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Abstract

Purpose To investigate the difference of intra-dural space

for spinal cord in magnetic resonance imaging between

patients with and without developmental cervical stenosis

and its clinical significance.

Methods 445 patients with cervical spondylotic

myelopathy who had decompression surgeries were re-

cruited. Based on their lateral radiographs, they were di-

vided into stenosis and non-stenosis groups. On the

magnetic resonance images, the ratio of the sagittal di-

ameter of the dural sac to that of the vertebral body was

measured and calculated as MRI Pavlov ratio at mid-ver-

tebral level on sagittal images, and the ratio of the trans-

verse area of the spinal cord to that of the dural sac was

measured and calculated as occupation ratio on axial im-

ages from C3 to C7. The two ratios were compared be-

tween the two groups. We examined the correlations of the

Pavlov ratio and the MRI Pavlov ratio between different

vertebral levels. The correlation between the Pavlov ratio

of each level and its corresponding MRI Pavlov ratio was

also examined. The stenosis group was further divided into

space-reserving and non-space-reserving subgroups based

on their occupation ratios; then, clinical parameters were

compared between the two subgroups to determine the

clinical significance of the reserving space.

Results The MRI Pavlov ratio of the stenosis group was

significantly smaller at C3–C7 (P\ 0.001), while the oc-

cupation ratio was larger without significance. The Pavlov

and MRI Pavlov ratios were correlated significantly at

different levels (P\ 0.001). The Pavlov ratio correlated

significantly with its corresponding MRI Pavlov ratio at

each level (P\ 0.001). For space-reserving subgroup, the

recovery rate was lower (P\ 0.05) than that for non-s-

pace-reserving group, and was higher in anterior approach

than that in posterior approach (P\ 0.05).

Conclusions Developmental cervical stenosis is associ-

ated with a smaller sagittal diameter of dural sac, but does

not lead to a significant decrease of intra-dural space

available for the cord. For patients with normal intra-dural

space, the recovery after anterior decompression surgery

was better.

Keywords Cervical spondylosis � Developmental

cervical stenosis � Reserving space for spinal cord �
Decompression surgery

Introduction

Developmental canal stenosis (DCS), one of the main

precipitating factors of cervical spondylotic myelopathy

(CSM), was diagnosed if the Pavlov ratio, the sagittal di-

ameter of the middle spinal canal to the sagittal diameter of

the middle vertebral body, was 0.82 or less on plain ra-

diographs [1].

However, problems of this diagnostic criterion seemed

to emerge with the development of magnetic resonance

imaging (MRI). For example, whether the existence of the
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reserving space for the spinal cord was correlated with the

stenosis of the bony canal and the optimal surgical ap-

proach for patients with DCS is not yet clear [2].

In this study, we measured and calculated the morpho-

logical values in MRI images in patients with or without

DCS, and tried to reveal the influence of the intra-dural

reserving space on the spinal cord, as well as the difference

in their clinical manifestations.

Materials and methods

A cohort of 445 (252 males, 193 females) patients with

CSM who received operation at our hospital between Fe-

bruary 2006 and December 2010 underwent the recruit-

ment retrospectively for the study. The average age was

56.63 years (ranging from 20 to 88).

Patients with simple CSM were included in our research.

Patients with the following manifestations were excluded:

any type of the ossification of posterior longitudinal liga-

ment (continuous, limited or mixed), disc herniation or

osteophyte with the occupation rate[50 % [3], ossification

of ligamentum flavum, cervical kyphosis deformity (the

angle from C2 to C7\ 0�or local Cobb angle[5�) [4, 5],
and trauma history.

There were 230 (146 males, 84 females) patients in-

cluded in this study. The average age was 55.78 years

(ranging from 24 to 85). The average age of onset was

53.84 years (ranging from 23 to 84), and the average du-

ration was 23.24 months (1–120 months). The average

preoperative modified JOA score (mJOA) was 12.14

(4–16.5).

The radiographic data included the lateral images on

X-ray, axial and sagittal T2-weighted magnetic resonance

images in neutral position of the cervical spine from C3 to

C7 in 230 patients, 1150 levels. The measurements were

recorded as minimum 0.1 mm using the length measure-

ment device of Centricity Enterprise Web 3.0 on plain

radiographs. The MRI images were produced on a 1.5T

Scanner (Siemens Sonata; Siemens Medical Systems,

South Iselin, NJ). The sequences used were sagittal T2-

weighted (TE 130 ms and TR 4481 ms) and axial T2-

weighted (TE 112 ms and TR 3587 ms) and flip angle 6�
with MTC. The parameters were measured by two senior

spine surgeons independently, and the average value of

each parameter at each level was taken for independent

calculation. The definitions of the parameters were as

follows:

1. Pavlov ratio = the sagittal diameter of the spinal

canal/the sagittal diameter of the vertebral body

(Fig. 1a).

2. All cases were categorized into two groups: develop-

mental cervical stenosis group (stenosis group, the

ratio was smaller than 0.82) and non-developmental

cervical stenosis group (non-stenosis group, the ratio

was 0.82 or larger).

Fig. 1 a A The sagittal diameter of the vertebral body (the sagittal

distance from the middle of the anterior surface to the middle of the

posterior surface), B the sagittal diameter of the spinal canal (the

sagittal distance measured from the middle of the posterior surface of

the vertebral body to the closest point on the spino-laminar line),

C the dynamic sagittal diameter of the spinal canal (the sagittal

distance measured from the posterior inferior edge of the vertebral

body to the closest point on the inferior adjacent spinous process)on

X-rays. b D The sagittal diameter of the vertebral body, E the sagittal

diameter of the dural sac (the sagittal distance between the midpoint

of the anterior surface and the posterior surface of the dural sac) on

T2-weighted sagittal MRI. c F The transverse area of the spinal cord,

G the transverse area of the dural sac on T2-weighted axial MRI
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3. MRI Pavlov ratio = the sagittal diameter of the dural

sac/the sagittal diameter of the vertebral body

(Fig. 1b).

4. Occupation ratio = the transverse area of the spinal

cord/the transverse area of the dural sac in axial image

in T2-weighted MRI (Fig. 1c).

5. Reserving space = the space surrounding the spinal

cord filled with cerebrospinal fluid (CSF) in axial

image in MRI.

6. Segments with or without reserving space: the average

of the occupation ratio in each segment of the non-

stenosis group was considered as the standard. A

segment whose occupation ratio was no more than the

standard value was defined as with reserving space,

otherwise without reserving space.

7. Space-reserving/non-space-reserving subgroup: the

cases who had three or more segments with ‘‘reserving

space’’ were classified as space-reserving subgroup;

otherwise classified as non-space-reserving subgroup.

Anterior cervical decompression and fusion was carried

out on patients with ventral compression of the spinal cord

caused by one or two segmental intervertebral disc her-

niation or osteophytes. Posterior single-door laminoplasty

was carried out on patients with multi-segmental com-

pression of the spinal cord due to severe DCS or degen-

erative cervical stenosis. The symptoms, physical signs and

radiologic measurements such as the number of compres-

sion levels, the degree of compression, surgical trauma and

general health status were also taken into consideration to

facilitate the surgical option.

The cases were followed up for 29 months

(24–72 months) on average. Patients with complications

were ruled out at the final follow-up, such as spinal cord

injury, postoperative epidural tear, cerebrospinal fluid fis-

tula, or epidural hematoma. The severity of myelopathy

was evaluated by the modified Japanese Orthopaedic As-

sociation (mJOA) score, and recovery rate (RR) was de-

termined with Hirabayashi’s formula [(24-month

postoperative score – preoperative score)/(17 – preop-

erative score) 9 100 %)] [6].

The MRI Pavlov ratio and the occupation ratio were

compared between the stenosis and non-stenosis group before

surgery. We examined the correlations of the Pavlov ratio and

the MRI Pavlov ratio between different vertebral levels. The

correlation between the Pavlov ratio of each level and its

corresponding MRI Pavlov ratio was also examined. The age,

age of onset, duration of disease, pre- and postoperative

mJOA score and RR were also compared between space-

reserving and non- space-reserving subgroups.

Data were analyzed with SPSS 19.0 software (SPSS Inc,

Chicago, IL, USA). Statistical significance was set at 0.05.

Descriptive statistics in the form of mean ± SD for all spine

parameters were obtained from all patients. All populations

were confirmed to approximate the normal distribution by

probability plots. Pearson’s correlation coefficient was used

to calculate the correlation between MRI and clinical pa-

rameters. Equal variance criterion of all groups was upheld

by Mauchly’s test. Then, Paired or Group Student t test was

utilized to evaluate the difference among different groups.

Results

The intra-observer and inter-observer reliability was 0.86

and 0.75, respectively. There were 182 patients in stenosis

group and 48 patients in non-stenosis group. Comparisons

of MRI Pavlov ratio and occupation ratio between stenosis

and non-stenosis group are shown in Table 1. The MRI

Pavlov ratio was smaller significantly in stenosis group

than that in non-stenosis group at all levels (P\ 0.001).

However, the occupation ratio was larger with no sig-

nificance. The occupation ratio had the largest value at C5,

and the smallest value at C7 in both groups.

The Pavlov ratios were correlated significantly between

different levels (P\ 0.001, Table 2), so as to the MRI

Pavlov ratios (P\ 0.001, Table 3). The MRI Pavlov ratio

correlated with its corresponding Pavlov ratio at each level

(P\ 0.001, Table 4). The sagittal and dynamic sagittal

diameters of the vertebral canal correlated significantly at

C3–C7 (P\ 0.01, Table 5).

The comparisons of the age, age of onset, duration of

disease, pre- and postoperative mJOA score, RR in

24 months between space-reserving and non-space-re-

serving subgroups were shown in Table 6. The patients

with shorter duration of the disease for clinics had a better

RR in non-space-reserving subgroup (P\ 0.05).

The pre- and postoperative mJOA score and the RR in

space-reserving and non-space-reserving subgroups were

shown in Tables 7 and 8, respectively. The surgical ap-

proach of the anterior decompression and fusion was sig-

nificantly more effective than posterior single ‘‘opening-

door’’ laminoplasty in space-reserving subgroup

Table 1 The Pavlov ratio and occupation ratio at each vertebral level

of stenosis and non-stenosis groups (x ± s)

Occupation ratio MRI Pavlov ratio

Non-stenosis Stenosis Non-stenosis Stenosis

C3 0.46 ± 0.08 0.47 ± 0.09 0.60 ± 0.11 0.48 ± 0.09�

C4 0.49 ± 0.09 0.48 ± 0.08 0.54 ± 0.11 0.45 ± 0.10�

C5 0.49 ± 0.09 0.49 ± 0.09 0.56 ± 0.12 0.45 ± 0.10�

C6 0.45 ± 0.08 0.46 ± 0.09 0.54 ± 0.10 0.46 ± 0.10�

C7 0.36 ± 0.09 0.38 ± 0.09 0.61 ± 0.12 0.52 ± 0.10�

Compared with non-stenosis group, �P\ 0.001
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(P\ 0.05). However, the results of the two approaches

were similar in non-space-reserving subgroup.

Discussion

The bony cervical canal stenosis was thought to be one of

the main precipitating factors that cause CSM [7, 8].

Pavlov et al. used the ratio of the sagittal diameter of the

spinal canal to the sagittal diameter of the vertebral body

from plain radiographs (Pavlov ratio) as a reliable deter-

minant instead of the true diameter of the cervical spinal

canal. They concluded that a value B0.82 represented

stenosis in 92 % of cases with a 6 % false-positive rate [1].

However, evidence concerning the correlation between

the Pavlov ratio and the true sagittal diameter of the cer-

vical spinal canal were still controversial. Herzog et al. [9]

reported a good correlation between the sagittal diameter of

Table 2 The correlation between the Pavlov ratios at C3–C7

Pavlov ratio

at C3

Pavlov ratio

at C4

Pavlov ratio

at C5

Pavlov ratio

at C6

Pavlov ratio

at C7

Pavlov ratio at C3

Pearson 1 0.602� 0.570� 0.500� 0.434�

Significance 0 0 0 0

Pavlov ratio at C4

Pearson 0.602� 1 0.753� 0.630� 0.433�

Significance 0 0 0 0

Pavlov ratio at C5

Pearson 0.570� 0.753� 1 0.759� 0.591�

Significance 0 0 0 0

Pavlov ratio at C6

Pearson 0.500� 0.630� 0.759� 1 0.670�

Significance 0 0 0 0

Pavlov ratio at C7

Pearson 0.434� 0.433� 0.591� 0.670� 1

Significance 0 0 0 0

� P\ 0.001

Table 3 The correlation between the MRI Pavlov ratios at C3–C7

MRI Pavlov ratio

at C3

MRI Pavlov ratio

at C4

MRI Pavlov ratio

at C5

MRI Pavlov ratio

at C6

MRI Pavlov ratio

at C7

MRI Pavlov ratio at C3

Pearson 1 0.831� 0.778� 0.691� 0.639�

Significance 0 0 0 0

MRI Pavlov ratio at C4

Pearson 0.831� 1 0.812� 0.668� 0.624�

Significance 0 0 0 0

MRI Pavlov ratio at C5

Pearson 0.778� 0.812� 1 0.791� 0.667�

Significance 0 0 0 0

MRI Pavlov ratio at C6

Pearson 0.691� 0.668� 0.791� 1 0.802�

Significance 0 0 0 0

MRI Pavlov ratio at C7

Pearson 0.639� 0.624� 0.667� 0.802� 1

Significance 0 0 0 0

� P\ 0.001
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the spinal canal on plain films and sagittal CT images.

Blackley [10] showed that the canal-to-body ratio was of

limited value in the assessment of the true diameter of the

canal. With a wide use of magnetic resonance images,

Hulcelle et al. [11] made a direct measurement of the dural

sac, spinal cord and other soft tissues, and found that an

individual cervical spine bony measurement was unable to

accurately assess the degree of compression and the re-

serving space for the spinal cord. After the measurement of

the sagittal diameter of the dural sac and the spinal cord

directly on T2-weighted sagittal MRI images, we utilized

the MRI Pavlov ratio, a parameter reflecting the relation-

ship between the vertebral body, and the dural sac and its

surrounding soft tissues to evaluate the exact structure in

the spinal canal to prevent the phenomenon that the dural

sac still had adequate space around it, despite the canal was

relatively narrow. Moreover, in this study, we found the

MRI Pavlov ratio was smaller significantly in patients with

DCS in every segment, which suggested that the vertebral

canal bony stenosis was probably accompanied by a

smaller sagittal diameter of the dural sac, and this could be

a pathogenic factor influencing spinal cord compression.

We also found that the Pavlov ratios were correlated sig-

nificantly between different levels (P\ 0.001, Table 2), so

as to the MRI Pavlov ratios (P\ 0.001, Table 3), sug-

gesting morphological correlations between different cer-

vical segments. The MRI Pavlov ratio also correlated with

the Pavlov ratio at each level (P\ 0.001, Table 4), indi-

cating the morphological correlation between soft and bony

structures. Dynamic stenosis was also a main precipitating

factor for CSM [12]. In this study, we found that the

sagittal and dynamic sagittal diameters of the vertebral

canal correlated significantly (P\ 0.01, Table 5), sug-

gesting a steady stenosis situation in different postures.

In all cases, the spinal cord could be compressed from

all directions, and its oval structure depended on both the

sagittal and transverse structures. Therefore, the applica-

tion of MRI to measure the soft tissues directly was

meaningful. Okada et al. [13] measured the areas of the

spinal cord, dural sac and spinal canal on T1-weighted

axial images, and proposed a ratio that resulted from the

area of the cord divided by the spinal canal to prevent

Table 4 The correlation between the Pavlov ratio and the MRI

Pavlov ratio at C3–C7

Pavlov ratio MRI Pavlov ratio Pearson Significance

C3 0.77 ± 0.11 0.50 ± 0.11� 0.481 0.000

C4 0.73 ± 0.10 0.47 ± 0.11� 0.488 0.000

C5 0.73 ± 0.11 0.47 ± 0.11� 0.430 0.000

C6 0.75 ± 0.11 0.48 ± 0.11� 0.497 0.000

C7 0.76 ± 0.12 0.54 ± 0.11� 0.632 0.000

Correlated significantly with the Pavlov ratio, �P\ 0.001

Table 5 The sagittal diameter and dynamic sagittal diameter of the

vertebral canal

Sagittal diameter Dynamic sagittal diameter

C3 14.89 ± 0.72 14.75 ± 3.68�

C4 14.15 ± 1.65 13.97 ± 3.58�

C5 14.27 ± 1.76 13.52 ± 3.52�

C6 14.86 ± 1.75 14.76 ± 3.72�

C7 15.09 ± 1.76 17.66 ± 4.51�

Correlated significantly with the sagittal diameter of the vertebral

canal, �P\ 0.01

Table 6 The clinical

parameters of space-reserving

and non-space-reserving

subgroups (x ± s)

Space-reserving Non-space-reserving

N 78 104

Age (years) 55.04 ± 10.82 56.70 ± 10.86

Age of onset (years) 52.79 ± 10.90 55.02 ± 10.77

Duration of disease (months) 26.97 ± 31.65 20.12 ± 25.88

Preoperative mJOA score 12.14 ± 3.20 11.75 ± 2.91

Postoperative mJOA score 14.37 ± 2.46 14.64 ± 1.82

Recovery rate 32.84 ± 6.75 46.18 ± 4.19�

Compared with space-reserving subgroup, �P\ 0.05

Table 7 The pre-, postoperative mJOA score and recovery rate of anterior and posterior surgical approaches in space-reserving subgroup

(x ± s)

N Preoperative mJOA score Postoperative mJOA score Recovery rate

Posterior 28 12.86 ± 2.97 14.89 ± 2.02 21.86 ± 9.10

Anterior 44 12.16 ± 3.10 14.34 ± 2.64 39.62 ± 5.84�

Compared with posterior approach, �P\ 0.05
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individual variation. Based on the these previous research

results, we established the concept ‘‘occupation ratio’’,

which was defined as the ratio between the area of the cord

and the dual sac instead of the spinal canal, so that some

soft tissues such as posterior longitudinal ligament or

ligamentum flavum would not distract the assessment of

real reserving space for the spinal cord. Okada reported its

maximal value at C4 and C5; whereas the minimal at C7

[13]. Our results showed the maximal value at C5 and the

minimal at C7 in both stenosis and non-stenosis groups,

which suggested that the cerebral fluid in each transverse

area at C5 was less than that at C7. Claire et al. [14] found

that the spinal cord deformation was significantly reduced

in the presence of CSF compared with the absence of CSF

when applied upon transverse impact. These facts sug-

gested that CSF may involve in the prevalence of CSM in

DCS. We found the occupation ratio was larger in stenosis

group but with no significance, which suggested that the

transverse area of the CSF might be smaller than that in

non-stenosis group. Therefore, the decrease of the sagittal

diameter probably represented a decrease of the whole area

of the dural sac and the reserving space for the cord.

However, the incidence of such a difference was not as

usual as the ones in MRI Pavlov ratio, which presumably

indicated that the development of the spinal cord may

adapt passively to the surrounding structures. A possible

phenomenon may occur as ‘‘small spinal canal with small

spinal cord’’. Meanwhile, the RR was better in non-space-

reserving subgroup than that in space-reserving subgroup,

proposing that the more compressed the spinal cord was,

the better it recovered after sufficient decompression.

The surgical treatment for CSM can be roughly

categorized as anterior or posterior approach. The effective

way of anterior decompression and fusion was intended for

those who have herniated discs or osteophytes compressing

spinal cord. On the other hand, the posterior laminoplasty

was thought to be indicated for those who have both an-

terior and posterior compression as multiple segmental disc

herniation, or for those who have degenerative or devel-

opmental canal stenosis so as to enlarge the spinal canal

and make the spinal cord shift backwards [15–17]. Re-

searches on the comparisons between the two surgical

approaches have continued during the past four decades

[18–23]. Based on our study about CSM patients with

DCS, a decrease of the sagittal diameter of the spinal canal

was not thought to be the only determinant for the surgical

approach. Both anterior and posterior approaches can

achieve satisfying curative results in non-space-reserving

subgroup in our cohort, while anterior approach brought

better outcomes in space-reserving subgroup, with respect

to its RR. The possible reasons are as follows: first of all,

the direct anterior decompression of the spinal cord and

anterior spinal artery, which removes both the osteophytes

and herniating discs, may ameliorate the blood supply of

the nerve conduction bundle; [24, 25] second, a better CSF

circulation might improve the inner environment sur-

rounding the reserving space; [14] third, the anterior local

bone graft fusion provides solid stability to prevent a mi-

cro-trauma on the spinal cord; fourth, the backwards shift

of the spinal cord after laminoplasty may be an unpre-

dictable factor for individual patient despite that such a

mechanism was proved to be effective for clinical recov-

eries after posterior approach; finally, the enlargement of

the whole space available for the spinal cord achieved from

posterior single-door laminoplasty may not be able to re-

lieve the neurogenic symptoms for patients who already

have enough reserving space. On the contrary, for those

without reserving space, the spinal cord that is compressed

both ventrally and dorsally could be relieved by both

subtotal vertebral corpectomy and laminoplasty to achieve

a satisfactory clinical outcome. The mJOA RR was similar

between the anterior and posterior approach groups, which

suggested the local CSF environment was a critical factor

for the spinal cord recovery after surgery.

Limitation

Due to its retrospective nature and short-time follow-up,

the results of this study might be limited. A more con-

vincing clinical conclusion would be drawn if a larger

asymptomatic cohort is included.

Conclusion

DCS is associated with a smaller sagittal diameter of the

dural sac, so-called as ‘‘small spinal canal with small spinal

cord’’; however, it does not lead to a significant decrease of

intra-dural space available for the cord. For patients with

Table 8 The pre-, postoperative mJOA score and recovery rate of anterior and posterior surgical approaches in non-space-reserving subgroup

(x ± s)

N Preoperative mJOA score Post-operative mJOA score Recovery rate

Posterior 58 11.50 ± 3.03 14.53 ± 2.06 44.84 ± 4.98

Anterior 36 12.25 ± 2.89 15.03 ± 1.53 52.91 ± 3.03
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normal intra-dural space, the recovery after anterior de-

compression surgery was better than posterior approach;

while for patients with insufficient intra-dural space, the

recovery after the two surgical decompression approaches

was similar.
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