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Quantitative analysis of the cervical spinal canal
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Summary. Computed tomography measurements of
the AP diameter, width, and cross-sectional area of
the bony cervical canal were derived from cervical
spine examinations of fifty-two normal adults. These
quantitative parameters were then used to evaluate
80 patients with various cervical abnormalities to de-
termine the clinical usefulness of the measurements.
With the exception of spinal stenosis, quantitative
cervical canal analysis was found to be of limited
usefulness since normal measurements frequently
occurred in the presence of significant cervical pa-
thology.
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The merits of CT spinal evaluation have been well
described [1-20]. In particular, CT of the lumbosac-
ral spine has received much attention in the literature
[1-9]. Nomograms have been established for normal
Iumbar spine measurements [6, 7] and are used when
evaluating patients with suspected lumbar spine dis-
ease. In contrast, the cervical spine has received less
attention. While plain radiographs and standard
myelography provide important information regard-
ing canal abnormalities, CT is often superior in the
overall evaluation of the spine [9-16]. Despite some
limitations [4, 13, 17] plain CT has been advocated in
the initial investigation of patients with suspected
spine abnormalities [8, 17, 18]. Although the merits of
CT assisted metrizamide spine exams continue to be
demonstrated [8, 11, 13, 15, 17-20], the examination

* Portions of this material was presented at the Annual Meeting
of the Radiological Society of North America Chicago, Illinois,
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is invasive and not without side effects. Therefore
plain CT examination of the spine may continue to
be used as an initial screening examination of some
abnormalities. Quantitative cervical spine measure-
ments can be readily obtained from plain CT exami-
nations. The following study was undertaken to de-
rive normal cervical spine measurements and deter-
mine their clinical usefulness in the evaluation of
patients with pathological states.

Materials and methods
Fifty-two consecutive volunteers with no neurologic

history attributable to the cervical spine formed the
study group. They were examined prior to standard
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Fig.1. The maximum AP diameter, width, and cross-sectional
area were measured at a wide window setting of 1000 and level of
(+)200HU



140

Normal

40}

AP Diameter {mm}

i M i

‘\.\o——o—o—‘.__.
104 1o}

a0}

Width {mm)

a Cervical Level

Normal

3of \_‘—*_——‘/,4\. 40
\___’__.’—4\ ]
4

< 3.0

6.0 (
Normal
5.0

Cervical Level

¢, ¢ ¢ ¢, ¢, ¢ 6 o & ¢ & ¢

c Cervical Level

Fig.2a-c. Nomograms of the cervical AP diameter a, width b, and cross-sectional area c¢are shown. The central heavy black line repre-
sents the mean value, and the lines above and below represent the normal range (%2 standard deviations)

Table 1. Measurements (£2 S.D.)

Vertebral A/P Diameter  Width (CM) Area (CM?)
level C™M)

C1 2.14 (0.64) 2.82 (0.52) 4.24 (1.52)
Range (1.50-2.78) (2.30-3.34) (2.72-5.76)
2 1.69 (0.34) 2.37 (0.40) 2.89 (0.94)
Range (1.35-2.03) (1.97-2.75) (1.95-3.83)
C3 1.40 (0.30) 2.37 (0.40) 2.30(0.74)
Range 11 -1.7) (1.97-2.77) (1.56-3.04)
C4 1.40 (0.30) 2.43 (0.40) 2.25(0.82)
Range 11 -1.7) (2.03-2.83) (1.43-3.07)
C5 1.40 (0.26) 2.45 (0.40) 2.31(0.70)
Range (1.14-1.66) (2.05-2.85) (1.61-3.01)
Cé6 1.45 (0.42) 2.42 (0.50) 2.44 (1.21)
Range (1.03-1.87) (1.92-2.92) (1.23-3.65)
c7 1.5 (0.44) 2.29 (0.52) 2.25(0.82)
Range (1.05-1.94) (1.77-2.81) (1.43-3.07)
Table 2

Pathologic conditions

Abnormal measurements

Herniated discs 13 1 (8%)
Spondylosis 24 19  (79%)
Fractures 22 3 (14%)
Syringomyelia 9 2 (22%)
Neoplasms 6 2 (33%)
AVM 1 1 (100%)
Spinal stenosis 5 5 (100%)
Total 80 33 41%)

head CT or neck CT examinations for suspected pa-
rotid, thyroid, or parathyroid gland abnormalities.
Equal numbers of males and females with an age
range of 15-74years, (average 42) were examined.
Patients with minor degenerative changes were in-
cluded, provided no degenerative spur encroached
upon the cervical canal. All scans were performed on
a GE 8800 CT scanner, using 120kVp, 9.6 second
scans. All measurements were made directly from

the CT video image using the standard internal mea-
surement device of the CT scanner.

A single 1cm thickness scan was made through
the mid portion of each vertebral body. Using meth-
ods similar to those previously described for plain
film measurements of the cervical spine [22], CT
slices were oriented perpendicular to the posterior
surface of the vertebral body through the closest por-
tion of the cortical line of the neural arch (the mid-
line of the spinal canal posteriorly). The radiation
dose to the neck was measured at approximately
2.5 rads per slice using this technique [26].

The cervical spinal canal was measured in the
greatest AP diameter, width, and cross sectional area
(Fig.1) by two observers. Both magnified and non
magnified views and measurements were obtained.
Magnified, non-magnified and interobserver mea-
surements always varied by less than 5%. The appro-
priate level and window setting for these measure-
ments as well as the accuracy of the internal
measuring device of the CT scanner were deter-
mined using the Alderson Research Phantom!'. The
phantom has a bone density block within a plastic
matrix. At a wide window CT setting of 1000 HU,
and level of (+) 200HU, CT measurements ob-
tained by 2 observers were within 4% of the actual
size of the bone density block within the phantom.
Additional measurements were made at window lev-
els of 0HU, (+) 100 HU, and (+) 300 HU, and all
were found to vary from the actual object size by less
than 5%.

The cervical canal AP diameter, width, and cross
sectional area, * 2 standard deviations at each cervi-
cal level, were calculated. Cervical canal measure-
ments were considered abnormal if outside this
range. The measurements of the cervical canals of
80 patients with various cervical abnormalities were
then compared to the normal values.

1 Alderson Research Laboratories Stanford, CT 06904



Results

The normal measurements of the cervical spine are
shown in graphs (Fig. 2), and summarized in Table 1.
The greatest AP diameter, width, and area as well as
the largest standard deviation of the cervical canal
occurred at CI. The smallest AP diameter of the ca-
nal occurred at C;, C4 and Cs. The cross-sectional
area was smallest at the C, and C; level.

Eighty patients with cervical abnormalities were
measured: thirteen with cervical disc abnormalities,
24 with symptomatic spondylosis, 22 with cervical
spine trauma, nine with cervical syringomyelia, sev-
en with cervical cord neoplasm, and five with con-
genital diffuse spinal stenosis.

Thirteen patients had cervical disc herniation
without evidence of associated significant cervical
spondylosis. Disc herniation was documented with
metrizamide myelography, CT metrizamide myelog-
raphy, and/or surgery. Eleven of this group had a
radiculopathy, one a radiculopathy and myelopathy,
and one a myelopathy. Only one (8%) with associat-
ed congenital spinal stenosis and myelopathy had
abnormal canal measurements.

Of nine patients with syringomyelia or hydro-
myelia documented with CT and myelography, only
one had cervical canal measurements larger than
normal. One of the nine had an unexplained small
canal associated with spinal cord atrophy.

Twenty-four patients had cervical spondylosis.
Their neurologic symptoms ranged from intense ra-
dicular pain to a severe myelopathy with progressive
quadraparesis. Five of these 24 patients had normal
canal measurements. In the 19 patients with abnor-
mal canal measurements, the AP diameter was the
parameter most frequently affected (31levels). The
cross-sectional area was abnormal at 18 levels, both
the AP diameter and cross-sectional area at 16 levels,
and the width, AP diameter, and area abnormal at six
levels. The width was small at only seven levels. Pat-
ients averaged two affected cervical levels with a
range of one to four levels, and C,, Cs, C were the
levels most commonly involved. Four patients had
AP measurements less than 10 mm and all four had
progressive quadraparesis.

Twenty-two patients had cervical spine fractures.
Twelve had focal neurologic findings which eventu-
ally resolved and all had normal cervical spine mea-
surements. Ten patients had persistent focal neuro-
logic deficits and seven of ten had normal cervical
canal measurements despite serious fractures. CT as-
sisted metrizamide myelography demonstrated con-
tusion or compression secondary to hematomas in
this group. The remaining three had canal measure-
ments that were abnormal, with the most common
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abnormality being a diminished AP diameter sec-
ondary to fracture fragments.

Six patients with cervical cord neoplasms and
one patient with a cervical cord arteriovenous mal-
formation (AVM) were grouped together. Three of
the seven had abnormal measurements. The patient
with the AVM had an enlarged canal with a large
cross-sectional area at 5/7 cervical levels. The AP di-
ameter was large at two levels. Arteriography dem-
onstrated diffuse involvement of the cervical cord
with the AVM. The second patient had a cervical
meningioma with an enlarged cross-sectional area
from C; to C,. The third patient had neurofibromato-
sis associated with an extramedullary neurofibroma
and an enlarged canal from C; to C,.

Five patients with a progressive myelopathy were
found to have a congenital, diffusely small bony cer-
vical canal. Metrizamide myelography showed dif-
fuse canal narrowing. The abnormal cervical spines
are summarized in Table 2.

Discussion

CT provides a simple, fast, and accurate method of
measuring the cervical spinal canal. Accurate mea-
surements can be obtained from non-magnified im-
ages shortening the time required to perform the ex-
am. Although previous examiners have cautioned
that visually appealing images may not provide accu-
rate anatomical quantitative data [21], we have
shown accurate spinal canal measurements can be
made over a wide range of window levels.

The CT canal measurements of the AP diameter
differed from commonly used plain film measure-
ments [22, 23]. Overall the AP diameter was smaller
with a smaller range of normal values. This most
likely was due to lack of magnification with CT. The
plain film and CT graph of the AP contour appeared
similar with the exception of slight expansion of Cg
and C; on CT. At these levels a larger standard devia-
tion occurred than at the more uniform C;, C,, and
C; levels. By our measurements 10 millimeters must
be considered the lower limits of normal at Cg, C; al-
though no normal patient had a canal less than
11 mm in the AP diameter. Despite the use of gantry
angulation a true perpendicular relationship be-
tween the plane of the CT section and central axis of
the cervical spinal canal was more difficult to obtain
here, leading to a larger standard deviation.

We compared plain film interpedicular measure-
ments of C;_5 [24] and found them to be similar to the
CT canal width measurements. Again the CT mea-
surements were smaller, however, the graph contours
of the CT and plain film measurements appeared
similar.
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The CT cross-sectional area, AP diameter, and
width of the cervical spinal canal have not been pre-
viously established, although others have evaluated
the size of the cervical cord with myelography [25]
and CT-assisted myelography [26]. The cord was
widest in the mid-cervical area. Its AP diameter was
greatest at C; with an AP bulge at C, slightly greater
than the mid cervical portion of the cord. With the
exception of the C; width, which was the greatest,
the graph appeared similar to those of cord measure-
ments. OQur 10 mm lower limit of normal for the AP
diameter of the spinal canal is in agreement with the
9.3 mm upper limits of normal for sagittal cord size
[25].

Most abnormal spinal measurements occurred in
patients with neurologic symptoms due to bony com-
pression of the cervical spinal cord. This occurred
most frequently with spondylosis and congenital spi-
nal stenosis. The parameter most commonly affected
in spondylosis was the AP diameter, due to large
osteophytes arising from the posterior aspect of the
vertebral body. All four patients with spondylosis
and AP diameters less than 10 mm had progressive
quadraplegia.

The cross-sectional area was the parameter most
frequently abnormal in patients with congenital dif-
fuse spinal stenosis and in patients with generalized
expansive processes such as neoplasms and syrin-
gomyelia. The width was the parameter least com-
monly affected and of the least clinical value in such
patients.

Nineteen of twenty four patients (79%) with cer-
vical spondylosis had small canal measurements.
Despite the fact that the majority of patients with
spondylosis had abnormal measurements, the use of
quantitative data alone would have underestimated
the extent of disease in the cervical spine. Quantita-
tive analysis of canal measurements detected abnor-
malities at only thirty-six cervical spine levels in the
nineteen patients. Myelography and CT-assisted
myelography demonstrated osteophytes producing
cord or nerve root compression capable of account-
ing for the patient’s symptoms at 73 cervical levels.
Thus quantitative parameters alone should not be
used to evaluate patients with spondylosis.

Five patients with diffusely small canals and a
progressive myelopathy were studied. Plain cervical
spine films suggested spinal stenosis and plain CT
with quantitative data documented diffuse narrow-
ing of the cervical bony canal. Metrizamide myelog-
raphy was useful in excluding other pathology.
Three of the patients underwent cord decompression
in the already compromised small canal, with subse-
quent improvement in their neurologic deficits.

Large canals occurred infrequently (4/78 or 5%),
but when present were due to neoplasm or syringo-
myelia. Arteriography, myelography, or CT assisted
myelography was necessary to establish a diagnosis
in this group. All had neurologic symptoms of such
severity that regardless of the canal measurements
additional studies were indicated.

In the remainder of abnormal patients, quantita-
tive data was of little clinical usefulness. Only 1/11
patients with a herniated cervical disc, two of nine
cases of syringomyelia, three of seven cord neo-
plasms, and 3/22 cervical spine fractures had abnor-
mal parameters. Severe neurologic deficits were fre-
quently present despite the normal plain CT appear-
ance and size of the cervical bony canal. Myelogra-
phy or CT assisted myelography was usually needed
to establish a diagnosis in these patients.

In summary, plain CT is an accurate non-inva-
sive method to quantitatively assess the bony cervical
canal. Our measurements for canal AP diameter,
width, -and cross sectional area compare favorably
with previous quantitative studies of the cervical ca-
nal and spinal cord size. However, quantitative pa-
rameters were found to be of limited clinical useful-
ness when evaluating patients with cervical patholo-
gy. Using quantitative data alone the extent of
spondylosis would have been grossly underestimat-
ed. Most patients with cord neoplasms, syringomye-
lia, trauma, and cervical discs had normal canal mea-
surements.

The one group in whom quantitative cervical ca-
nal assessment best provided information regarding
the presence and extent of disease was spinal steno-
sis. Once this condition is suspected from plain cervi-
cal spine films, the spinal canal can be best evaluated
with CT. Abnormal quantitative data can provide ad-
ditional diagnostic support that spinal stenosis is
present.
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