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Abstract

Purpose Narrow cervical canal (NCC) has been a sus-

pected risk factor for later development of cervical

myelopathy. However, few studies have evaluated the

prevalence in asymptomatic subjects. The purpose of this

study was to investigate the prevalence of NCC in a large

cohort of asymptomatic volunteers.

Methods This study was a cross-sectional study of 1211

asymptomatic volunteers. Approximately 100 men and 100

women representing each decade of life from the 20s to the

70s were included in this study. Cervical canal antero-

posterior diameters at C5 midvertebral level on X-rays, and

the prevalence of spinal cord compression (SCC) and

increased signal intensity (ISI) changes on MRI were

evaluated. Receiver operating characteristic analysis was

performed to determine the cut-off value of the severity of

canal stenosis resulting in SCC.

Results NCC (\14 mm) was observed in 123 (10.2 %)

subjects. SCC and ISI were found in 64 (5.3 %) and 28

(2.3 %) subjects, respectively. The prevalence of NCC was

significantly higher in females and older subjects, but the

occurrence of severe NCC (\12 mm) did not increase with

age. The canal size in subjects with SCC or ISI was sig-

nificantly smaller than in those without SCC (p\ 0.0001).

The cut-off values of cervical canal stenosis resulting in

SCC were 14.8 and 13.9 mm in males and females,

respectively.

Conclusions The prevalence of NCC was considerably

lower among asymptomatic healthy volunteers; the cervi-

cal canal diameter in subjects with SCC or ISI was sig-

nificantly smaller than in asymptomatic subjects; NCC is a

risk factor for SCC.
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stenosis � Degenerative cervical myelopathy �
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Introduction

Degenerative cervical myelopathy (DCM) is one of the

most common causes of spinal cord dysfunction in adults,

resulting in a progressive condition due to chronic com-

pression of the cervical spinal cord [1, 2]. The patho-

physiology of DCM involves both static factors, which are

either acquired or caused by developmental cervical canal

stenosis, and dynamic factors, which result from repetitive

injuries to the cervical cord [3, 4]. Developmental canal

stenosis has been defined as a cervical canal diameter of

\12–13 mm [5–8]. Narrow cervical canal has been fre-

quently suggested as a risk factor for later development of

DCM [6–12]. Several reports revealed significant and fre-

quent coincidences of narrow cervical canal in patients

with DCM; [5, 12–14] Higo et al. reported that 82 % of the

patients with DCM had narrow cervical canal [14].
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There is little data, however, regarding the frequency of

narrow cervical canal in healthy subjects. Prior to con-

ducting the present study, we were unaware of whether

narrow cervical canal was actually significantly higher in

patients with DCM because we could not compare the

frequencies of occurrence between healthy and symp-

tomatic subjects. Although Nagata et al. reported the

presence of a narrow cervical canal (\15 mm at C5 ver-

tebral body level) in 57.4 % of males (183/319) and

76.7 % in females (491/640) in a large-scale study of

Japanese, their data set did not exclude symptomatic sub-

jects and did not have a balanced gender- or age-group

distribution [15]. After their study had been completed, the

following issues remained unresolved: (1) how often nar-

row cervical canal could be identified in asymptomatic

subjects; (2) whether the prevalence differs in males and

females; and (3) whether the prevalence increases with age.

In addition, only a limited number of studies analyzed the

severity of canal stenosis which could lead to spinal cord

compression (SCC) based on magnetic resonance imaging

(MRI) and/or the development of myelopathy.

The objectives of the present study were (1) to investi-

gate the frequency and distribution of narrow cervical

canal, and (2) to analyze the cut-off value of the degree of

cervical bony canal stenosis developing into SCC, using

X-ray and MRI imaging from a large cohort ([1200) of

asymptomatic healthy volunteers.

Materials and methods

A total of 1230 subjects were recruited for cervical spine

X-rays and MRI imaging between February 2006 and

February 2008. The subjects were relatively healthy Japa-

nese volunteers without neurological symptoms. We

recruited the subjects using newspaper advertisements and

posters hung in facilities that were associated with our

facility. The exclusion criteria included a history of brain

or spinal surgery, comorbid neurological disease (such as

cerebral infarction or neuropathy), symptoms related to

sensory or motor disorders (such as numbness, clumsiness,

motor weakness, and gait disturbances), rheumatoid

arthritis or other autoimmune diseases, or severe neck pain.

We also excluded pregnant women, individuals who

received workmen’s compensation, and those who pre-

sented with the symptoms after a motor vehicle accident.

Subjects with other comorbidities (smoking, diabetes,

hypertension, others) were included in this study. The

Institutional Review Board approved this study, and each

patient signed a written consent form.

All participants underwent imaging analysis by two

spinal surgeons (F.K. and K.S.). The X-ray and MRI data

from 1211 subjects were included in the analyses, after

excluding 29 subjects with measurement difficulties

resulting from artifacts (such as those due to motion or the

presence of metals). There were approximately 100 vol-

unteers representing each sex and decade of life (from the

third to the eighth decades of life). There were 606 male

subjects: 101 in their 20s, 104 in their 30s, 100 in their 40s,

99 in their 50s, 101 in their 60s, and 101 in their 70s. There

were 605 female subjects: 100 in their 20s, 99 in their 30s,

100 in their 40s, 103 in their 50s, 103 in their 60s, and 100

in their 70s.

Lateral (neutral) X-rays of the cervical spine were taken

with a distance of 1.5 m between the X-ray tube and the

film for all subjects. A lateral (neutral) X-ray was taken

while subjects were standing and facing forward. The

anteroposterior (AP) diameter of the spinal canal was

determined at vertebral level C2–C7 and each disc level

from C2–C3 to C6–C7 [16].

MRI scans were performed using a 1.5-Tesla super-

conductive magnet (Signa Horizon Excite HD version 12;

GE Healthcare, UK). Scans were acquired at a slice

thickness of 3 mm in the sagittal plane. T2-weighted

images (fast spin echo TR, 3500 ms; TE, 102 ms) were

acquired during sagittal scans. Axial scans were per-

formed using T2-weighted images (fast spin echo TR,

4000 ms; TE, 102 ms). AP diameters of the dural sac and

spinal cord and the cross-sectional area of the spinal cord

were determined at each disc level from C2–C3 to C6–C7

[17]. All images were transferred to a computer as Digital

Imaging and Communications in Medicine (DICOM) data

to measure AP diameters and cross-sectional areas using

imaging software (Osiris 4; Icestar Media Ltd, Essex,

UK).

(The radiographical measurement methods used in this

study have already been described in detail elsewhere [16,

17], and therefore will not be explained further here.)

Evaluation of cervical spinal cord compression

Cervical SCC was positively diagnosed when the AP

diameter of the spinal canal at its narrowest was B the AP

diameter of the spinal cord at the mid C5 vertebral body

level [18]. SCC was evaluated at each intervertebral level

from C2–C3 to C7–T1.

Evaluation of increased signal intensity change (ISI)

in the spinal cord

Increased signal intensity was defined based on sagittal T2-

weighted images [19]: grade 0, none; grade 1, light (in-

creased intensity, but less intense compared with cere-

brospinal fluid signal); grade 2, intense (similar intensity to

cerebrospinal fluid signal). Grades 1 and 2 signal intensity

changes were included in this study.
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Statistical analysis

Frequency distribution analysis was performed using

Fisher’s exact test. Multiple comparison analysis was per-

formed using analysis of variance (ANOVA) and Bonfer-

roni post hoc tests. We used receiver operating

characteristic (ROC) analysis to determine the cutoff val-

ues of cervical canal size resulting in SCC. A p value of

\0.05 was considered to be statistically significant. All

analyses were conducted using PRISM version 6 (Graph-

Pad Software, San Diego, CA, USA).

Results

The mean canal AP diameter at the mid-C5 vertebral body

level was 15.8 ± 1.5, 16.2 ± 1.5 and 15.4 ± 1.4 in all

subjects (n = 1211), males alone (n = 606), and females

alone (n = 605), respectively [16]. The data for cervical

canal diameters at the other levels on X-ray for each sub-

ject were summarized in our previous paper [16]. Narrow

cervical canals at mid-C5 vertebral body level (\14 mm in

AP diameter) were observed in 123 subjects (10.2 %). AP

diameters of \12 mm, 12–13 mm, and 13–14 mm were

observed in 6 subjects (0.5 %), 29 subjects (2.4 %), and 88

subjects (7.3 %), respectively (Table 1). The majority of

the subjects with narrow canal diameters (\14 mm) were

female (68.3 %). This distribution with regard to gender

was statistically significant (p\ 0.0001), and the rate of

occurrence in females was significantly higher in subjects

with narrow cervical canals. The numbers of subjects with

cervical narrow canals are listed by decade of life in

Table 2. The frequency of narrow cervical canal (\14 mm)

was significantly higher in the sixth and seventh decades

than in the second decade (p\ 0.0001), but the occurrence

of severe narrow canal (\12 mm) was not found to

increase with age.

SCC and ISI on T2-weighted MRI images were

observed in 64 (5.3 %) and 28 subjects (2.3 %), respec-

tively [18]. Cervical canal diameters at the mid-C5 verte-

bral body level were significantly different among subjects

without SCC (15.87 ± 1.49), with SCC (14.60 ± 1.33) or

with ISI (14.31 ± 1.02) [one way ANOVA, p\ 0.0001

(Fig. 1)]. These canal diameters in patients with SCC or ISI

were significantly narrower than in those without SCC

(Bonferroni’s multiple comparison test; p\ 0.0001),

although significant differences were not observed between

subjects with SCC and ISI.

To identify the cutoff value of cervical canal size which

could result in SCC on MRI, we performed a gender-de-

pendent ROC analysis. In males, 14.8 mm was the signif-

icant cutoff value [area under curve: 0.76, p\ 0.0001

(Fig. 2a)], while 13.9 mm was the significant cutoff value

for females [area under curve: 0.76, p\ 0.0001 (Fig. 2b)].

Discussion

The current study represents the largest analysis yet

undertaken of cervical X-rays and MRI images to deter-

mine the prevalence of narrow cervical canal in

Table 1 Distribution of narrow canal diameters at the mid-C5 ver-

tebral body level for both genders

\12 mm 12–13 mm 13–14 mm \14 mm

Male 1 6 32 39 (6.4 %)***

Female 5 23 56 84 (13.9 %)

*** p\ 0.001 using Fisher’s exact test

Table 2 Occurrence of narrow canal diameters at the mid-C5 ver-

tebral body level for each decade of life

\12 mm 12–13 mm 13–14 mm \14 mm

20s (201) 3 8 11

30s (203) 1 3 8 12

40s (200) 4 9 13

50s (202) 2 2 14 18

60s (204) 1 4 24** 29**

70s (201) 2 13* 25** 40***

The top line shows the canal diameters. The left column shows age

ranges and numbers of subjects in each range (in parentheses)

* p\ 0.05, ** p\ 0.005 and *** p\ 0.001 using Chi-square test

comparing those in their 20s and other decades

Fig. 1 Cervical canal diameters at mid-C5 vertebral body level

among subjects with SCC or with ISI compared with those without

SCC (one-way ANOVA, p\ 0.0001). ***p\ 0.001 in Bonferroni’s

multiple comparison test
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neurologically asymptomatic healthy subjects. Our findings

indicated that the prevalence of narrow cervical canal

(\14 mm) was considerably lower in asymptomatic sub-

jects (10.2 %) than in symptomatic subjects. We also found

narrow cervical canal to be more common in women and

older subjects. In addition, cervical canal diameter was

observed to be significantly narrower in patients with SCC

or ISI, suggesting that narrow cervical canal diameter could

be a risk factor for SCC and DCM.

Cervical bony canal size has been suspected to influence

the occurrence of cervical myelopathy [6–12]. A normal

sagittal AP diameter for the cervical spinal canal is

approximately 17–18 mm between C3 and C7 on lateral

X-rays [16, 20], and a cervical canal diameter of\12 or

13 mm has been defined as developmental canal stenosis

[5–7]. A narrow cervical canal could predispose a person to

possible SCC, particularly if there were disc protrusion and

cervical alignment changes [4]. The prevalence of narrow

cervical canal in DCM patients has been found to be high,

with reported rates ranging from 19.8 to 82.0 % [5, 12–14].

There have been few reports regarding the prevalence of

narrow cervical canal among healthy subjects. Higo et al.

reported finding narrow cervical canal in 4 % of young

asymptomatic people (seven out of 197 subjects) [21].

Nagata et al. performed a large-scale population-based

cervical X-ray and MRI study of 959 Japanese subjects

(319 men and 640 women; mean age, 66.4 years) which

included both symptomatic and asymptomatic subjects, and

reported that the prevalence of narrow cervical canal

(\15 mm) in this mixed group was 70.3 % [15]. However,

prior to the present study, there were no large-scale studies

focusing specifically on neurologically asymptomatic sub-

jects. To address this gap in our knowledge, we undertook

the present study, which examined asymptomatic subjects

from various age groups. We found narrow cervical canal

to be present in only a minimal number of these subjects, a

number that was smaller than those appearing in other

reports [5, 12–15].

Our study of the prevalence of narrow cervical canal in

asymptomatic subjects also investigated gender- and age-

based differences in the prevalence of this condition. In their

mixed study, Nagata et al. found that narrow cervical canal

was much more common in females (76.7 %) than in males

(57.4 %). In general, cervical canal diameter is significantly

narrower in females [16], and the prevalence of canal

stenosis could actually be greater in females for this reason.

With respect to age-based differences in the prevalence of

narrow cervical canal, there have only been a limited

number of reports concerning healthy subjects. It was

reported that older subjects have narrower cervical canal,

[15, 16, 22] a finding confirmed in the present study, where

the prevalence of narrow cervical canal (\14 mm) was

indeed higher in older subjects. On the other hand, while the

percentage of subjects with moderate canal stenosis (from

12 to 14 mm) was significantly higher in older subjects, the

percentage of subjects with severe canal stenosis (\12 mm),

which puts them at risk of developing cervical myelopathy

(as described below), was not observed to increase with age.

This might be due to the fact that older subjects with severe

narrow cervical canal might become symptomatic, resulting

in their exclusion from this study.

Prior to this study, it was unclear how narrow the cer-

vical canal would have to be to constitute a risk factor for

SCC on MRI or for developing myelopathy. Wolf et al.

reported that a cervical canal\10 mm is a risk factor for

developing myelopathy [23]. Edward et al. reviewed 63

patients’ cervical X-rays and reported that patients with

cervical canal diameters\10 mm are more likely to have

myelopathy [9]. Patients with diameters ranging from 10 to

13 mm were considered to be in premyelopathic condition.

Other researchers reported that patients with developmen-

tal cervical spinal canal stenosis of B12 mm are highly

likely to develop cervical myelopathy [7, 8]. In the current

study, a cervical canal diameter \14.8 mm in men and

13.9 mm in women was considered a risk factor for SCC

on MRI. Then, it was hypothesized that subjects with

Fig. 2 ROC curve analysis to determine cervical canal diameters at

the mid-C5 vertebral body level that would cause SCC. a Male; area

under the curve: 0.76; cutoff: 15.7 mm. b Female; area under the

curve: 0.76; cutoff: 14.8 mm
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cervical canals \12 mm were at high risk for cervical

myelopathy, and the subjects with diameters from 12 to

15 mm (in males) and from 12 to 14 mm (in females) were

in a premyelopathic state for SCC as shown on MRI.

There are some limitations to this study. First, our sur-

vey was limited to Japanese subjects, and so possible ethnic

differences were not considered. Second, we enrolled only

asymptomatic subjects, which could have resulted in a

selection bias when determining the cutoff value used to

diagnose SCC. (This cutoff value is limited to only those

cases with SCC observed on MRI; the value might have

been lower if the study had included symptomatic patients.)

Third, we compared different individuals in the different

age groups, because this was a cross-sectional rather than a

longitudinal study. Longitudinal studies would be required

to determine whether young subjects with developmental

canal stenosis could develop SCC at a future time and to

determine the relationship between developmental canal

stenosis and DCM.

In conclusion, this large cross-sectional analysis of

cervical X-rays and MRIs in asymptomatic subjects

demonstrated that the prevalence of narrow cervical canal

in an asymptomatic population was considerably lower

than in patients with DCM focused on in past reports. The

percentage of subjects with narrow cervical canals was

significantly higher among females and older subjects, but

the prevalence of severe narrow cervical canal (\12 mm)

was not observed to increase with age. According to MRI

images, the diameters of cervical canals were significantly

narrower in subjects with SCC or ISI. It appears that a

narrow cervical bony canal size could be a risk factor for

DCM.
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