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Abstract

Purpose The aim of this study is to establish standard

MRI values for the cervical spinal canal, dural tube, and

spinal cord, to evaluate age-related changes in healthy

subjects, and to assess the prevalence of abnormal findings

in asymptomatic subjects.

Methods The sagittal diameter of the spinal canal and the

sagittal diameter and cross-sectional area of the dural tube

and spinal cord were measured on MRIs of 1,211 healthy

volunteers. These included at least 100 men and 100 women

in each decade of life between the third (20s) and eighth

(70s). Abnormal findings such as spinal cord compression

and signal changes in the spinal cord were recorded.

Results The sagittal diameter of the spinal canal was

11.2 ± 1.4 mm [mean ± standard deviation (SD)]/11.1 ±

1.4 mm (male/female) at the mid-C5 vertebral level, and

9.5 ± 1.8/9.6 ± 1.6 mm at the C5/6 disc level. The cross-

sectional area of the spinal cord was 78.1 ± 9.4/

74.4 ± 9.4 mm2 at the mid-C5 level and 70.6 ± 11.7/

68.9 ± 11.3 mm2 at the C5/6 disc level. Both the sagittal

diameter and the axial area of the dural tube and spinal cord

tended to decrease with increasing age. This tendency was

more marked at the level of the intervertebral discs than at

the level of the vertebral bodies, especially at the C5/6

intervertebral disc level. The spinal cord occupation rate in

the dural tube at the C5 vertebral body level averaged

58.3 ± 7.0%. Spinal cord compression was observed in 64

cases (5.3%) and a T2 high-signal changewas observed in 28

cases (2.3%).

Conclusions Using MRI data of 1,211 asymptomatic

subjects, the standard values for the cervical spinal canal,

dural tube, and spinal cord for healthy members of each sex

and each decade of life and the age-related changes in these

parameters were established. The relatively high preva-

lence of abnormal MRI findings of the cervical spine in

asymptomatic individuals emphasizes the dangers of

predicating operative decisions on diagnostic tests without

precisely correlating these findings with clinical signs and

symptoms.

Keywords Cervical spine � MRI � Standard values �

Anatomy � Aging change

Introduction

The number of patients with cervical spondylotic mye-

lopathy (CSM) is increasing in the aging population.

Although CSM is the most common disease of the spinal

cord that occurs during and after middle age, its patho-

physiology remains unclear. In the pathophysiology of

CSM, there are static factors such as preexisting develop-

mental canal stenosis, bulging of the posterior margin of

the intervertebral disc, and hypertrophy of the ligamentum
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flavum, as well as dynamic factors such as ligamentum

flavum invagination (buckling), intervertebral disc protru-

sion into the spinal canal, and a pincer effect (anterior and

posterior cord impingement) during neck extension.

The incidence of spinal stenosis is increasing with an

increase in the number of elderly individuals in the popu-

lation. Likewise, instances of spinal cord injuries without

radiographic abnormality (SCIWORA), which are caused

by minor trauma, have been increasing [5, 9]. SCIWORA

is a syndrome describing spinal cord injury without evi-

dence of fracture or dislocation of the spine on plain

radiographs or computed tomography (CT) studies. The

incidence, pathogenesis, and severity of SCIWORA vary

with age groups because of anatomical and biomechanical

differences in the spine. However, the symptoms of

SCIWORA are irreversible once they occur. Therefore, an

increase in SCIWORA incidence could induce large social

losses.

Recently, it has become evident that magnetic resonance

imaging (MRI) is the best clinical tool for evaluating

traumatic spinal cord injury, and is therefore invaluable for

the examination of patients with SCIWORA. MRI can

reveal not only the degree of spinal canal stenosis but also

the detailed intramedullary status of the spinal cord [11].

MRI is helpful in both the diagnosis and prognosis of

SCIWORA because of its better contrast resolution,

absence of bony artifacts, and multiplanar imaging capa-

bility [5]. Moreover, it provides adequate information

about neural and extraneural injuries and can identify, for

example, epidural hematomas and significant disc hernia-

tions that may require surgical intervention. We found two

previous reports on normal cervical spinal canal parameters

in the Japanese population, in which the bony spinal canal

was evaluated on the basis of X-ray data [1, 8]. Further-

more, the only report we found on normal cervical spinal

cord parameters was based on autopsy samples [3]. How-

ever, to the best of our knowledge, there have been only a

few MRI-based reports describing the normal configuration

of the cervical spinal canal, including the soft tissues, and

the details of the relationships between the cervical spinal

canal, dural tube, and spinal cord [2, 6, 7]. In the present

study, we therefore sought to establish standard MRI val-

ues for these parameters in a large sample of healthy

asymptomatic subjects.

Table 1 Spinal canal diameter in sagittal images

Level Decades

20 30 40 50 60 70

Male

C2/3 14.4 ± 1.4 14.5 ± 1.4 14.0 ± 1.4 13.9 ± 1.3 13.8 ± 1.6 13.6 ± 1.6

C3/4 13.3 ± 1.3 13.2 ± 1.5 12.6 ± 1.3 12.3 ± 1.4 12.4 ± 1.5 11.8 ± 1.5

C4/5 13.0 ± 1.4 12.9 ± 1.5 12.4 ± 1.3 12.1 ± 1.4 11.9 ± 1.6 11.3 ± 1.6

C5/6 12.7 ± 1.4 12.5 ± 1.5 11.8 ± 1.3 11.1 ± 1.5 11.3 ± 1.6 11.0 ± 1.7

C6/7 12.9 ± 1.5 12.9 ± 1.4 12.5 ± 1.3 11.8 ± 1.7 12.0 ± 1.6 11.8 ± 1.7

C7/T1 14.5 ± 1.4 14.8 ± 1.5 14.2 ± 1.4 13.9 ± 1.5 14.0 ± 1.7 13.6 ± 1.8

C3 13.5 ± 1.2 13.4 ± 1.2 12.9 ± 1.3 12.8 ± 1.2 12.8 ± 1.3 12.6 ± 1.3

C4 13.1 ± 1.3 13.1 ± 1.2 12.7 ± 1.2 12.5 ± 1.2 12.5 ± 1.3 12.2 ± 1.4

C5 13.3 ± 1.4 13.3 ± 1.3 12.9 ± 1.1 12.5 ± 1.3 12.8 ± 1.5 12.4 ± 1.4

C6 13.6 ± 1.3 13.7 ± 1.3 13.2 ± 1.3 12.8 ± 1.5 12.9 ± 1.4 12.6 ± 1.6

C7 13.8 ± 1.3 14.0 ± 1.2 13.9 ± 1.1 13.6 ± 1.3 13.6 ± 1.3 13.6 ± 1.4

Female

C2/3 14.3 ± 1.3 13.9 ± 1.3 13.9 ± 1.4 13.8 ± 1.4 13.1 ± 1.3 13.3 ± 1.5

C3/4 12.9 ± 1.2 12.5 ± 1.3 12.5 ± 1.2 12.5 ± 1.3 11.9 ± 1.3 12.0 ± 1.6

C4/5 12.6 ± 1.1 12.4 ± 1.4 12.3 ± 1.3 12.1 ± 1.4 11.5 ± 1.3 11.4 ± 1.6

C5/6 12.6 ± 1.1 12.2 ± 1.3 11.6 ± 1.4 11.4 ± 1.3 10.9 ± 1.3 10.8 ± 1.6

C6/7 12.8 ± 1.2 12.6 ± 1.3 12.3 ± 1.4 12.1 ± 1.5 11.4 ± 1.3 11.5 ± 1.4

C7/T1 14.0 ± 1.3 14.1 ± 1.4 13.9 ± 1.4 13.7 ± 1.5 13.4 ± 1.4 13.5 ± 1.5

C3 13.3 ± 1.1 13.1 ± 1.2 13.1 ± 1.2 13.0 ± 1.3 12.2 ± 1.2 12.3 ± 1.4

C4 12.9 ± 1.1 12.8 ± 1.1 12.7 ± 1.2 12.5 ± 1.2 12.0 ± 1.2 12.1 ± 1.3

C5 13.0 ± 1.2 12.9 ± 1.2 12.7 ± 1.2 12.6 ± 1.3 12.0 ± 1.2 12.0 ± 1.4

C6 13.2 ± 1.1 13.1 ± 1.2 12.9 ± 1.4 12.8 ± 1.3 12.1 ± 1.4 12.2 ± 1.3

C7 13.4 ± 1.2 13.5 ± 1.1 13.4 ± 1.1 13.3 ± 1.4 12.7 ± 1.2 13.0 ± 1.2

The values are mean ± SD (mm)
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However, developmental stenosis of the cervical spinal

canal is currently defined on the basis of X-rays, and no

MRI data are available for this diagnosis. X-rays evaluate

only the bony cervical spinal canal, whereas MRI evaluates

the dura and the spinal cord as well. Developmental ste-

nosis of the cervical spinal canal can therefore be evaluated

using MRI data, because it is considered that stenosis can

be better assessed on the basis of the relationship between

the spinal cord and the dura within the spinal canal.

The purpose of this research was to establish standard

MRI values and those age-related changes for the cervical

spinal canal, dural tube, and spinal cord, using MRI data of

healthy members of each sex and in each decade of life,

and elucidate the incidence of abnormal findings in normal

asymptomatic subjects.

Materials and methods

Healthy Japanese volunteers were sought after the purpose

of this study was officially announced. The exclusion cri-

teria included a history of brain or spinal surgery, comorbid

neurologic disease such as cerebral infarction and neu-

ropathy, symptoms related to sensory or motor disorders

(numbness, clumsiness, motor weakness, and gait distur-

bances) or having severe neck pain. Pregnant women and

individuals who received workmen’s compensation or

presented with symptoms after a motor vehicle accident

were also excluded. After the Institutional Review Board

approval was given, each patient signed a written consent

form before examination.

There were approximately 100 volunteers representing

each sex and decade, including individuals in the third to

the eighth decade of life. A total of 1,230 volunteers were

examined between February 2006 and February 2008. All

the participants underwent both imaging studies and clin-

ical examinations by two spinal surgeons (F.K. and Y.Y.).

MRI data of 1,211 subjects were analyzed after excluding

those with measurement difficulties resulting from prob-

lems such as motion or metal artifacts.

MRI scans were performed with a 1.5-Tesla supercon-

ductive magnet (Signa Horizon Excite HD version 12; GE

Healthcare, UK). Scans were taken at slice thicknesses of 3

and 4 mm in the sagittal and axial planes, respectively. In

Table 2 Dural tube diameter in sagittal images

Level Decades

20 30 40 50 60 70

Male

C2/3 12.1 ± 1.2 12.1 ± 1.1 11.6 ± 1.3 11.6 ± 1.2 11.5 ± 1.3 11.1 ± 1.5

C3/4 11.2 ± 1.2 11.2 ± 1.5 10.6 ± 1.3 10.3 ± 1.2 10.2 ± 1.7 9.5 ± 1.7

C4/5 11.1 ± 1.3 10.9 ± 1.7 10.5 ± 1.4 9.9 ± 1.4 9.5 ± 1.8 8.8 ± 1.8

C5/6 10.6 ± 1.4 10.4 ± 1.7 9.6 ± 1.4 8.7 ± 1.5 8.9 ± 1.6 8.6 ± 1.7

C6/7 10.6 ± 1.4 10.4 ± 1.4 10.2 ± 1.3 9.4 ± 1.7 9.2 ± 1.5 9.2 ± 1.7

C7/T1 11.9 ± 1.3 11.9 ± 1.3 11.8 ± 1.3 11.2 ± 1.6 11.2 ± 1.7 10.9 ± 1.6

C3 11.8 ± 1.2 11.8 ± 1.1 11.3 ± 1.2 11.2 ± 1.2 11.2 ± 1.4 11.0 ± 1.3

C4 11.7 ± 1.3 11.6 ± 1.3 11.3 ± 1.3 11.0 ± 1.2 11.0 ± 1.4 10.6 ± 1.4

C5 11.8 ± 1.2 11.7 ± 1.4 11.4 ± 1.3 10.9 ± 1.3 11.0 ± 1.5 10.5 ± 1.4

C6 11.7 ± 1.2 11.8 ± 1.3 11.4 ± 1.3 10.8 ± 1.5 10.7 ± 1.5 10.4 ± 1.6

C7 12.2 ± 1.2 12.4 ± 1.2 12.4 ± 1.1 11.9 ± 1.5 12.0 ± 1.5 12.1 ± 1.4

Female

C2/3 12.0 ± 1.1 11.8 ± 1.3 11.8 ± 1.2 11.5 ± 1.3 11.0 ± 1.2 11.2 ± 1.5

C3/4 11.1 ± 1.1 11.0 ± 1.3 10.9 ± 1.2 10.6 ± 1.4 10.0 ± 1.4 9.9 ± 1.7

C4/5 10.9 ± 1.1 10.8 ± 1.4 10.6 ± 1.3 10.3 ± 1.5 9.4 ± 1.4 9.3 ± 1.6

C5/6 10.7 ± 1.2 10.5 ± 1.3 9.6 ± 1.4 9.4 ± 1.5 8.8 ± 1.4 8.5 ± 1.6

C6/7 10.8 ± 1.2 10.5 ± 1.3 10.1 ± 1.3 9.6 ± 1.5 9.0 ± 1.4 9.1 ± 1.4

C7/T1 11.7 ± 1.3 11.6 ± 1.3 11.5 ± 1.2 11.1 ± 1.4 10.5 ± 1.2 10.8 ± 1.4

C3 11.8 ± 1.0 11.6 ± 1.1 11.6 ± 1.1 11.4 ± 1.3 10.8 ± 1.2 10.9 ± 1.4

C4 11.5 ± 1.1 11.4 ± 1.3 11.4 ± 1.1 11.2 ± 1.3 10.6 ± 1.2 10.7 ± 1.3

C5 11.7 ± 1.1 11.5 ± 1.3 11.4 ± 1.1 11.2 ± 1.4 10.4 ± 1.2 10.3 ± 1.4

C6 11.8 ± 1.1 11.6 ± 1.3 11.2 ± 1.2 11.0 ± 1.3 10.3 ± 1.3 10.3 ± 1.4

C7 12.1 ± 1.2 12.1 ± 1.1 12.0 ± 1.0 11.8 ± 1.3 11.3 ± 1.2 11.6 ± 1.2

The values are mean ± SD (mm)
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sagittal scans, T1-weighted images [fast spin echo repeti-

tion time (TR), 450 ms; echo time (TE), 8.1 ms] and

T2-weighted images (fast spin echo TR, 3,500 ms; TE,

102 ms) were obtained. Axial scans were performed using

T2-weighted images (fast spin echo TR, 4,000 ms; TE,

102 ms). All images were transferred to the computer as

DICOM data. Each parameter was measured by experi-

enced radiation technologists using imaging software

(Osiris4; Icestar Media Ltd, Essex, UK).

The sagittal diameter of the spinal canal, and the sagittal

diameter and axial area of the dural tube and the spinal

cord were measured using MRI data. All parameters were

measured at each intervertebral disc level (C2/3–C7/T1)

and vertebral body level (C3–C7). From these data, the

spinal cord occupation rate in the dural tube was calculated

(sagittal diameter of spinal cord/sagittal diameter of dural

tube 9 100).

Abnormal findings observed on MRI such as spinal cord

compression, flattening, or high-signal changes in T2 sag-

ittal images were individually recorded.

Results

The diameter of the spinal canal (mean ± SD) at the C5/6

intervertebral disc level for all ages as observed on sagittal

images was 11.7 ± 1.6 mm in males and 11.6 ± 1.5 mm

in females, while that at the C5 vertebral body level was

12.9 ± 1.4 mm in males and 12.5 ± 1.3 mm in females

(Table 1).

The dural tube diameter at the C5/6 intervertebral disc

level for all ages as observed on sagittal images was

9.5 ± 1.8 mm inmales and 9.6 ± 1.6 mm in females, while

that at the C5 vertebral body level was 11.2 ± 1.4 mm in

males and 11.1 ± 1.4 mm in females (Table 2). Dural tube

area at the C5/6 intervertebral disc level for all ages as

observed on axial images was 155.7 ± 32.1 mm2 in males

and 149.6 ± 29.0 mm2 in females, while that at the C5

vertebral body level was 187.4 ± 32.6 mm2 in males and

177.0 ± 32.7 mm2 in females (Table 3).

Spinal cord diameter at the C5/6 intervertebral disc level

for all ages as observed on sagittal images was

Table 3 Cross-sectional area of dural tube in axial images

Level Decades

20 30 40 50 60 70

Male

C2/3 218.8 ± 37.8 224.1 ± 39.1 211.4 ± 39.2 205.5 ± 37.3 207.6 ± 36.7 210.0 ± 39.1

C3/4 176.6 ± 31.0 183.6 ± 31.0 170.7 ± 28.1 169.8 ± 29.3 168.3 ± 33.7 165.3 ± 34.9

C4/5 175.0 ± 29.9 181.5 ± 34.0 169.8 ± 26.8 164.1 ± 30.0 159.3 ± 32.8 151.0 ± 36.0

C5/6 168.1 ± 30.0 170.8 ± 31.1 157.3 ± 25.4 147.3 ± 30.2 147.4 ± 31.7 142.8 ± 32.7

C6/7 165.1 ± 30.4 170.3 ± 31.1 158.1 ± 27.2 150.8 ± 33.2 146.6 ± 32.9 148.6 ± 33.1

C7/T1 167.8 ± 27.7 175.2 ± 31.9 167.3 ± 30.6 160.9 ± 29.4 165.4 ± 35.9 159.6 ± 28.0

C3 192.1 ± 32.4 196.6 ± 28.6 185.9 ± 29.6 181.4 ± 30.4 181.0 ± 29.7 186.5 ± 30.9

C4 187.6 ± 31.6 194.2 ± 31.0 181.9 ± 29.6 182.7 ± 32.7 181.4 ± 32.1 180.0 ± 31.4

C5 189.4 ± 33.2 196.4 ± 33.6 184.0 ± 28.1 185.0 ± 33.4 187.2 ± 32.0 181.9 ± 32.9

C6 187.2 ± 33.0 194.0 ± 35.2 184.8 ± 29.5 181.0 ± 37.6 179.8 ± 35.8 179.9 ± 32.9

C7 184.9 ± 31.4 195.3 ± 32.8 189.2 ± 27.5 186.5 ± 34.5 188.7 ± 34.8 193.0 ± 28.8

Female

C2/3 206.6 ± 39.0 208.4 ± 39.9 204.1 ± 38.9 198.0 ± 40.2 195.2 ± 35.5 206.0 ± 37.9

C3/4 173.7 ± 30.1 177.4 ± 32.4 170.0 ± 30.2 166.6 ± 33.3 161.1 ± 30.0 164.9 ± 33.2

C4/5 168.1 ± 29.0 172.8 ± 33.7 165.0 ± 28.9 160.9 ± 28.6 152.4 ± 30.7 154.4 ± 34.2

C5/6 161.8 ± 26.8 164.7 ± 30.4 150.2 ± 24.0 144.0 ± 25.3 139.9 ± 27.3 137.7 ± 28.6

C6/7 156.6 ± 25.8 162.0 ± 28.4 153.0 ± 25.7 145.8 ± 28.7 139.9 ± 25.4 142.4 ± 27.9

C7/T1 154.6 ± 27.3 161.3 ± 27.5 155.4 ± 27.5 153.2 ± 28.5 145.4 ± 22.8 157.7 ± 25.6

C3 181.8 ± 31.1 188.0 ± 32.0 180.5 ± 29.5 176.1 ± 33.0 172.5 ± 26.4 180.0 ± 30.3

C4 179.0 ± 32.1 184.3 ± 32.9 180.4 ± 30.3 174.5 ± 33.3 169.9 ± 28.5 173.3 ± 31.4

C5 180.0 ± 33.8 188.0 ± 36.9 180.0 ± 31.5 176.7 ± 31.9 166.7 ± 27.2 171.1 ± 29.9

C6 176.8 ± 30.0 184.5 ± 32.6 172.5 ± 27.9 171.7 ± 32.0 162.5 ± 28.2 165.0 ± 30.8

C7 173.6 ± 31.5 181.7 ± 32.6 174.7 ± 30.2 173.3 ± 32.3 165.0 ± 26.7 178.0 ± 29.4

Values are mean ± SD (mm2)
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5.9 ± 1.0 mm in males and 5.8 ± 0.9 mm in females,

while that at the C5 vertebral body level was

6.5 ± 0.7 mm in males and 6.4 ± 0.7 mm in females

(Table 4). Spinal cord area at the C5/6 intervertebral disc

level for all ages as observed on axial images was

70.6 ± 11.7 mm2 in males and 68.9 ± 11.3 mm2 in

females, while that at the C5 vertebral body level was

78.1 ± 9.4 mm2 in males and 74.4 ± 9.4 mm2 in females

(Table 5).

All the above-mentioned parameters tended to decrease

with increasing age. This tendency was more marked at the

intervertebral disc level than at the vertebral body level,

especially around the C5/6 intervertebral disc level

(Figs. 1, 2, 3, 4, 5, 6).

The average spinal cord occupation rate in the dural tube

at the C5 vertebral body level was 58.3 ± 7.0% (Table 6).

The border value (average ? 2SD) was 72.3%. Therefore,

we propose a spinal cord occupation rate of more than 75%

in the dural tube as the criterion for the diagnosis of

developmental stenosis of the cervical spinal canal.

A variety of abnormal findings were recognized; these

included compression of the spinal cord [n = 64 (5.3%)],

flattening of the spinal cord [n = 38 (3.1%)], and high-

signal changes in T2 sagittal images [n = 28 (2.3%)].

Other findings were as follows: synostosis (n = 14),

Arnold–Chiari malformations (n = 7), ossification of the

posterior longitudinal ligament of the spine (OPLL)

(n = 5), C1/2 pseudo-tumor with subluxation (n = 1), and

spinal tumor (n = 1).

Discussion

This research was conducted to establish standard MRI

values for the cervical spinal canal, dural tube, and spinal

cord, evaluate age-related changes in healthy subjects, and

assess the incidence of abnormal findings in asymptomatic

subjects. These parameters were established in each sex

and each decade of life, and tended to decrease with

increasing age. Age-related changes were more marked at

Table 4 Spinal cord diameter in sagittal images

Level Decades

20 30 40 50 60 70

Male

C2/3 6.9 ± 0.7 7.1 ± 0.7 7.0 ± 0.8 6.9 ± 0.7 7.0 ± 0.7 6.8 ± 0.8

C3/4 6.9 ± 0.8 6.8 ± 0.8 6.5 ± 0.8 6.4 ± 0.8 6.3 ± 0.8 6.0 ± 1.1

C4/5 6.7 ± 0.8 6.5 ± 0.9 6.2 ± 0.7 6.0 ± 0.8 5.9 ± 0.8 5.5 ± 1.1

C5/6 6.4 ± 0.8 6.2 ± 0.8 6.0 ± 0.8 5.5 ± 1.0 5.6 ± 0.9 5.4 ± 1.1

C6/7 5.9 ± 0.7 5.9 ± 0.6 5.8 ± 0.6 5.4 ± 0.9 5.5 ± 0.8 5.4 ± 0.8

C7/T1 5.7 ± 0.6 5.8 ± 0.6 5.6 ± 0.6 5.4 ± 0.7 5.6 ± 0.6 5.4 ± 0.7

C3 7.0 ± 0.7 7.0 ± 0.7 6.8 ± 0.8 6.7 ± 0.7 6.8 ± 0.7 6.8 ± 0.8

C4 6.9 ± 0.8 6.9 ± 0.7 6.7 ± 0.7 6.6 ± 0.7 6.6 ± 0.6 6.4 ± 0.8

C5 6.8 ± 0.8 6.7 ± 0.7 6.5 ± 0.7 6.4 ± 0.7 6.4 ± 0.6 6.3 ± 0.7

C6 6.3 ± 0.7 6.4 ± 0.6 6.1 ± 0.7 5.9 ± 0.8 6.1 ± 0.6 6.0 ± 0.8

C7 5.8 ± 0.7 5.8 ± 0.6 5.6 ± 0.6 5.6 ± 0.6 5.7 ± 0.6 5.7 ± 0.6

Female

C2/3 6.7 ± 0.7 6.9 ± 0.7 6.9 ± 0.7 6.9 ± 0.8 6.7 ± 0.7 6.7 ± 0.8

C3/4 6.6 ± 0.6 6.6 ± 0.7 6.4 ± 0.7 6.4 ± 0.9 6.1 ± 0.7 6.1 ± 0.9

C4/5 6.4 ± 0.7 6.3 ± 0.8 6.2 ± 0.7 6.2 ± 0.9 5.8 ± 0.8 5.7 ± 0.9

C5/6 6.2 ± 0.6 6.1 ± 0.6 5.9 ± 0.7 5.8 ± 1.0 5.5 ± 0.8 5.3 ± 1.0

C6/7 5.9 ± 0.7 5.8 ± 0.7 5.7 ± 0.6 5.6 ± 0.8 5.4 ± 0.6 5.4 ± 0.8

C7/T1 5.5 ± 0.7 5.5 ± 0.6 5.6 ± 0.5 5.4 ± 0.6 5.3 ± 0.6 5.4 ± 0.6

C3 6.6 ± 0.6 6.8 ± 0.7 6.8 ± 0.6 6.8 ± 0.8 6.6 ± 0.7 6.6 ± 0.8

C4 6.6 ± 0.7 6.6 ± 0.7 6.5 ± 0.6 6.6 ± 0.8 6.4 ± 0.7 6.3 ± 0.7

C5 6.6 ± 0.5 6.5 ± 0.7 6.4 ± 0.6 6.4 ± 0.9 6.2 ± 0.6 6.1 ± 0.7

C6 6.2 ± 0.6 6.1 ± 0.6 6.1 ± 0.5 6.1 ± 0.7 6.0 ± 0.6 5.8 ± 0.7

C7 5.6 ± 0.6 5.7 ± 0.6 5.7 ± 0.5 5.6 ± 0.6 5.5 ± 0.6 5.6 ± 0.7

The values are mean ± SD (mm)
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the intervertebral disc level than at the vertebral body level,

especially at the C5/6 level. The spinal cord occupation

rate in the dural tube at the C5 vertebral body level aver-

aged 58.3 ± 7.0%. Various abnormal findings were

observed at a relatively high rate on MR images.

To date, only a few MRI-based reports on the normal

configuration of the cervical spinal canal, including the soft

tissue, have been documented in the literature [2, 7]. The

cervical spinal canal and spinal cord measurements

Table 5 Cross-sectional area of spinal cord in axial images

Level Decades

20 30 40 50 60 70

Male

C2/3 77.9 ± 8.0 80.1 ± 7.7 79.5 ± 10.1 77.5 ± 8.7 77.4 ± 8.0 76.5 ± 9.1

C3/4 78.0 ± 8.5 79.9 ± 8.7 78.1 ± 10.6 75.5 ± 9.9 76.3 ± 10.7 73.7 ± 10.1

C4/5 79.3 ± 8.5 81.3 ± 10.6 78.5 ± 9.3 75.9 ± 11.3 74.9 ± 10.4 69.7 ± 15.0

C5/6 74.6 ± 8.8 75.4 ± 10.3 72.3 ± 10.4 66.3 ± 12.9 68.5 ± 11.2 66.5 ± 12.4

C6/7 64.9 ± 9.2 66.0 ± 8.8 63.8 ± 9.4 61.5 ± 10.9 62.7 ± 9.3 61.8 ± 11.3

C7/T1 54.0 ± 6.6 55.6 ± 6.9 54.1 ± 7.7 51.1 ± 8.0 53.2 ± 6.4 53.1 ± 6.7

C3 76.3 ± 6.8 78.4 ± 7.9 76.8 ± 9.2 74.8 ± 8.9 75.2 ± 8.1 75.0 ± 8.5

C4 80.2 ± 8.8 82.3 ± 9.4 80.2 ± 9.2 78.5 ± 10.0 79.0 ± 10.0 78.2 ± 8.9

C5 79.0 ± 8.6 80.9 ± 9.4 78.8 ± 9.6 76.1 ± 9.7 77.8 ± 8.5 76.0 ± 9.5

C6 71.1 ± 7.7 74.3 ± 9.6 71.3 ± 8.0 69.8 ± 10.1 70.5 ± 8.0 69.8 ± 9.5

C7 59.1 ± 7.4 60.4 ± 8.1 58.7 ± 9.1 57.3 ± 9.0 58.3 ± 7.3 58.4 ± 8.2

Female

C2/3 72.4 ± 6.8 74.8 ± 8.6 73.9 ± 7.8 73.0 ± 8.1 71.4 ± 7.5 73.6 ± 8.2

C3/4 74.0 ± 8.0 75.4 ± 8.9 75.0 ± 8.6 72.7 ± 9.7 70.1 ± 8.9 71.9 ± 9.5

C4/5 75.4 ± 8.7 76.7 ± 9.4 76.1 ± 9.7 74.7 ± 11.3 70.6 ± 10.0 72.3 ± 11.8

C5/6 72.4 ± 9.2 72.8 ± 10.3 70.6 ± 9.9 68.0 ± 11.8 64.6 ± 11.0 65.5 ± 12.7

C6/7 62.7 ± 10.0 63.5 ± 10.1 63.0 ± 9.2 60.3 ± 10.2 58.2 ± 9.1 60.6 ± 10.4

C7/T1 51.3 ± 7.4 52.3 ± 7.8 51.0 ± 5.8 50.9 ± 7.1 48.6 ± 6.1 52.3 ± 7.7

C3 72.1 ± 7.0 74.3 ± 8.9 72.9 ± 7.6 71.7 ± 7.9 70.2 ± 7.3 71.9 ± 8.1

C4 75.5 ± 8.2 78.7 ± 9.1 77.4 ± 8.2 76.0 ± 10.2 73.2 ± 8.1 75.4 ± 9.8

C5 74.8 ± 8.7 77.3 ± 9.0 75.8 ± 8.5 74.7 ± 10.8 71.5 ± 8.3 72.8 ± 9.7

C6 68.7 ± 8.5 69.9 ± 8.8 69.7 ± 8.9 68.3 ± 10.0 65.2 ± 8.0 68.2 ± 9.2

C7 56.1 ± 8.5 56.6 ± 8.5 56.6 ± 7.9 56.2 ± 7.4 53.0 ± 7.1 57.3 ± 8.3

The values are mean ± SD (mm2)

Fig. 1 Dural tube diameter at the C5/6 in each sex and decade

Fig. 2 Dural tube diameter at the C5 in each sex and decade

Fig. 3 Spinal cord diameter at the C5/6 in each sex and decade
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recorded in the present study were similar to those obtained

using CT scanning after myelography (CTM) [4, 10]. The

sagittal diameter of the spinal canal was approximately

12 mm and spinal cord diameter was approximately 6 mm

in our MRI study, which were similar to the values obtained

in the CTM study. However, the area of the axial spinal cord

was approximately 52 mm2 in the CTM study, whereas it

was approximately 75 mm2 in the present study. The values

obtained by MRI may have been higher than those obtained

by CTM because of factors such as spinal cord pulsation

(motion artifact). In previous reports, the area of the axial

spinal cord was approximately 90 mm2 using 0.5-Tesla

MRI [2]. It is thought that these factors are more significant

when using 0.5-Tesla MRI, which has a lower resolution

and a longer inspection time than 1.5-Tesla MRI. The area

of the axial spinal cord in autopsy specimens was found to

be approximately 50 mm2, which is presumably reduced

because of the fixation of specimens [3].

Among cervical spinal cord injuries, the frequency of

cases without bony lesions varied from approximately 50%

in subjects under 64 years of age to approximately 68% in

subjects over 65 years of age [9]. It is predicted that the

number of individuals with cervical stenosis will increase

as the population ages. Furthermore, it is likely that spinal

cord injuries without bony lesions will increase with the

increase in prevalence of cervical stenosis.

The parameters evaluated in this study tended to decline

with age. This tendency was greater at the intervertebral

disc level than at the vertebral body level, especially at the

C5/6 intervertebral disc level. Three explanations can be

offered for this observation. First, degenerative changes in

the cervical spine progress chiefly in the intervertebral

discs, and such changes occur maximally at the C5/6

intervertebral disc level. Second, the spinal cord may

atrophy as age increases. Third, both the cervical spine and

spinal cord may possibly be relatively small in the elderly

because they tend to have a smaller build.

The current definition of developmental stenosis of the

cervical spinal canal is based on X-ray data, and no rele-

vant MRI data on this subject have been published. We

therefore proposed to define developmental stenosis of the

cervical spinal canal on the basis of MRI data. Generally, a

sagittal diameter of the spinal canal of less than 12–14 mm

at the C5 vertebral body level as observed on X-ray is

defined as developmental stenosis of the cervical spinal

canal. However, this definition concerns only the container

(the spinal canal) and ignores the contents (the spinal cord).

Furthermore, as compared to a live specimen, there is a

twofold difference in the axial area of the spinal cord in

autopsy specimens, and a similar difference was demon-

strated even in the present study. It is considered that true

spinal canal stenosis is defined by the relationship between

the spinal canal and the spinal cord. For example, it cannot

be concluded that the spinal canal is actually in a stenosed

condition when the spinal cord is thin and there is room in

the canal, even if it is relatively narrow on X-ray. The

relationship between the spinal cord and the dural tube (the

contents and the container) were evaluated in the present

study because these can be collectively evaluated on MRI.

The dural tube was used to evaluate the size of the con-

tainer on the basis of MRI, which can reveal the accurate

size of the container including the soft tissue. We propose

that developmental stenosis of the cervical spinal canal can

be defined as an occupation rate of the dural tube of more

than 75% (3/4) as observed on MRI.

A variety of abnormal findings such as spinal cord

compression, signal changes in T2 images, Arnold–Chiari

Fig. 4 Spinal cord diameter at the C5 in each sex and decade

Fig. 5 Cross-sectional area of spinal cord at the C5/6 in each sex and

decade

Fig. 6 Cross-sectional area of spinal cord at the C5 in each sex and

decade
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malformations, and OPLL were recognized; in addition,

their prevalence was surprisingly high. These abnormal

findings were all seen on cervical MRIs obtained from

asymptomatic volunteers. These data emphasize on the

dangers of predicating operative decisions on diagnostic

tests without precisely correlating MRI findings with

clinical signs and symptoms.

This study had a few limitations. First is the possibility

of measurement errors. Measurement was performed only

once because the number of specific measurements and the

number of subjects were very large. However, the mea-

surements were carried out by well-experienced radiation

technologists with extensive knowledge of cervical anat-

omy. Second, all data in this study were derived only from

Japanese volunteers, majority of whom belong to a single

race. For this reason, it might be difficult to apply these

findings to other races in a similar fashion. Japanese have

most advanced aging society, and these data should help

people of other races, who would prepare for an aged

society, to understand age-related changes of cervical

spine.

Conclusion

Standard MRI values for the cervical spinal canal, dural

tube, and spinal cord were established for healthy members

of each sex and each decade of life for 1,211 healthy

subjects. The relatively high prevalence of abnormal MRI

findings of the cervical spine of asymptomatic individuals

emphasizes the dangers of predicating operative decisions

on diagnostic tests without precisely correlating these

findings with clinical signs and symptoms. The results of

this research will prove useful in clinical and preventive

medicine, especially because to the best of our knowledge,

no previous report providing standard MRI values for the

cervical spine and spinal cord are available.
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Table 6 Spinal cord occupation rate in dural tube (sagittal)

Level Decades

20 30 40 50 60 70

Male

C2/3 57.7 ± 6.4 59.0 ± 6.6 60.4 ± 6.4 59.9 ± 5.9 61.1 ± 6.9 62.1 ± 7.1

C3/4 61.9 ± 6.5 61.3 ± 7.3 61.4 ± 6.5 61.8 ± 5.9 62.0 ± 7.0 62.9 ± 7.8

C4/5 60.4 ± 7.1 59.9 ± 7.0 60.1 ± 6.1 61.1 ± 5.7 63.2 ± 7.6 62.5 ± 7.4

C5/6 60.7 ± 7.2 60.9 ± 7.6 62.8 ± 7.5 62.9 ± 7.8 63.3 ± 7.7 63.4 ± 7.5

C6/7 56.1 ± 7.3 57.6 ± 7.1 57.3 ± 7.0 58.0 ± 8.4 60.0 ± 7.4 60.1 ± 7.6

C7/T1 48.6 ± 6.1 49.1 ± 7.0 48.0 ± 6.5 58.9 ± 7.3 50.5 ± 7.8 49.9 ± 8.1

C3 59.5 ± 7.1 59.8 ± 6.6 60.0 ± 6.1 60.6 ± 6.0 61.4 ± 6.2 62.2 ± 7.0

C4 59.7 ± 6.8 59.9 ± 6.6 59.5 ± 6.1 59.9 ± 6.6 60.3 ± 6.4 60.9 ± 6.7

C5 58.0 ± 7.0 57.8 ± 7.1 58.0 ± 7.5 58.7 ± 6.1 58.8 ± 6.9 60.3 ± 7.3

C6 54.6 ± 6.4 54.8 ± 7.5 54.1 ± 6.8 55.4 ± 7.4 58.1 ± 8.0 57.9 ± 7.8

C7 47.3 ± 6.2 47.4 ± 6.3 45.7 ± 5.8 47.6 ± 7.1 48.1 ± 7.5 47.3 ± 6.8

Female

C2/3 55.8 ± 6.9 58.5 ± 6.4 59.1 ± 6.3 59.8 ± 6.2 61.3 ± 6.3 60.8 ± 7.3

C3/4 59.8 ± 6.0 60.6 ± 6.3 59.8 ± 6.4 61.2 ± 6.3 61.9 ± 6.4 61.8 ± 7.0

C4/5 58.7 ± 6.8 58.5 ± 7.1 58.6 ± 6.0 60.5 ± 6.2 62.4 ± 7.2 61.9 ± 7.7

C5/6 58.3 ± 6.6 58.5 ± 7.5 61.8 ± 6.9 61.7 ± 6.9 63.6 ± 6.2 63.0 ± 7.8

C6/7 54.5 ± 7.1 55.7 ± 7.3 57.8 ± 7.4 58.8 ± 7.8 60.2 ± 6.8 60.1 ± 8.1

C7/T1 47.7 ± 6.1 48.1 ± 6.2 49.1 ± 6.6 49.3 ± 7.0 50.9 ± 6.2 51.1 ± 7.8

C3 56.8 ± 6.2 58.9 ± 6.3 59.1 ± 6.2 59.8 ± 6.7 61.4 ± 6.5 60.8 ± 7.4

C4 57.8 ± 6.5 58.6 ± 6.4 57.7 ± 6.0 59.1 ± 6.8 60.1 ± 6.8 59.7 ± 7.2

C5 56.4 ± 6.5 56.7 ± 6.7 56.6 ± 6.5 57.6 ± 6.2 60.5 ± 6.7 59.9 ± 7.5

C6 52.3 ± 6.1 53.6 ± 7.1 55.1 ± 6.0 55.4 ± 6.9 58.6 ± 6.9 57.3 ± 8.2

C7 46.7 ± 6.2 47.6 ± 5.3 48.1 ± 5.9 47.7 ± 6.2 49.6 ± 7.0 49.0 ± 7.6

The values are mean ± SD (%)
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