot 
be established with certainty either. Therefore, it seems more 
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Fig. 7.-Possible evolution of herniated disk. Schematic drawing (A) depicts several stages of disk 
bulging or disk herniation, indicated by interrupted lines 1-3. These stages are shown on CT myelograms 
(B-O). Stages 1 (B) and 2 (C) were interpreted as unilateral bulging disks that left corresponding 
intervertebral foramen more or less open with opacification of root sleeve (arrows) . Accordingly, these 
cases were classed in group 1. Soft mass in stage 3 (0) completely occluded intervertebral foramen and, 
hence, was interpreted as herniated disk belonging to group 4. A gradual progression from stage 1 to 
stage 3 is suggested. 
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TABLE 1: Results of Measurements of Cord and Intradural Space at Level of Maximum Pathology 

Group No. 

2A 28 5 

No. of men ........ . . 9 10 12 18 
No. of women ........ . 2 3 4 10 

Total ........... . ............. . . ... ..... . . .. . .. . 11 13 16 28 

Mean age (years) ....... . 55 45 46 45 
AP cord diameter (mm) .............. .. . . . ... ..... . ..... . . . .. . 4.8 6.3 6.4 7.1 
Transverse cord diameter (mm) ............... . ... . .. . 13.1 13.9 14.5 13.8 
Ratio AP /transverse cord diameter (x 100) . . ..... . .. . . ..... .. ... .. .... .. .. . 37 44 44 51 
Cross-sectional cord area in mm2 (SO) .. 50 (17) 71 (13) 77 (8) 84 (10) 
AP diameter of intradural space (mm) .. .. . .. . ........... . 7.2 8.6 10.7 11 .9 
Cross-sectional area of intradural space in mm2 (SO) .... .. . 100 (29) 132 (37) 188 (29) 208 (42) 
Cross-sectional area of SAS around cord in mm2 (SO) 50 (20) 61 (27) 111 (43) 124 (43) 
Ratio cord area/intradural space area (x 100) . 50 55 41 42 

Note.- Group 2A = stenosis with long tract signs; group 28 = stenosis without long tract signs; group 1 = cord deformation in wide canal; group 5 = no cord deformation (all 
measurements were obtained at C5- C6). The level of maximum pathology in groups 1 and 2 was found at C5-C6 in 66%. at C6-C7 in 28%, and at other levels in 6%. AP = anteroposterior; 
SAS = subarachnoid space. 

prudent to conclude that although group 1 radiologic findings 
lack specificity, they may have significance if the clinical 
symptoms are on the same side. 

In group 5 (no cord or nerve-root deformity), 18 individuals 
had unilateral nerve-root symptoms. Symmetric, bilateral, an-

terior bony encroachment upon the dural sac was seen in 10 
of these cases, however. Likewise, in group 28 (cord defor
mation in a narrowed subarachnoid space without long tract 
signs), the spinal canal nearly always showed concentric 
narrowing. Nerve-root signs, however, were almost invariably 
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TABLE 2: Statistical Findings among Groups of Degenerative Disorders of the Cervical Spine 

Correlations between Groups (p values) 

1/2A ' /2 8 ' /5 2A/28 2A/5 28 /5 

Mean age . 
AP diameter of cord . 
Transverse diameter of cord . 
Ratio AP/transverse diameter of cord .. . .. . . . . . . . 
Cross-sectional area of cord . . . . . . . . . . . . . 
AP diameter of intradural space . . .... . .... . 
Cross-sectional area of intradural space ........ .. . 
Cross-sectional area of SAS around cord ... . . . . . . . . . . 
Degrees of freedom for the Student t-test 

0.05 
0.004 
0.01 

0.00 
0.00 

0.04 
25 

0.00 

27 

0.001 
0.07 

0.02 
0.01 

42 

0.04 0.04 
0.01 0.00 0.01 

0.01 0.02 
0.004 0.00 0.004 
0.03 0.00 0.00 

0.00 0.00 
0.05 0.00 

22 37 39 

Note.-Only p values less than 0.05 from two-tailed r tests (except age, which was tested one-tai led) are shown. The degrees of freedom refer to a pooled variance estimate. assuming 
equal variances in both groups. If necessary. a separate variance estimate was used and degrees of freedom were calculated accordingly. All calculations were performed on a PDP " ·70 
computer with SPSS 16]. AP ~ anteroposterior; SAS ~ subarachnoid space . 

• Testing was not relevant. 

TABLE 3: CT Myelographic Features "Specific" for Clinical 
Nerve-Root Involvement 

Group 

2B ...... .. . 
2B + 3 . 
2B + 4 .. 
3 . 
3+1 
3 + 4 . 
4 ......... . 

Total . 

CT Myelographic Findings 

Stenosis alone 
Stenosis + root swelling 
Stenosis + disk herniation 
Root swelling alone 
Root swelling + cord deformation 
Root swelling + disk herniation 
Disk herniation alone 

No. of Cases 
(n ~ 67) 

8 
1 
3 
6 
1 
3 
3 

25 

Note.-Patients with long tract signs with or without nerve·root symptoms are not 
included in th is table. 

unilateral (11 of 12 cases). Unilateral nerve-root signs in the 
presence of bilateral narrowing of the spinal canal would 
appear to argue against a causal relation. On the other hand, 
literature reports indicate that nerve-root signs may be the 
precursor of long tract signs in developing spondylotic mye
lopathy. It is our experience that such nerve-root symptoma
tology may disappear completely after surgical decompres
sion of the cord. Therefore, lateralization of symptoms may 
be the result of a minute asymmetry in an apparently sym
metric lesion. 

A 100% correlation was found between the side of nerve
root symptoms and that of disk herniation, as evidenced by 
an occluding mass at the entrance on the intervertebral 
foramen (group 4). This means that such an occluding mass 
is probably a reliable radiologic sign of local nerve-root 
compression. The three characteristics of the mass-(1) ex
clusively composed of soft tissue; (2) completely occluding 
the entrance of the intervertebral foramen; and (3) extending 
upward or downward into the lateral recess alongside a 
pedicle-indicate that it represents a herniated disk. As is 
evident from the CT myelograms (fig . 6), the mass is in 
continuation with the intervertebral disk between the unco
vertebral joints. It was never seen to bulge maximally in the 
midline, but always deviated laterally in the direction of the 

intervertebral foramen. Perhaps the three cases of soft uni
lateral mass included in group 1 represent first stages in the 
development of disk herniation (fig. 7). 

In this context it is interesting to note that complete occlu
sion of the foraminal entrance was never noted in cases with 
spondylotic encroachment (group 1). Therefore, it appears 
that only a soft-tissue mass (disk herniation), whether or not 
in combination with local spondylosis, can compress the nerve 
root in the lateral region of the spinal canal at the foraminal 
entrance. More distal compression within the foramen is 
discussed below. 

Nerve-root swelling (group 3) appears to be positively cor
related with the side of clinical nerve-root involvement, albeit 
less strongly than an occluding mass at the foraminal en
trance. Characteristically it is limited to the lateral part of the 
visible segment of nerve root. The more proximal medial part 
was never included in the swelling. This seems to indicate 
that the cause of nerve-root swelling must be found immedi
ately distal to the swollen segment, that is, in the intervertebral 
foramen, or, in case of disk herniation, at the entrance of the 
foramen. 

It is tempting to speculate on the role of foraminal lesions 
in causing nerve-root compression and swelling. The inter
vertebral foramina, however, fall outside the scope of our CT 
myelography study, as only in a few cases does filling of long 
root sleeves permit demonstration of the nerve root within 
the foramen. Assessment of the bony dimensions of the 
foramen does not clarify the problem, as it has long been 
known that the incidence of bony foraminal narrowing in 
symptomatic and asymptomatic patients is the same [9] . 
Possibly intravenously enhanced CT studies of the foramina 
may be helpful, with unilateral occlusion of the uncinate vein 
within the foramen indicating nerve-root compression at the 
same location [10] . 

Table 3 shows the distribution of CT myelographic features 
in 25 individuals with clinical nerve-root symptoms only (no 
long tract signs). Note that some exhibit more than one of 
these features. We regard the CT myelographic features 
mentioned in this table as "specific" for clinical nerve-root 
involvement, including stenosis, because decompression may 
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have a favorable effect on root symptoms. The other 37 
individuals in our group with clinical nerve-root symptoms only 
exhibited "nonspecific" CT myelographic features , such as 
unilateral flattening of the cord or no abnormalities. Thus, CT 
myelographic findings "specific" for clinical nerve-root involve
ment occurred in 25 (40%) of 62 of these patients. 

If we now turn to the spinal cord, it is striking that the 
significant degree of deformation of the cord in groups 1 and 
2B has no detectable clinical significance, as long tract signs 
are absent. Besides deformation, however, the mean cross
sectional area of the cord in these groups is reduced when 
compared with the reference group 5 (reduction by 8% and 
15%, respectively, tables 1 and 2). 

Evidently this degree of cord involvement is not sufficient 
to produce long tract signs. Such signs do become manifest 
in group 2A, in which the mean cross-sectional area of the 
cord has been reduced even more markedly (reduction by 
40% compared with group 5). This seems to indicate that the 
critical value below which long tract signs become manifest 
lies somewhere between the mean cross-sectional areas of 
group 2B (71 mm2

) and 2A (50 mm2
), or somewhere around 

60 mm2 or 30% reduction in cross-sectional area. The "nor
mal" group 5 indeed contains no individuals with a cross
sectional cord area of less than 60 mm2

, and in group 1 only 
one of 16 individuals without long tract signs had a smaller 
area (54 mm2

) . In group~B, two of 12 individuals without long 
tract signs had smaller a?eas of 58 and 56 mm2

, respectively. 
In the concentric cord cb{Tlpression present in group 2, it 

seems likely that the cord may escape loss of function in the 
early stages by adaptation of its shape to that of the narrowing 
spinal canal. When loss of cord volume does occur, this need 
not at first lead to loss of function , a phenomenon comparable 
to adaption of the brain to progressive hydrocephalus or a 
slowly-growing meningioma. After the reduction of cross
sectional cord area has exceeded a critical degree (about 
30%) and the remaining cord area has reached a certain 
minimum (about 60 mm2

) , decompensation will occur because 
no more cord volume can be sacrificed without damage to 
the long tracts. In this connection it is interesting to note that 
the mean age in groups with long-tract signs (group 2) is 10 
years older than in group 2B without such long-tract signs 
(tables 1 and 2). 

It is also worth noting that the cross-sectional area of the 
subarachnoid space has already been markedly reduced in 
group 2B (as compared with group 5). This indicates that 
concentric compression of the cord due to critical reduction 
of the surrounding subarachnoid space has already started in 
group 2B. 

A recent literature report [5] describes good surgical results 
in patients with cervical myelopathy and a cord-to-subarach
noid space ratio (cord area divided by total intradural area x 
100) greater than 50, as opposed to poor results in patients 
in whom the same ratio was less than 50. In the latter group, 
with a relatively roomy subarachnoid space surrounding an 
atrophic spinal cord, poor surgical results may indicate that 
the cord problem is not due to concentric compression, or 
that cord atrophy, originally the result of concentric compres
sion, has exceeded a critical limit and is now progressing 

autonomously. As table 1 indicates, the mean cord-to-sub
arachnoid space ratio in group 2A is 50. Five patients in this 
group had a ratio less than 50 and a mean cross-sectional 
area of the cord of 44 mm2

. In the other six patients the ratio 
was more than 50 and the cross-sectional area of the cord 
had a mean value of 64 mm2

. Thus, in the patients with a 
ratio of less than 50, cord atrophy seems to be more pro
nounced. Table 1 also shows ratios of 41 and 42, respectively, 
in groups 1 and 5. One should be aware that these low ratios 
are due to a roomy subarachnoid space and not to cord 
atrophy (cross-sectional areas of the cord being well over 60 
mm2

). 

Are the values given in table 1 for group 5 (normal appear
ance of cord and nerve roots) normal? To answer this ques
tion we compared the values with data in the literature. In 
anatomic specimens Elliot [11] measured a cross-sectional 
area of the cord at the girth of maximal enlargement of 75-
85 mm2

• According to Nordqvist [12], the anteroposterior 
diameter of the subarachnoid space averages 11.7 mm, with 
a spread of 9-14 mm. Cord ratio is given by Elliot as 0.58, 
anteroposterior and transverse diameters of the cord aver
aging 7.7 and 13.2 mm. According to Di Chiro and Fisher 
[13] , the ratio at C5 is 0.62, the cord diameters averaging 8.5 
and 14 mm. All these values are in fair agreement with the 
data of group 5, the cord in this group 5 having the same 
cross-sectional area but being slightly flatter in shape. 

Comparing the results of CT myelography with those of 
conventional myelography, we see that the latter studies were 
always initially judged as normal in groups 1 and 5, but in 
retrospect sometimes slight loss of density at the involved 
root sheath could be detected in group 1. In our opinion the 
findings of CT myelography in group 1 do not add to a better 
understanding of the clinical picture because they are usually 
clinically irrelevant. The same is true for group 5, in which 
conventional myelograms are also normal, minor asymmetry 
of filling of root sleeves and anterior dural indentations being 
accepted as insignificant [1). 

In groups 2-4, the conventional myelogram was always 
abnormal. In group 2A, a block in extension or marked anterior 
and/or posterior indentations of the contrast column were 
present. Abnormalities in group 3 occasionally proved to be 
minor, but had been judged invariably as abnormal. Group 4 
presented gross abnormalities at the level of the foraminal 
mass in all cases. Additional information provided by CT 
myelography in all these groups proved to be relevant. In 
group 2 deformation of the cord was demonstrated on CT 
myelography, and measurements of the cross-sectional area 
of the cord and subarachnoid space contributed to preoper
ative evaluation . The cause of the concentric compression 
(spondylotic mass, herniated disk) could be better analyzed. 
In group 3 sometimes a cause for the nerve-root swelling 
could be detected (herniated disk, stenosis). In group 4, 
demonstration of the herniated disk contributed to the pre
operative evaluation . In conclUSion, we may state that a 
normal conventional myelogram appears to make a postmye
lographic CT investigation superfluous. CT investigation in 
these cases may even lead to false-positive interpretation of 
clinically irrelevant findings. In abnormal conventional myelo-
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grams, however, additional CT investigation is likely to provide 
additional information. 

In some instances, swollen roots on CT myelography were 
misinterpreted as herniated disk, especially if they nearly filled 
the entrance of the foramen. By manipulation of window and 
level the slight differences in density between the roots and 
surrounding subarachnoid space can be enhanced, and it will 
become evident that we are dealing with swollen roots and 
not with a herniated disk. Another criterion in differentiation 
of both conditions is that swollen nerve roots occupy only 
one or two thin adjacent CT slices, while a herniated disk 
extends axially over larger distances (e.g., 10 or 15 mm or 
more). 
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