
ORIGINAL ARTICLE

Dimensional changes of cervical and lumbar bony spinal canals
in one generation in Western Switzerland: a computed
tomography study

Arnaud Monier1
• Patrick Omoumi1 • Stéphanie Schizas2
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Abstract

Purpose We aimed to study generational changes in the

dimensions of cervical and lumbar bony spinal canals in

Western Switzerland.

Methods A total of 254 patients were retrospectively

included, 144 of whom were born during 1940–1949 and

110 during 1970–1979. Cervical spine CTs were performed

as part of the spinal clearance procedure following trauma

(n = 135) or while investigating neurological symptoms

(CT angiography, n = 119). Three independent observers

digitally measured the cross-sectional area (CSA) at pedi-

cle levels from C0 to C7 and the anteroposterior diameter

(APD) at C3, C5, and C7. In addition, lumbar spine CSAs

and APDs were measured on whole body trauma or

abdominal CTs, which were also available for 134 patients.

Results Mean CSAs at pedicle levels were numerically

smaller in the younger patient group in both cervical and

lumbar spine, with the difference reaching statistical sig-

nificance at all lumbar levels (p B 0.024) except L5. Cer-

vical APDs showed no difference between groups.

Subgroup analysis revealed that younger CT angiography

patients had a significantly smaller CSA at C1 (p = 0.018)

and a similar trend at C4 (p = 0.053). There was moderate

positive correlation between cervical and lumbar CSAs,

taking C4 and L3 as reference (r = 0.509, p\ 0.01).

Conclusions Younger generation patients have smaller

bony spinal canals also in the cervical spine even though this

difference is less marked than at the lumbar level. There is,

nevertheless, moderate positive correlation between these two

anatomical regions. Perinatal factors that adversely influence

spinal growth, such as increased maternal age and smoking,

could explain these generational changes, given that body

height has increased during the same time period. The lesser

difference observed in the cervical spine could be due to later

closure of the neurocentral synchondrosis at this level.

Keywords Cervical spine � Lumbar spine � Spinal

stenosis � Cross-sectional area � Anteroposterior diameter �
Computed tomography

Introduction

Stenosis of the cervical spinal canal may remain asymp-

tomatic but is associated with the development of cervical

spondylotic myelopathy, a disabling condition whose nat-

ural history and prognosis remain poorly understood [1].

Cervical spinal stenosis develops as a result of interverte-

bral disc degeneration, osteophyte formation, and the

presence of a congenitally smaller bony spinal canal [2–4].

The coexistence of degenerative disc disease and devel-

opmentally smaller bony canal has been reported as leading

to the earlier development of myelopathy [2, 4–7]. Ethnic

variations in cervical spinal canal dimensions have been

reported, with some evidence suggesting that Asian sub-

jects tend to have smaller mid-sagittal anteroposterior

diameters (APDs) than European or American patients, the

latter being 10–20 % larger [8].
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Previous research on the evolution of lumbar spinal

canal dimensions suggested that despite improved nutrition

and overall living conditions, the cross-sectional area

(CSA) of the bony canal measured at pedicle levels has

decreased in one generation in Western Switzerland [9].

Indeed, subjects born in the 70s (1970–1979) were found to

have significantly smaller bony canals as compared to

those born in the 40s (1940–1949), despite the gradual

increase in body height documented during the same time

period. Perinatal factors known to negatively impact spinal

growth, such as increased maternal age at birth and

smoking habits [10, 11], have been postulated as possible

explanations for this surprising finding.

The aim of the present study was to evaluate whether the

same trend could also be found for the cervical spinal canal

of patients born one generation apart, applying the same

selection criteria for patient age (i.e., born in the 40s or

70s) in the same geographical area.

Materials and methods

This single-center retrospective study was approved by the

institutional ethics committee, with waiver of informed

consent (protocol number 121/15).

Study population

We first retrieved from our institutional database 421

consecutive cervical spine computed tomography (CT)

scans performed over a 5-year period (January 2009 to

December 2013), either as part of the spinal clearance

procedure following trauma, or while investigating central

neurological symptoms (suspected stroke, transient

ischemic attack, or epilepsy) by CT angiography. These

CTs were performed in patients born one generation apart,

i.e., either during 1940–1949 (a period of harsher living

conditions), or during 1970–1979 (a period of economic

prosperity). Patients with non-national sounding surnames

(n = 159) were excluded to minimize bias due to docu-

mented ethnic variations in spinal canal dimensions [8, 12,

13]. After application of other exclusion criteria, such as

examinations that did not cover the entire cervical spine

from the occiput (C0) to C7 (n = 3), displaced fractures

altering the dimensions of the bony spinal canal (n = 3), or

previous cervical spine surgery (n = 2), a total of 254

patients (168 males, 86 females) were finally retained. One

hundred and forty-four patients (99 males, 45 females)

were born during 1940–1949 (older group), while 110 (69

males, 41 females) during 1970–1979 (younger group).

Non-contrast cervical spine CTs were performed in 135

subjects (94 males, 41 females) for trauma, while 119 (74

males, 45 females) were CT angiographies. The following

patient subgroups were defined for the study purposes:

older trauma (n = 65), younger trauma (n = 70), as well

as older and younger CT angiography (n = 79, and

n = 40, respectively).

In addition, 134 (98 males, 36 females; 69 from the

older group, and 65 from the younger group) of the 254

patients also underwent lumbar spine/abdominal CT, 94 as

part of their initial trauma assessment, and 40 while

investigating abdominal symptoms. Thirty-two of these

134 patients (24 %) were included in a previous study on

lumbar spinal canal dimensions [9].

CT protocols

A 64-detector row CT scanner (LightSpeed VCT; GE

Healthcare, Milwaukee, WI, USA) was used for all CT

examinations, with the following acquisition parameters:

tube voltage, 120 kVp; tube current, 200 or 400 mA for

cervical or lumbar/abdominal protocols, respectively; and

detector configuration, 64 9 0.625 mm. Images were then

reconstructed using the following parameters: section

thickness/interval, 1.25/1, 0.625/0.625, or 2.5/2 mm for

cervical trauma, CT angiography, or lumbar/abdominal

protocols, respectively; and smooth (CT angiography and

abdominal protocols) or sharp (cervical and lumbar trauma

protocols) convolution kernels.

Image analysis

All examinations were anonymized and available for

measurements by three independent observers (a student, a

resident and an experienced musculoskeletal radiologist)

on a picture archiving and communication system (Vue;

Carestream Health, Rochester, NY, USA). The radiology

resident measured all the cases, while 50 randomly selected

cases were measured by the other two to assess interob-

server agreement. Furthermore, the first observer measured

another random series of 50 cases following a 3-month

interval to evaluate intraobserver variability. The CSA of

the bony spinal canal was contoured using freehand regions

of interest (ROIs) at pedicle levels from C0 to C7 in cer-

vical spine CTs, and when available from L1 to L5 in

lumbar spine/abdominal CTs. In addition, the APD was

measured at C3, C5, and C7 bony canal levels, as well as

L1, L3, and L5. All measurements were performed using

the multiplanar reconstruction viewing mode, in a plane

perpendicular to the longitudinal axis of the spine and at

pedicle levels (Fig. 1), given that degenerative changes

influence spinal canal dimensions at disc levels [9, 14–16].

The window level and width of CT images were set to 350

and 2000 Hounsfield units, respectively.
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Statistical analysis

Continuous variables are presented as means ± standard

deviations. Comparison of CSA and APD between groups

and subgroups were performed using an unpaired two-

tailed Student’s t test on SPSS statistics software (IBM

SPSS, Chicago, IL, USA). Pearson’s correlation coeffi-

cient was used to assess the relationship between CSAs

and APDs measured at mid-cervical and mid-lumbar

levels, and interpreted as follows: very weak, \0.20;

weak, 0.20–0.39; moderate, 0.40–0.59; strong, 0.60–0.79;

and very strong, C0.80. Intraclass correlation coefficients

(ICCs) were calculated to evaluate both inter- and

intraobserver reproducibility of measurements, and inter-

preted as follows: poor, \0.40; fair, 0.40–0.59; good,

0.60–0.74; and excellent, C0.75.

Results

Patient characteristics

The male/female ratio was greater than 1 in all patient

groups (1.64–3.93) and subgroups (1.35–2.82). This ratio,

however, remained statistically comparable between all

groups (p C 0.079) and subgroups (p C 0.062).

Fig. 1 69-year-old male patient

belonging to the older

generation trauma subgroup.

Axial-oblique reformatted CT

images of the cervical spine

(bone convolution kernel and

windowing parameters), either

at C4 pedicle levels (a), or at

C4–C5 intervertebral foramina

levels (b). Note the change in

cross-sectional area of the bony

spinal canal (red dotted line)

partly due to degenerative disc

disease and facet joint

osteoarthritis at level of

intervertebral foramina (b)
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Measurement reproducibility

The inter- and intraobserver reproducibility of measure-

ments were excellent, both for CSAs (0.75–0.95 and

0.79–0.98, respectively) and APDs (0.77–0.86 and

0.80–0.84, respectively). Therefore, the values reported

below belong to the first observer.

Cervical spine

Taking both subgroups (i.e., trauma and CT angiography)

together, younger patients had smaller mean numerical

CSA values than older subjects at all levels, although this

difference never reached statistical significance

(p C 0.087) (Fig. 2a; Table 1). In contrast, mean APDs

showed no difference at any level (p C 0.680) (Fig. 2b;

Table 1). These results remained unchanged when con-

sidering males and females separately.

Subgroup analysis revealed that younger CT angiogra-

phy patients had a statistically significantly smaller mean

CSA than older subjects at C1 (p = 0.018), together with a

similar trend at C4 (p = 0.053) (Table 2). Even though

mean CSAs were also numerically smaller at all levels in

younger trauma patients than in older ones, this difference

did not reach statistical significance (p C 0.178) (Table 3).

In contrast, mean APDs showed no difference in any

subgroup (p C 0.405) (Tables 2, 3).

As expected, gender analysis revealed that female

patients had significantly smaller mean CSAs than male

subjects at all levels (p B 0.031) (Table 4). Again, mean

APDs showed no difference at any level (p C 0.480)

(Table 4). When comparing younger and older males ver-

sus females separately, these differences proved to no

longer be statistically significant in older patients at C3

(p = 0.676) and C4 (p = 0.248) levels.

Lumbar spine

Taking both subgroups together, younger patients had

statistically significantly smaller mean CSAs than older

subjects at all levels (p B 0.024) except L5 (p = 0.131)

(Fig. 3a; Table 5). In contrast, mean APDs showed no

difference at any level (p C 0.212) (Fig. 3b; Table 5). As

with the cervical spine, these results remained unchanged

when considering males and females separately.

Subgroup analysis was limited for abdominal patients

due to low statistical power (n = 40). It nevertheless

revealed that significant differences in CSA between

younger and older subjects were more pronounced in

trauma patients (p B 0.036, except at L5).

Cervical and lumbar spine correlation

Plotting CSA values of mid-cervical and mid-lumbar bony

spinal canals, taking C4 and L3 as reference levels, showed

a moderate positive correlation between these two

anatomical regions (r = 0.509, p\ 0.01) (Fig. 4). In

contrast, there was only a weak positive correlation

between mid-cervical and mid-lumbar APDs, taking C5

and L3 as reference (r = 0.294, p\ 0.01).

Discussion

In this study, we found that the younger generation patients

had, on average, smaller cervical and lumbar bony spinal

canals than the older generation patients. These differ-

ences, however, reached statistical significance only in the

lumbar spine.

Our results confirmed previous findings showing that

CSAs of the lumbar spinal canal at pedicle levels were

significantly smaller in younger than older generation

subjects [9]. Schizas et al. offered possible reasons for this

surprising finding in the lumbar spine. They suggested that

differences in CSA were primarily related to ante- or

perinatal factors, such as increased maternal age at birth

and maternal smoking in younger generation subjects,

Fig. 2 Line charts display the mean cross-sectional areas (CSAs in

mm2) (a) and mid-sagittal anteroposterior diameters (APDs in mm)

(b) of cervical bony spinal canals in the younger versus the older

generation of patients. Error bars represent 95 % confidence

intervals; they coincide with the markers in graph a
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factors already proven to influence spinal canal develop-

ment adversely [10, 11]. These factors could result in

smaller lumbar bony spinal canals at birth not mirrored by

smaller adult body heights because there is ample time for

catch-up growth in the appendicular skeleton. Those rea-

sons might explain why, despite better overall living con-

ditions expressed by an increase in average body height,

the lumbar bony spinal canal of younger generation sub-

jects was significantly smaller in the studied population.

In the present study primarily focused on the cervical

spine, there was no statistically significant difference in

CSA between the two patient generations despite the

change being clearly present in the lumbar spine. Multiple

reasons may explain the absence of any statistically sig-

nificant difference in the cervical spine. Cervical

degenerative changes are indeed different from those

encountered in the lumbar spine [17, 18]. The presence of

posterior uncovertebral and facet joint osteophytes, along

with the smaller vertebral dimensions in that particular

anatomical region may have the consequence that the

pedicle levels on axial-oblique reformatted CT images

could include, to a certain degree, those osteophytes and,

therefore, contribute to smaller CSAs, something that is

less likely to occur in the lumbar spine. This can develop

with increasing age, and previous studies tend to support

this hypothesis [14, 19].

Another explanation for this discrepancy between the

cervical and lumbar spine could be the differential closure

of the neurocentral synchondrosis (NCS). It has been

postulated that ossification and closure of the NCS first

Table 1 CT-based dimensions of cervical bony spinal canals in the younger versus the older generation of patients

Overall study population (n = 254) Level Younger generation (n = 110) Older generation (n = 144) P value

CSA (mm2) C0 885.2 ± 123.9 899.7 ± 115.5 0.338

C1 699.6 ± 97.3 719.4 ± 85.9 0.087

C2 362.5 ± 48.6 369.5 ± 49.6 0.261

C3 275.0 ± 33.6 280.5 ± 36.4 0.217

C4 262.4 ± 30.7 269.6 ± 35.2 0.090

C5 267.3 ± 33.3 269.6 ± 37.8 0.630

C6 264.1 ± 32.5 265.8 ± 37.1 0.716

C7 251.3 ± 30.8 257.2 ± 33.9 0.155

APD (mm) C3 14.1 ± 1.2 14.1 ± 1.4 0.838

C5 13.7 ± 1.3 13.6 ± 1.6 0.680

C7 13.4 ± 1.6 13.3 ± 1.4 0.806

Data are presented as means ± standard deviations

APD Anteroposterior diameter, CSA cross-sectional area

Table 2 CT-based dimensions of cervical bony spinal canals in the younger versus the older generation of patients

CT angiography subgroup (n = 119) Level Younger generation (n = 40) Older generation (n = 79) P value

CSA (mm2) C0 871.6 ± 126.8 895.2 ± 104.0 0.281

C1 675.1 ± 76.4 708.4 ± 68.1 0.018

C2 350.6 ± 38.9 360.9 ± 44.2 0.214

C3 267.5 ± 32.4 274.7 ± 32.4 0.257

C4 253.0 ± 26.5 264.3 ± 31.3 0.053

C5 258.9 ± 27.6 265.3 ± 36.7 0.333

C6 257.5 ± 30.3 262.8 ± 35.6 0.417

C7 246.7 ± 26.7 255.6 ± 32.2 0.134

APD (mm) C3 13.9 ± 1.2 13.9 ± 1.3 0.786

C5 13.6 ± 1.3 13.4 ± 1.5 0.405

C7 13.3 ± 2.2 13.3 ± 1.4 0.903

Data are presented as means ± standard deviations

APD Anteroposterior diameter, CSA cross-sectional area
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occurs in the cervical spine, preceding that in the lumbar

and thoracic spine [20]. Moreover, it was recently descri-

bed that the NCS closure starts at the cervical level at

6 years of age, followed by the lumbar level at age

12 years, and finally the thoracic region at age 14 years

[21]. This early closure of the cervical NCS could lead to a

smaller cervical spinal canal size and thus to a smaller

difference in CSA between the two patient groups at this

level.

A further explanation might be that degenerative chan-

ges tend to develop with age at the mid-cervical spine [14,

22]. This could also explain why there is less difference in

CSA between genders in older patient subgroups, particu-

larly at the mid-cervical spine, where osteophytes tend to

develop preferentially.

Several studies have looked into the dimensions of the

cervical spinal canal because of the correlation between

smaller canals and increased risk of injury [2, 23–25].

Some researchers studied cadavers, in particular those

originating from museum specimens. Of interest is the

study by Lee et al., which showed that older individuals

had narrower cervical bony spinal canals [23]. It was a

cross-sectional study on specimens collected during the

late nineteenth and early twentieth centuries. Even though

an attempt was made to correct the spinal canal dimensions

to modern body size, the assumption was made that body

height and spinal canal size have a parallel growth,

something that is not substantiated by research results [24].

There are also several imaging-based studies on cervical

spinal canal dimensions but few focused on the changes in

dimension with age. Although not specifically looking at

the relation between age and diameter, Ulbrich et al., in a

magnetic resonance imaging study on healthy individuals,

found that the APD changed with age but not in a

Table 3 CT-based dimensions of cervical bony spinal canals in the younger versus the older generation of patients

Trauma subgroup (n = 135) Level Younger generation (n = 70) Older generation (n = 65) P value

CSA (mm2) C0 893.0 ± 122.5 905.2 ± 128.8 0.573

C1 713.4 ± 105.3 732.8 ± 102.5 0.283

C2 369.3 ± 52.5 379.8 ± 53.9 0.252

C3 279.2 ± 33.7 287.5 ± 39.8 0.192

C4 267.8 ± 31.8 276.0 ± 38.7 0.178

C5 272.2 ± 35.4 274.7 ± 38.9 0.692

C6 267.9 ± 33.3 269.3 ± 38.7 0.826

C7 253.9 ± 32.8 259.0 ± 35.9 0.386

APD (mm) C3 14.3 ± 1.2 14.4 ± 1.5 0.549

C5 13.7 ± 1.3 13.9 ± 1.7 0.520

C7 13.4 ± 1.2 13.3 ± 1.4 0.665

Data are presented as means ± standard deviations

APD Anteroposterior diameter, CSA cross-sectional area

Table 4 CT-based dimensions

of cervical bony spinal canals in

male versus female patients

Overall study population (n = 254) Level Males (n = 168) Females (n = 86) P value

CSA (mm2) C0 922.4 ± 117.0 836.8 ± 102.5 \0.001

C1 737.0 ± 88.3 659.7 ± 74.1 \0.001

C2 374.3 ± 47.5 350.9 ± 49.2 \0.001

C3 281.5 ± 34.3 271.4 ± 36.3 0.031

C4 270.2 ± 33.0 259.2 ± 33.2 0.012

C5 273.7 ± 35.7 258.6 ± 34.3 0.001

C6 269.3 ± 34.1 256.8 ± 35.8 0.007

C7 259.2 ± 33.0 245.7 ± 30.2 0.002

APD (mm) C3 14.1 ± 1.3 14.1 ± 1.4 0.857

C5 13.7 ± 1.5 13.6 ± 1.5 0.480

C7 13.4 ± 1.6 13.4 ± 1.3 0.972

Data are presented as means ± standard deviations

APD Anteroposterior diameter, CSA Cross-sectional area
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significant way [24]. Goto et al. studied the APD on lateral

cervical spine radiographs of younger and older generation

subjects in Japan stratified into six groups differing in birth

date by a decade [25]. They found that the younger gen-

eration subjects were taller and had a larger arm span.

Younger generation subjects also had larger APDs from C3

to C6. Although interesting, this study was limited by the

fact that the APDs were measured only on standard

radiographs, which are probably not the ideal tool to

accurately assess the spinal canal dimensions. We, in fact,

observed statistically significant differences in CSA, such

as between male and female patients (Table 4), which were

not mirrored by the APD. In addition, radiological mag-

nification and technique can introduce bias on standard

radiographs, unlike on CT scans. The larger arm span of

the younger generation subjects could lead to greater

magnification in this group. Our study not only looked at

cervical spinal canal dimensions in a cross-sectional man-

ner but provided a better appraisal of dimensions using

CSAs on CT scans rather than APDs on standard radio-

graphs. Even though our findings in the cervical spine were

less dramatic than those in the lumbar spine, a question has

been raised regarding the possibility of narrower cervical

bony spinal canals from generation to generation. This fact,

along with the aging of the population, could possibly lead

to an increase in clinically diagnosed cervical spinal

stenosis requiring surgical treatment.

Our study had a few limitations. First, it was not lon-

gitudinal but cross-sectional, with the intrinsic limitations

of such a study design. Second, the subgroups included

could also represent a selection bias. The marked differ-

ences in lumbar spinal canal CSAs in the trauma subgroup

Fig. 3 Line charts display the mean cross-sectional areas (CSAs in

mm2) (a) and mid-sagittal anteroposterior diameters (APDs in mm)

(b) of lumbar bony spinal canals in the younger versus the older

generation of patients. Error bars represent 95 % confidence intervals

Table 5 CT-based dimensions of lumbar bony spinal canals in the younger versus the older generation of patients

Overall study population (n = 134) Level Younger generation (n = 65) Older generation (n = 69) P value

CSA (mm2) L1 255.4 ± 66.5 282.7 ± 66.5 0.019

L2 244.4 ± 45.5 272.9 ± 44.9 \0.001

L3 242.5 ± 41.1 268.8 ± 47.4 0.001

L4 254.1 ± 47.5 273.9 ± 52.8 0.024

L5 290.8 ± 64.9 309.7 ± 75.0 0.131

APD (mm) L1 16.5 ± 1.5 16.9 ± 1.9 0.224

L3 15.0 ± 1.7 15.4 ± 2.0 0.212

L5 16.5 ± 2.1 16.7 ± 2.4 0.621

Data are presented as means ± standard deviations

APD Anteroposterior diameter, CSA cross-sectional area

Fig. 4 Scatter chart (including red dotted linear trendline) displays

moderate positive correlation (r = 0.509, p\ 0.01) between cross-

sectional areas (CSAs in mm2) of bony spinal canals measured at

mid-cervical and mid-lumbar levels, taking C4 and L3 as reference
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raises questions on potential confounding factors (e.g.,

alcohol intake, psychiatric comorbidities) that are difficult

to identify and study separately.

In conclusion, younger generation patients tend to have

smaller bony spinal canals in both the cervical and lumbar

spine in Western Switzerland, even though this difference

is less marked at the cervical level. Further research is

warranted in the field of cervical spinal canal dimensions,

in particular with longitudinal population studies to con-

firm this trend of spinal canal narrowing. This is of para-

mount importance for future planning of priority health

because the increase in cervical spondylotic myelopathy

and its related conditions could represent a significant

financial burden for society.
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