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MIDSAGITTAL DIAMETER OF CERVICAL SPINAL
CANAL AND TORG'S RATIO OF THE CERVICAL
SPINE IN PAKISTANIS

Athar Magbool ', Zubia Athar ? & Laiq Hussain 3

ABSTRACT

Objectives: (1) To determine the midsagittal diameter of cervical spinal canal in normal Pakistani
population, (2) to set the normal range of cervical spinal canal/vertebral body ratio (Torg’s ratio) in
the Pakistanis, and (3) to know whether there are any differences in the cervical spinal canal size and
the Torg’s ratio of the cervical vertebrae between Pakistani and other populations.

Design: Measurement of midsagittal diameter of the spinal canal and anteroposterior diameter of the
vertebral body in cervical vertebrae of 100 dried human spinal columns of Pakistani origin.

Setting: Anatomy department, Nishtar Medical College, Multan, Pakistan.

Results: Mean midsagittal diameter of the cervical spinal canal in Pakistani males was found to be
15.1 £ 1.6 mm, while in the females it was 14.5 + 2.07 mm. The mean Torg’s ratio for the Pakistani
males was 0.95 and for the females it was 1.08.

Conclusions: (1) There is no significant difference in the anteroposterior diameter of cervical spinal
canal in the American and Pakistani population. (2) Mean midsagittal diameter of cervical spinal canal
in normal Pakistanis is larger than that of the normal Japanese. (3) The Torg’s ratio in the male
Pakistani and Korean subjects is nearly similar but is less than that reported for male Americans.
However, the Torg’s ratio for the Pakistani, Korean and American females is nearly similar.
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Cervical spondylosis is an age-related abnor-
mality of the cervical spine affecting the verte-
bral bodies and the intervertebral discs.
Changes are most common in the lower seg-
ments of the cervical spine. The intervertebral
discs degenerate, flatten and become less elas-
tic. Herniation of the disc material through
tears in the annulus fibrosus is commonly as-
sociated with these changes. Osteophytes in the
form of bony spurs, ridges or bars appear at
the anterior and posterior margins of the ver-
tebral bodies; those that develop posteriorly
may encroach upon the spinal canal or the
intervertebral foraminal. Cervical spondylosis
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is the commonest abnormality of the cervical
spine and it has been reported that 82% of the
people aged 54 years or more have radiographic
evidence of degenerative changes in the
cervical spine?.

The importance of size and shape of the spi-
nal canal in connection with the occurrence of
symptoms of spinal cord or nerve root com-
pression has long been recognized. While
Elsberg and Dyke® determined the range of
variation in the interpeduncular width of the
cervical spinal canal, it was Lindgren*who first
pointed out the importance of anteroposterior
(sagittal) diameter in the cervical region. Payne
and Spillane® measured the anteroposterior
diameter of the cervical spinal canal of 90
adults on the lateral radiographs of the cervi-
cal spine. They found that the spinal canal was
narrower in cases of cervical spondylosis. Wolf
et al® measured the canals of 200 random cases
and established the currently accepted normal
values for the sagittal diameter of the cervical
spinal canal from C1 to C7. Burrows’ mea-
sured the sagittal diameter of the cervical ca-
nal upon lateral radiographs of 300 normal
adults and compared this standard with the
sizes of the spinal canals of 24 patients of cer-
vical spondylosis on whom cervical laminec-
tomy was performed because of severity of their
symptoms. He concluded that the sagittal
diameter of the spinal canal is of definite
diagnostic significance in cervical spondylosis.
Similar findings were also reported by Hinck
and SachdeVv?.

Later on, other workers reported that many
young athletes giving history of neurapraxia
of the cervical spinal cord were found to have
developmental narrowing (stenosis) of the
cervical spinal canal®',

More recently, many workers have produced
evidence that incidence of “stingers” or “burn-
ers” (traumatic upper extremity paresthesias)
in athletes is associated with developmental
spinal stenosis!**.

It is a known fact that the vertebral column
morphology is influenced externally by
mechanical and environmental factors and in-
ternally by genetic, metabolic and hormonal
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factors®. Different authors have reported dif-
ferent measurements of the normal range of
the anteroposterior diameter of the spinal
canal at each cervical level>"1"18, These mea-
surements, obtained from lateral radiographs
of the cervical spine show certain amount of
discrepancy. As pointed out by Boijsen'’, these
discrepancies are due to variable enlargement
factors, mainly the object-film distance which
depends upon individual shoulder widths. To
overcome this difficulty Torg, Pavlov and co-
workers devised a ratio method to determine
cervical spinal stenosis. This ratio (titled since
then as Torg’s ratio or Pavlov’s ratio) compares
the sagittal diameter of the spinal canal with
the anteroposterior width of the vertebral body.

Pavlov et al?® reported that the ratio method

for determining cervical spinal stenosis is more

sensitive and more specific than the conven-
tional method in which only the sagittal diam-
eter of the spinal canal is measured.

Lee et al* suggested that measurements on
the radiographic films could not depict the
exact and true dimensions of the vertebral body
and spinal canal and, therefore, a study on
anatomical specimens was indicated. They
carried out their study on dried human spinal
columns. Purposes of their study were to de-
termine the normal midsagittal diameter of the
cervical spinal canal of the Korean population
by actual measurements on anatomical speci-
mens, to set the normal range of Torg’s ratio in
Koreans, and to find out whether these mea-
surements were subject to any racial differ-
ences.

The present study was carried out on dried
human spinal columns with the following
objectives:

1. to determine the midsagittal diameter of
the cervical spinal canal in the normal
Pakistani population.

2. to set the normal range of the Torg’s ratio
for the cervical spinal canal in the
Pakistanis.

3. to know whether there are any differences
in the cervical spinal canal size and the
Torg’s ratio of the cervical vertebrae
between Pakistani and other populations.
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MATERIALS AND METHODS

The cervical vertebrae of 100 dried human
spinal columns stored in the department of
Anatomy, Nishtar Medical College, Multan,
were studied. Seventy five of these spinal col-
umns were of male subjects, while the rest 25
belonged to female subjects. All subjects were
adults, the age limit ranging between 25 and
60 years. Any spinal column showing
osteophyte formation or any other vertebral
abnormality was not included in this study. The
vertebral levels examined included C3 to C7.
The first and second cervical vertebrae were
excluded as they have different shape as com-
pared with other cervical vertebrae and, also
because most cases of cervical spinal stenosis
occur at the levels between C4 and C62.
Following two measurements were made in
each vertebra included in this study: (Fig. 1)

1. midsagittal diameter of the spinal canal
(i.e., vertebral foramen).

2. anteroposterior diameter of vertebral body
at the midwaist level

Measurements were carried out by means of
sliding Vernier calipers (Peacock Co., Tokyo,
Japan). The accuracy was 0.1 mm. For consis-
tency, all measurements were taken by one
worker.

The Torg’s ratio for each vertebra was calcu-
lated by dividing the midsagittal diameter of
the spinal canal by the anteroposterior
diameter of vertebral body as described by
Torg et al®.

Fig. 1: The midsagittal diameter of the cervical spinal
canal (A), & anteroposterior diameter of the vertebral
body (B).

Diameter of cervical spinal canal

RESULTS

Midsagittal Diameter of the
Cervical Spinal Canal

The results of measurement of the midsagit-
tal diameter of the cervical spinal canal (from
C3 to C7) both in males and females are pre-
sented in Table-I. The mean values and stan-
dard deviations have been calculated for both
sexes. In males the mean midsagittal diameter
at C4 level was less than that recorded for C3
level. However, below C4 level the diameter
steadily increased upto the C7 level. In the
females the midsagittal diameter of the cervi-
cal spinal canal became narrow at C4 level but
widened again at C5 level. However, at C6 level
the diameter again decreased slightly and then
increased again at C7 level (Fig. 2).

Cervical Spinal Canal/Vertebral Body Ratio

Measurements of the midsagittal diameter of
the cervical spinal canal and anteroposterior
diameter of the vertebral body at different ver-
tebral levels (from C3 to C7) for both sexes have
been given in Table-Il. The spinal canal/verte-
bral body ratio for each vertebral level has also
been calculated. In the male the mean midsag-
ittal canal diameter from C3 through C7 was
15.1 mm, while the mean anteroposterior di-
ameter of the vertebral body was found to be
15.9 mm. In the female the mean canal diam-
eter was 14.5 mm, while the mean diameter of
the body was found to be 13.5 mm. In the male
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Fig. 2: Mean midsagittal diameter of the cervical spinal
canal from C3 to C7 in male and female Pakistanis.
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the mean canal/body ratio was 0.94, whereas
in the female this ratio was 1.08.

Comparison with other Populations

In order to correlate the mean midsagittal
diameter of the cervical spinal canal in

TABLE-I
Midsagittal diameter of cervical spinal
canal in Pakistanis

Level Male (mm) Female (mm)
C3 15.1+1.2 14.8+2.1
C4 14.8+1.7 14.3+£2.07
C5 15.0+1.8 14.6+2.09
C6 15.1+1.6 14.4+2.1
C7 15.3+£1.6 14.6+2.06

Mean 15.1+1.6 14.5+2.07

Meanz standard deviation

TABLE-II

Mean midsagittal diameter of cervical spinal
canal, mean anteroposterior diameter of
verteberal bodies and canal/body ratio in

male and female Pakistanis

Male Female

Level | Canal Body Canal/ |Canal Body  Canal/

(mm) (mm) Body Ratio | (mm) (mm) Body Ratio
C3 15.1 16.0 0.94 148 139 1.06
C4 148 156 0.94 143 13.1 1.09
C5 15.0 158 0.94 146 13.3 1.09
C6 15.1 158 0.95 144 13.3 1.08
C7 153 16.1 0.96 14.6 13.6 1.07
Mean 15.1 15,9 0.95 145 134 1.08

TABLE-III

Midsagittal diameter of cervical spinal canal
in American White & Negro (Francis, 1955)

Pakistani population with that of some other
populations of the world, we compared our
results with those which have been reported
by other workers (Table-Ill, IV, V and VI).
Previously the workers considered that the
measurement of the midsagittal diameter of the

TABLE-IV
Midsagittal diameter of cervical spinal
canal in the Japanese

Level Male Female
(mm) (mm)

C3 13.8 13.6

C4 13.3 12.9

C5 13.5 13.2

Cb6 13.9 13.5

Cc7 13.7 13.6

Mean 13.6 13.4

TABLE-V

Midsagittal diameter of cervical spinal canal
in the Japanese (male and female combined)
(Koyanagi et al. 2000)

Level Diameter (mm)
C3 13.4
C4 12.8
C5 13.2
C6 13.4
C7 13.6
Mean 13.3

TABLE-VI
Midsagittal diameter of cervical spinal
canal in Koreans

White Negro Level Male Female

Level | Male  Female Male Female (mm) (mm)

(mm) _ (mm) | (mm) _(mm) c3 13.3 13.3

C3 165 155 152 151 o 128 129

Ca 154 148 148 145 o5 130 130

C5 154 144 151 146 o6 132 129

c6 154 141 152 144 o7 134 133
C7 15.5 14.4 15.5 14.3

Mean 15.6 14.6 15.2 14.6 Mean 13.1 13.1
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spinal canal was the only way to determine
the adequateness of size or narrowing of the
spinal canal. Lee et al** were the first to calcu-
late the cervical spinal canal/vertebral body
ratio from dried bony specimens upon the ba-
sis of the ratio method devised by Torg et al*®
for radiographic examination of the cervical
spine. The canal/vertebral body ratios obtained
in our study have been compared with those
reported by Lee et al?* for Korean population
(Table-VI).

DISCUSSION

Developmental stenosis of the cervical spi-
nal canal is a neurologically significant
anomaly which is more common than has been
realized. Individuals with this anomaly tend
to remain asymptomatic untill the develop-
ment of a complicating feature such as a
spondylotic osteophyte or a herniated interver-
tebral disc. In athletes with developmentally
narrow cervical canal the spinal cord can, on
forced hyperextension or hyperflexion, be com-
pressed causing transitory motor and sensory
manifestations.

Several authors have reported that measure-
ment of the sagittal diameter of the cervical
canal in plain lateral radiography is a useful
method for detecting cervical spinal steno-
sis®82224  However, comparison of data pub-
lished by different authors reveals that the
range of variation in the reported sagittal di-
ameter is considerable. Boijsen!” has pointed
out that this diversity is due partly to the varia-
tion in the radiographic technique (focus-to-
film distance), and partly to variation in the
body build of subjects (affecting the object-to-
film distance). In an attempt to find a solution
to these discrepencies, Torg et al*® devised a
“ratio method” that compares the sagittal di-
ameter of the spinal canal with the anteropos-
terior width of the vertebral body (both of
which are equally affected by radiological
magnification factors). This ratio is obtained
by dividing the midsagittal diameter (in mm)
of the cervical spinal canal (at any particular
cervical segment) by midsagittal diameter
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Diameter of cervical spinal canal

(in mm) of the corresponding vertebral body.
Torg et al*® have reported that, using the ratio
method, a measurement of less than 0.80 indi-
cated significant spinal stenosis. Usefulness of
Torg’s ratio in the diagnosis of cervical spinal
canal stenosis has also been confirmed by
several other workers?2531,

Different researchers working in various
parts of the world have been attempting to
determine the mean anteroposterior diameter
of the cervical spinal canal at different verte-
bral levels in normal subjects, so that the clini-
cians may be able to diagnose cervical spinal
stenosis by consulting these reference values.
These workers have employed different meth-
ods of investigation like plain radiogra-
phy®19.202932 - CT scanning, MR imaging® on
living subjects or cadavers, while still others
have carried out actual measurements on dried
bony specimens?:#%, Table-IlIl1 shows the re-
sults obtained by Francis* by actual measure-
ments on dried sets of cervical vertebrae be-
longing to White and Negro specimens. He
found that there were no significant differences
between the sizes of the vertebrae in the White
and Negro males. He also reported that the
vertebrae belonging to female subjects were
smaller than those of the male subjects but no
evidence of racial difference was found be-
tween the female White and Negro subjects.
Analysis of the figures reported by Francis®
reveals that the mean anteroposterior diameter
for the males is 15.5 mm, while that for the
females is 14.3 mm. Our study (Table-I) reveals
that the mean midsagittal diameter of the cervi-
cal spinal canal in Pakistani males is 15.1 mm
while that for the females is 14.5 mm. Com-
parison of our figures with those of Francis
shows that there is no significant difference in
the anteroposterior diameter of the cervical
spinal canal in the American and Pakistani
population. Working on lateral radiographs of
the cervical spine Payne and Spillane® have
reported the normal mean midsagittal diam-
eter of the cervical spinal canal (from C3 to C7
segments) in British population is 18.0 mm for
males and 17.2 mm for females. These figures
are much bigger than those obtained by
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Francis®** and by us. The probable reason for
this discrepancy is magnification of the spinal
canal dimensions due to the radiographic tech-
nique employed by these workers.

Many Japanese research workers have also
carried out studies to determine the normal
midsagittal diameter of the cervical spinal ca-
nal in Japanese people. Murone®* measured the
anteroposterior diameter of the cervical spinal
canal in a group of 20 adult Japanese men with
normal cervical spine. The mean midsagittal
diameter of the cervical spinal canal from C3
to C7 segment as reported by him is 15.7 mm.
Later, Hashimoto and Tak® also determined
the sagittal diameter of the cervical spinal ca-
nal on routine lateral radiograms in 92 healthy
Japanese adults (48 men and 44 women). The
results of Hashimoto and Tak® are presented
in Table-1V. Comparison of results of Murone®
and Hashimoto reveals that the figures reported
by Murone are much larger than reported by
Hashimoto and Tak. Very recently Koyanagi
et al®*® have measured the mean sagittal
diameter of cervical spinal canal in 42 normal
Japanese sujects (35 men and 7 women) by car-
rying out plain radiography as well as CT scan-
ning and MR imaging of the cervical spine.
Results of Koyanagi et al® are presented in
Table-V. These results are in corroboration with
those of Hashimoto and Tak®. It appears that
the larger figures for the cervical spinal canal
diameter as reported by Murone are errone-
ous and are affected by magnification factors
due to the radiographic procedure employed
by this worker. A comparison of our results
with those of Hashimoto and Tak?3? and
Koyanagi et al®** shows that the mean midsag-
ittal diameter of cervical spinal canal in the
normal Pakistanis is larger than that of the
normal Japanese.

Lee et al®* peformed studies on 90 dried
human spinal columns of Korean subjects com-
prising 63 men and 27 women. The midsagit-
tal diameter of cervical spinal canal in Kore-
ans, as determined by these workers, is pre-
sented in Table-VI. A comparison of our re-
sults with those of Lee at al* reveals that the
midsagittal diameter of cervical spinal canal
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of Pakistanis is larger than that of Koreans.

The fact that the Pakistanis have a larger
midsagittal cervical spinal canal diameter than
Koreans and Japanese appears to have a ra-
cial basis. These results indicate that the Mon-
goloid race has a smaller cervical spinal canal
than the Caucasian race to which most of the
Pakistanis belong. This inference is further con-
firmed by comparison of our results with those
of Francis®.

As already mentioned, our work shows that
the midsagittal diameter of cervical spinal ca-
nal of Pakistanis is nearly similar to that of
American Whites who also belong to the Cau-
casian race. However, here it is worth men-
tioning that the similarity in the midsagittal
diameter of cervical spinal canal of the Ameri-
can Whites and Negros, as reported by
Francis®, is rather surprising because these two
samples belong to different races.

Torg’s Ratio

Torg’s ratio has been found to be of great
value in diagnosing cervical spinal stenosis
because it is independant of magnification fac-
tors caused by differences in target distance,
object-to-film distance, or body type, because
the midsagittal diameter of the spinal canal and
that of the vertebral body are in the same ana-
tomic plane and are similarly affected by mag-
nification. Torg et al*® and Pavlov et al® have
reported that in American subjects studied by
them there is normally a one-to-one relation-
ship between the sagittal diameter of the spi-
nal canal and that of the vertebral bdoy (i.e.,
Torg’s ratio = 1.00), regardless of the sex of the
individual under examination. A Torg’s ratio
of less than 0.80 indicates significant cervical
spinal stenosis. These findings have also been
confirmed by several research workers?-3,

In our study the average Torg’s ratio for the
males was found to be 0.95 and that for the
females was determined to be 1.08 (Table-II).
These results indicate that the Torg’s ratio for
the normal male Pakistanis is less than that of
normal American males, while the Torg’s
ratio for the Pakistani female is similar to
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American female. However, our results cor-
roborate with those of Lee et al* who have
reported that in normal Korean population the
average Torg’s ratio was found to be 0.93 for
males and 1.02 for females.

It is concluded that the actual measurements
of midsagittal diameter of the cervical spinal
canal in Pakistanis are nearly similar to those
of the American population but are signifi-
cantly larger than those of Japanese and Ko-
rean population. The Torg’s ratio in the male
Pakistani and Korean subjects is nearly
similar but is less than that reported for male
Americans. However, the Torg’s ratio for the
Pakistani, Korean and American females is
nearly similar.
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