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ABSTRACT

Canal/body or Totg’s ratio has been agreed as a reliable method to detect cervical spinal stenosis. Age changes of cervical
canal diameter and the ratio have been seldom analyzed in the cohort of normal adults. Our objective is to undertake the
age changes in decades from healthy young to the elderly subjects.

Sagittal diameter (SD) of the spinal canal and anteroposterior diameter of the vertebral body (VB) were taken on the lateral
cervical radiographs consisting of normal appearance from 104 males and 102 females.

SD showed significant gender differences and insignificant age changes. VB changed with age significantly in both sex, and
showed sex difference. Torg ratio was found above 0.9 and changed with age. The ratio also indicated no difference

between sexes.

The male/female difference declared previously might not be a consistent finding. The present study suggested that bone
cervical canal might diminish in normal ageing persons without existence of the cervical stenosis and/or risk of
myelopathy. Our findings might be peculiar to our subject group, which need to be confirmed by the further studies.
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Introduction

Cervical spinal stenosis or narrowing often
encountered in the lower segment has been found
to be related to neurologic injury (1, 2). It was also
confirmed as a causative factor in the neuropraxy
of the cervical spinal cord in sport traumas (2). To
determine the dimension of the cervical spinal
canal in normal subject, a number of studies on
roentgenological measurements of the
anteroposterior (AP) diameter of the cervical canal
have been carried out (3, 4, 5). Computed
tomography measurements of the AP diameter,
width, and cross-sectional area of the bony
cervical canal have also been derived from normal
adults (5, 6). Sagittal diameter/ vertebral body
ratio or Torg’s ratio was addressed as an indicator
of the degree of cervical spinal narrowing (7).
Since this ratio excludes magnification error
resulting  from  nonstandardized  film-tube
distances, it has been considered as a reliable
method in the measurement of the spinal stenosis
and may be measured on plain films (5, 8). The
ratio of less than 0.80 has a high sensitivity for
reversible cervical cord neuropraxia (CCN) and
the risk of lasting neurological injury (8, 9). There
has been few studies concerning cervical spinal

canal changes with age. Tanaka (10) showed some
correlation with age for the AP diameters of the
vertebral body and the spinal canal. Lee et al. (11)
reported the changes in the mid-sagittal diameters
according to age in Korean. Ishikawa et al. (12)
studied the age-related changes cervical spinal
cord and the cervical spinal canal. There has been
disagreement on the changes of cervical spinal
canal with age. Because it is most reliable
measurement for the spinal disorder, the present
study attempted to elucidate the age and gender
changes of Torg’s ratio of the cervical spine in a
normal, aging population from  Turkish
individuals.

Material and methods

Ethical committee approval from institutional
ethical board was obtained. The materials used in
the course of this work consist of plain lateral
radiographs of X- Ray device (E7869X; Toshiba,
Tokyo, Japan) of cervical vertebral columns (C1-7)
of 206 subjects (104 males and 102 females), all of
whom were volunteers (university students and
medical/paramedical  staff). The radiographs
showing pathologic findings such as spondylosis,
tumors or cystic lesions and the subjects with a
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Table 1. Descriptive Analysis of Our Subjects By Age and Sex

Decades Male (n) Female (n)
11-20 20 24
21-30 40 31
31-40 19 13
41-50 10 15
51-70 15 19
Total 104 102

Table 2. Distribution of sagittal diameter of cervical canal according to age groups and sex (Values are in

millimetres)

Decades 1 2 3 4 5
Mean StD Mean StD Mean StD Mean StD Mean StD
Co Male 2248 A 1.66 21.80A 333 2253 A 232 2181 A 256 21.65A 292
Female 19.78 B 256 19.67B 4.66 21.12B 227 20.03B 227 19.44B 2.57
C3 Male 19.07 A 152 1885A 2.64 1921 A 144 1852A 2.08 1791 A 215
Female 1756B 1.62 1759B 132 17.78B 128 17.86B 1.74 17.20B 1.92
ca Male 1845 A 1.79 1807A 197 1859A 1.89 1809A 2.02 1731 A 204
Female 17.17B 1.67 1698B 139 17.04B 1.61 1752B 145 17.06B 222
Cs Male 18.62 A 1.69 1814 A 222 1880A 1.75 1803 A 1.72 1754 A 2.04
Female 16.74B 248 1681B 1.66 17.03B 141 1755B 229 1695B 2.39
Male 1842 A 172 18.06 A 245 1889 A 155 1786A 1.78 1750A 3.29
6 Female 1697B 133 17.11B 1.49 1734B 1.82 1587B 4.88 16.75B 2.41
C7 Male 1866 A 151 1770 A 258 1889 A 143 17.63 A 158 17.68 A 1.91
Female 16.57B 3.82 17.43B 1.67 17.16B 1.42 17.89B 1.58 16.74B 2.30

The difference between the gender averages receiving different capital letters is significant. (p<0.05) A, B | C:

Cervical vertebral columns

history of trauma, systemic disease such as
rheumatoid arthritis, surgery in the spine or neck
pain were excluded. The subjects were grouped
into five decades (Table 1). Radiographs were
taken with a standardised technique (volunteers in
supine position with cervical vertebra columns
plain lateral a film-focus distance of 110 cm) that
had good technical quality and normal appearance
according to radiologist’s report.

The lateral roentgenogram of the cervical spine
was obtained with the neck in the neutral position
and the subject in standing. The film-tube distance
was fixed constant at 100 cm. The central x-ray
beam usually passes through the fourth cervical
vertebra. Radiographs were placed on a viewing
box. To derive Torg ratio, the distances for
sagittal diameter of the spinal canal (SD) and
anteroposterior diameter of the vertebral body
(VB) were determined by marking the related
points with a pencil and a hand lens (Figure 1).
The measurements used in the present study were
described elsewhere (8). Briefly; SD was defined as
the distance from the midpoint of the postetior
surface of the vertebral body to the nearest point

on the corresponding fusion line of the lamina-the
spinous process. VB was defined as the distance
between the midpoints of the anterior and the
posterior  vertebral surfaces. The required
distances between points were measured by using
Vernier caliper calibrated to 0.01 mm (Figure 2).
Torg ratio was calculated by the formula of
SD/VB.

Results

Magnification error in all lateral radiographs was
negligible due to the standardized technique used.
Torg ratio also was ratified to be unaffected by
magnification in our study. Since the present study
originally aimed at giving and debating the results
concerning canal/body ratio, the changes of
sagittal diameter and vertebral body were referred
in short as the following.

In our study, the SD showed significant gender
differences and insignificant age changes (Table
2). The narrowest region was found at the C4 level
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Table 3. The Values of Torg Ratio Among The Subject By Age and Sex

Decades 1 2 3 4 5
Mean StD Mean StD Mean StD Mean StD  Mean  StD
Co Male 1,36 a 0,16 129ab 0,18 1,18¢c 0,15 1,17¢ 0,13 1,19 bc 0,14
Female 1,28ab 0,20 1,28ab 0,18 1,37 a 0,16 1,16 ¢ 0,14 1,19 bc 0,18
C3 Male 1,14 a 0,16 1,06ab 0,14 0,99b 0,11 098bc 0,17 090c 0,11
Female 1,09 a 0,15 1,03ab 0,12 1,05ab 0,10 1,01ab 0,14 1,00b 0,13
ca Male 1,08 a 0,17 0,99ab 0,13 095bc 020 098b 0,44 0,86c¢ 0,10
Female 1,07 a 0,17 1,01 a 0,12 1,01a 0,12 1,01a 0,14 1,032 # 0,20
s Male 1,10 a 0,18 1,01ab 0,12 0,97b 0,13 097b 0,16 086c 0,12
Female 1,12 a 0,35 1,01ab 0,15 1,03ab 0,12 099b 0,13 0,99b 0,14
6 Male 1,06a 0,72 1,00b 0,14 096bc 0,11 094bc 0,18 0,84c 0,15
Female 1,04 a 0,13 1,00 a 0,12 1,02a 0,12 0,94a 0,15 091a 0,13
c7 Male 1,05 a 0,13 0,96b 0,13 092bc 0,08 090bc 0,12 0,85¢c 0,08
Female 1,04 a 0,12 1,00ab 0,15 096bc 0,09 093bc 0,2 091c¢ 0,13

Std (standard deviation)

Fig. 1. Sagittal diameter (SD) and vertebral body (VB)
were determined and marked

in most of the age groups in males. In female,
however, the smallest diameter was not found to
be consistent in any level and showed variations.
VB changed with age significantly in both sex, and
showed sex difference in every decade, in favour
of male.

Torg ratio changes by sex and age groups

In both male and female, Torg ratio was generally
found above 0.9 in all of the decades. Expect for
C4 and C6 levels of all decades in females, Torg
ratio changed with age significantly in all levels
throughout the decades (Table 3, Figure 3).
Gender difference was found to be insignificant at
all level, except that female dominancy at C4 level
of fifth decade was only observed (Table 3).
Changes found from the present study are giving
in detail at the following:

C2: During the decades, it continued with a
highest value than the other levels in both sex. In
male, C2 value showed a decreasing trend from
the first decade to the third, and then a steady
course to last decade. In female, it continued
stably to the second decade, and then coursed
increasingly to third decade. After a sharp
decrease between third and fourth decades, C2
showed a slight increasing trend during the last
decade.

C3: In male, it seemed as second high wvalue.
Excluding the horizontal course between the third
and fourth decades, this showed a
decreasing trend from first decade to the last. In
female, after a slightly decrease to the second
decade, it continued generally to the end with a
horizontal course.

value

C4: In male, while it showed a similar trend to C3
from the beginning to the end, this value coursed
with a slight increase between the third and the
fourth decades. In female, after a slight decrease
by the second decade, it continued horizontally to
the end.

C5: In male, it showed a parallel course to that of
C3 during the decades. In female, after a decrease
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by the second decades, it continued under and
parallel to C3 by the end.

C6 and C7: In male, with lower values than the
others, these values showed a decreasing trend
from the beginning to the end. In female, these
values made a diagram similar to that of male.

Data  Analysis: Descriptive  statistics  are
presented as mean and standard deviation for the
variables in Tables. Factorial Variance Analysis
was used to determine differences means of
decades and  gender. Duncan  (multiple
comparison) test was then used. p value of 0.05
and less was considered as statistically significant
for all analyses and comparisons. Statistical
analyses were performed using IBM SPSS
Statistics for Windows, Version 21.0 software
(IBM Corp., Armonk, NY, USA).

Discussion

Several morphologic studies have measured the
cervical SD to evaluate cervical spinal disorders. It
has been stated that the decreasing in sagittal
diameter is one of the compressive
myelopathy (12). Neurologic deficit is more likely

causc

Fig. 2. The Marked Points (A: Spinal Canal (SD) and B: Vertebral Body (VB)) Were Measured

in patient with smaller cervical SD than normal
(14). If the sagittal canal diameter is less than 10
mm, cord compression occurs (15). We observed
SD over 16.74 mm. It was concluded that Torg
ratio is more reliable than the measurement of the
SD in the diagnosis of cervical spinal stenosis or
predicting the prognosis of cervical spinal cord
injury (11). To date, the canal/body ratio were
investigated in specific subject and age groups.
This proportion was reported as 0.6 in the athletes
with developmental stenosis and the persons with
spinal disorders such that stenosis, instability, disc
degeneration, or congenital anomalies (7). Torg
ratio was found to be less than 0.80 in 69 % of the
total vertebral levels in normal subjects aged 20-25
(1) and between 0.83 and 0.89 in asymptomatic
football player (16). We found the Torg ratio with
mean of 1.15 and with a decreasing value from
1.36 to 1.04 cephalocaudally in all decades (Fig. 1,
Table 3). Torg ratio less than 0.80 was reported to
be extremely sensitive to screen for cervical spinal
stenosis. Canal/body ratio values in normal
subjects of specific groups studied seem to be
variable, i.e. while some of them implicated the
stenosis, the others denied it. The present study
indicated that the occurrence of the cervical canal
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stenosis in normal ageing subjects is unusual. The
works reporting age change in SD and Torg ratio
are limited. While, In Japanese, Tanaka (10) found
the AP diameter of the spinal canal to become
smaller with age, In Korean, SD indicated no
change through the decades (11). In the present
study, SD did not change with age (Table. 2).
Therefore, age change of SD from the studies (our
study included) did not agreed a consistent result.
This situation might be resulted from that SD is
not reliable  parameter enough due to
magnification errors. Indeed, the previous reports
have addressed racial variation in SD, namely, the
widest in Huropeans and the smallest in Japanese
(8). Ezra et al. (17) have conducted direct
measurement at the cervical level of 277 African
American and European American non-pathologic
human skeletons between 20 and 60 years of age
and haven’t detected significant interactions with
respect to age, ethnicity and gender in terms of
Torg rates. In the present work, Torg ratio
decreased with age significantly from 1.4 to 0.9 in
both gender, sharply in male and slowly in female.
Although this trend might suggest that the bony
spinal canal gets narrower with age, it indicates no
risk for cervical stenosis and or myelopathy. An
unvarying course observed at C4 and C6 levels of
all female decades is an interesting finding and
needs to confirm or deny by the further works. In
Chinese individuals aged 21 to 46 vyears, the
canal/body ratio was found as mean of 0.87,
which indicates no risk for the stenosis (8). In

adults, Robinson et al. (18) found a steady
dectrease in the canal/body ratio with age, which
agree with that of the adults in the present study.

Female dominancy in Torg ratio have been
declared in the specific groups (8, 19, 20). On the
other hand, the presence of a sex discrepancy in
canal/body ratio was proposed in adulthood (18,
21). In other word, this ratio did not indicate a
difference between genders until 15 years of age.
It became, thereafter, consistently smaller in male
than females by 39 years old, at every measured
segment. We did not find any differences between
the sexes for Torg ratio at all level of the decades,
expect for fifth decade. At C4 level of the fifth
decade, female over male asymmetry merely

found, which was accepted as an incidental
finding.
Contrary to the previous works, our study

indicated no sex difference in Torg ratio at any
level throughout the decades, which might be
given the peculiarity of the population. The
incidence of canal stenosis, defined by canal/body
ratio, was found to be 19.4% for men and 4.4%
for women in the population of healthy young
japans adults who were mostly fresh graduates
from colleges and high school. It is suggested that
these subjects are more engaged in physical
activity in these ages. In these studies, the data of
the Torg ratio for elder decades is also missing.
Variations in Torg ratio seem to exist among the
populations, at least, in young decades.
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