
There are many studies regarding the cervical spinal canal 
morphology, which is closely related to spinal stenosis. It is 
well known that the anteroposterior (AP) diameter of the 
cervical spinal canal (segmental sagittal diameter) is a ba-
sic determinant of myelopathy.1-17) Herzog et al.18) reported 
that the most accurate measurement of the developmental 
sagittal diameter of the cervical spinal canal can be made 
on sagittal plane radiographs. Nevertheless, measurements 

on plain radiographs can have magnification errors. Ratio 
measurements, especially the Pavlov’s ratio, are performed 
to overcome this problem. A Pavlov’s ratio (defined as the 
vertebral body-to-canal ratio) of less than 0.82 indicates 
significant cervical spinal stenosis.3,9,11) 

Goto et al.5) reported that younger Japanese gen-
erations had a wider cervical spinal canal than did older 
Japanese generations and the development of body build 
size was related to the AP size of the spinal canal. It may 
be a plausible explanation. However, we have consider-
able disagreement on their view, considering the struc-
tural development of the bony canal. The spinal canal is 
formed by the posterior wall of the vertebral body, pedicle, 
and lamina. Pedicle growth is the most important factor, 
and the neurocentral synchondrosis (growth plate of the 
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pedicle) plays the most contributory role in the growth 
of the spinal canal. It is believed that the spinal canal in-
creases in size relatively fast via synchondrotic growth 
until the age of 6 to 8 years.19) Because synchondrosis fuses 
by those ages, the spinal canal size is determined by the 
closure time of synchondrosis regardless of the body build 
size. Individuals with delayed closure of the synchondrosis 
will have a larger spinal canal than those with early clo-
sure. Appositional growth of the vertebral body continues 
steadily until maturity, but it does not directly contribute 
to the canal growth. Even after closure of synchondrosis, 
body growth continues till maturity. Consequently, the 
vertebral body-to-canal ratio decreases as the vertebral 
body grows because the canal diameter does not change 
after synchondrosis closure. Therefore, we can expect that 
the vertebral body-to-canal ratio is larger in those in the 
first decade of life than those in the later decades of life 
and after maturity, in whom there will be little difference 
by the decade of life. The aim of the present study was to 
investigate differences and changes in the vertebral body-
to-canal ratio according to age in an asymptomatic popu-
lation.

METHODS

This study was approved by the Institutional Review Board 
of Cheju Halla General Hospital (IRB No. MKIOR-127) 
and the need for patient consent was exempted by the eth-
ics committee due to minimal risk of the study. A total of 
280 subjects were included in the analyses. Among them, 
there were 140 men and 140 women; there were 40 sub-
jects for each decade of life. They visited the emergency 
department of our institution with minor trauma from 
April 2018 to March 2019 and complained only of neck 
pain without neurologic symptoms. The neck pain im-
proved after 2 weeks of conservative treatment. Those who 
had a history of fracture or surgical treatment or who had 
a congenital anomaly or ossification of the posterior longi-
tudinal ligament in the cervical spine were excluded.

Lateral radiographs of the cervical spine in the neu-
tral position were taken at the distance of 1.8 m between 
the X-ray tube and the film cassette. The AP diameters of 
the vertebral body and canal were measured from C3 to 
C6 in neutral position. The sagittal diameter of the verte-
bral body was measured at the midpoint between the ante-
rior wall and the posterior wall. The spinal canal diameter 
was defined as the distance between the center of the pos-
terior wall of the vertebral body and a line drawn parallel 
to the posterior wall of the vertebral body and tangent to 
the base of the spinous process, according to the method 

described by Goto et al.5) (Fig. 1). The Pavlov’s ratio was 
measured twice with a digital measuring instrument on 
Piview STAR PACS ver. 5.0 (INFINITT Healthcare, Seoul, 
South Korea) by 2 spine surgeons (MSM, SMW) with a 
4-week interval. 

Statistical analyses were performed using SPSS ver. 
14.0 (SPSS Inc., Chicago, IL, USA). Intraobserver and 
interobserver reliability were assessed by calculating the 
intraclass correlation coefficient (ICC). The ICC values 
range from 0 to 1, with a higher value indicating better 
reliability. An ICC less than 0.40 was considered as poor, 
0.40 to 0.59 as fair, 0.60 to 0.74 as good, and 0.75 to 1.00 
as excellent.20) Analysis of variance test was used for evalu-
ation of the differences in each decade. A p-value < 0.05 
was considered to be statistically significant.

RESULTS

Both interobserver and intraobserver ICCs were excellent 
with 0.95 and 0.83, respectively. The average Pavlov’s ratio 
in the first decade of life was the greatest with 1.09 (range, 
0.78–1.51); the average of each segmental ratio in the first 
decade of life was 1.08 at C3, 1.07 at C4, 1.11 at C5, and 
1.13 at C6. The ratio in the second decade of life was 1.01 
at C3, 0.99 at C4, 0.98 at C5, and 1.00 at C6 (Table 1). The 
average ratio of the second decade of life was smaller than 
that of the first decade of life (p < 0.001) (Table 2). This 
result indicates the growth cessation of neurocentral syn-

ab

Fig. 1. The sagittal diameter of the spinal canal (a) is measured from the 
posterior surface of the vertebral body to the nearest point of the cor
responding spinal laminar line. The sagittal diameter of the vertebral body 
(b) is measured at the midpoint between the anterior surface and the 
posterior surface. The Pavlov’s ratio is measured using the formula a/b.
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chondrosis at the age of 6 to 8 years and continuing appo-
sitional growth of the vertebral body till maturity.

In the third decade of life, the ratio was 0.94 at C3, 
1.07 at C4, 1.00 at C5, and 1.00 at C6. Ratios from the 
fourth to seventh decade of life ranged from 0.96 to 1.09 
on average (Table 1). Only statistically negligible ratio 
differences were noted between each decade of life. This 
result suggests the lifelong maintenance of vertebral body-
to-canal ratio, which is established by the second decade of 
life (Fig. 2).

DISCUSSION

Some patients have congenital stenosis of the bony canal 
and foramens of the mobile cervical and lumbar spines: 
for example, the spine of achondroplasia (short pedicle, 
thickened lamina) and syndromes involving short stature 
in which the Pavlov’s ratio is low. Clinically, cervical spinal 
canal stenosis is caused primarily by disc degeneration 
with a narrow vertebral body-to-canal ratio, hypertrophic 

osteoarthropathy, and hypertrophic soft tissue (ligamen-
tum flavum).

In many previous studies published by Japanese 
authors, the spinal canal size was particularly related with 
body build.4-6,8,13) Findings reported in these reports were 
interesting but there was lack of conclusive evidence, and 
the authors did not conduct comparative longitudinal 
studies, such as smaller body build vs. larger body build in 
individuals in each decade of life. Goto et al.5) attributed 
the smaller canal size of the older Japanese population to 
the smaller body build in comparison with the younger 
Japanese population who have larger build. However, we 
do not agree with them. Body build does not relate with 
the canal size except achondroplastic dwarfs in whom 
pedicle growth does not take place, while vertebral body 
and cord growth continue till maturity. There have been 
several studies on the AP canal diameter among Japanese 
patients stratified by age brackets, which showed there was 
a tendency that the younger the patient, the wider the ca-
nal, while the vertebral body-to-canal ratio decreased with 

Table 1. Average Pavlov’s Ratio at Each Vertebral Level for Each Decade of Life

Decade of life C3 C4 C5 C6 Average (C3 to C6)

First (n = 40) 1.08 (0.80–1.41) 1.07 (0.78–1.51) 1.11 (0.83–1.40) 1.13 (0.91–1.34) 1.09

Second (n = 40) 0.97 (0.75–1.41) 0.97 (0.77–1.22) 0.97 (0.57–1.25) 0.98 (0.78–1.20) 0.97

Third (n = 40) 0.94 (0.70–1.27) 0.98 (0.78–1.51) 1.00 (0.73–1.12) 0.98 (0.79–1.32) 0.97

Fourth (n = 40) 0.96 (0.76–1.09) 0.97 (0.88–1.15) 0.99 (0.80–1.45) 0.98 (0.65–1.14) 0.97

Fifth (n = 40) 0.94 (0.72–1.12) 0.94 (0.77–1.14) 0.9 (0.82–1.10) 1.00 (0.85–1.12) 0.96

Sixth (n = 40) 0.97 (0.79–1.18) 0.96 (0.68–1.19) 0.97 (0.84–1.15) 0.98 (0.73–1.22) 0.97

Seventh (n = 40) 0.96 (0.71–1.44) 0.94 (0.61–1.14) 1.00 (0.75–1.38) 0.99 (0.77–1.43) 0.97

Values are ratio (range).

Table 2. Comparison of Pavlov’s Ratio between the First Decade of 
Life and Other Decades of Life

Decade Mean difference* p-value†

Second 0.124 < 0.001

Third 0.122 < 0.001

Fourth 0.122 < 0.001

Fifth 0.132 < 0.001

Sixth 0.126 < 0.001

Seventh 0.124 < 0.001

*Difference with the first decade of life. †The p-values were calculated 
with the use of one-way analysis of variance for normally distributed 
clinical characteristics.
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Fig. 2. Average value (C3 to C6) of the Pavlov’s ratio for each decade of 
life.
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age. They did not explain the possible relation with height 
and height changes in the young and old Japanese. Also, 
they did not provide plausible causes for the presence of 
wider canal in the younger population and the narrower 
canal in the older population. It is not clear whether ca-
nal narrowing in the elderly Japanese population was 
inherited or secondary to other causes such as lamina 
thickening or vertebral body hypertrophy. Hayashi et al.6) 
reported that the sagittal diameter of the spinal canal was 
found to decrease with age. However, the result was not 
statistically significant, and the authors did not provide a 
scientifically acceptable cause for the age-related narrow-
ing of the spinal canal. They also measured and compared 
the AP diameters in the lateral radiographs of the cervical 
spine. An important consideration here is measurement 
errors caused by magnification. It has been demonstrated 
that using the Pavlov’s ratio can eliminate the possibility 
of measurement error resulting from direct spinal canal 
measurement.3,9,16,21) Lee et al.21) reported that there was 
no corresponding influence of age on the Pavlov’s ratio, 
which is more reliable than direct measurement of the AP 
diameter of the cervical spinal canal in the evaluation of 
spinal stenosis. Aebli et al.15) also reported there was no 
significant correlation between the Pavlov’s ratio and age 
and that weight and height had no significant correlations 
with the Pavlov’s ratio. The data of the Pavlov’s ratio of the 
current study support the importance of contribution of 
neurocentral synchondrosis for canal formation, which 
was noted in achondroplastic dwarfs who had stunted 
neurocentral synchondrotic growth of pedicles. Theoreti-
cally, once the canal is formed by maturity, it must be bal-
anced in dynamic state. That is, clinically, once the canal 
grows to a certain size to accommodate the spinal cord, 
then the size would be maintained.

This is the first study that investigated the Pavlov’s 
ratio by each decade of life to compare the difference in 
the spinal canal size between age groups. In particular, we 

included subjects in the first decade of life in the analysis 
to investigate the importance of spinal canal size deter-
mination by neurocentral synchondrosis. The present 
study suggests that age does not significantly influence the 
Pavlov’s ratio in adults, and it is presumed that bony nar-
rowing of the spinal canal does not progress with age in 
adults, except for patients with ossification of the posterior 
longitudinal ligament and diseases that cause bony over-
growth, such as pituitary adenoma. Clinically, evaluating 
the Pavlov’s ratio to assess risks or predictive factors of cer-
vical myelopathy may be useful for confirming congenital 
spinal stenosis, and if the Pavlov’s ratio decreases with age, 
additional diagnostic evaluation for pathological condi-
tions such as ossification of ligament and bony overgrowth 
will be needed.

Based on this preliminary study, we will conduct 
a comparative study by generation of patients with my-
elopathy and another comparative study between patients 
with myelopathy and without. There are some limitations 
of this study. First, the study population was limited to 
Korean subjects, so possible ethnic differences were not 
considered. Second, we compared different individuals in 
the different age groups because this was a cross-sectional 
rather than a longitudinal study. A comparative longitudi-
nal study would be necessary.

In conclusion, this study provides the basic data of 
the Pavlov’s ratio of an asymptomatic population stratified 
by age. It is our belief that the spinal canal size and verte-
bral body-to-canal ratio are the largest in the first decade 
of life and that the size is almost fixed by the time of ma-
turity and maintained throughout life despite continuous 
internal remodeling.
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